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@ Light Beam and Its Types

®* Ray: The straight-line path along which light travels in a homogenous medium called a “Ray".

The arrow represents the direction of propagation

of light. >

® A bundle or bunch of rays is called a light beam.

Convergent Beam ‘ Divergent Beam ‘ Parallel Beam




Principle of Mutual Independence of Rays K}“

Statement:
Rays do not disturb each other at an intersection. There is no modification and interaction

when different rays pass through a point in space.

If Light Is Incident On a Medium

® Iflightisincident on medium, it can possess three phenomena:

v

Absorption

ot | Refraction /
eriection Transmission

In general, dark coloured objects are good absorbers, bright coloured objects
are good reflectors and transparent objects are good transmitters.
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@ Introduction to Reflection and Properties of Light

® Reflection:

The phenomenon in which a light ray is sent

back into the same medium from which it is Normal
coming. Incident ray Reflected ray
® During reflection: v, f, A v, fi A

!
|
l
® No change in frequency(f), wavelength(A) :
and velocity(v). :
|
|
|

® Refraction:

The phenomenon in which the incident ray
transmits through the interface of two '
mediums and travels into the other medium :
with different velocity. |
|
|
|
|

Refracted ray

® During refraction:
g v,,f’ 7\]

®* The velocity of the light changes, but the frequency
remains same as that of the incident ray.

® So, the wavelength of the light changes as v = fA.
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Incident Ray

Interface ‘

Plane of
incidence

Useful Nomenclature

Reflected Ray

Refracted Ray




4 Laws of Reflection

Laws of reflection:

® The angle of incidence i is always equal
to the angle of reflection r.

=

Note:i and r are measured w.r.t normal.

®* The incident ray (I), the reflected ray (R),

and the normal (/) to the reflecting
surface at the point of incidence are
coplanar.

[i(ﬁxﬁ)=o]

Incident ray

Normal

Reflected ray



4 Glancing Angle

Normal

Incidentray Reflectedray

® Glancing angle of incidence (iy):

Angle between incident ray and reflecting surface.

® Glancing angle of reflection (r):

Angle between reflected ray and reflecting surface.

4

Vector Law of Reflection %

Normal

Incidentray : - Reflectedray

® If the unit vector of incident ray is i, unit
vector along the reflected ray is # and
unit vector along the normal is 71, then,
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® Proof:

Vector addition rule:  n= (7 —1)
Magnitude of n:

1| = |7 —

|77] = || cos @ + |—1| cos 8

|77| = 2 cos O

Therefore,

n=(—-1)=2cosfn

[Since (7 — 1) is along the normal]

Vector Law of Reflection

We have, (f—1)=2cosfn
From figure,
—i-1 =cos6

Substituting this value in
the above equation, we get,

F—1) = —2(@-A)n

[f:t—arﬁm ]




4 Regular and Diffused Reflection

®* Regular reflection:

If a parallel beam of rays falls on a plane surface,
the reflected beam of rays will also be parallel.

® Diffused reflection:

If a parallel beam of incident rays gets reflected
from a rough & unpolished surface, the reflected
rays will be scattered.

Note : Laws of reflection are valid in this case also.
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|
A ray of light is incident on a circle, x + y? = R?, polished from inside as shown
7 in the figure. Find the coordinates of the point at which the incident ray
" should fall, such that the reflected ray becomes vertical, after reflection.
Solution:
Normal at any point on a spherical surface is the line joining

the centre of the spherical surface to that point.

0S = Normal to the spherical surface.

Reflected rays become vertical after reflection. So,
£PAQ = 90°

15t law of reflection; i = «r
So, £LPAS = £SAQ = 45°

Co-ordinate of 4 is given by,

R R
A(x,y) = (—R cos 45°,+R sin 45°) = [_ﬁ'ﬁ

( )—<_—R+—R)
Y\ V2
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Reflecting
side

Silvered
side

®* A plane mirror consists of two sides:

Silvered side; Coated with Aluminium/
silver to enhance the reflectivity.

Reflecting side: Light falls on this part
and gets reflected.

Plane Mirror

® When a parallel beam of light is incident
on a plane mirror, the reflected part is also
a parallel beam of light.



A

P.O.l of
incidentray:
Actual

Real Object

P.O.l of
reflectedray:
Actual

Real Image

Object and Image for plane mirror

P.O.l of
reflectedray:
Apparent

VirtualImage

**P.O.I=Pointof intersection

P.O.l of

incidentray:
Apparent

Virtual Object

** P.O.l=Pointof intersection




[, Properties of Reflection by Plane Mirror [ Lateral Inversion %

®* The image of an extended object
made by the plane mirror
undergoes lateral inversion or
flipping of lefteright of the object
itself.

®* Object and image always are on opposite side.

® A plane mirror produces a virtual image of a real object,
and vice-versa.

® Plane mirror is the perpendicular bisector of line joining the
point object and its point image.



@ Image of extended object by plane mirror

® Position of the image of an extended object
can be obtained by considering two-point
objects, at its extremities.

® Locate the images of these extreme points
by using the principle, ‘plane mirror is the
perpendicular bisector of line joining the 0 i
point object and its point image’.

The propertiesof image formed due to
reflection of an extended object bya plane
mirror is,

® Virtual
® Upright

® Unmagnified




4 Rotation of Plane Mirror

® If the mirror is rotated through an angle of 6,
the reflected ray rotates through an angle of
260 in the same direction.

6R=26

Oz is the angle of rotation of reflected ray.

® Relation between angular velocity of mirror (w)
and that of reflected ray (wg) is:

5R=25




4 Incident Ray Is Rotated but Mirror Is Fixed

Incident ray is rotated by an angle of 8 without
disturbing the mirror.

l

Reflected ray will be rotated by angle 6 also,
but the direction of rotation will be opposite to
each other.

Deviation before rotation of incident ray:
O =m— 21

Deviation after rotation of incident ray by 6:
' =6—-26
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Speed Of Image of Moving Object

1cm 1cm
<> <>
------ > -@0—>----)]--"-<“Q--<@-----
0 0’ I I

® Plane mirror is the perpendicular bisector of the line joining the object and image.

!

® If an object moves towards the stationary plane mirror, the image will also move
towards the mirror and vice-versa.



4 Summary
2 cm
—
1cm
------ O - S O
0 < > < > |
d d
(d—1)cm 2cm (d—2)cm
< > < >
————————— ®------------- —————OI——————.—————
0'< > I'

Mirror is moved to right by: 2 cm

Object is moved to right by: 1 cm

Image is moved by:
I''=(d+1)—({d-2)=3cm
(towards right)

With respect to the plane
mirror, the object distance

and image distance should
be same.



@ Summary

® In ground frame: 2 cm tve
Object moves by: xp¢  Mirror moves by: xy
1cm 3 cm
® In mirror frame: (Velocity of mirror = 0) I o—
0, I

Xom = Xo6 — XMG XM = X16 — XMG

For plane mirror, motion of image is _
opposite to motion of object w.r.t mirror. For this case,

Xoc =+lcm Xyg=+2cm

Hence,
. By ) Xog + X6 Xt = 2%1e — Xoe = 2(+2) — (+1) = +3 cm
Xom = —Xim Xye = : d IG MG 0G (+2) = (+1)

Image will move 3 cm towards right.



4 Summary

® Along x-axis:

Displacement: Xy = —X;y (In mMirror’s frame of
reference)

Velocity: Bou)y = — @)«
1700 i 171\46 = 171\/16 - 7716

- -
L, VYog TV
VMg = 5

® Along y-axis:

Displacement: y,. = y,; (In ground’s frame of
reference)

Velocity: | (#¢), = (Bi6)y

S @
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There is a point object and a plane mirror. If the mirror is moved by 10 cm away from
the object, find the distance by which the image will move w.r.t ground.

Given:

1. Object is fixed
2. Mirror is moving away from object by 10 cm

To find: Shift of image

Solution:
J_C')OG:O J_C)MG=+10Cm ---@----
We have: Object

, Xt X

XMG = >

9?1(; = 23_C>MG . foc

Since the sign of the vector is positive, in the ground
frame the image will be shifted to the right by 20 cm.

- +ve
Mirror
10 cm 20 cm
———————————— o—



Image formation by parallel mirror

N

M, M,
’ \
- / *‘“--“‘ ®* Image formed by one mirror
- e o acts as the object for the

\ other mirror.
/ ® Infinite images are formed for

this arrangement of the mirrors.

4

v
A
v

v

A

Y
A

22 cm 22 cm
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Trick to Find The Image Formed by Parallel Mirrors

A

No. of Image formed  Image formed
Image by M, by M,
1 ll l2 Ml MZ
><
2 L, +1 L+1 0
_____________ ®---- -~ - —----|§---.

