9.1 INTRODUCTION
1. What is optics ? What are its two main branches ?

Optics. [t is the branch of physics which deals with the
study of nature, production and prepagation of light. The
subject of optics can be divided into two main branches :
rays optics and wave optics:

1. Ray or geometrical optics. It concerns itself with
the particle nature of light and is based on

(i) the rectilinear propagation of light and

(i) the laws of reflection and refraction of light.

It explains the formation of images in mirrors and
lenses, the aberrations of optical images and the
working and designing of optical instruments.

2. Wave or physical eptics. It concerns itself with
the wave nature of light and is based on the pheno-
mena like

(i) interference

(if) diffraction and

(iif) polarisation of light.

In the previous chapter, we have learnt that light is
an electromagnetic wave in which the electric and
magnetic fields vary harmonically in space and time.
The visible light consists of waves with wavelengths
ranging from 4000 A to 7500 A.

RAY OPTICS AND
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9.2 BEHAVIOUR OF LIGHT AT THE
INTERFACE OF TWO MEDIA

2. Name the different effects that may occur as light
travels from one optical medium to another. State the

laws of reflection of light.

Behaviour of light at the interface of two media.
When light travelling in one medium falls on the
surface of a second medium, the following three effects

may occur :

(i) A part of the incident light is turned back into the
first medium. This is called reflection of light.
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Fig. 9.1 Reflection and refraction of light.
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(ify A part of the incident light is transmitted into
the second medium along a changed direction.
This is called refraction of light.

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

Laws of reflection of light. Reflection of light takes
place according to the following fwo laws :

(i) The angle of incidence is equal to the angle of

reflection, ie., Zi=Zr.

(if) The incident ray, the reflected ray and the
normal at the point of incidence all lie in the
same plane.
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Fig. 9.2 The incident ray, reflected ray and the
normal to the reflecting surface lie
on the same plane.

The above laws of reflection are valid both in case
of plane and curved reflecting surfaces.

9.3 SPHERICAL MIRRORS

3. What are spherical mirrors ? What are their two
types ?

Spherical Mirrors. As shown in Fig. 9.3(a), consider
a hollow glass sphere being cut by a plane. The section
APB, cut by the plane, forms a part of a sphere and is
known as a spherical surface. If either side of this
spherical surface is silvered, we get a spherical mirror.

A spherical mirror is a reflecting surface which forms
part of a hollow sphere.

Reflecting
surfaces

A

Silvered
surface

Silvered
surface

(a) () (c)

Fig. 9.3 (a) A hollow sphere cut by a plane
(b) concave mirror (c) convex mirror.
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Spherical mirrors are of fwo types :

(i) Concave mirror. A spherical mirror in which the
outer bulged surface is silvered polished and the reflection of
light takes place from the inner hollow surface is called a
concave mirror.

(if) Convex mirror. A spherical mirror in which the
inner hollow surface is silvered polished and the reflection of
light takes place from the outer bulged surface is called a
convex mirror.

4. Define pole, centre of curvature, radius of curvature,

principal axis, linear aperture, angular aperture, principal
focus, focal length, and focal plane of a spherical mirror.

Definitions in Connection with Spherical Mirrors.
In Fig 9.4, let APB be a principal section of a spherical
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Fig. 9.4 Characteristics of a concave mirror.

mirror, i.e., the section cut by a plane passing through
pole and centre of curvature of the mirror.

1. Pole. It is the middle point P of the spherical mirror.

2. Centre of curvature. It is the centre C of the sphere
of which the mirror forms a part.

3. Radius of curvature. It is the radius (R = AC
or BCYof the sphere of which the mirror forms a part.

4. Principal axis. The line PC passing through the
pole and the centre of curvature of the mirror is called
its principal axis.

5. Linear aperture. It is the diameter AB of the
circular boundary of the spherical mirror.

6. Angular aperture. It is the angle ACB subtended
by the boundary of the spherical mirror at its centre
of curvature C.

7. Principal focus. A narrow beam of light parallel to
the principal axis either actually converges to or
appears to diverge from a point F on the principal
axis after reflection from the spherical mirror. This
point is called the principal focus of the mirror. A
concave mirror has a real focus while a convex
mirror has a virtual focus, as shown in Fig. 9.5.



RAY OPTICS AND OPTICAL INSTRUMENTS

Real focus
2 : %

Fig. 9.5 Principal focus of (@) a concave mirror
(b) a convex mirror.

