Chapter - 11
Ray Optics

Introduction : Light is a form ofenergy. We can
see objects when light fall on them. It was always a
matter of curiosity to know about the production and
nature of light and related phenomenon. From our
common experience. We know that it travels in straight
line and its speed is extreamly high.

The straight path traversed by light is called a ray
and denoted by a straight line with an arrow. Group of
raysis called abeam. Some ofthe optical phenomenon
like reflection, refraction, dispersion etc. can easily be
understood, using ray concept oflight. Inthis chapter we
will study reflection, refraction, dispersion and scattering
using ray concept. Inthe later section we will study the
working of optical instruments like microscope,
telescope and human eye. The study involves the study of
optical phenomenon related to daily lite. The study is
governed by the laws of geometry hence it is also called
geometrical optics.

11.1 Reflection of Light

The light travelling in amedium, returnsback at the
boundary as shownintig. 11.1. This phenomenon is
called reflection. It obeys following laws .

Normal ray

Incident ray . Reflected ray

Fig. 11.1: Reflection at a planc surfacc
(1) The angle of incidence 7 is equal to angle of
reflection 7.
Zi=2zr
(1) Theincident ray, reflected ray and the normal

on reflecting surface lies in same plane called plane of
incidence,
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Inreflection, thereis no chnage in frequency and
wavelength oflight. If surface absorb light thenintensity of
reflected light decreases.

11.1.1 Formation of Image by a plane mirror

Asshowninfig. 11.2 consider a point object at P,
whichisinfront ofa plane mirror AB. to construct the
image we need two rays. The two rays PQ and PQ' get
reflected by mirror and seems to be coming from P,
Here P'isvirtual image of the object. Theimage s virtual,
erect and laterally inverted.
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Fig. 11.2 : Imagc fromed by a planc mirror
11.2 Spherical Mirror

It is a part of a hollow sphere, whose one side is
polished, normally these mirrors are of glass whose one
side s silvered. If the reflecting surface is convex, the
mirror is called convex mirror, and if the surface is
concave, the mirroris called concave mirror. The tigure
11.3 showsretlection of parallel rays by a concave mirror.
Since the parallel rays get converged at a point these
mirrors are also called convergent mirror. Similarly fig.
11.4 shows the reflection from a convex or divergent
MirTor.

Ly
/

o
N

H
M

Fig. 11.3 : Concave mirror



Fig. 11.4: Convex mirror

11.2.1 The Terms and their Defenitions Related to
Spherical Mirror

1. Aperture : The whole reflecting surface ofa
mirroris called its aperture,

2. Pole : The central point of the mirror is called
pole. Intig. 11.3 and 11.4, the point Pindicate pole.

3. Center of Curvature : The centre of the
sphere, whose the mirror 1s a part, 1s called centre of
curvature of the mirror. It isindicated as point Cin fig
113and 11.4.

4. Radius of Curvature : It is the distance
between pole and centre of curvature ot the mirror,
indicated as CP inthe figures.

5. Principle axis : Thestraight line passing through
pole and centre of curvature 1s called principle axis.
Shownas XX'infig11.3and 11.4.

6. Principle focus : The incident rays parallel to
principle axis, meet at a point on the principle axis atter
retlection from a concave mirror. This point is called
principle tocus of concave mirror. Itisindicated as F infig
11.3.

In case of'a convex mirror, the incident rays
parallel to principle axis are diversed after reflection from
the mirror and seems to be coming from a point on
principle axis. This point is called principle focus of a
convex mirror andindicated as Finfig. 11.4.

7. Focal length: It is the distance between pole
and the focus point. Its symbolis £.

11.2.2 Sign Convention

To obtain relation between ditferent quantities like
object distance, image distance, focal length,
magnification etc. we should adopt a sign convention.
Here we will tollow cartesian sign convention. According
toit-
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Fig. 11.5 Sign convention
1. Allthe distances are measured frompole.

The distance measured in the direction of incident
raysistaken as positive and the distance measured
in opposite direction of incident ray is taken as
negative.

The height measured upwards with repect to X-
axis and normal to principle axis is taken as
positive. The height measured downwardsis taken
asnegative.

|F¥]

According to above sign convention the object
distance is taken as negative, but the image distance v
can be positive or negative as per situation. Focal length
of concave mirror is taken as negative while that ofa
Convex mirror is positive.

11.2.3 Formation of images by Spherical Mirrors

To find the position of image we cantake any two
rays originating from object. After reflection from mirror
these rays determines the position of image -

1. Theincident ray whichis parallel to principle axis
pass through the focus (in concave mirror) or
seems to be coming from focus (in convex mirror),
after reflection from spherical mirror.

The incident ray passing through tocus, becomes
parallel to principle axis after retlection from
spherical mirror.

The incident ray passing through center of
curvature returns back on the same path after
reflection from the spherical mirror.

|F¥]
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Fig. 11.6 : Rays uscd for the formation of images



Ifthe two rays meet at a point after reflection a real The ditferent positions of images formed by
image is formed. And if the rays do not meet but seems to concave and convexmirror are shownintable 11.1.
be coming fromthat point, then a virtual image is formed.
The real image is inverted while the virtual image is erect.

Table 11.1 (a) For concave mirror

Position of object Raydiagram Form of image
1. At infinity L]~ ' Real inverted,very small at focus

M

E
2 Between % and C CK\E v Real inverted, very small betweenF and C

3 AtC w /F\“*\EP Real, inverted, and of same size, at C
1

4. BetweenFand C - ' \\E i Real, inverted, magnified between C and
! E '
1 E :
5. Atfocus e C v E g Real, inverted and very large at o0
6. BetweenF and P “ e E ' ' Virtual, erect, verylarge, behind the mirror
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(b) For convex mirror

1. At =

2. Infront of mirror

11.3 Mirror Formula
11.3.1 Relation between R and Ffor a mirror

Consider a mirror of very small aparture (Fig.
11.7). AMisincident ray, MB is reflected ray and MC is
perpendicularat M,

Incident ray
5

f\-‘l 5\,4 1 w’\
i

Fig. 11.7 : Reletion between R and f

From law of reflection ~ AMC= ZFMC or
Zi=/rBut £ AMC= ~MCEF (alternative angle).

Hence from £/ MCF, L/ FMC= ~/MCF and
MF=FC

Itthe point M is very nearto P; MF =PF =t (focal
length) but fronfig. 11.7.

PF—-FC—R

f IR
R
r=3

Hence the focal length 1s half of the radius of
curvature for a spherical miror.

Co

[ [
e Principle axis

(114

virtual, erect,very small at focus

Virtual,erect, small between pole and focus

11.3.2 Mirror Equation
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Fig. 11.8 : Ray diagram for imagc in concave mirror
Infig. 11.8 A'B'is real image of the object . #, v
and fare object distance,image distance and focal length
respectively. To find relation between &, vand f,
consider the similar tringle A'B'F and MPF (assuming
MP asa straight line).

BA_BF
PM ~ FP

PA B pM=Ba 11.5
ga pp (PM=B4) (115

Again from A PAB and A PA'B!(being similar)
we get

B'A" B'P

- RBP

oy ..(11.6)



Comparing equation 11.5and 11.6 we get

B'IY B'P-IP B'P
1P 1P BP

L(11.7)

using sign convention B'P=-v, FP=-fand BP —-u

vif_ v v f v
-/ oo

OR

—H

or L (11.8)
This relationis called mirror equation, and is valid
for both concave and convex mirrors.

Magnification :- Linear magnification##1s defined
astheratic ofimage height h' and object heighth.i.e

h 1

m=—

h

above the principle axis is taken as position and vice
versa.

As per sign convention, the distance

1 ! —y

Fromtig. 11.8

BA  —u
tromsimilar triangle A'B'Pand ABP we get
-h'  —v
h u

(using sign convention) # = "

. (11.10)

Here - ve signindicate that the image is inverted.