A
v




A

Trick to Find The Image Formed by Parallel Mirrors

S
Y
~

S
Y
~

S
S
~

v

v

L, + 21



@ Image Formation by Perpendicular Mirrors

I, is image of 0 formed by the mirror M.
I, is image of 0 formed by the mirror M,.
I; is image of I; formed by the mirror M,.

I, is image of I, formed by the mirror M;.

The image I3 and I, are formed at the
same point.

Total no. of images =3

(=x,¥) I (x,y)

e ———] M2

Y °
(=x,=y) I3, 1, I, (x,—y)
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| A point source of light, S is placed at a distance L in front of the centre of plane

7 mirror of width d which is hanging vertically on a wall. A man walks in front of the
H mirror along a line parallel to the mirror, at a distance 2L as shown below. The
’ distance over which the man can see the image of the light source in the mirror is

Solution;

JEE — 2019; 2000
The reflected light from the mirror appears to come

from its image formed at same distance (as that of

B
source) behind the mirror as shown in the ray diagram.
AS'CD and AS'OB are similar triangle. So,

S'C €D
S'0 OB

d
_CDxS'0 (7) 3L

B ﬂOB—Bd
- s'c L )

The distance over which the man can see the
image S’ is,

AB = A0 + OB = 20B = 3d ¢

Path of man
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: Image of object at P due to mirror M,
: Image of object at P due to mirror M,
I,1: Image of object /I, due to mirror My
I1»: Image of object I, due to mirror M,
I1,1: Image of object I, due to mirror M,
I,1,: Image of object I,; due to mirror M,

Image formed by

Image formed by
Mirror M; at an

Mirror M, at an

angle: angle:
“ a+f B
49 4><

a+2p 7 2aa +

3a + 2 >< 2a + 3

The mirror will not be able to form image

if angle between the object and mirror
becomes = 180°.

Image Formation by Two Inclined Mirrors




@ Overlapping of Images

Image formed by Image formed by
Mirror M; at an Mirror M, at an
angle: angle:

a O=a+pf B
o+ 2 X 20+ B

0=a+p
N >< .

Images are overlapped when:

0+6, +0, > 360°




& Number of Images due to Two Inclined Mirrors

® Object is not placed at the angle bisector: Non-symmetric

® Object is placed at the angle bisector. Symmetric

. 360° _p :
5 Position of Object | Number of Images

\
‘ : Symmetric and 360°

Even integer : l

non-symmetric 0

| 360°

Odd integer Symmetric —=
| 360°

Odd integer Non-symmetric




- =

Introduction to Spherical Mirrors

~a -

Center of curvature (C): The centre of the
sphere of which the spherical mirroris a
part.

Radius of Curvature (R): The radius of the
sphere of which the spherical mirroris a
part.

Pole (P): The centre of the reflecting surface
of the spherical mirror.

Aperture (A): The part of a spherical mirror
that is exposed to all the light rays which
are incident on it is called the aperture of
the spherical mirror.



Terminologies related to Spherical mirror

N . Principalaxis ® Principal axis: The straight line joining the
g ; pole and centre of curvature.

® Normal (CN): Any straight line joining the
mirror to its centre of curvature.

Concave

Principal focus (F): Rays traveling parallel & close to the principal axis of a mirror after

reflection pass through or appear to originate from a point called principal focus.
Focal length: The distance of focus from the pole of spherical mirror.



4 Proof of F = g and Concept of Paraxial Rays

ACQM = AAQM (By Angle-Side-Angle)

CM = AM = L
S 2 2
From ACMQ:
CM (R/2)
COSLMCQ = — | = —— =
¢ CQ g ¢ (05 cQ = 0 2cosi

Therefore, focal length (F):

R
[PQ:CP—CQ:R— ,=F]
2CoSi

For small angle of incidence: cosi = 1

FRRR
-0 272

e ————
- ~~




4 Summary

Paraxial rays:

The rays that are close to the principal axis
are known as paraxial rays and focus is
defined only for these rays.

To get paraxial rays in practical life, a mirror

with small aperture is used.

Assumptions in ray optics:

1) Neglect diffraction.
2) Assume paraxial rays if nothing is
mentioned.

~ -
_______



@ Ray Tracing and Sign Convention

Incident Ray (IR)

YY

Incident Ray (IR): Passing through centre
of curvature

Reflected Ray (RR): Retraces the path of
INncident ray

Incident Ray (IR)

centre

Reflected Ray (RR): Retraces the path of
Incident ray



Summary

A

Pole (P) is taken as origin.

X-axis along the Principal Axis.

X-coordinate is taken positive along
the incident light.

Y-coordinate is taken positive above
the Principal Axis.




Mirror Formula

A

2
R

u: X-coordinate of object

v: X-coordinate of image

f: X-coordinate of focus

R: X-coordinate of centre of curvature

If the distance of the object from the pole

is x, then for the shown diagram:
u=—x

Distance is always positive, but coordinate
can be negative.

\ 4




Rays are paraxial = «,p &y are small

\

4

From Triangle OMC: f = a + 6
From Triangle CMI:y =3 + 6

~,
NP is negligible

MN MN MN

“=No

PO

u

_MN MN MN

Proof of Mirror Formula

NC ~

Pc =

R

_MN MN MN

V=N

Pl

1%

_/

2=a+y : .
i 20=a+y
I : ] §
! vV ou ;‘ A
: : . |
| > >
: 1+1_1_2 i u |
: v u f R
|

The mirror formula is valid for both concave and convex mirror.




4 Demonstration of Sign Convention

Case-1: Concave mirror

Direction of incident ray is taken as +ve
direction.

X-coordinate of focus and COC are always
negative.

Applying mirror formula:

1 1 1

v uTF
1 1 B 1
v =D P

If v < 0,then image isreal,and if v > 0, the
Image is virtual.




4 Demonstration of Sign Convention

Case-2: Convex mirror

® X-coordinate of focus and COC are always
positive.

* Applying mirror formula:

1 1 1

v uTF
1 1 B 1
v D) P

°* Ifv<0,thenimageisreal,and if v > 0, the
image is virtual.




& Lateral Magnification

Lateral/Transverse magnification (m):

It is defined as the ratio of y-coordinate of
Image (h;) to the y-coordinate of object

(ho)-

Yi [% hi 1%
2] (mepek
Yo u h, u

m IS positive:

Erect image (object and image are on the
same side of the principal axis)

m is negative: Inverted image

Alternate formula of Lateral/Transverse
magnification (m):

L f _f-v
Fe 7
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Converging rays are incident on a convex mirror such that their extensions intersect

30 cm behind the mirror on the optical axis. The reflected rays form a diverging beam

such that their extensions intersect the principal axis 1.2 m from the mirror.
Determine the focal length of the mirror.

Given:
PO =30cm

PI=12m=120cm

Solution:
X- coordinate of object: u = +P0 = +30 cm

X- coordinate of image: v = +P] = +120 cm

Applying Mirror formula:

1 1

__|__

vV ou
1

1

f
1 1

(+120) T (+30) [

1S 120 -
W:? ‘ f=T ‘[ f—+24cm ]




|

A concave mirror for face viewing has focal length of 0.4 m. The distance at which

7 you hold the mirror from your face in order to see your image upright with a
® magnification of 5 is:
) JEE MAIN 2019
Given:

Focal length: PF = 0.4m
Magnification: m = +5

Solution:
X-coordinate of focus:. f = —PF = —0.4m

%
m=--=+45 mp y=-_5y

Applying Mirror formula:

| N 1 1
v ou f
| | |
+ =——
(=5u) (+uw) 0.4
4 1 1.6

—0.32m

§=—07 ‘U,:—? ‘ u
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For x-axis:

1+1_1
v u f

1 1 1

Xi Xo f

For y-axis:

Point Object Is Not On Principal Axis

fxo 0
Xo = f (X0,Y0) ®




@ Image Formation by Concave Mirror

The object at infinity: The object is placed beyond C:

Image is formed at focus F. Image is formed between F and C.

Image for.med Bulicjalyeliminshce Image formed is diminished.
or point size.

Image is real and inverted. Image is real and inverted.



@ Image Formation by Concave Mirror

The object is at C:

Image is formed at C.

Image is of the same size as that of the
object.

Image is real and inverted.

The object is between F and C:

Image is formed beyond C.
Image formed is magnified.

Image is real and inverted.



A

Image Formation by Concave Mirror

The object at F:

The object placed between P and F:

Image is formed at infinity. Image is formed behind the mirror.
Image formed is highly magnified. Image formed is magnified.

Image is real and inverted. Image is virtual and erect.