8. Focal length. It is the distance ( f = PF) between
the focus and the pole of the mirror.

9. Focal plane. The verfical plane passing through the
principal focus and perpendicular to the principal
axis is called focal plane. When a parallel beam of
light is incident on a concave mirror at a small
angle to the principal axis, it is converged to a
point in the focal plane of the mirror, as shown
in Fig. 9.6.

Fig. 9.6 Focal plane of concave mirror.

B 95 icining any point of the spherical
mirror to its centre of curvature, will be normal to the
mirror at that point.

5. State the new cartesian sign convention used for
spherical mirrors.

New Cartesian Sign Convention for Spherical
Mirrors. According to this sign convention :

1. All ray diagrams are drawn with the incident
light travelling from left to right.

9.3

2. All distances are measured from the pole of the
mirror.

3. All distances measured in the direction of
incident light are taken to be positive.

4. All distances measured in the opposite direction
of incident light are taken to be negative.

5. Heights measured upwards and perpendicular
to the principal axis are taken positive.

6. Heights measured downwards and perpen-
dicular to the principal axis are taken negative.

Heights -
upwards positive
Object | Incidentlight
on left
= r-axis
Distances against
- mden;hsh' /' Distances along
; e,ghtsds negative incident light

Fig. 9.6 New cartesian sign convention.

6. Derive a relationship between the focal length and
radius of curvature of a spherical mirror.

Relation between f and R. Consider a ray AB
parallel to the principal axis, incident at point B of a
spherical mirror (concave or convex) of small aperture.
After reflection from the mirror, this ray converges to
point F (in case of a concave mirror) or appears to

A > . B

Fig. 9.8 Relation between f and R of
(a) a concave mirror (b) a convex mirror.
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diverge from point F (in case of a convex mirror), principal focus in the case of a convex mirror will [Fig. 9.10(b)],
obeying the laws of reflection. Thus F is the focus of the  after reflection, become parallel to the principal axis.
mirror, C is the centre of curvature, CP = the radius of

curvature and BC is a normal to mirror at point B.

According to the law of reflection, \\ \
Li=Lr
C F

I

As AB is parallel to PC,
da= 72
~InA BFC, Zr¥=La
Hence . CF=FB Fig. 9.10 (a) A ray through F becomes parallel to the principal
For a mirror of small aperture, axis after reflection from a concave mirror.
FB=FP .. CF=FP
Hence CP=CF+ FP=FP+ FP=2FP
or R=2f or =-§-

or Focal length_:-%_x Radius of curvature

7. State the rules used for drawing images formed by
spherical mirrors. Draw ray diagrams showing the
formation of images by concave and convex mirrors for

different object positions on the principal axis. Pio SO (1) A ray directed thoughi P becomes parallel to the

Rules for drawing images formed by spherical principal axis after reflection from a convex mirror.
mirrors. The position of the image formed by spherical
mirrors can be found by considering any two of the (iff) A ray passing through the centre of curvature in the

following rays of light coming from a point on the object.  case of concave mirror [Fig. 9.11(a)], and directed towards
(i) A ray proceeding parallel to the principal axis will, the centre of curvature in the case of a convex mirror

after reflection, pass through the principal focus in the case of ~[Fig. 9.11(b)] falls normally (£i = Zr=0°) and is reflected

a concave mirror [Fig. 9.9(a)], and appear to come from back along the same path.

focus in the case of a convex mirror [Fig. 9.9(b)].

A o P
2 C F

Fig. 9.9 (a) A ray parallel to the principal axis passes through F 3. 9.11 (a) A ray passing through C is reflected back along

after reflection from a concave mirror. of same path after reflection from
F ¢ P F c
Fig. 9.9 (b) A ray parallel to the principal axis appears to Fig. 9.11 (b) A ray directed towards C is reflected back along of
come from F after reflection from a convex mirror. same path after reflection from a convex mirror.