Using mirror equation(11.8) " + . = ? and equation

(11.10) we can obtain magnification in terms ot fand v,

v—f
f

andfandu.re M=~

. (11.10€ay)

f

= —

u—f

Example 11.1: Radiusof curvature ot'a concave
mirror 1s 50 cm. Find its focal length.

Solution : GivenR=50¢m

and L (11.11a)
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R

R 5
We know that fZE So f= 5 >0

—=25¢cm
2

£=025m

Example 11.2 : An objectis placed at a distance
of 10 cm from a convex mirror of radius of curvature 15
cm. Find the nature, position and magnification of image.

; —15
Solution : Given f = Tcm and # = —10cm

| S T

From murror equation o 7 T
12 (1 -2 1 _ —4+3
hence 15 10} 15 10 30
1 1
—=—7- hence v=-30cm
W 30
7 -10 10

so theimage will be at 30 cmin front of mirror, it is
real and inverted and three times the size of object.

Example 11.3 : The image of an object placed in
front of'a concave mirror is obtained at 100 cm on the
same side. Iffocal length ofthe mirroris 98 cm, find the
object distance.

Soltuion : Givenf=-98cm;v=-100cm

1 1 1

using mirror equation we get " =

V

1 1 1 1 1

v 98 —100 98 100

1 -100+98 -2
9800 9800

i

9800
W=

=-4900cm

Example 11.4 : Radius of curvature ofa concave
mirror in an amusement park is 4 m. A girl standing in
tront of this mirror sees herself 2.5 times taller. Ifthe
image is erect, tind her distance from the mirror.

Solution : Givenm=-25and R=-4c¢m



R -4
=—=——=-20m
f=3
m= i =— /
h w—f
Substituting we get
(-2.0) |
25=—————=u=-12m
1 —(—2,0)

Example 11.5: Anobjectis placed at a distance f
infront ofaconvex mirror of focal length f. Find theimage
distance.

Solution : Taking # — -  and the mirror equation
we get

1

i

1 1

11
= _‘_:_-.";.e.v:'_
vof fov >
Note : The image of a real object by a convex
mirror 18 between pele and focus. The image 1s aint,
virtual and erect.

2

V

Example 11.6 : The image of an object placed at
adistance 20 cm from a concave mirror 1s obtained at 40
c¢m. Find the focallength of the mirror.

Solution : Givenu=-20cm;v=-40cm

frommirror equation we get
1 1 1
_l’_ =
—20) (-40) 20 40 40

0

| 2]

(

1 -
f

4
J 5

11.4 Refraction of light

Light travelsin a straight line in a homogeneous
medium. Whenlight rayis incident at theinterface oftwo
media, a part ofitis reflected and a part enters the other
medium by bending from original direction. This
phenomenon of bending of ray at the interfaceof two
media is called refraction.

=-13.333¢cm
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Ciluss

E B’ Refracted ray
Nr
Fig 11.9: Refraction of light

Following laws are obtained by simple
experiments.
(i) Incident ray, the refracted ray and the normal on
the interface at that point lie in the same plane.
() Theratioof'since of incident angle and rise of angle
of refractionisa constant. Thislaw1s called Snell's
law.

siny  m,
=Zop,

L (11.11)

L, o =
e Gnr  n

Here 7 and r are angle of incident and angle of
refraction respectively. And n and n, are refraction
indexes of the first and second medium. Where asn, is
therefractive index of second medum with respect to the
first medium.

Ifthe light enters a medium fromair or vaccum,then
the refractive index is called the absolte refractive index of
the medium. The Snell's law canbe conveniently written

as
msini=mn,sinr L (11.12)

Whenn, > 1;r </, the refracted ray bends
towards the normal, the second mediumis denser than
first medium.

Ifthe ray enters a rarer medium from a denser
medium then# >+7 and ray bends away from the normal.

Speed otlight C, 1s maximum in air/vaccum. The
speed of light v is lesser in all other media.

Absolute refractive index of a mediumis given by



Spaod of Tight in vaccm

Speed of light m that rmednum

¢
1V

. (11.13)
Therelative refractive index ofa mediumis given by

Speed of hight m first imednuim. v,

n, = =
g Spocd of light in second nedium ¥,

Refractive index is a scalar and dimensionless
quantity and it depends on the nature ofthe medmim and
the wavelength/frequency of the light. During refraction
only wavelength of the light changes due to change in
speed, but frequency remains unchanged.

11.4.1 Phenomena related to refraction of light
1. Twinkling of stars

Image of stars on retina are point images. Light
from the stars travels a long distance in a turbulant
atmosphere. Due to this the apparent position of the
image on the ratina tluctuates and the amount of light
entering the eye thickers. This is called twinkling of star.

Why don't planets twinkle? The planets are
comparatively nearer and behave like an extended
source. Thelight froma planets seems to be coming from
largemumber of points. The change in positions of all the
points, millify theeffect of twinking,

2. Sunrise and sunset

The sunisvissible tous a few minutes before the
actual sunrige. Itis also vissible for a few miniutes after the
sunset. Thisisdueto refraction of light by different layers
ofatmosphere having different refective indices.

Whenthe Sunis still at horizon, theray enters from
denser layer to ararer layer thus bending away fromthe
normal. Dueto this gradual bending by ditferent layers.
We seethe Sun at at S' instead of S.

apparcnt position of the Sun

—

g s
‘/JI\H._,____‘"‘:/
| / /. N, Ilorizon

}‘/ / AN

8=

VAN

real position
ol the sun

e P

Fig. 11.10 The apparcnt position of the sun
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3. Appearance of bottom of liquid as raised

Thebottom of'pot, filled with a iquid seemsto be
raised when viewed from above. Thisis dueto refraction.
Asfromfig. 11.11, the ray of light coming from the point
Pon the bottom,bends away from the normal at the
liquid-air interface and seems to be coming from point P,
Hence the bottom seems to be raised.

Fig. 11.11 : Virtual position of bottom ofa liquid
4. Bending of arod/spoon in a liquid

When arod is partially dipped in aliquid, therod
appears to be bent. This 1s because the apparent
positions ofits different parts in liquid seems to be raised
according to their depths. The rod ABE appearsus as
ABE! (Fig. 11.12),

Fig. 11.12 : Bending of a rod in liquid

Medium-1
{AIr)

5. Refraction through a glass slab

Medium-2
{CGilass)

Modium-1

Fig. 11.13 : Refraction through a glass slab

Asshowninthe figure 11.13. Therefraction of light
occurs twice. First when the ray enters the slab and when
it comes out of the slab. Here angle ofincidence 7 and



angle of emergence #, are equal. The incident and
emergent rays are parallel to each other, but thereisa
lateral shifting of emergent ray.

Example 11.7 : The given figure shows the path of
aray passing through three different media. The figureis
based on scale. What do you conclude about the
refractive indices ofthe three media.

P

2)

&)

Solution : Asseeninthe given figure, the refrated
ray QR bends towards the normal, hence n, > n, and
medium (2)1s denser than medium (1).

Similarly therefracted ray RS isbending away from
the normal hence n, <n_ and the medium (3) s rarer
than medium (2).

Alsosince £r,> 2 ihencen,>n,

Example 11.8 : Wavelength ofa colour oflight in
airis6000 A, which changesto 4500 A inwater. Find the
velocity of ight in water.

Solution : We know that h_h_ i
BV, /‘Ll
’m _ )l';erJ
hence v 4
5 < .
= 4500 3x10° =2.25x10° m/s
' 6500

Example 11.9 : The absolute refractiveindexes of
water and glass are 4/3 and 3/2 repsectively. Find
refractive index ofwater when the ray enters from glass to
water.

4 3
Solution : Given #, = —and n, = —
3 o2

hence the refractive nindex of water with respect to
glass

n, 4/3 38

n, T3/2 9

g
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11.5 Total Internal Reflection

We havelearned in previous section, that whena
ray enters ararer medium from a denser medium it bends
away from normal. Let us deal the phenomenonin detail.