A

Position of Object

At oo

At finite distance

Image Formation by Convex Mirror

Position of Image

At F

Between F and P

Nature of image

Virtual and erect

Virtual and erect

Size of the image

Point size

Diminished



& v Vs u graph: Concave mirror
| Object Image
| u=0 v=0
e v = oo
u=—2f v = —2f
—f <u<-=-2f v>-=2f
| u>—2f —f <v<-2f —2f

2"d Quadrant:

u — —ve,v — +ve = Real object, virtual image
3"d Quadrant:

u — —ve,v — —ve ™ Real object, real image

4th Quadrant:

u— tve,v — —ve = Virtual object, real image




1 1 .
|/, ~ Vs — Graph: Concave mirror
L] 2 | y=—x-d
pTuTF | ™| v TuTy

(f is negative for
concave mirror)

® 2nd Quadrant: (u — —ve,v — +ve)

S|

S

Real object, virtual image

® 3" Quadrant: (u — —ve,v — —ve)

Real object, real image

® 4th Quadrant: (u — tve,v — —ve)

Virtual object, real image




& v vs u graph: Convex mirror
Object Image
u=20 v=20 11
u=f V=00
u=2f v =2f *2f
f<u<?2f v>2f ?f
u>2f f<v<2f o ¢ (0'0)' P > U
—2f —f fo2f
15t Quadrant: —fe
u — +ve,v — +ve = Virtual object, virtual image
_Zf.
24 Quadrant:
u — —ve,v — +ve ™ Real object, virtual image
\4

4th Quadrant:
u — +ve,v — —ve mh Virtual object, real image



| .
- Graph: Convex mirror

& %vs

1 1 1

1 —
;+a:? > ;:—Z‘FF [y_ x+c]

(f is positive for
convex mirror)

-

® 15t Quadrant: (u — +ve,v — +ve)

Virtual object, virtual image <

S| -

S e

® 2nd Quadrant: (u — —ve,v — +ve)

Real object, virtual image

® 4th Quadrant: (u — +ve,v — —ve)

Virtual object, real image

=



@ Motion Of the Image Perpendicular to principal

axis
1%
hi = —aho : U
. . . A
Differentiating w.rt t [
h;
dh; vdh, | B’
M = B gy o ---------
dt u dt B h I [ F
(0]

% _ Velocity of image perpendicular
dt  to principal axis

A

dh, _ Velocity of object perpendicular
dt  to principal axis

7S
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4 Motion Of the Image Parallel to principal axis
M
1,11
v u f
I 0
l Differentiatingw.rtt -~~~ o e —>----- b
Vi Vo
= P
Vim = _;(VOM)
—>
3 Vi

[_/)IM = —m? (V)OM)
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When an object is kept at a distance of 30 cm from a concave mirror, the image is
7 formed at a distance of 10 cm from the mirror. If the object is moved with a speed
of 9 cm/s, find the speed (in cm/s) with which image moves at that instant.

’ JEE MAIN 2020
Given:
Object distance = 30 cm To find: Image velocity
Object’s velocity = 9 ecm/s
Image distance = 10 cm

Solution:
Obeying sign convention:
u=-30cm v=—1(16m V, = +9cm/s 7
Velocity of mirror: V=0 R ___
We have: vV, = —-m?V,,, v,

(171 = I_/)M) = —mz(‘_/)o — I7M)

(7 -0) = - (-2) (o -0)

- ~10)\”
= — (— %) X (+9) cm/s
17} = —% X (+9) cm/s

171 =—1cm/s

Image velocity is 1 cm/s opposite to object velocity.



& Power of mirror

¢ Power of a mirror is its ability to converge or diverge incident light.

, 1 | ® f=X-coordination of focus (in meter)
¢ Power of mirror: | P=-—=

fofe P = Power (in dioptre)



& Longitudinal Magnification

Longitudinal magnification:

Vy — Vg
mL -
U; —Uq

When object size is very small
w.r.t its distance from pole

== -]

Negative sign indicates that image will be
iInverted w.r.t object.
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A point object is placed 60 cm from pole of a concave mirror of focal length 10 cm on

7 the principal axis. Find the position of image. If object is shifted 1 mm towards the
- mirror along principal axis, find the shift in image.
Solution:

X-coordinate of object, u = —60 cm

X-coordinate of focus, f = —10 cm
f=10cm

From mirror formula: . Y
I I A
| | |

1 1 1 1 1 1 3 :

— _ = — L — =—12 | |

T ™ LT ey [" C’"] :

Tl

Shift of object:du = +1mm w du = 40.1cm

2
We have: ﬁ — <E>
du u

2
Shift of image: dv = — (5) du "™ [dv = —0.004 cm ]




| The elevator is going up with an acceleration of 2 m/s? and the focal length of the

7 convex mirror is 12 cm. All the surfaces are smooth, and the pulley is light. The mass-

- pulley system is released from rest (with respect to the elevator) at t = 0 when the
distance of B from the mirror is 42 cm. Find the distance between the image of the

| block B and the mirror at t = 0.2 s. Take g = 10 m/s?. (Given that mass of both 4 and B
are equal)

Solution: e ypward acceleration of the elevator: a = 2 m/s?

t=02s Ta=2m/s2

® Focal length of the convex mirror: f = 12 cm

® The mass-pulley system is released from rest with
respect to the elevator.

From FBD of block A (in lift's frame): T = ma’
From FBD of block B (in lift's frame):

m(g+a) —T =ma’

~gta 10+2
22
Displacement of block B intime t = 0.2 s:

1 2
xB - uBt +§a3t

!

a = 6m/s?

xB=l><6><(0.2)2m B —Em—12cm
2 B7 100"




Distance of block B from mirror at ¢t = 0.2 s:

u=42—-12=30cm

Applying mirror formula:

1+1_1
u v f
1 11
(=30) v (+12)
1_1+1
v 30 12




|
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You are asked to design a shaving mirror assuming that a person keeps it 10 cm from
his face and views the magnified image of the face at the closest comfortable

distance of 25 ¢m. The radius of curvature of the mirror would then be:
JEE MAIN 2015

Solution: _
X-coordinate of object,u = —10 cm

The person views the magnified image at
25 cm. Thus, the distance of the image from
the mirror is (25 — 10) = 15 cm

X-coordinate of image, v = +15 cm

Apply mirror formula:

1+1_1
u v f

1 1 1

(—10) T (+15) _ f

—3+2 1

30 f Radius of curvature: R = 2f

f=-30cm [R=—60cm]




Two plane mirrors A and B are alighed parallel to each other, as shown in the figure.
7 A light ray is incident at an angle 30° at a point just inside one end of A. The plane of
H incidence coincides with the plane of the figure. The maximum number of times

the ray undergoes reflections (including the first one) before it emerges out is
JEE MAIN 2002

Solution:

From figure:

d = 0.2 tan 30° < 2vV3m
d
W

d=—=m !

£ i %18

0.2m oM
The maximum number of times the ray _L -
undergoes reflections (including the first —

one) before it emerges out is:

22\/§_Zx/§

= X =
d 0.2 V3 =30

n
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Refraction and Refractive Index

Refraction: Change in properties of light when it passes through mediums of
different optical densities.

Optically denser— Lower speed of light
Optically rarer - Higher speed of light

Refractive Index (n): Ratio of speed of light in
vacuum(c) to speed of light in a medium(v).

speed of light in vacuum c

~ speed of light in a medium v

c=3x108m/s



4 Absolute Refractive Index

Absolute Refractive Index (n): Ratio of speed of

light in vacuum(c) to speed of light in a
medium(v). vacuum C

speed of light in vacuum c

- speed of light in a medium v

c=3x108m/s

medium

Ngir = 1 Nglass = 1.5

r — i > 7
Nyacuum = 1 Nyater =~ 4‘/3 Ngiamond ~ P




@ Relative Refractive Index

When light travels from medium 1 to medium 2, then the refractive index of the
second medium with respect to the first medium is known as the relative refractive
index.

Relative Refractive Index(n,;)

n, Vg

1Ny = Nyq = =
ny vy




N

Incident ray

Refracted

Normal Incidence

i = Angle of incidence
r = Angle of refraction

6 = Deviation= 0°

Deviation is 0° for a normal incident light
=\



A

Incident Ra

Oblique Incidence

Refracted Ray

Angle of refraction (r): The angle that the
refracted ray makes with the normal.

Angle of incidence (i): The angle that
the incident ray makes with the normal.

6 = Deviation=i—r

Obliquely incident ray bends towards the
normal when refracted from optically rarer to
optically denser medium and vice-versa.



@ Laws of Refraction

The incident ray, the normal to any refracting surface at the point of incidence and the
refracted ray all lie in a same plane.

Snell's Law: For any given pair of media, the ratio of sine of the angle of incidence(i) to the
sine of the angle of refraction(r) is a constant and is known as the relative refractive index.

vlr/llrf 0= ; U’ Sh
. nq{Sint = n, sSinr = — = —
Incidentray | ny, sinr v, A,

vy A4

I When light travels from one medium to
nq 5 Medium 1 another medium, its velocity and wavelength
' changes but its frequency remains the same.

fi=f2

* n, <n, =v; >v,:Light bends towards the
normal.

Refracted ray * n, <n, = v, >v;.Light bends away from the
Vo, Ay, f normal.




Find the angle 6, made by the light ray when it gets refracted from water to air, as
shown in the figure.