(if) A ray passing through the principal focus in the case (tv) For the ray incident at any angle at the pole, the
of a concave mirror [Fig. 9.10(a)], and directed towards the reflected ray follows the laws of reflection.
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Formation of Images by Concave Mirrors :
(@) Object beyond C. The image is

1. Between C and F 2, Real
3. Inverted 4. Smaller than object.
A \

Fig. 9.12 (a)

(b) Object at C. The image is

L AtC 2. Real
3. Inverted 4. Same size as object.
A - \
0 F \
1pE J
B
Fig. 9.12 (b)

(¢) Object between F and C. The image is

1. Beyond C 2 Real ||l
3. Inverted | 4 Larger than obyaﬁ:t.
A -
[ h
F i
I C_ o A
A i /
B = 7
Fig. 9.12 (c)

() Dbied between Fand P. The image is
2, Virtual
4. Larger than object.

B
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Fig. 9.12 (d)
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Formation of image by Convex Mirror :

For any position of the object between = and pole P,
the image is

1. Behind the mirror 2. Virtual
3. Erect 4. Smaller than object.
A
t >« B
P } :‘:‘\--‘Hh"‘--.
0 \ 1 F &
Fig. 9.12 (e)

9.4 THE MIRROR FORMULA

8. State the mirror formula. Is the same formula
applicable to both concave and convex mirrors ?

Mirror formula. The mirror formula is @ mathematical
relationship between object distance u, image distance v and
the focal length f of a spherical mirror. This relation is

1.1.1
wowm f
In other words, we can say that
1 1 1

+ =
Object distance Image distance Focal length

This formula is applicable to all concave and
convex mirrors, whether the image formed is real or
virtual.

9(a) By stating the sign convention and assump-
tions used, derive the relation between object distance u,
image distance v and focal length f for a concave mirror,
when it forms a real image of an object of finite size.

Derivation of mirror formula for a concave mirror
when it forms a real image. Consider an object AB
placed on the principal axis beyond the centre of
curvature C of a concave mirror of small aperture, as

i M
B’ .

B c 1
AN W—f
o

x
=
h 4

Fig, 9.13
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shown in Fig. 9.13. A ray AM from the object travels
parallel to the principal axis and after reflection from
the mirror it passes through focus F. Another ray AP is
incident on the pole P of the mirror and is reflected
along PA’ in accordance with the laws of reflection so
that £ APB= £ B' PA'. The two reflected rays meet at
point A'. Thus A’ is the real image of A. The image of
any point on AB will lie on a corresponding point of
A' B'. Hence A'B' is the real image of AB formed by
reflection from the concave mirror.

Using cartesian sign convention, we find
Object distance, BP=-u
Image distance, BP=-v
Focal length, FP=rf
Radius of curvature, CP=-R=-2f

Now AA'B'C~A ABC
AB _CB _CP-BP
AB BC BP-CP
As Z A PB' =/ APB therefore,
AABP~A ABP.

Consequently,
AB BP -v v

AB BP -u u

=—R+v (1)

-u+ R

2)

From equations (1) and (2), we get
-R+v v

—u+R u

or —UR4 up=—uv+ vR

or R+ uR =2 w
Dividing both sides by uzR, we get
N 2
4

uoo
But R=2 f
19
v

R
2
]
u f

This proves the mirror formula for a concave
mirror, when it forms a real image.

9(b) Derive the relation between object distance u,
image distance v and focal length f of a concave mirror
when it forms a virtual image.

Derivation of Mirror formula for a concave mirror
when the image formed is virtual. Consider an object
AB placed on the principal axis of a concave mirror (of
small aperture) between its pole P and focus F. As

PHYSICS-XII

shown in Fig. 9.14, a virtual and erect image A'B is
formed behind the mirror, after reflection from the
concave mirror.
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Fig. 9.14 Image formed by a concave mirror when
the object lies between F and P.

Using the cartesian sign convention, we find that

Object distance, BP=-u

Image distance, PB=v

Focal length, 5
Radius of curvature, CP=-R=-2f

Now AABC ~ AA' B C, therefore
_CB _CP-BP

AB CB CP+PPB

_~2f+u
—2f+v

(1)

Also AMPF ~ AA' B F, therefore,
MP  FP FP
AB FB FP+ PP
AB -f
A’B’=—f+ v
From equations (1) and (2), we get
~2f 48 -]
~2f+v ~—f+70

or 2f2— fu-2fo+uw=2f%- fo
or - fo— fu+uv=0

or uv = fo+ fu

Dividing both sides by uvf, we get
2. B ]

f u v
This proves the mirror formula for a concave mirror
when it forms a virtual image.