Fig. 11.14 Total intcrnal reflection

Aray oflight isincident on interface of denser and
rarer medium. 1fthe ray enters rarer medium from denser
medium and £ 7= 0, the ray go undeviated. [f we
increase theincident angle of therefraction will increase.
At a certain angle of incident, the angle of refraction r
becomes 90°, up to this stage both reflection and
reflection simultaneously takes place. The angle of
incident for which the correspending angle of refraction
becomes 90”1s called critical angle and represented by

0.,

Iti> 6 .thenr>90". and therayis totally retlected
back (refraction ceases). This phenomonis called total
internal reflection. for TIR two basic requirements are
there - (1) The ray should enter a rarer medium from a
denser medium.

(2) Li> 8. i.e. angle of incidence should be
greater than critical angle.

Ifthe rarer medium s air, then from Snell's law
n sinf,. =n, sin90°
sing,.

[ n, = 'l]

When n = refractive index of denser medium

L (11.14)

L

The critical angle for some media are given in table
11.2 for air as rarer medium.



Substance | Refractive Index | Critical Angle
Water 1.33 48.75¢
Crownglass | 1.52 41.14
Flut glass 1.62 37.31°
Diamond 2.42 24.41°

11.5.1 Some Applications of Total Internal
Reflection

1. Mirages

On a hot summer day, during driving on a coaltar
raod, we experience an optical illusion in which we see
that the road ahead of usis wet. Suchtype of experience
isalso therein desert during summer. This optical illusion
is called mirage.

This phenomenen can be explained by assuming
that the atmosphere near the earth surface consist of'so
many layer having different refractive indices, as we go
up the refractive index go on increasing. The sunrays
entering fromuper layer have arefraction from denser to
rarer layer hence bends away from the normal, a stage
will come when theray s totally reflected, and we feel the
inverted image of tree or other object asif coming after
reflection from a water surface.

2, Brilliance of diamond

Brilliance in diamond is due to total internal
retlection. Reflective index of diamond is very large total
approximately 2.42 hence the critical angle is small /..
24.41", Itis cut and polished in such a way that the light
entering its different taces get totally internal reflected.
Hencethe brilliance.

3. Optical Fibre

Optical tibres are used to carry optical signals to a
very long distance. It consists of central part core and
outer coating, cladding. Refractive index of coreis
slightly greater than the refractive of cladding. An optical
signal entering one end of the optical fibre at an angle
i = B get multiple total internal retlection and ultimately
comes out ofthe other end without muchloss of energy.

Fig.11.13 Optical Fibre
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Example 11.10 : The refractive index of diamond
1s 2.42. Find critical angle for it.

Solution : Givenn=2.42

A |
Weknowthat sin(.’ = -

-

sin(’ = L =04132
2.42

C =sin' (0.4132)
Fromsinetableweget &, =24.4"

Examplell.11 : Therefractive indices of coreand
cladding of an optical fibre are 1.47 and 1.31
respectively. find the angle of incidence for which total
internal reflection takes place in optical fibre.

Solution : For total internal reflection 8 > 6,
6>0, =sin '(n,/n)

6 >sin”(1.31/1.47) =sin™' (0.88)

g - 63° (Fromsinetable)

11.6 Refraction at Spherical Surface

In this section we will study refraction at the
spherical interface of two transparent homogeneons
media. The law of refraction is applicable at every point
ofaspherical surface.

Fig. 11.16 Refraction at sperical surface

Asintig. 11.16 we consider a spherical surface
ABofradius of curvature R, separating two media of
refractive indexn andn.. A point object is placed onthe
pricniple axis at O. The rays OD and OP meet at [ after
refraction and form an image. the point D is assumed
very neartoP. Sothat PD is straight line.

L)

L
11.16 tan LDOP =tana =
Fromfig. 11.16 OP



nr
PO

tan ZDCP =tan f =

and tan ZDIP =tany = %

InADOC /iisexternal angle hence

i=ZDOP+/ZDCP=a+ f8 ...(11.15)
For small angle (inradian) g ~ tan @
OP PO - (11.16)

Similarly in A DCI, is external angle hence
b=v+r

hence = /DCP-2DIP . (11.17)
0 po PP _DP (11.18)
CTTRC A
From Snell'slaw », sin7 = », sin#
ni=nr (forsmallangle) . (11.19)
DP  DP DP  DP
| —t— =8| ————
[()P P(.f] [P(,‘ Pr ]
' i, =¥
i+"—;:@ .(11.20)
oP Pl PC

Using cartesian coordinate sign convention and
taking OP =-u; PI=v;and PC=+R
1 P,

e
i v

B, —H,
R

The above relation is valid for both convex and
concave surfaces.

11.7 Lens

Atransparent homogeneous medium enclosed by
two curved surfaces is called lens. Out of the two
surtaces,one can be a plane surtace. The curved surtace
may be spherical, cylinderical or parabolic. We will
discuss only spherical surface. The tacein which light
enters is called first face and the other is second face.

We get . (11.21)

According to curved surfaces, lenses are of two
types -

(1) Convex lens/ convergent lens. These lenses are
thin on the outer rim and thick at the center.

(2) Concave lens/divergent lens. These lensesare
thin at the center and thicker on the outer perifery.
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11.7.1 Refraction ThroughThin Lens

Consider a thin lens of refractive index n,_ placed in
rarer medium of refractive mdexn,. P, and P, are poles
andR and R, are radius of curvature of two surfaces of
thelens.

Fig. 11.17 : (a)Position of object and image
(b) Refraction through first surface and
(¢) Refraction through second surface

Infig. 11.17(a)the objectisat O and imageisat L.

The formation of image in considered in two parts (1)

action ofthe first surtace and (ii) action of second surface.

Asinfig. 11.17 (b) the object isat O and image1s

formed atI'. Applying equation 11.21 for this surface we
get

_ e " A, :nz—?’h

OF Bl R

.(11.22)

Forthe second surface the image at I' works as an
object and tinal imageis formed at I.

Applying equation 11.21 forsecond surface we get
S
PL Pl R,

L (11.23)



Addingequation 11.22 and equation 11.23,we get

() 1 1
Oj)] sz 2 1 R] R; (1124)

since OP =wand P,1=v we get

|

Ifthe objectisat (z# = —x, v
be tormed at focus ( v=/)

[N L N
" R R (1129

The above relation is known as lens makers
formula. Because for a particular value of refractive
index, the required focal length is obtained by grinding
the two surfaces. The above relation is also valid for
concave lens.

1
+

3’

i,

Nl R
1 R R (129)

#

/) theimage will

1
Weget?:[

Alens has twofocii Fand F! equidistance from the
optical center on both sides. The focus oncbject side is
called first focus and that of other sideis called second
focus.

Asin case ot amirror, the magnification by lens is
givenby

hagl of nmagc _ E _Vv
haight of abjeoct

= =>  (11.28)

h

From sign convention we see that for virtual image
m is positive,while for a real image mis negative.
11.7.2 Power of lens

The power ofa lens is known by its ability to bend
theincident ray by refraction. 1t is measured by the angle
of deviation produced by lens.

A BA
P~

C F

f
Fig. 11.18 : Power of lens

Asinfig.11.18 aray parallel to principle axis 18
incident on lensat a point B whichis at adistance h from
the opticalcenter C. The ray will pass through F after
refraction fromlens. Hence fora small angle of deviation
)

El
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d=tand = I

f
h

So ===
f

The poweris defined taking /2 — / m. hence
1

h=1P=— . (11,29

f(_ni) ( )

The focal lengthistakeninmetre. Fromeq. (11.29)
itisevident that the power ofa lensisinversly proportional
toits focal length. Ifthe focal length ofalens is Tmits
power is one diaptrei.¢. 1D. Power isa dimentionless
scalar quantity. The sign of power is according to sign of
focal length. i.e. power ofa convex lensis positive while
the power of concave lens is negative.