Solution:
Apply Snell’'s law
Normal
Ngir = 1 A _
Air : n; sint = n,. Sinr
O
4><' 12 =1 X sind
3 Sin | Sin 5 = Sin a
_ 4
sinf, = T




Apparent Depth

A

If object and observer are situated in different
mediums then due to refraction, the object

appears to be displaced from its real position.
d = Real Depth
air d' = Apparent Depth
n, = Refractive index of the medium from

water which the light ray is coming
n, = Refractive index of the medium in

which the light ray is going after refraction
Rays should be paraxial.

I , Paraxial Rays

e .

d'=d <&> @
s
I

i and r are very small Both d and d’ are measured from interface.

Both object and Image will always be on the
same side of interface.

Rays are going from n; - n,..



An object lies 100 cm inside water. It is viewed from air nearly normally. Find the
apparent depth of the object.

Solution:
d
d' =
al,r nrel
. (100 cm)

e
\3/

1




|
?
|

Solution;

v

If the actual height of an eagle and the actual depth of a fish from the free surface of

the water are 36 m and 36 m respectively as shown, find

For Fish

36 cm
(d)g = T =48 cm

dBF = 84‘ cm

(i) Find apparent height of the bird. At what distance will the bird appear to the fish?
(i) Find apparent depth of fish. At what distance will the fish appear to the bird?

For bird

Fish will appear at-

(é dpg = 36 + 27
\3/
1

dFB = 63 cm



| An observer can see through a small hole on the side of a jar (radius 15 cm) at a point
height of 15 cm from the bottom. The hole is at a height of 45 cm. When the jar is filled

7 with a liquid up to a height of 30 cm, the same observer can see the edge at the

® bottom of the jar. If the refractive index of the liquid is N/100, where N is an integer,

|

find the value of N. [Given /(5/2) = 1.58]

JEE MAIN 2020
Solution: AE = BC = 15cm
DE =CE —CD = 15cm . .
AB = CE =30 cm L LG
From AAED:
t AADE—AE—IS—l 2
an =DE- 18- m) ,ADE = 45

Therefore, 4r = £ADE = 45°

BC 15 15 1

AC  V152+30Z 15V5 W5
Apply Snell’'s law:

Now, sini =

uxsml = 1><smr
sinr

: 100

sini

£



& Refraction Through Parallel Slab

When R.Il. of either side of the slab is same;
For 15t refraction:

n,sini = n, sinr
For 2™ refraction: i=c¢e

n, sinr = n, sine

From AABN: From AABM:
_AN_ t s BM d
COST = AB = 1B Sln(l — r) — 1B = 1B

Equal AB from both equations

ol

cosr sin(i —1)

tsin(i —r)

Cosr

Incidentray

Emergentray
* ny > nq

When ray of light incident on the parallel
glass slab, the emergent ray shifts laterally to
some distance. This shift is known as “Lateral
shift”.



4 Minimum Lateral Shift

Rays incident normally continue undeviated.

!

i=0°andr =0°

!

tsin(i —r)

COSTr

!

Amin =0

-- A

Incident ray

Emergent ray

7 -
n;
7
nq
7



4

Maximum Lateral Shift

Maximum lateral shift occurs when:

i =~ 90°

Maximum lateral shift:

dmax =t

*The slab is very long

When the R.I. of either side of the glass
slab is same, the angle of emergence
becomes equal to angle of incidence.



o

4 Normal Shift

dy=di+t=nx+t

Apparent position of image (I') after first refraction:

A
\ 4

d
d) = — = dy =

1
( Nair )
Ngiab

= dy =nx

A
v Y

di; =nx Slab (n)

> Apparent position of image (I) after second refraction:

d
dy = —— = d}

i 2
=il (nslab)
Nair

nx +t
_ ) = d, =x+

@ "

1
The shift of image: A=(x+t)—-d, = t<1 —£>




4

Rays should be paraxial.

Shift is independent of object distance
from the slab.

Shift of image is measured from the
object.

The image is generally shifted towards
the observer when a glass slab is placed
in between object and observer (both
object and observer are in air).

Summary
| . |
5 Shift (A) >i
| |
' |
: |
| : I
- _+Q ____________ e EREEEEEe
. |
Nair Ngiab
< >

-

Nair



[, Normal Shift When Surrounding Of Slab Is Not Air

When the R.I. of the surrounding is ng,, the
shift is given by,

- Shift (A)

< (2) >

' |

' |

A=t <1 a nsurr) i :

|

Ngiap :0 | ]

__? _____________ * ______________

I

If Ngyrr > Ngiap, A = —ve. The image will be n

- Surr n lab

shifted away from observer. - A
«—>

7S



v

@ Summary: Principle of Reversibility of Light

If light falls on any reflecting surface (say plane mirror or spherical mirror)
normally after a series of phenomena, then the light retraces its whole path
after reflection, and this property of light is known as the principle of
reversibility of light.



The observer is in a medium of R.l. n, and
the object is in a medium of R.l. ns.

15t refraction: From medium of R.l. n; to n,

d
Apparent depth: d; = = (—) ds;

()

Object and Observer in Different Mediums

**n0<n1<n2<n3




Object and Observer in Different Mediums

2™ refraction: From medium of R.l. n, to n,
Image I; acts as an object for this refraction.

Distance of I3 from the interface of

n, ahd nl: (dz + dé)

d, + d:
Apparent depth: g} = (d; +d3)

7 ny ny
dz = (_) dz + <_) d3
n; ns _ **n0<n1<n2<n3




37d refraction: From medium of R.I. n; to n,

Image I, acts as an object for this refraction.

Distance of I, from the interface of

No and n12 (dl + dé)

d; + d;
Apparent depth: d’ _( 1n 2)
"1
(no)
( d ) ) N
d, = 1 IL 2 + 3

Object and Observer in Different Mediums

‘ **n0<n1<n2<n3




Refraction of Light Through Composite Slab

( y : : - ) é N )
B e l '=§ i

n n n n =0\
. 0 0 0 o/ e no)




| k transparent slabs are arranged one over another. The refractive indices of the slabs I v

are ny,n,, N3, ... .. n, and the thicknesses are tq, ty, ts....... t,. An object is seen through
7 this combination with nearly perpendicular light. Find the equivalent refractive index
® of the system which will allow the image to be formed at the same place.

Solution;

R.l. of observer's mediumis =1

For the given system:
ty t, t t
d=24+24+34..4%
ng n, nj ng

For the equivalent system:

_t1+t2+t3++tk

Ne

dl

Combining these two equations:

1,2 3k _nhiTh2Tis
ng mny; ng ng Ne
k t=t1+t2+t3++tk
I i=1Li
€ ¢k L

i=1p;



|

Find the lateral shift of light ray while it passes through a parallel glass slab of
7 thickness 10 cm placed in air. The angle of incidence in air is 60° and the angle of

¢ refraction in glass is 45°.
Solution:;
i = 60° r = 45° t=10cm
| | |
v
tsin(i —r TR
o (i—r1) A
COSTr
| T V3 -1 10 cm
10 xsin15° 242
cos 45° 1 vl
V2

d=5(\/§—1)cm



4 Refraction Through Multiple Parallel Slabs

Applying Snell's law for consecutive mediums,
we have: ny

N4y Sin 8; = ng sin B¢

n;
ns
If number of slab is m:
. Ny
ny sinf@; = n,, sin6,,
Nns

**n1>n2>n3>n4>n5




Total Internal Reflection

A

I I I |
I I I
T I
11 T |
l 2 1 =290° : nq
I I ) |
I I I ‘b n,
- . I ;
L1y L2 I ! : :
i =0,
i > 0,
*k Ny > N

® Critical angle (6.): Angle of incidence for which angle of refraction becomes 90°.

Angle of incidence,i = 0, ===y Crazing emergence,r = 90°



A

=
=

® Conditions of TIR:

® Light must travel from denser to
rarer medium.

° >0,

Summary

)

nrarer

Ngenser

)



@ Application of TIR: Sparkling of Diamond

Total internal reflection is the main cause of the
sparkling of diamonds.

The refractive index of diamond with respect to
air is 2.42. Its critical angle is 24.41° (for
diamond-air interface).

When light enters a diamond from any face at
an angle greater than 24.41°, it undergoes total
internal reflection.

Diamond surface is cut in such a way that rays
come out of it from specific points only, after
multiple reflections inside it.




1
?
!

The critical angle of a medium for a specific wavelength, if the medium has relative

4
permittivity 3 and relative permeability 3 for this wavelength, will be:

Given:

Relative permittivity, . = 3

41
Relative permeability, u,r = 3

To find: The critical angle

Solution:

We know: v =—— and v =~
N n

Refractive index of the medium:
n = /el

4
n= 3><<§> - n=2

JEE MAIN 2020

Assume surrounding to be air, and
light ray is going from denser to rarer.