10. Establish the relationship between object distance,
image distance and radius of curvature for a convex
Mirror.

or

-(2)

Derivation of mirror formula for a convex mirror.
Consider an object AB placed on the principal axis of a
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convex mirror of small aperture, as shown in Fig. 9.15.
A ray AM from the object travels parallel to the
principal axis and after reflection from the mirror, it
appears to come from the focus F. Another ray AP is
incident on the pole P of the mirror and is reflected
along PQ in accordance with the laws of reflection, so
that £ APB= £ BPQ. The two reflected rays appear to
diverge from a common point A'. Thus A’ is the virtual
image of A. The image of any point on AB will lieon a
corresponding point of A’ B'. Hence A' B' is the virtual
image of AB formed by reflection from the convex
mirror.

- 5 -'\_\ Al
B P B F &
Q
—u v-m
f—n

— 2 ———¥

Fig. 9.15 To derive mirror formula for a convex mirror.

Using cartesian sign convention, we find

Object distance, BP=-u | JH

| Ima:ge;distancg PB’-'+'U l“i“
Focal length, @ il
Radius of curvature, Jﬁ Rh”i-i-

Now A AABC~A ABC

A’B‘ B‘C PC—-Pg8h R=<p a)
AB- BC BP+PC -u+R
As ZAPB= .£ BPQ =/ APB,
Therefore, A A'B'P~A ABP.
Consequently,
AR FP@yv -2
AB BP —u
From equations (1) and (2), we get
R=9 v
~u+R -u

9.7

But

=2f

R=
1,1_1
u v f

This proves the mirror formula for a convex mirror,

11. Define magnification. Write the expressions for
magnification for (i) a concave mirror and (i) a convex
mirror. Express min terms of u, vand f.

Linear magnification. The ratio of the height of the
image to that of the object is called linear or transverse
magnification or just magnification and is denoted
by m.

i Height of image _h,
Height of object

Concave mirror. Fig. 9.13 shows the ray diagram
for the formation of image A’ B' of a finite object ABby
a concave mirror.

Now, AAPB~ AA' PP
AB _ BP
AB BP
Applying the new cartesian sign convention, we
get

A B =-h, (Downward image height)
AB= +h (Upward object height)
BP=-v (Image distance on left)
BP=-u (Object distance on left)

s

hh, -u

Magpnification,
m=12=-2
h, u

Convex mirror. Fig. 9.15 shows the formation of
image A' B of a finite object ABby a convex mirror.

Now, AA B P~AABP
AB_PB
AB BP

Applying the new cartesian sign convention, we
get
AB=+ kz, AB=+ hl

or

or

—tR + v =—uv + vR
PR +uR =2 up

Dividing both sides by uvR, we get
1.1 2

# v R

PB=+v, BP=-1u
h_tv
h.] -

/
Magnification, m= -11 =— E
hy u
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Linear Magnification in terms of v and f. The
mirror formula is
L.
u v f
Multiplying both sides by u, we get
I i
o 3 7
m= -—E 5 f
¥ f=u
Linear magnification in terms of v and f. As
T IO
¥ v f
Multiplying both sides by v, we get
v v
—+1==
u  f
or _E =1- E = f —
u f
m= —-E = f =Y
L0 3
* N
For Your Knowledge

> The same mirror formula is valid for both concave

or virtual.
= If| m| >, the image is magnifie '
= If| m| <1 the image is diminished.
= [ﬂm]=1the§ihwgeis ui&lem:#maaﬁteob]ed.
= If m is positive (or v is positive), the image is virtual and
= .

tive), the image is real and J

b5

-

0.5 SPHERICAL ABERRATION

12. What is spherical aberration in spherical mirrors ?
How can it be reduced ?

Spherical aberration. The inability of a spherical
mirror of large aperture to bring all the rays of wide beam of
light falling on it to focus at a single point is called spherical
aberration. As shown in Fig. 9.16, only the paraxial rays
are focussed at the principal focus F. The marginal rays
meet the principal axis at a point closer to the pole than
the principal focus. The different rays are reflected on
to surface known as the caustic curve. This results in
blurred image of the object.

PHYSICS-XII

Fig. 9.16 Spherical aberration in a spherical mirror.

Spherical aberration can be reduced by following
methods :
1. By using spherical mirrors of small apertures.

2. By using stoppers so as to cut off the marginal
rays.

3. By using parabolic mirrors.
As shown in Fig. 9.17, a parabolic mirror focusses
all the rays in a wide parallel beam to a single point on

the principal axis and thus spherical aberration is
reduced.