11.7.3 Combination of thin lenses

v+

1

Fig.11.19 : Combination of two lenses

The two lens kept in contact, behave like a single
lens.

Asimfig. 11.19 anobject O1s placed at a distance
u from the combination of two lenses L and L, of focal
length / and /.. In the absence of lens L., the image
formed by L isat adistance I from optical center C .
Hence forthe firstlens
1 1 1

viou f)

Now the image I' behave as an object tor the
second lens since the lenses are assumed to be thin,
C,and C_are very nearto each other. So we,cantake the
object distance tor second lens as I’ Hence tor the
second lens we get

.. (11.30)

(1131



Addingeq. 11.30andeq. 11.31 we get

. (11.32)

The combination behave as a single lens for which
the object distance is # and image distance is v. Hence f
is focal length of the combination.

11

]
Ca 7 L (11.33)
1_

1 1
CE ot
So we get s

-
(L

. (11.34)

for combination of many lenses of focal lengths
11» o £+, ete. Theresultant focal length and power
will be -

. (11.35)

and = B + P, + I’ + ..(11.36)

Here Pis the net power of the combination. and the

total magnificationmis given by

=X, X, X . (11.37)

where m ,m, m, are magnification by individual
lenses.

Such combinations are used in camera and optical
microscopes (In eye pieces and objectives).

11.7.4 Image formation by lens

Object / 3 " .
h
F
i
K
M u i / Image

()

Fig. 11.20 (a) For convex lens
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L3

=
o

Object 2

-

) | lmagc[?\ |

(h)

Fig. 11.20 (b) For concave lens

Formation of image by lens can be explained by
tracing the path of at least two rays orriginating from the
object. Incase of a convexlensthese tworaysmeet ata
point atter refraction and form areal image.

Incase ofa concave lens,these tworays from the
object diverge after refraction, but seems to be coming
from a point, where virtual image is formed. The path of
therays willbe as follows-

(i) the incident ray parallel to principle axis will
passthroughthe tocus after refraction from convex lens.

But seems to be coming from focus in case of
concave lens,

(11) The incident ray passing through optical center
will go undeviated in both types of lenses.

(ii1) Theincident ray passing through focus will go
parallel to principle axis after refraction from convex lens.
Incase of concave lens the incident ray targeted

towards focus, will go parallel to principle axis after
refraction.



Table 11.2 For the positions of object and image

(a) For a converging or convex lens

S.No.

Position of object

At o0

Between = and2F

At2F

Between2Fand F

AtF

BetweenFand O

Ray diagram

> .
T

Position of image

Real, inverted, pointimage, at F (m<<-1)

Foap
0 F UW Real, inverted, small (m <-1)betweenF

and2F

s V\N

T( NG o,
—i— }
NN

Fye focussed
ut nfinity

(b) For divergent or concave lens

Position of object

1. At =

Ray diagram
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At 2 F, inverted, Real (m=- 1)

Real inverted, between 2F and =

Realinverted,verylargem=>>>-1at x

Virtual,erect,large m >+ | on the side of

object between ¢ and object

aboutimage

virtual, erect, smallm<<1 at F (inthe same side)



2. Infrontoflens

Example 11. 12 : An object ofheight 6.0 cm is
placed at 30.0 cmfrom alens. the height of the image is
2.0cmandisinverted. Find focal length ofthe lens.

Soluti ﬂ?—h—g— /
olution : b uif

Substituting #=30.0cm, h,=2.0cmandh =6
cm

(20)__ f
(6.0) (-30.0)+f
f= % =75cm

Example 11.13 : Radius of curvature of a convex
lensis 20 cm and 30 cm. Refractive index of the material
oflensis 1.5, Ifthislensis put inwater (n=1.33). Find its
focallength.

Solution : Givenn,=1.5;#, =133, =20cm
and R =-30cm

Lo(m i1

[l AR R

1_[15 _j[l 1]_1[5]
—_ = — —_—t | == —
PN KE 20 30) 8160
J =96cm

Example 11.14 : What will be the object distance,
when the magnification by a lens of focallength 10 cm
1s 2.

Solution: f=+10cm;|m=2

mzlz J
m u+f
+2=——>=>24+20=10: = S5em
w+10 ’
10
Inm —-2then —2= — = —2u—-20=10
uw+10
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virtual,erect, smallm<+ 1 between F and O

#=—15¢cm

Example 11.15: Aconvexlens of focallength 5.0
cmis kept in contact with a concave lens of focal length
10.0 cm. What will be the focal length of this
combination?

Solution : For combination of lenses

1 1 1

_:__;’__‘

oAb
given f =+5cm, f,=-10cm
11 1,1 .
775 10 10 hence f =+10cm

Example 11.16 : Where should a candle of length
3 cmbe placed froma lens of focal length 10 cm. So that
its 6 cm long image 1s obtained on a screen placed at
appropriate position?

Solution: h=3cm;h'=-6cm;f= +10;

h, v -6 _v
m=I=—*=—, —=—y="2y
hl H 3 i
_ 'I_']_]
using lens formula v u f
11
24 u 10
—I—Z_L
2u 10
3 1
2u 10
H:_)XI(]:—'IScm

v=—215= —2><(—']5) =30c¢cm

hence # = —-15¢cm



Example 11.17 : Find the focal length of a double
convex lens madeup of glass whoseradius of curvature
and refractive index are 20 cm; 30 cmand 1.5
respectively.

Solution : Given R =+20cm, &, =-30cm

1 . (1 1Y
7:(1,5—1)[%—_3{)]_0,5

L g5, 50 25 1

y 30+20]
600

S5x = =
b 600 600 24
hence f =+24cm

Example 11.18 : Alensofrefractiveindex 1.5 has
focal length of 0.3 m. What will beits focal length in
water?

Solution : Focallength of lensin air is

1 A ] 1
7))

L:0,50>< L (1)
30 R R T
Whenthe lens is in water
L: (n p —'l) L—L
Ve AR R

'hoz'l,']278

Lh

%:0,1278{%—%} o (2)

1 2

deviding equation{1) byeq. (2) we get

S 030 =3.912

30 0.1278

£'=3.912x30=117.36cm
11.8 Prism

A homogeneous and transparent medium enclosed
by twoinclined plane surfacesis called prism. The angle
betwee these two inclined planes is called prism
angle,and the planes are called refracting planes. The
section whichis perpendicular to these planesis principle
section ofthe prism.

A

Fig. 11.21 Prism

ABCisthe principle sectionand £ BAC; L ABC
OR £ ACBis prism angle depending upon the
refraction planes used. The prism can have any shape

including tringular.

11.8.1 Refraction in prism

Fig. 11.22 Refraction by prism

Inthe above figure the planes AB and AC are used
as refracting surfaces, hence / Aistakenas prismangle.
TheraysPQ, QR and RS are incident ray, refracted ray
and emergent ray respectively. Similarly angle ofincident
e, angle of refraction# and r, and angle of emergence e
are marked inthe figure. The deviation ofthe incident ray
caused by prismis givenas 0. Therefractive index ofthe



material of prismisn.

To find the relation between the deviation angle &,
prism angle Aand refractive index n, we makeuse offew
equations fromthe above diagram.

From quadriangle

~ AQERA: /A+QER=180" .. (11.38a)

Butin AQER;» +r,+ ZQER=180
...(11.38b)

comparingeq(11.38a)and eq. (11.38 b) we get-

... (11.39)

similarlyimnAQDR; & = £ DQR+ ZDRQ

or§=(i—r)+(e-r)

:(f+e)—(r1 +r3)

butfromeq. 11.39;r +r,=A

A=r+r,

hence 6 =i+e¢— A4 ... (11.40)

Theaboverelation shows that theangle of deviation
depends onangleofincidence . Thisvariation is shown
by thefollowing graph.