The critical angle:
Ngenser
1
0, = sin~! <§)

0. = 30°




v

A fish looking up through the water (Rl = 4/3) sees the outside world. The fish's eyes
7 are at depth d from the surface of the water. What should be the minimum surface

Solution;

The fish will see the outside world completely if
grazing emergence takes place as shown.

Angle of incidence at the water surface should

be 6.. 1 3
sin 6, =(T>=Z
3
Thus,
3
. H_SinHC _’5_ 4 ¥ 3d
anC_COSHC d 22 V7
1‘(1)
.. , 9
Minimum surface area: S = —1d?

area of the water so that the fish can see the outside world completely?

JEE MAIN 2014

. d (When surrounding
n2 —1 Is air only)




& Structure of Optical Fiber

® To reduce lateral loss (refraction) in

transmission of energy, total internal
reflection is required.

® ForTIR to take place at P, 0 > 6,..

® If8 > 6, isensured at P, TIR will occur,
and light will get trapped.

Use of Optical Fiber

® Optical fibres are extensively used for
transmitting and receiving electrical signals,
and optical signals.

¢ Optical fibres are also used in some
decorative lamps used in household.

P

p Cladding = Air

o a8ing Core(Denser)

ke

(Rarer)

3

g

Plastic Coating



v

4 If Cladding is Not Air

® Angle of incidence at core: i °® ForTIRatB: r' >0,

Surrounding(n,)

® From AABC: r =90° — 1’ sinr’ = sin 6,

. nr
sinr’ > | —
Ng
2 22 -
\/Tld TLO SIn© it (nr>

>
U%

. Cladding(n,)

® Applying Snell’'s law at point A:

Ngsini = ng sinr

ngsini = ng sin(90° —r')

2 —_—

ng sini = ng cosr’

ngsini = nd\/l — sin? r’

*ng >n,
2 i 2 2 o nz — n2
ngsin“i = n5(1 —sin“r’) d _ 7 e g
n
0
n% —n?sin?i
d 0 n2 — n?2
. ,_ r
i nz sini <
d —



® We have: sini <

® The maximum angle at which the ray should
enter into the core for the transmission

4

ny

n
o 0 _1
[ < Ssin

y) 2
a— Nr
UN)

through the optical fibre:

If Cladding is Not Air

-

2 2

. _ . _1

UN)

|

~N

Surrounding (ny)

Cladding (n,)

*ng >n,

J




A

Visualization of the Path of Ray

® Lightray is travelling from air (rarer)
to glass slab (denser).

4

® Light ray bends towards the normal

(y-axis).
® Expression of the refractive index:

~s-~..

Tl(y I) - (Ky3/2 I + 1)1/2

® Asy increases, n(y) increases.
® So, along y-axis, the slab gets denser.

> X
® So, light ray travels from rarer to denser
INn each step, and hence, bends towards

the normal.




|
A vessel of depth 2h is half filled with a liguid of refractive index 2v/2 and the upper

7 half with another liquid of refractive index v/2. The liquids are immiscible. The

® apparent depth of the inner surface of the bottom of vessel will be:
| JEE MAIN 2020

Solution: The system can be considered as a composite slab.

Apparent depth:

-3

k
=1

(o)

d;
3
0

Here: d; =h=d,
Assume surrounding to be air. So, ny =1

Therefore,
d, d
d'=—4-2
L ()

h h h 3
d = + —) d’=—<—+1> = ' =—hV2
V2 2\2 V2 4



n;

|f, Refraction through Spherical Surfaces
From AOMC, ,
. 9 1
6, =a+pf (6, isthe external Using Snell’s law: :
angle of AOMC) n, sin @, = n, sin 6,
From AMCI, - P
= n,0; = n,0,( 6, and 0, are small angles)
p=6+Yy (Bisthe external )
9, =8 —y angle of AMCI) sinf ~ 6 =~ tan @ (For small )
ny(tana + tanf) = n,(tan f — tany)
We have,
- - - Taking in consideration the signs of u
G e _ Y I'and v as per the sign convention:
tan o PO tan f PC tany Pl
(Considering N and P as the same n, Ny np—mny

point as the rays are paraxial) v u R



4 Refraction through Spherical Surfaces

General Result:

Pole is considered as origin and

all the distance measured from it.

The direction of incident ray is
chosen as the positive direction. u

u, v, R are kept with sign.
Only valid when rays are paraxial.

Rays originate from medium of RI n, and goes
into medium of RI n,.




4

Refraction through Spherical Surfaces

Cartesian sign convention

u : X-coordinate of the object

v : X-coordinate of the image

R : x-coordinate of centre of the curvature of the surface

Pole (P) is the origin.

Principle axis is the x axis

Direction of incident rays is taken as
positive x direction.

Rays are coming from n; — n,

n, ny MNyp—NnNy

v u R



Solution;

n=1.0

Locate the image formed by refraction in the situation shown in the given figure.

Rays are coming from nq; — n,

3 1 1
2v 40 25
3 3
2v 200

[v = —100 cm ]




4 Transverse Magnification

Using Snell’'s Law:
nysina = n, sinf

For paraxial rays, a g are
very small.

sina = tan «

sinf = tanf

nytana = n, tanf

hO hl
T — U —— < > >
u v Uu R
h; nqv v
m — pr—
ho n,u

Note: Always substitute h;, hy, u and v with the proper sign.



4 Velocity of Image

General formula,

Differentiating w.r.t. time,

n, dv_l_ ny du
v2dt  u?dt

dv nyv?du

A
\ 4
A
\ 4

dt n,u?dt u R
N 0 =
Vis = ——Vos

n, u?



A spherical surface of radius of curvature R = 20 cm separates two media as shown

7 in figure. Two particles A and B are moving with equal speed of 10 m/s as indicated.

= At a certain instant, the two particles are at equal distance of 20 cm from the
’ spherical interface. At this instant relative velocity of 4 as seen from B is

Solution;

VA — __I7A
1S n, uz S

v, = — x(_40)2x10
47 4/37 (=20)2

Image speed of particle A wrt surface = 30 m/s

Relative velocity of particle

AwrtB =v, =30+ 10=40m/s| 40m/s towards right



4 Thin lenses

Thickness of a lens is significantly small as compared to other dimensions like
distance of object/image.

* Lensis bounded by two spherical surfaces

n, «  These bounding surfaces can be convex,
concave or plane

«  Medium on either side is same



Bi-Convex Lens Plano Convex Lens

- Both surfaces are convex *  One surface plane and
other surface Convex



Pe

Concavo-Convex or

Bi-Concave Lens
Convexo-Concave Lens Plano Concave Lens

One surface concave and Both surfaces are concave «  One surface plane and
other surface Convex other surface Concave



@ Convex and Concave Lens
Convex: Concave:
| V
o ! o
C1 Cz Cl

Centre of curvature: The centre of spheres of which each surface of lens forms a part.

Radius of curvature: The distance between the centre of lens and the centre of curvature.



@ Convex and Concave Lens

Convex: Concave:

Principle
AXis ¢

Optical Centre: Central point of the lens through which a ray of light
passes without any deviation.

Principal Axis: Line joining Optical centre to centre of curvatures

Aperture: Effective diameter of light-transmitting area of a lens.

Aperture . Aperture



4 Lens Maker’s Formula

First spherical refraction:

n, ny N, —ny

!
v u R4

ng N, ng—ny

v v R,

Second spherical refraction:



4

Lens Maker’s Formula

-

First spherical refraction:

n, ny nNy—Nyg

/
% u R4

ng n; ngy—ny

v v R,

By adding both equations,
we get General formula,

11_n2111
vu_nl R, R,



A

Lens Formula

A

General formula,



4 Lens Maker’s Formula

Factors on which focus depends:

1 1 1 «  f:Positive: Converging
=My — 1)
Ry Ry

*  f:Negative: Diverging

When the mediums on both side of the

lens are same;
1 1

1 1
= (Nyer — 1) <—R1 — R2>

If n,..; > 1, Convex :Converging

 Convex: Converging =

« Concave: Diverging =

Y e Y e

Concave : Diverging



| Ve

Given:R; = -10, R, =10

n =1 ny =3/2 f=—-10cm

7 Given that the radius of curvature of both spherical surfaces is 10 cm, find the focus
- of the lens shown in the figure.

Solution: |
I
i 1 1 1

=1 n =1 i ]_c:(nrel iy _1_R_2
I
I
i 1 i (3/2) 1
| f T +10
I
n, = 3/2 |

| 1
- f
I
I
I
I
I
I
I
I
I
I
I



H the surfaces are equal to R.