Marginal Ray

B

. AWIAY
onnt focus F~
Paraxial ray
. [V

>
—’ﬁ‘ : Concave

parabolic mirror

Fig. 9.17 No spherical aberration in a parabolic mirror.

9.6 USES OF CURVED MIRRORS

13. Give some uses of spherical and parabolic mirrors.

U.‘:«E’S of concave MITTors ;

1. A concave mirror is used as shaving or make-up
mirror because it forms a magnified and erect
image of the face when it is held closer to the
face.

2. Doctors use concave mirrors as head mirror. The
mirror is strapped to the doctor’s forehead and
light from a lamp after reflection from the

mirror is focussed into the throat or ear of the
patient.
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3. A small concave mirror with a small hole at its
centre is used in the doctor’s ophthalmoscope. The
doctor looks through the hole from behind the S
mirror while a beam of light from a lamp

Examples based on

Formation of Images by

herical Mirrors

reflected from it is directed into the pupil of Formulae Used
patient’s eye which makes the retina visible. 1. For any spherical mirror, f=R/2
4. Concave mirrors are used as reflectors in head- : 11 . ?4:‘

2. Mirror formula, — +

lights of cars, railway engines, torch lights, etc.
The source is placed at the focus of a concave
mirror. The light rays after reflection travel over
a large distance as a parallel intense beam.

Uses of convex mirrors ;

A convex mirror is used as a rear view mirror in
automobiles. The reason is that it always forms a small
and erect image and it has a larger field of view than
that of a plane mirror of the same size.

eal object  is -ve, v

Do not give any sign to unknown quantity. The

sign will automatically appear in the final result.
Units Used Qs

The quantities f, & v, i and h, are all in m or cm

Plane mirror 7.

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

Small Field of view

(a)

Convex mirror [NCERT]
Solution. As R is negative for a concave mirror, so
o R T
2 2

(1) Here object distance, 1 =-10 cm
By mirror formula,

Large Field of view
) i 1 1 1 1
-10

Fig. 9.18 Field of view of (a) a plane mirror

(b) a convex mirror. . S
75x10 30
Uses of parabolic mirrors : or v=-30cm

1. A concave parabolic mirror can focus a wide

As v is -ve, a real image is formed 30 cm from the
parallel beam to a single point. This property is

mirror on the same side as the object.
-30

used by dish antennas to collect and bring to z

focus microwave signals from satellites.

. When a source of light is placed at the focus of a
paraboloidal mirror, the reflected beam is
accurately parallel and is thrown over a very
large distance. Due to this property, para-
boloidal mirrors are used as reflectors in search

Magnification, m=— o MO e S
u =10

The image is magnified, real and inverted.

(11) Here object distance, u=-5 cm
By mirror formula,

lights, car head lights, etc. i 2 2 1 & SoFEA. L
. They are used in astronomical telescopes of large S o =g = dowe B
aperture for overcoming spherical aberration.  or v=+15cm
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As vis +ve, a virtual image is formed 15 cm behind
the mirror.

Magnification, m=_f=-1_55=
u —

The image is magnified, virtual and erect.

3

Example 2. If you sit in a parked car, you glance in the rear
view mirror R =2 mand notice a jogger approaching. {f the
jogger is running at a speed of 5 ms™1, how fast is the image
of the jogger moving when the jogger is (a) 39 m(b) 29 m
(c) 19 m(d) 9 m away ? [NCERT]
Solution. As the rear view mirror is convex, so
R=+2m, f=R/2=+1m
From mirror formula,

. i
¢ F % u-f
When, u=-39m,
1x(-39) 39
P=————=—m
-39-1 40

As the jogger moves at a constant speed of 5 ms ™,
the position of the jogger after 15,

u=-39+5=-34m
Position of the image after 1s,
1x(-34) 34
T -34-1 3
Difference in the position of the image in 1sis
39 34 13651360

v

p-p="" =
40 35 1400
5 1
= —T0mn
1400 280

. Average speed of the image -—E}E ms™.