T

b

St

eviation § ——w

T
L

o angle of d

angle of incidence j ——pw

Fig. 11.23 Variation of & with / for a triangular prism

From the above graph it is clear that the angle of
deviation is mmimum for a particular angle ofincidence.

In this condition of minimum deviation, & =4, ,the
refracted ray QR is parallel to base of prism BC. Hence

from geometry/i=eand ¥, =7, = 5
Hencewhen the prismisin the position of minimum
dewviation, it obey

. A+o,
o, =2i-A4; 1= 5 andr=A/2

From Snell'slawwe get
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+
2

— 4 . (11.41)
2

Practically weusethis relation to find the refractive
index of the material of the prism.

For small prism angle (expressed in radian)
(sin® ~ 6); the relation betwen A, nand &, canbe

expressed as
3, =(u-1)4 . (11.42)

It shows that for a thin prism,deviation is
independent of angle of incident .

Example 11.19 : Athin prism ofrefractive index
n = +/3 hasprismangle 4 =8_ .Findprismangle.

Solution : Given = /3 and 4=6_

.[A+@i _[A+AJ
Sm Sm
2 2

= =

A |
sin sin
2 2
] 28n —cos—
sin A
sin — sin —

A
J3=2cosZ = cos s =
2 2 2

£:3o" ;A =060°
2

Examplell.20 : Aray isincident on a prism of
small prism angle A, and emerges perpendicular to other
surface. Refractive index of the material of prismis #.
Find angle ofincidence.

Solution : Givenr,=0;butr +r,=A, hence

T, =A
1
_osiné
From Snell'slaw #= - — = —
S11 ?"1 ?’i ’
i=nr, (forsmallangleinradian)



hence i=nAradian
11.8.2 Dispersion of Light

Splitting of light into its constituant colours is called
dispersion. We have learnt that the refractive index also
depends onthe wave length of light passing through it.
Refractive index of'amaterial is maximum for violet light
and minimum for red light, i.e. 12 = 1

-

R

—0
Y
B
I
Y

Fig. 11.24 : Dispersion by prism

White light consists of seven broad categories of
colours known as VIBGYOR (for violet,indigo,blue,
green,yellow, orange and red). The wavelengths ofthese
categories isin increasing order and the refractive index
ofthe material for these categoriesis in decreasing order.

From 8, =A (n-1)1tisclearthat different colours
deviate difterently according to #for that colour. 5,=4

(# -1)is maximum while the deviation ot red &, =4 (# -

1)1s minimum. The angle between these extreme endsis

known as angle of dispersion. /.¢.
8=05,-0,

The pattern consisting of constituant colours inthe
given orderis called spectrum.

. (11.43)

The ratio of dispersion angle and the angle of
deviation for yellow light is called dispessive power v of
the material ofthe prism.

q _d,-dy _n-n,
d, d, -1 (1144
It is evident from above relation that dispersive

powerisindependent of prism angle.

Examplell.21: Refractive index otthe material of
prism for red and blue colours are 1.58 and 1.60
respectively. Ifthe prism angle is 2°. Find the deviation of
two colours and dispersion angle.

W =
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Solution : Given #, =158, n, =160 and

A4=2°
Deviation ofred is

S, =(m,—1)A=(1.58-1)x2=1.16"
Devwiation of blueis

8y =(n; 1) A=(1.60-1)x2° =1.20

Angle of dispersonis
6=(6,-3;)=(120-1.16) = 0.04"

Example 11.22 : The refractive index of crown
glass for red and violet colours are 1.514 and 1.523
repectively. Find dispersion angle by the prism of prism
angle 6".

Solution : Given

n,=1514, n =1523 and 4 =¢"
Hz(nv—nR)A
=(1.523-1.514)x6" = 0.009x6" =0.054°

11.9 Scattering of Light

When a beam of light fall on the particles of
atmosphere (gases and other suspended particles) it
spreads in all directions. This phenomenon is called
scattering of light. It s not simple retlection, basically the
particles first absorbsthe incident light and then re-emit in
all directions.

Intensity of scattering depends on the incident
wavelength and size of the particles. If the particle size1s
smaller than wavelength, the scattering1s proportional to

1/A* . Thislaw is called Rayleigh's law. For the
particles of sizea >> 24 ie. raindrops, large dust orice

particles; thislaw is not true and nearly all colours are
equally scattered.

11.9.1 Phenomenon Related to Scattering

(i) Blue appearance of sky : When sunlight fallon
atmospheric particles,the smaller particles scatters the
short wavelength of vissible light and ocut of these blue
colouris most dominent. Hence sky appearsblue to the
observer on earth. Had there been noatmosphere the sky
would have appeared black, and we could see stars
during day time.



(ii) Red appearance of sun at sunrise and
sunset : During sunset and sunrise the sunis at horizon.
The sun rays have to travel a large distance to reach the
observer, during this, most part ofthe shorter wavelength
is scattered away and only the longer wavelength
remains which reach the observer, hence the red
appearance of the sun. This does not happen during day
time because the sun is relatively nearer.

Sun at naon

light 1n atmosphers

Sun neur
herizan

Fig. 11.25Travclling large distance by sun rays
at sunrisc and sunsct
(iii) Red colour (light) : Red light is used for
danger signal,because this colourisleast scattered by
atmospheric particles and the signalis vissible in the most
adverse atmospheric conditions.

(iv) White appearance of clouds : Clouds
consist of water droplets, water vapours which has the

Walor droplol

Distance travelled by

T

particle size a>> 2 so all the wavelengths of sunlight are
equally scattered. Hence the cloud appears white.

11.10 Rainbow

After stoping of rain, sometimes we see an arch
shaped band of'seven colours in the sky in the direction
opposite tothesun. Itis called rainbow. The center ofthe
rainbow lies between the sun and the observer. Whenthe
order of the colours is from red to violet, it is called
primary rainbow. Sometimes we see another rainbow
just above the primary rainbow in which colours ofthe
strips are inrevers order. It is called secondary rainbow.

When the cloud 1s exhausted of water vapours.
The small water doplets do not grow further to fall down.
They remain suspended because the mg force 18
balanced by bouyant force. When sunlight falls on these
tiny droplets, the phenomencn of refraction, dispersion
and total internal reflection takes place and rainbow 18
formed in the sky.

All droplets are not able to torm rainbow. Only
those droplets contribute to rainbow which liesbetween
angle 40" to 42° from horizon (because of the conditions
of TIR). Only one colour from one droplet reaches our
eyes; So billions of droplets contribute to the whole
rainbow. For secondary rainbow TIR occurstwiceina
single droplet, that's why the order of coloursisreversed
and it appears faint.

8

Sunray -
.

——
T ————
——

——

Violetr |

5

Sunray

Frimary
riinbow

Fig. 11.26
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Larth
ih)

: Formation of rainbow



11.11 Optical Instruments
11.11.1 Human Eye

The shape of our eyes 1s approximately spherical.
Asshowninthe figure 11.27 (a),the front part of human
eye 1s more sharply curved,which is covered by a
transparent layer called cornea. Then an aparture called
pupil controlls the amount of light entering our eyes as
required. Atransparent and fexible convex natural lens is
held by cilliary muscles. A flued called aqueous humor is
there between lensand cornea. After lens there is another
fluid called vitreous humour. The refractive indexof both
these tluids is aproximately n=1.336. At the end ofthe

eye ball thereis a screen called retina, which consist of

photoreceptor cells called rods and cones. These
photorecpter cells are connected to optical nerves,
which caries the electrical singals to brain.

Cilliary muscles,which hold thelens can change the
radius of curvature and focal length of the lens. They
controlls the accomodation power ofthelens. Lens obey

1 1 1

theeq. ?:; " 3 ; since the distance between lens and

Vitreous gel

Optic nerve
Y

Macula — L1}

S
.