Solution:
Rays are coming from n; — n, — ns

ny

Find the focal length of the lens shown in the figure. The radii of curvature of both

JEE Advanced - 2003

Image after first refraction (v,):
n, Ny Ny—Ny

o, T .. (1)

Image after second refraction (v,):
nz MN; MN3z—nNy

(T
vV, g +R (i)
Adding (i) and (ii)
nzg MNz—mn _ [ n3R
v, R vz = N3 — Ny

Final image is formed at the focus
when incident rays are parallel

n3R

f=

Tl3 _nl



4

Convex lens

Concave lens

Foci of Lens




o

A

Foci of Lens

I 1 1 1
GOTNEX jons ———=— (Lensformula) [u=—f J [ v e J
v u f
« First principal focus:
i_lzl point on the principal
© u f axis of the lens at which if
an object is placed, the
[u:—f ] [ = (65 ] ?mgge is formed at
infinity.
Concave lens [ u=f J [ F=%0 J
L 1.1 L f I
o U F (Lens formula)
1 1 1
© u =/




4

Convex lens

Y

Concave lens

Foci of Lens

(=) (=)

« Second principal focus: point on the principal
axis of the lens where the image is formed
when the parallel rays from an object at
infinity falls on it.




@ Graphical Representation: Converging Lens

1

1
We know that ———=
(% u

\h

* Let's choose % = C. Now by choosing
1 1
Z—xand;—y. We get,

y—x=0C.

* This represents a straight line with

slope of —1.

c v=—ve,ifx>f

S




@ Graphical Representation: Converging Lens

1 1 1
We know that ———=—

v u f

A graph between coordinates of
object and image is shown in the
figure.

Coordinate:
Object

(=00, 1)

(=f, )
(0,0)

(+0,7) R.O.




Image Formation by Convex Lens

e € el el Nature of Image Size of Image
Object Image 9 9
At —o At F, Real, inverted Highly diminished
Between F, : N
Beyond 2F, and 2F, Real, inverted Diminished
At 2F; At 2F, Real, inverted Same size
Between 2F, and F; | Beyond 2F, Real, inverted Enlarged
At F, At o Real, inverted Highly enlarged
Between F; and 0 Behmd the Virtual, erect Enlarged
object

Image Formation by Concave Lens

R el Nature of Image Size of Image
of Object Image 9 9
At — At F, Virtual, erect Highly diminished
Anywiiereh e Virtual, erect Diminished
else and F;




@ Graphical Representation: Diverging Lens

1 1 1
We know that ———=—

v u f

* Since f is constant, Let's choose % = (0.

Now by choosing i = x and % = y.
Weget, y —x =C.

« This represents a straight line with a
positive slope.




@ Graphical Representation: Diverging Lens

+f,+oo
1 1 1
We know that ———=-
v u f .
N
Since f is constant, if we plot the V.O.

“v” vs “u” graph, then the graph
will be a hyperbola.

Coordinate;

Object
(=00, 1)
(0,0)
(+f, +)
(+f, —)




4 Transverse Magnification

The ratio of the image height to the object height
(perpendicular to principal axis)

For mirror:




@ Longitudinal Magnification

Longitudinal magnification is calculated when the object is placed parallel to the
principal axis. It is defined as the ratio of the length of the image to the length of the
object.

For a Very small length of Object

Using lens formula, |

|
1 1 1 7 |
v ou f l ¥
|
Differentiating both sides, we get —————— . —. — - — — e
0 P \F
= b i |
S — — |
e : il :
| |V‘ |
dv v? dv = Length of the image : u , i |
du  u? du = Length of the object

(du K u)




& Velocity of Image and Object

Object moving along principle axis:

- Wit lens, both object and image
move in same direction

- vz - 22
Vi = — VoL = M Vg,

u?




& Velocity of Image and Object

Object moving 12' to principle axis:




& Velocity of Image and Object

Object moving 12' to principle axis:

dy; _(_f Do

dt f—x) dt
fx>f, f—x<0,thenv; and vy, fx <f, f—x>0,then vy
are antiparallel and v, are parallel




& Optical Power

Power is the degree to which a lens, mirror, or other optical system converges or
diverges light.

For lens
P 1 P, !
l : — : [ —
ﬁ m fm

Sl unit: Diopter (m™1)
For converging lens. P = +ve

For diverging lens: P = —ve



? Prove that for a convex lens, minimum distance between real object and real
. iImage is 4f

Solution;

At minimum separation (d,in)
Useperation = 0 = V; =1,

- i 2=
Vi = M~Vgy,

m? =1
m? = +1
= [v] = lu| = 2f




|

A 5diopter lens forms a virtual image which is 4 times the object placed

7 perpendicularly on the principal axis of the lens. Find the distance of the object
® from the lens.
Solution:
For lens:
&Q\
\\\\\\\\\ 1 1
~he Pl=7 =>f=§m=20cm (d <20 cm)
N l
h;
1 1 1
v u f
b S |
) —2d =4~ 20 = 60 = 4d

Given: P =+4+5D

h;

— =4 s2u=—-d, v=-4d
ho u v

d=15cm | u=—-15cm



r
?

A diverging lens of focal length 20 cm and a converging mirror of focal length
10 cm are placed coaxially at a separation of 5 cm. Where should an object be placed
so that a real image is formed at the object itself?

Solution:
For mirror:
f=10cm
R=2f=20cm
14 Forlens: v=—-15cm
1 1 1

15cm L ;_ﬂ:]_‘

R 1 1 1

X 5cm 15 Zx_ 220 =>x =60cm

Image formed by a concave lens should be at
COC of the concave mirror x =60cm



A converging lens and a diverging mirror are placed at a separation of 15 cm. The focal
length of the lens is 25 cm and that of the mirror is 40 cm. Where should a point source
be placed between the lens and the mirror so that the light, after getting reflected by
the mirror and then getting transmitted by the lens, comes out parallel to the

principal axis?

f =40 cm

Solution;

For convex mirror: u=-—x, v=+10cm

1+1_1
v u f
| | |

110 T —x " 20

1 1 1 40

x=1—0—4—0 =>x=?cm

13.33 cm from the mirror

1.67 cm from the lens



Pe

& Cutting of lenses

Case-l: A convex lens is cut into two halves
by a plane perpendicular to principal axis.

Case-ll: A convex lens is cut into two halves by
a plane parallel to principal axis.




|
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A convex lens of focal length 20 cm is cut parallel to the principal axis into two equal

halves as shown and the parts are moved 2 mm away from either side of the principal

axis. Find the separation between the images of the object 0 formed by these parts.

Solution;

30em I 20em

stPart: u=-30cm,v =+60cm,hyg = —2mm

2nd Part: u=-30cm,v = +60cm,hy = +2 mm

For 1st Part: The image is at I;

hy v

h, u

ohy =2h, =2 (2 hy = +4
1_u0__30 1= +4mm

For 2nd Part: The image is at I,

n,=2n =2 (42
= Z_uo—_30(+) h, = —4 mm

Distance between I; & I, = 12 mm

7S



4 Thin Lenses in Contact

If, B, > 0 = System is converging

If, B,; < 0 = System is diverging

I ................................ I:
50000000000C000C00006aT Je
L + - (With sign)
== —p—= P=P +P ith sign
F R /2 L 0
. 1 1 1
Equivalent focal length of lensesis:. — = — 4 —
feq fl fz
The equivalent power of lensesis: Py = P + P,
The equivalent focal length of n-lenses is, P
fifz f3

1 1 1 1

PR TRTTE
The equivalent power of n-lenses s,
Peq=P1+P2+____+Pn | PoE, P




|
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Solution;

1
feq

Find the lateral magnification produced by the combination of lenses shown in the
figure.

Lenses in contact:
=10 cm
g IR
] VU fo v —10 +20
........... 1 1 1 1 1
P e S>—=—— S pv=-20cm
10 cm v 20 10 % 20
Magnification
Vi v +(—20)
—=+=- =>m
1+1 1 1+1 Yo u (—10)
— z —
fl f2 feq 10 =20
="

o



4 Thin Lenses Separated by a Distance

fl fz

XI - Equivalent focal length (f,,)

X - Position of equivalent lens

d — Distance between two lenses

The equivalent focal length is given by:

1 1 1 d

feq _fl fZ f1f2

The position of equivalent lens from lens
2 (X,X) is given by,

d feq

X,X =
’ f1

Note: These formulae are valid only for the
special case of parallel incident beam.

If the object is at finite distance, the image
distance should be calculated by using
lens formula for two lenses separately.



A

Silvering of Lens

Silvered surface

e The overall system behaves as a mirror.