For u=-29m, -19m and -9 m, the speeds of

image will be
2 ms™', & ms~! and = ms ™ respectively.
150 60 10

The speed becomes very high as the jogger
approaches the car. The change in speed can be expe-
rienced by anybody while travelling in a bus or a car.
Example 3. A 5 cm long needle is placed 10 cm from a
convex mirror of focal length 40 cm. Find the position,
nature and size of the image of the needle. What happens to
the size of image when the needle is moved farther away from
the mirror ? [CBSE Sample Paper 11]

Solution. Here h, =+5cm,

u=-10cm,
f=+40cm

PHYSICS-XII
r 2.2 3R A
v f u 40 10 40 8
or 7=+8cm

As v is +ve, the image is virtual and erect and is
formed at 8 cm behind the mirror.
+8

- 408
-10

! v

m=-—==-—

lrl "
h2=ﬂ.8xh1 =0.8x5=4¢m

Magnification,

Size of image,

As the needle is moved farther away from the
mirror, the image shifts towards the focus and its size
goes on decreasing, When the needle is far off, it
appears almost as a point image at the focus.

Example 4. A square wire of side 3.0 em is placed 25 cm
away from a concave mirror of focal length 10 om. What is
the area enclosed by the image of the wire 7 (The centre of the
wire is on the axis of the mirror, with its two sides normal to

the axis). [NCERT]
Solution. Here, #=-25cm, f=-10cm
a, 2,1 2
uw v f
1 1. I 1 1
—_—_,—— e =4
v f u -10 25
_"5"'2__1
50 50
50
or v=——
3
Now m=-L=— S
w 3x25 3

_ Side of image of wire (h,)

Side of square wire (h,)

- Side of image of wire, h,
=—g>< h, =—g-x3=—2 cm
3 3
Area enclosed by the image of wire =(2)* =4 ecm?.

Example 5. A concave mirror of focal length 10 cm is
placed at a distance of 35 cm from a wall. How far from the
wall should an object be placed to get its image on the wall ?

Wall \
A =
I

Al
B

¢ -,

BJ

Fig. 9.19



Solution. Here, f =-10cm, v=-35cm

From mirror formula,

or u=-14 cm
. Distance of the object from wall

=35-14 =21 cm.
Example 6. An object is placed at a distance of 40 cm on
the principal axis of a concave mirror of radius of curvature
30 em By how much does the image move if the object is
shifted towards the mirror through 15 cm?

Solution. In first case :
u=—40cm, R=-30cm or f=-15am
From mirror formula,

1 1 1 1 1
— o W
15 40

v f u
T2
In second case : The object is shifted towards the
mirror by 15 cm, so
W=-(40-15)=-25cm

From mirror formula,

or v=—-24cm

v =-37.5 cm
Distance through which the image shifts
=0 -v=-375+24=-13.5 cm
i.e., the image shifts 13.5 cm farther from the mirror.

Example 7. An object is placed exactly midway between a
concave mirror of radius of curvature 40 cm and a convex
mirror of radius of curvature 30 cm. The mirrors face each
other and are 50 cm apart. Determine the nature and
position of the image formed by successive reflections first at
the concave mirror and then at the convex mirror.

or

Solution. The image formation is shown in Fig. 9.20.

IR

Fig, 9.20

(i) For concave mirror. u; =-25cm, f;=—20cm
From mirror formula,

2.3 . L. 3. 3
v, fI i 20 25 100
v|=—100cm

As v, is negative, the image A'B' is real and is
formed in front of concave mirror such that P, B' =100 cm.

(1f) For convex mirror. The image A' B' acts as virtual
object

. Uy =+ (100 -50)=50 em, f, =+ 50 cm
1.1 1 _ M1 X

v, s @ 15 50, 150

U=+ 2143 cm

Hence

or

As v, is positive, the final image A" B” is virtual

and is formed behind the convex mirror such that
P,B" =21.43 cm.
Example 8. An object is placed at a distance of 36 cmfrom
a convex mirrer. A plane mirror is placed in between so that
the two virtual images so formed coincide. If the plane mirror
is at a distance of 24 an from the object, find the radius of
curvature of the convex mirror.

f—— 24 em ——-12 cm~+-12 e~
Fig. 9.21

Solution. The image I of the object O formed by
plane mirror should be at 24 cm behind the mirror or
12 ecm behind the convex mirror. For no parallax
between the images formed by the two mirrors, the
image formed by the convex mirror should also lie at L.
Therefore, for convex mirror

u=0P=-36cm; v=PI=+12cm

2odg bAoA SAed
f uw v 36 12 36 18
or f=18 am

Radius of curvature of convex mirror = 36 cm.