Fovea /{\

\ 8\ &
BN \ /
Retma&u/
g

Ciliary muscles

retinavisfixed, we haveto adjust thefocal length f ofthe
lens, according to the object distance . Thisis what the
cilliary muscles are doing,

A healthy human eye can see the object placed
between 25 cmand infinity tfrom eye. This distance 25 cm
1s called near point and infinity is tar point of heahlty,
human eye. For children the near point may be 6-7 cm.

When we see at infinity (clouds and far distant
object) cilliary muscles are relaxed,focal length 1s
maxumum. Themuscles are heighly stressed when we see
at near point,

Dueto variousreasons,suchas againg, weaking of
cilliary muscles and hardening of lens, various detects of
vission (refractive errors) arises in eyes; thefew are :

(i) Presbyopia : Theeffectivity of cilliary muscles
and flexibility of lens reduces with age. In some people
the near pomt whichis 25 cm; reaches 200 cm at the age
of 60 yrs. This error (defect) is called presbyopia, and
can be corrected by using convex lens of appropriate
focallength.

| }" P

%

P

’ th‘) E

rr

(c):

vImdrical

4 iy muscles lens
o ﬁ%ﬁ ﬁ%

Image as [omied
on the retina

(W}

Tmage as formed
on the retina

Fig. 11.27 (a) Construction of eve (b) Mopic eve and its correction (¢) Hypermetropic eve and its corrction
(d) Astigmatic cyc and its correction



(ii) Near sightedness or Myopia : The person
having this defect can't see clearly,the object placed at
infinity. The far point of such eye is no longer infinity. It is
somewhere nearer. Shifting of far point towards eye
shortens the range of vision, this defect is called myopia.
Thelensineye becomes more convergent, and its focal
length can't be increased beyond certain limit by cilliary
muscles. The clearimage ofthe object at infinity 1s formed
before the retina, theimage formed at retinais blurred. A
divergent (concave)lens of suitable focal lengthisused for
correction,

(iii) Far sightedness or Hypermetropia : The
person with this defect can't see the near objects. The
clear image is formed by such eye, beyond retina. A
converging/convex lens of suitable focal lengthis used for
correction.

(iv) Astigmatism : In such defect the radius of
curvature of the eye lens s different in different planes;
same vission isnot obtained in all directions. As shownin
diagram 11.27 (d); 1fthe object s like agrid, theimage
may of horizontal/vertical lines or a distorted grid. A
cylendrical lens of appropriate focal length and
orientation isused for correction.

11.11.1.1 Apparant Size

The size of an cbject depends on the size of image
formed on retina,which depends on the angle subtended
by the object on eye. Thisangleis called visual angle.

{
Wi mage

T
%}f imape

Fig.11.28 Apparant sizc of an object

h

Size of objectish, butinfig. 11.28 (a) appear
bigger thaninfig. 11.28 (b) . Inoptical instruments this
angle can be increased to get biggerand clearimage.

11.11.2 Microscope

The visual angle formed by a very small object on
eyeisvery small, so we can't see the object clearly. If an
optical instrument can make its image bigger
{magnified),the visual angle isincreased and the object
seems to be bigger and clearer. Such device 1s called
MICOTSCOpE.

11.11.2.1 Simple Microscope

It is also called magnifying lens or simply
magnifier It is actually a convex lens of small focal length,
The object is placed between focus and the pole. The
image formed 1s magnified, erect,virtual and in the same
side between object and infinity.

Fig 11.29 Simple microscope

Magnificationis givenby
M= WVisuel anglc formed by irage onoye b
Visual angle (omed by dbject on ove - ;

(When placed at same distance)
Fromfig. 1.29(b)and(a)

R h A
= = — d O_’ = —
d v oou an §))
Because D=minimumdistance for clear vission.
hiu 2
hiD u

Normally there are two conditions inthis case -

So magnification Af =

(1) Ifthe image is at D (Near point of normal eye).
Fig. 11.29(a)thenv=-Dand = —u

1 1

l
fromlensformula —— — = =
v ou  f

[l

J Ll DD
- —u f7 u '
D D
SoM=;=1+7 ...(11.46)

Inthis case since the image is tormed at D, the eye



isin most stressed condition.

(ii) If theimage is formed at infinity (far point
of normal eye)

1 1 1
Inthiscasev=—%0, So— — =
- - f
here u = f,
MZQZQ (1147
u f

Inthe second case although the magnification is less
by a factor 1 comparing the first case; but the eye ofthe
observer remain relaxed or unstrained.

11.11.2.2 Compound Microscope

A practical simple microscope has small
magnitication (<10). To increase magnification we use
two lenses. Such micorscope is called compound
micorscope. Bothlenses are coaxial. The lens whichis
towards the object is called objective lens or field lens, it
isdenoted by L . The other lens whichis towards eyeis
called eye-piece or ocular,it is denoted by L,. Their focal

lengths are takenas f and £, respectively. Aparture

and focallength of objective lens are smaller compared to
that of eye-piece. Smaller apparture reduces sperical
abration while small focal length increases magnification.
Formation of image (ray diagram) fig. 11.30
shows the ray diagram of a compound microscope.

Fyepigee

jo— U, ——— Y ——n

p———— [k ___r. L

Fig.11.30 Compound microscopc
An object ABisplaced betweenF "and 2F ' of
the objectivelens. u, > 7', (= f,) fig. 11.30. Objective
lens forms image A'B' on other side between 2F and

infinity at adistance v, . Theimage A'B'situated between

eye-piece and its first focus, behaveslike a virtual object,
[u, < f'.(* £.)] Theimage formed by eye-piece
A"B"1s virtual erect (comparing A'B") and very large.
The final image A"B" of the object AB is very large,
virtual and inverted (in comparison to AB). A"B" may be
sitnated anywhere between D and infinity.

Magnifying power: Angular magnificationota
compound microscope is givenby -

_ Visual angle formed by image on cyve b

Visual angle formed by object on cve a
(when objoct is dircctly scon)

Because eye 18 very near to eye - piece, we take
visual angle formed by A"B" on eye-piece as the visual
angle formed on eye.Since object is small, o and 3 are
very small we can approximate

tan
M _B_tanp (forsmallangle & ~ tan &)
a lang
A'B'
R4 A'B D
AB AR\ EA'
D

{ Max. visual angle formed by obejct on eye
AR
D

If the object distance and image distance for

kY24

objectivelensare #, and v, ; using sign convention we

get
M = v, | -1 Y D
—t, |\ —u, u, A\,

A'B" +v, . . i
[ ——= A, 14" = —u, and Disnegative]
AB  —u,
... {11.48)
There are two situation in this case
(i) Whenthe tinal image is formed at D (near point
of normal eye).

v, = =D, hence for eye-piece



DD
—=—+I aﬂdue:

u, Jf, .

Substituting these valuesinequation 11.43 we get
D

[Hfj

(ii) When final image is formed at infinity

LD
D

M=_t

U,

. (11.49)

here vV, =—%, S0 foreye- piece
IR ‘
— —u, f here u,=f (maximum value)
other wire #, ;i
v. (D
M=t 2 N
hence uﬂ{fj —..(11.50)

Again the magnificationin second case lessby a
factor 1,but the eye of the observer remain relaxed or
unstrained as comparedto the first case.

11.11.3 Astronomical Telescope

The distant objects like aeroplane, planets, stars
appears us very small, because they subtain small visual
angle on our eyes. Withhelp of proper lenses we obtain
their image near our eyes, which produces large visual
angle on eyes and the object appears enlarged.

11.11.3.1 Refracting Astonomical Telescope

Construction of such telescope is shown in fig.
11.31.

o s =

]

Object
at inlinitly

O

Tmage at
inlinily

Fig. 11.31 Refracting astonomical tclescope
If consists of two acromatic coaxial lenses whose

principle axis coinside. A metallic pipeisfitted with alens
of large focal length and large apparture atone end. On
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the other end there is another small pipe which canmove
inside the larger pipe with help of rack and pinion
arrangement. The smaller pipe is fitted with an eye-piece
ot smaller focal length.