1 1
e The equivalent focal length of the system: o o

eq



7S

4 Silvering of Lens
e The equivalent power ® The effective focal length
of the system is: of the system is:
W B o\ fa) R
1
o Py = —F—(system acts as a mirror) Where:
eq
| R
* P = 3 (For Lens) o Jfm= -
1 (For Mirror)
® Py =—— (For silvered surface
A )R
, o /L H1 Ry Ry
e The equivalent focal length ,
of the system is: (Lens Maker’s Formula)
11 1\ 1 E_iel
—F—=—+ —— | +—= 'Feq U v
ea N1 fu) 1 (system acts as a mirror)
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An equiconvex lens (u = 1.5) has radius of curvature 10cm. One of its surface is

7 silvered. An object is placed at 15 cm from the lens. Find the position of the image
® formed by the lens after silvering.
Solution:
The effective focal length after silvering
| IS given by,
il
1 1 1 1 R 1 2
——=—=+(-—=|+= =25 —_" m1
0 Fe fL ( fm) fL fm 2 =>fm 10 cm
®. - ---:--../mN........
1 1 1 1 1 2 1
' == - =y
15cm i R, R, F, 10 10 10
1 1 1 1 1 4\,
—=10.5 — =—cm W= F =753 M
i=15 fi (10 (—10>> 10 e\

Given: u=15;R; =R, =10cm
u=-15cm



An equiconvex lens (u = 1.5) has radius of curvature 10cm. One of its surface is
silvered. An object is placed at 15 cm from the lens. Find the position of the image

S formed by the lens after silvering.

Given: u=15;R; =R, =10cm
u=-15cm

Solution;

The effective focal length after silvering
IS given by,

1 4
= — = ——
FE- 10"

1

After silvering, the system acts as a mirrot,
therefore, using mirror formula,

1 1 4 10

o7



& Optical Power of Lens-Mirror Combination

Incident light

v

Lens-Mirror combination

v v v

Refraction Reflection Refraction
through > on mirror through
lens l lens
Py Pn P,

— 4
v

Lz 1
Equivalent power: | Py = 2P + By, - | ——=—+ <_ _>



& Introduction to Prism

A homogeneous solid transparent and refracting medium bounded by two plane surfaces
inclined at an angle is called a prism.

®* A - Angle of the Prism (or refracting angle) is
defined as the angle between two
surfaces through which the light passes.

e [ - Angle of incidence
e r - Angle of refraction

* ¢ - Angle of emergence

Base of the Prism



4 Summary

PR and RQ are normal to two refracting surfaces.
£0PR = 90° = £OQR

From the quadrilateral OPRQ: 0
A+ ZPRQ = 180°.....ccoveeieiiiiiinn (1)

From APQR:

ZPRQ = 180°— (1534 75) ceviiiieinnnnnn. (2)

Combining equation (1) and (2):

A= (r +1)

From external properties of APNQ:

§=(@{—-1)+(e—-1,) mp | 6=((+e)—A



4 Variation of § with i

If i and e are interchanged, the angle of deviation remains same, due to the principle of
reversibility of light.

Using Snell's law on the 15t refracting surface:

a1
1 =sin” | —sini
n

A= (T'1+T2) @7"2 = (A—Tl)
Using Snell's law on the 2" refracting surface:
nsinr, = sine

e =sin"Y(nsin (4 —ry)

e = sin~ ! <n sin <A — sin~1 <ﬂ>>>
n
sini
Oner = 1 + sin”?1 (n sin (A —sin™! (T))) — A




Variation of § with i

4

5net=i+€—A

The deviation is same for two angles of incidence (i; and i,).

As § remains the same, an increase in angle of incidence causes angle of emergence to
decrease and vice-versa.



Using Snell’s law for ry:

_ ! . A+5min . A
1 Xsini=n X sinr; mp Sin B = nsin >

sin (A + gmin)

n(2)

Y —

Summary

)

5max [~

5min




@ Thin Prism

A prism is taken as thin when the angle of prism
Is small.

Generally, A is less than 10° for a thin prism.

We have:
in (A Suin
B 2
T a(3)
Sin 2
(A -+ 5ml-n)
2
n=

2)

Omin = (W — 14



A monochromatic light is incident at a certain angle on an equilateral triangular prism
7 and suffers minimum deviation. If the refractive index of the material of the prism is

¢ V3, then the angle of incidence is: JEE MAIN 2019

Solution;

Shape of prism: Equilateral triangle

\ 2
A = 60°
For minimum deviation: 1 =1, = 5= 30°

From Snell’s law of refraction:

ny Xsini =n, Xsinnr

1 % sin i = /3 X sin 30°
V3

sini = —
2

i = 60°



& Dispersion of Light

* Dispersion of Light: The phenomenon of separation of different constituent colors of light
while passing through a transparent medium.

® Cauchy's Formula:

Refractive index of a medium depends
upon the wavelength of incident light:

5 Refractive
Index |

Wavelength T —

_, Deviation !

W e e e mm r o e
o .
S mm o mm s Em s omm or Em o Em s o o e




4

® Average Deviation:

The overall deviation of the white light
beam is the deviation of the yellow light
as this deviation is roughly the average
of all deviations.

® Angular Dispersion:

The difference in the angles of deviation
of two extreme colors of the of white

® Dispersive Power:

The ratio of angular dispersion to the
average deviation.

[ = VT OrR _ My T M ] (©Only if 4 is small)

Oy py — 1

Deviation




4 Combinations of Prisms

Refracting angles of two prisms: 4, A’

Dispersive power of two prisms: w, w’
Angle of deviation due to:
prism 1: §; (clockwise)
prism 2: 6, (Anti-clockwise)
Average deviation due to:
prism 1.5, = (uy — 1)A
prism 2: 8, = (uy — 1A’
Angular dispersion due to:
prism 1: 6; = (uy — ug)A
prism 2: 0, = (uy — ug)A’
Net average deviation:
§=686,—-06,

5= (uy — DA— (i — DA

Net angular dispersion:
9 — 01 - 62

0 = (uy — up)A — (uy — up)A’



& Combination of Prisms: No average deviation

§=(uy —DA—-(uy — DA’
l No average deviation

(uy — DA = (uy — DA’

Dispersive power of:

orism 1: @ = (v — Ug)
. (uy — 1)
. (uy — Hg)
prism 2: ' = —;
(uy — 1)

0 = (uy — pug)A — (uy —ug)A' | w=—p

0 = (uy — DA(w — w')

Onet =0



& Combination of Prisms: No angular dispersion

0 = (uy — ug)A — (uy — ug)A’

l No angular dispersion
(y — ur)A = (uy — pgp)A" —

Dispersive power of:

orism 1: @ = (v — Ug)
. (y — 1)
prism 2: @' = (élV, i ”1’3)) 6= (uy —DA—(uy — DA
Hy —

A(uy — 1) '
Ao(py —1) =Aw (.UY 1) =) A’ (l:; 1) a(j)

5=(uy—1)A<1—%>
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Rainbow:

It is the combined effect of dispersion,
reflection and refraction of sunlight by
spherical water droplets of rain.

An observer can see the rainbow only when
his back is towards the sun.

Primary Rainbow:
It is a three step process:

Refraction with dispersion —» Reflection —
Refraction.

Red light with max intensity emerges at an
angle 42.2° with respect to the direction of

incoming sunlight.
Violet light with max intensity emerges at an

angle 40.6° with respect to the direction of
iIncoming sunlight.

The rays except red and violet falls in
between 42.2° and 40.6°,

The red light will be at top and the violet light
will be at bottom.

Summary




Why Rainbows Are Round?

During or after rain, there are infinite
number of water droplets.

The observer can see violet light with
mMaximum intensity in every direction
if his/her eye make an angle 40.6°
with the direction of incoming
sunlight.

The same is true for red light for an
angle 42.2°.

A circle or circular arc can subtend
equal angle at some external point
for each point on the circumference
of the circle. Thus, the rainbow have
the circular shape.




Primary Rainbow

¢ Red light with max. intensity emerges at 42.2°.

® Violet light with max. intensity emerges at 40.6°.

¢ For angle above 42.2°, we can see the normal colour sky.
For angle less than 40.6°, a mixture of all colour
(VIBCYOR) is present and hence, it appears as white to
the observer. Thus, the core of rainbow is white.

Secondary Rainbow

Secondary Rainbow:
It is a four-step process:
Refraction with dispersion —» Reflection —» Reflection —» Refraction.

Red light with max intensity emerges at an angle and violet light
with max intensity emerges at an angle 53° with respect to the
direction of incoming sunlight.

In secondary rainbow, violet will be at top and red will be at bottom.




|
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Given;

Solution:

Hrea = 1.39, green = 1.44, tpre = 1.47

1 . 1
Hprism = . — Sl =
SIin i Hprism

For total internal reflection

Angle of incidence > critical angle
[ > i, = sini > sini,
1 1

sin 45° = >
\/E Hprism

(i = 45%)

Hprism = V2 = Hprism > 1.414

Since Rl of green and blue beam is
greater than 1.414, these colours will
suffer total internal reflection. Only
red colour beam will refract.

A beam of light consisting of red, green and blue colours is incident on a right-angled
prism. The refractive index of the material of the prism for the red, green and blue
colours are 1.39,1.44 and 1.47 respectively. The prism will:




| £
A thin prism having refracting angle 10° is made of glass of refractive index 1.42.