The objective lens of focal length /. producesan
inverted, real and bright image A'B'atits second focus,of
the distant object, AB. The image A'B’ acts as a real
object for acromatic eye-piece of small focal
length,which produces a magnified in image A"B" at
infinity this imageis inverted with respect to the object
AB. The eye ofthe observerisrelaxed (unstrained). For
such telescope -

M=ty T lensthof
7 and L = f, + f,;L=lengthof'thetube

11.11.3.2 Reflecting type of telescope

To obtain abright image of a distant object,and to
increase resolving power of refracting telescope, we have
touse alens of larger apparture. Obtaining such alensis
difficult. Moreover such lens creats so many problems,
mechnical as well as optical such as spherical abration of
theimage.

To avoid all these problems retlecting telescope is

used.Instead of lens a parabolic mirror of larger
apparture 1s used intead of objective lens.

Final image

=

201[1(:21\-'.: mifror
o

Ohgeat atinfinily

i

-
]

Al

Fig. 11.32 A reflecting telescope



Asshowninfig 11.32 a parabolic mirror of large
apparture is fitted at the end of a large tube. A plain
mirror M, is fitted in the tube, inclined at 45°. There is
another smaller tube whichisfitted with an acromatic lens
of smaller focal length, which works as eye-piece.

The incident parallel rays coming from distant
object tall on parabolic (or spherical concave) mirror.
The reflected rays fall on mirror M., and after reflection
from M theserays arerecieved by thelens of eye-piece.
We get a final magnified image A"B". Actually mirror A4,
form arealimage A'B' ofthe object,thisimage act asa
real object for eye-piece, which produces final virtual
image A"B".

Examplel1.23 : Far point of a personis 5 m
which statement 1s correct about the vission of the
person?

(a) He suffers from hypermatropia,and needs a
convex lens for correction.

(b) He suffers from hypermatropia, and needs a
convex lensfor correction.

(c) Hesufferstrom myopiaand needsa convex lens
tor correction.

(d) He suffers from far sightedness and needs a

convex lensfor correction.

Solution : Far pointis infinity for anormal eye. For
far point of the above person is 5 m, hence he sutfers
from myopia. For correction of myopia a concave lens
ofappropriate focallengthis used.

Example 11.24 : Anastronomical telescopeis to
be fabricated for amagnification of 50. If thelength of the
tube1s 102 ¢m, find powers of objective and eye-piece.

Iy

Solution : Given #1 =50 =—:

o
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501, (D)
also f,+f, =L=102cm ... (1)
From these relations we get

f =100cmand f =2 cm

Hence 7 =1D and 7 =50D

Example 11.25 : Magnification of a simple
microscopeis 11. Theimageis formed at the near point
of clear vission. Find focal length ofthe lens.

Solution : Given M=11;D=25¢cm

for asimple microscope whenimageisat D

LD e . 25
M= l+7 OR 1= |+7 solving we get

J=25cm

Example 11.26 : Magnification of a telescope is
9. Whentis set for parallel rays, the distance between
objective and eye-pieceis 20cm. Find the focal length of
the two lenses.

Solution : As given, when the telescope 1s set for
parallel rays, the final image is formed at infinity and
magnitication

.,f ’ '!‘ﬁl__g.fen

[

M=-

since 1. = f, + f, =20 (given)
9f.+ /. =20; f,=2cm;

L=f,+f =20fromweget
f=18cm
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Important Points
Inray optics, the path oflight is taken as straight line.
Laws of reflection
Q) Li=2r
(i) Theincident ray, reflected ray and the normal lie on the same incident plane.

Spherical mirror. Focus and focal length - fora concave mirror it 1s the point where incident rays parallel to
principle axis meet after reflection. For convexmirror it is the point from where they seem to be originating
after reflection. Thedistance between focus and poleiscalled focal length. Cartseian sign convetion- (1) All
the distances are measured from pole. (2) The distance measured in the direction of incident raysis taken as
positive and vise-versa. The distance upwards from principle axisis positive and vice-versa.

Shperical mirror obey the following relation

Lit R
v T and . =5

Refraction - Bending of rays at the interface of two media when ray goes from one mediumto another 1s called
refraction.

(i) Incident ray, refracted ray and the normal lie in the same plane.

sin?  n,

() 51, 5n OR sini=mn,sinr (Snellslaw)
1

Refractive index of amedium
speed of light 111 vaccum C

= = _
speed of light m that meditm Vv

Totalinternal reflection : (1) Angle ofincidence /> 6, , theray sufters total internal retlection. The critical
() i
angle £, =sin L%J (2) They should go from the denser to rarer medium.

Refraction through prism- A prism deviates aray of light passing throughit. The angle of deviation remain
sameevenif Liand £eareexchanged Ford=4, ;i=e 1 =r =4/2 and

: [Aﬂﬁmj
51n
_Z

sin(A4/2)

for small (inradian) &, = (n—1) A4

Refraction from a spherical surface. Shperical interface of the two media obey the relation

ﬁ o H,—H

v oH R

Forthinlens : There are two focii, the second focus is that where the incident rays mparallel to prinicple axiseet
atter refraction. Therays originating trom first focus go parallel after retraction. For athin lens
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= height of image R v f
height ol object A uw wut _f

1
Power oflens- It1s ability to deviate the incident ray. 1tis given by pP= 7 ;(# mmetre) and itsunit is (dioptre).

1 1 1
Theresultant focal length of combination of lenses is given by 7 = 7 u j_ u J‘_ oo j_ andresultant power
Sl 3 E #

P=F+P +F +. . P andthenet magnification m = s, xm, xm, x..xm,
Dispersionby aprism - dividing of light into its consistuant coloursis called dispersion. Whitelight breaksup
into seven colours (VIBGYOR). The angle between two extream colours is called angle of dispersion
dispersion 8 =g, — 5, = (1, — 14, ) 4
0 _6,-6, n-n,

o a, n,—1

(nv — HR )
(n-1)

Microscope : Itis a device which gives magnified image of small object.

)

i =

(1) Simple microscope (1) Compound microscope
- - - ;—) - .
(1) For simplemicroscope (i) # =1+ 7 (whenimageis formed at D)

D
(M = 7 (when imageis formed at infinity)

(2) For compound microscope

v, D
(M = ——‘{1 + —.] (whenimageisat D)
, £,
v, D
(iyM=- o X 7 (whenimageis at infinity)
i S

Telescope - device use to see distant object resolved.
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Ji
Magnification M =—=

o

7 whenimage s at infinity.

Questions for Practice

Multiple Choice Questions -

Only paraxial rays are considered for the formation
ofimage in spherical mirrors because -

(a) Itisgeometrically easy to use

{b) Most of the intensity lies inthem

(c) They torm point image of'a point object
(d) They show minimum dispersion

An object is placed at 30 cm from the concave
mirror of focal length 20 cm, the nature of image
and magnification will be -

{a)Realand -2 (b) Virtualand - 2
{c)Realand +2 (d) Virtualand +2
The reflective index tor infrared raysis -

(a) Equal tothat for UV rays

(b) Equal to that for red light
(c)Lessthanthat for UV rays
(d)Morethanthat for UV rays

Total internal reflection will occur if -

(a) They ray enters denser medium from a rarer
mediumand>7

(b) The ray enters rarer medium trom a denser
mediumand />

(c) Therefractive index of two media are nearly
same

(d) Therefractiveindex of two media are different
but7i=7_

Anobjectisplaced at a distance of 20 cm froma
concave lens, the image formed s small which
statement is certainly correct?

(a) Imageis inverted
{b) Image may be real
(c) Image distance1s> 20 cm

(d) Focal length ofthe lens may be <20 cm
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6.

11.

12.

A convex lens of + 6 D is kept in contact with a
concave lens of power -4 D. The focal length and

nature of combination lens will be -
{(a) 25 cm, concave (b) 50 cm, convex
(¢)20cm, concave (d) 100 cm convex

A ray passes through an equilateral glass prism
such that i =e, which is 3/4 ot the prism angle.
Then deviation will be -

()45’ (b) 70"
()39 (d) 30°

Theimage formed by a compound microscope will
be -

(a) Virtualand magnitied (b) Virtual and small
(d)Real and magnitied

A double convex lens of refractive index 1.47 is
immerged ina liquid. It behave like a plane sheet. It
meansthe refractive index of the liquid is -

(c)Real point image

(a) Greater thanrefractive of glass

(b) Less than therefractive index of glass
(c)Equal totherefractive index ot glass
(d)Lessthan 1

The angle of minimum deviation for a prism would
be equal to prism angle if the refractive of the
medium of prismis -

(a) Between /2 and2 (b)Lessthan]
(c)Morethan2 (d)Between /2 and 1

A ray of light falls normal to a plane mirror, the
reflection angle will be -

(a) 90° (b) 180°
(c)0° (d)45°

An object 1s placed at 20 cm from a concave
mirror of tocal length 20 cm, its image will be
tormed at -



14.

15.

16.

17.

18.

20.

(a)2f (b)f
()0 (d) Infinity

As observed from earth, stars seems to be
twinkling, thereasonis -

(a) Itistrue that stars do not emit light continuously

(b) Absorption of frequency by the atmosphere of
staritself

(c) Absorption of frequency by earth atmosphere

(d) Variation in the retractive index ot earth
atmosphere

Itthe yellowlight is reflected by a prism at angle of
minimum deviationthen -

(ay Li=Ze  (b)ite=90

(c)i<e (d)yi>e

The minimum and maximum distance for clear
vission for normal eyeis -

(a)25cmand 100 cm

(b) 25 cmand infinity

(c) 100 cmand infimity

(d) Zero and trom zero to infinity

The length of a normal astronomical telescope is -

(a) Equal tothe difference infocal length ot the two
lenses

(b) Halfofthe sum ofthe focal lengths

(c) Equal to sumof focal lengths

(d) Equal to the product of focal lengths

Avirtual and magnified image canbe obtained by -
(a) Aconvex mirror (b) Concave mirror
(c) Plane mirror (d) Concavelens

Final image obtained from a compound
microscopeis -

(a) Real and erect (b) Virtual and inverted

(c) Virtual and erect (d) Realand inverted
The objectiveused inreflecting telescopeis-

(a) Convexlens (b) Convex mirror
(¢)Prism (d) Concave mirror

The power of objective and eye-pieceis 5 and 20
diaptor respectively and the image is formed at
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nfinity. Magnifiying power ofthe telescope will be-

(a)4 (b)2

(c) 100 (d)0.25
Power ofaconvex lensis -

(a) Negative (b) Positive
(c)Zero (d) Imaginary

Very Short Answer Questions -

l.

2.
3.
4

13.
14.

Whartisthe focal length of a plane mirror?
Which lens has a magnification less than 17
Whatis cause of refraction?

What is the cause of mirage seen in desert in
summer?

For equal angle ofincidence, retraction angle for
these media. A, B and C are 157, 25" and 35"
respectively. In which medium speed of light is
minimum?

Write the working principle of an opitcal fibre.

What isrelation between7 and ¢ when prismisin
the position of minimum deviation?

Two lenses convex and concave of equal focal
length are coaxially in contact. What willbe the
resultant focal length?

Why sun appears redish at sunrise and sunset?
What is the cause of rainbow?

What is myopia? Which lens is used for its
correction?

On what factor, the intensity of scattered light
depends?

Which typelens is used ina simple mirocscope?

How can you differentiate between a compound
microscope and a telescope just by looking at it?

Short Answer Type Questions -

1.

An object AB is placed 1s front of a concave
mirror as shown in the given diagram -

R
((([:

o =

e,



(1) Draw ray diagram to form image.

(1) If half of the apparture of mirroris blankend,
how the position and intensity ofimage 1s effected.

Write uses of spherical mirrors.

Establish relation between focal length and radius
of curvature tor a spherical mirror.

(1) Why the sun appears redish at sun rise and
sunset?

(i1) For which colour, the refractive index of a
medmm is mmimum and maximum?

(i) What is the relation between critical angle and
refractive index of a medium?

(ii) Do the critical angle depends onthe colour of
light? Explain.

On what factors the focal length ot a lens
depends?

How we canincrease the magnifying power ofa
compound micorscope?

What do you understand by scattering of light?
Write downitsusesin daily life?

Define power ot alens and write down its unit.
For two coaxially contacted lenses, derive the
redeation -

1 1
— =t

S oA
Esaay Type Questions -
1.

|

J

2

Define a spherical mirror. Find relation between
object distance, image distance and focal length for
it.

Explain formation of images by convex and
concave lenses for different object positive. Show
the size, position and nature of image by ray
diagrams.

What types of lenses are there? Establish relation

between object distance, image distance and focal
length ofalens.

|F¥]

Find relation between #, v and R for a convex
refracting surtace, when light enters a denser
medium fromrarer medium.

Draw alabled ray diagram of a compound
micorscope showing image formation at near point

292

ofnormal eve.

Draw aray diagram for a monochromatic ray
refracting from a glass prism. Write the expression
forrefractive index of glass in terms of prism angle
and angle of minimum deviation.

Find relation between #, v and f for a lens
assuming it to be surrounding by two spherical
surfaces.

How many types oftelescope arethere? Obtain an
expression for magnifying power ot a refracting
telescope, explaining its construction and working.

Answer MCQ

1.(c) 2.(a) 3.(b) 4.(b) 5.(d) 6.(b) 7.(d)
8.(d) 9.(c) 10.(a) 11.(c) 12.(d) 13.(d)
14.(A) 15.(b) 16.(c) 17.(b) 18.(b)
19.(d) 20.(a) 21.(b)

Very short answer type questions -

(D) Infinity (2) Concave

(3) Speed of light 1s different in different media

(4) Total internal reflection

(7) Li=Le

(9)Scattering  (10)Dispersion

(12) Wavelength

(13) Convex of small focal length

(14) In compound micorscope apparture of the
objective is smaller then eye-piece where in
telescope apparture of objectiveislarger thanits

eye-piece.
Numberical Questions
1.  Anobjectisplaced atadistance of 24 cmfroma
concave mirror of focal length 36 cm. Find image
distance.
{Ans : 72 cm, towards object)
2. Findthe speed ofligthinamedium of refrative index
1.33 speed oflight inairisc=3 > 10¥m/s.
(Ans:2.25 < 108 m/s)
3. Radiusofcurvature of the two surfaces of convex

lens of focal length 20 cm are 18 cm and 24 cm
respectively. Find refractive index ofthe material of
thelens.



(Ans:1.514)
Aray oflightisincident at an angle 50“on a glass

slab. Ifthe angle of refractionis 30°. Find refractive
index of glass.

(Ans:1.532)
An object is placed at distance of 0.06 m from
convex lens of focal length 0.10 m. Find the
position ofimage.

(Ans: 15m)
Find angular dispersion due to glass prism of
refrating angle 6”. Refractive index for red and
violet light 1s given as 1.514 and 1.523
respectively.

(Ans: 0.054")
Find theresultant power ofthe combination of two
lenses of power + 5 D and - 7 D will the
combination be converging or diverging.

(Ans:-2D, diverging)

Focal lengths of objective and eye-piece of a
compound microscopeare 0.95 cmand 5 cm, and
they are 20 cm appart from each other. Find
magnification ofmicorscope, ifthe image is formed
at 25 cm away eye-piece.

(Ans: 94)
Acthin convex lens of glass (ngz 1.5) has power of
+ 5.0 D. When this lens is placed in a liquid of

refractiveindex »2 , itsbehavelike aconcavelens
offocallength 100 cm. Find value ot .

(Ans:n=5/3)
Find the angle of minimum deviation fora prism of
refracting angle A and refractive index (cot 4/2).
{Ans: 180"+24)
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