7 This prism is combined with another thin prism of glass of refractive index 1.7. This

oT combination produces dispersion without deviation. The refracting angle of second

prism should be:

G|Ven Al - 100,#1 = 142,[12 - 17

To find: A,

Solution:  From the condition of
dispersion without deviation:

N (1 — 1)
i
(142-1) “
2 @ — 10 .

A, = 6°



& Human Eye

Near Point;

Lens (ngyy ~ 1.396) .. . .
\- The minimum distance at which an

) ) eye can see objects distinctly and
 Vitreous humor (n ~ 1.336) | clearly without getting tired. For a
normal human eye near point is

< 25 cm.

it N I — Far Point:

The maximum distance at which an
eye can see objects distinctly and

; | clearly without getting tired. For a
_Retina | normal human eye far point is infinity.

(

Aqueous humor
(n = 1.336)

Cornea[

' Ciliarymuscles |




& Accommodation

The process of adjusting the focal length of the eye lens by the ciliary muscles, in
order to produce a sharp image on the retina, is called accommodation.

Lensisless curved

Distant ‘

object Relaxed Ciliary
Muscles

Lensis more curved

Nearobject

TensedCiliary
Muscles



A

Apparent size of an Object

® The angle subtended by an object on the eye lens is called visual angle (60).
® Apparent size of an object is directly proportional to visual angle.

® For an object Visual angle is maximum at near point. Therefore, apparent size
of object is maximum at near point.



& Myopia (or) Near Sightedness

‘~~
-

—_—
-

Myopic eye

® Far-off objects appear blur and near-by

objects are clearly visible.

® Image is formed in front of Retina.

® Caused due to thickening of eye lens.

Corrected eye

® Myopia is corrected using concave
lens of appropriate focal length.

1 1
® Poweroflens: p=—= ——
X

Where x is the maximum distance
that can be seen by a myopic eye.



@ Hypermetropia (or) Far Sightedness

Hypermetropic eye

® Near-by objects appear blur and far-off
objects are clearly visible.

® Image is formed behind of Retina.

® Caused due to thinning of eye lens.

Corrected eye

Hypermetropia is corrected using
convex lens of appropriate focal
length.

1 —D
Power of lens: P =— = AN/

f yD
Where y is the distance of near point
of defective eye.



|

A man suffering from myopia can read a book placed at 10 cm distance. For
7 reading the book at a distance of 60 cm with relaxed vision, focal length of the lens
®T  required will be?

Given: u=—-60cm,v=-10cm
To find:  Focal length of lens

Solution: Lens formula is given by:

\ 4 v

1 1 1 o—
fov ou i :
: : :
I = i i i
f —-10 -60 ; | 10 cm 5
’ :

A

~ f = —12 cm |{negative sign indicates concave lens}



Astigmatism

® The eye develops different curvatures
in different planes.

Eye has inability to see in all the
directions equally well.

Normal Eye

Eye with
Astigmatism

Astigmatism is corrected using
cylindrical lenses.

’

Image as formed on theretina

Image as formed on theretina
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For a normal eye, the cornea of eye provides a converging power of 40 D and the least
converging power of the eye lens behind the cornea is 20 D. Using this information, the

Given:

To find:

Solution:

distance between the retina and the eye lens of the eye can be estimated to be:

Piens = 20D 5 Poprneq = 40 D
feff

Peff = Plens + Peornea

Poss =20+ 40 = 60 D

Y VYY
s 28 2B /
v

Power is given by:

E==F N

p— 100 R
B f(in cm) feff
60 — 100
feff
feff =——=1.67cm

60

o
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Simple Microscope

® Asimple microscope is a bi-convex lens.

® Object is placed between focus and optical
center to get a virtual magnified image.

® For a simple microscope f < D.

v
>
I
|

3
[l
——(&o)—
3
[l
2|
[l
& |

v
D
Q
[l
O =



@ Special Cases of Angular Magnification

Image formed at Far point Image formed at LDDV




?

eT hypermetropic eye?

Given: u = near point of normal eye = —25 cm

To Find: Near point of eye

. 1 1 100
Solution: f==—=-m=—cm

P 3 !

Apply lens formula:

1 1 1
f v u
301 1
100 v —25
1 3 1
v 100 25

A person uses a lens of power P = + 3 D to normalize vision. What is the near point of

7S
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@ Compound Microscope

 The image formed by the objective acts as
the object for eyepiece.

* The length of compound microscope:

i L=v,+u,

I *  Angular Magnification:

| e Eye-piece g — h

= v : i h

P 3 "\ (D
@, R\
t -
0 —

- Objective: Closer to Object 4=

v

« Eye-piece: Closer to Eye



4 Normal Adjustment

The final image is formed at infinity.

So, the image formed by objective lens
should be at the focus of eyepiece.

Ue = fo

Magnifying power:

()
()




4

The final image is formed at near
point / LDDV.

For eyepiece: u = —u, v=—D

1 1 1 1 T
v u f D) (uw) f
_JD
= 40
I
Ue fe

® Magnifying power:

LDDV Adjustment

-

() - | -

-



4 When f, is very small

Apply lens formula to objective lens:

1 1 1

Vo U f 0

v
Assuming v, ~ land — >» 1, we get:
(0]

For the Normal adjustment:

"= -(7)7)

l D
For LDDV adjustment: m = — <—) <1 + —)
fo fe




When f, is very small

Apply lens formula to objective lens:

1 1 1
Vo U fo
Vo Vo
1 - = =2
Uy fo
Vo _ Vo
Uy fo
Vo Vo Vo
— = —— v, = [ — > 1
uO fO ( . ) <fo >
v, [




A compound microscope consists of an objective of focal length 1 cm and an eye-piece
7 of focal length 5c¢m. An object is placed at 0.5 cm from the objective. What should be
H the separation between the lenses so that the microscope projects an inverted real
image of the object on a screen 30 cm behind the eye-piece?

|
To find: I

1_ 1 1
fe_ve ue
1 1 1
5 30 u,
1 1 1
u—e:%—g ﬁ[ue=_6cm]

Apply lens formula to the objective:

1 1 1 ]
—=——— = y,=—1lcm

fO vO uO ?

The separation between lenses is:
l=|u,—|v,]=6—-—1=5cm

[=5cm




& Astronomical Telescope-Magnification
Objetive L Eye-piece  Angle subtended by object at objective:
| S ,
@ =—
fo
Angle subtended by final image at eyepiece:
_h
\' ue

Magnification of telescope:

_B__1
Ca U,

Length of telescope:

Objective (larger focal length and aperture) [L = fo + U ]

Eye-piece (smaller focal length and aperture)



& Normal Adjustment

The final image is formed at infinity.

So, the image formed by objective lens
should be at the focus of eyepiece.

ue:fe

Magnifying power:

() - [

Length of the telescope:

L=jotu = [ L=fo+fe ]




4

The final image is formed at near
point / LDDV.

For eyepiece: u=—-u, v=-D

1 1 1 1 1 _1
v u f D) Ch) R
f.D
= Y TF 0D

Magnifying power:

LDDV adjustment

) - (e

E <
D

Length of the telescope: L=f, +u, = | L=f,+

f,D
fot D

Vv



7 An astronomical telescope is to be designed to have a magnifying power of 50 in

normal adjustment. If the length of the tube is 102 cm, find the powers of the objective

¢ and the eye-piece.

Solution:
Magnification produced: |m| = % = 50
€
= fo = 50f;
The length of telescope is:
L=f,+f.=102cm
= 50f, + f. = 51f, =102 cm
= f,=2cm=+4+0.02m
= fo,=+100cm =1m
The power of eye-piece: p, = 1 1
. e — T = ——=
£, 0.02
. 1 1
The power of objective: P, = ]7 =71=
(0]




A

Terrestrial Telescope-Ray Diagram

—
—
—
-—

Objective Eye-piece

Convex lens

® Astronomical Telescope is not suitable for viewing objects on earth.

® Aconvex lensis used in terrestrial telescope to produce erect image.
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Terrestrial Telescope - Normal Adjustment

® Final image is formed at infinity.

®*  Magnifying power:

-t

® Length of telescope:

Objective

(L=ro+ari+1.]

Convex lens

Eye-piece

(f1 is focal length of convex lens)



N

Terrestrial Telescope - LDDV Adjustment

D ® Finalimage is formed at LDDV.

®*  Magnifying power:

44

® Length of telescope:

Objective

Convex lens | =lot 4t (fe + D)

Eye-piece

(f1 is focal length of convex lens)



Cassegrain Telescope

4

Objective Advantages of Cassegrain Telescope
mirror

A ——

Secondary

mirror T . ® There is no chromatic aberration in a
"""""""""""""""""""" "Eyepiece MIirrors.

® If a parabolic reflecting surface is
chosen, spherical aberration is also
removed.

® Mechanical support is much less of a

Cassegrain telescope is a reflecting telescope. problem.
® The largest reflecting telescope in the
world are the pair of reck telescopes in
Hawaii, USA, with a reflector of 10 m in
diameter.