Example 9. An object is kept in front of a concave mirror of
focal length 15 cm The image forned is three times the size of
the object. Calculate the two possible distances of the object
from the mirror. [CBSE D 98]
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Solution. As the mirror is concave, so
f=-15em
When the image formed is real

m:-’h-—=~2=—3 or v=+3u
h, u
AS Ealal
8 B f
1 1 1
e m——
u  3u 15
i 1
or — =
3u 15
or u=-15;4=—20cm.

When the image formed is virtual

m=ﬁ=—3=+3 or v=-3u

h; u
& 2,321
u v f
1 1 1 2 1
———=——or — =——
u 3u 15 3u 15
=~15;2=—10cm.

Example 10. When the distance of an object from a
concave mirror is decreased from 15 cm to 9 cmy the image
gets magnified 3 times than that in first case. Calculate the

focal length of the mirror.
Solution. Magnification, m= ff
—u
In first case,
u=-15cm m= :
¥ 15
In second case,
u=-9cm m = f
f+9
But nm'=3m
or g/
f+9 f+15
or f+15=3f+27
or f=—6cm.

Example 11. Two objects A and B when placed one after
another in front of a concave mirror of focal length 10 cm,
form images of same size. Size of object A is 4 times that of B.
If object A is placed at a distance of 50 cm from the mirror,
what should be the distance of B from the mirror ?

PHYSICS-XII

Solution. For object A,

hy
m= L = _'f_
h f-u
For object B,
I
m = i /

'
m _-’rgx_rl_flz‘f—ﬂz

w kM, f-u
As hy=4h, h,=H, f=-10cm and
u1=—5{]m1'|, therefore,
i_—l()—ur2

4 —10+50

Example 12. A thin rod of length f/3 is placed along the
optic axis of a concave mirror of focal length f such that its
image which is real and elongated, just touches the rod.
What will be the magnification ? (1T 91]

Solution. The image of the rod placed along the
optical axis will touch the rod only when one end of
the rod AC is at the centre of curvature of the concave
mirror (PC =2 f, AC = f /3). Then the image of the end
C of the rod will be formed at the same point C.

or u2=-20cm.

o f13 4 \
A [ IRod 2,

: IC A

Fig. 9.22
For the end A of the rod, we have
u=PA=PC—AC=2f—£=¥
1 1 1. 1 & 2

From mirror formula, ~=———=—-—=—_
v f u f SF 5f
Thus, the image of A is formed at A’ at a distance
5f/2 from the pole P(PA' =5f/2).

Length of the image
=A’C=PA’—PC=§£—2)‘=:[.
2 2
p— CA _f/2
- Magnification =——=-——=1.5.
agnircation CA _ff3
E
problems For Practice

1. An object is placed at a distance of 10 cm from a
concave mirror of radius of curvature 40 cm. Find
the nature, position and magnitude of the image.

[Himachal 96]
(Ans. Virtual, erect image at 20 cm
behind the mirror, m=-2)
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r~a

An object is placed at a distance of 15 cm from a
convex mirror and image is formed at a distance of
5 em from the mirror. Calculate the radius of
curvature of the mirror. (Ans. 15.0 cm)
A candle flame 3 cm high is placed at a distance of
3 m from a wall. How far from the wall must a
concave mirror be placed so that it may form 9 cm
high image of the flame on the same wall ? Also
find the focal length of the mirror.
(Ans, 45 m, - 1.125m)
A dentist concave mirror has a radius of curvature
of 30 cm. How far must it be placed from a small
cavity in order to give a virtual image magnified
five times ? (Ans, 12 cm)
Calculate the distance of an object of height h from a
concave mirror of focal length 10 cm, so as to obtain
a real image of magnification 2. [CBSE D 08]
(Ans. u=—15cm)
A concave mirror forms a real image four times as
tall as the object placed 10 cm in front of mirror.
Find the position of the image and the radius of
curvature of the mirror.

(Ans. 40 cm in front of the mirror, R =— l6cm)
When an object is placed at a distance of 60 cm from
a convex spherical mirror, the magnification
produced is 1/2. Where should the object be placed
to get a magnification of 1/3 ? (Ans. = 120cm)
An object of 1 cm” face area is placed at a distance of
1.5 m from a screen. How far from the object should
a concave mirror be placed so that it forms 4 cm®
image of object on the screen ? Also, calculate the
focal length of the mirror.  (Ans. =1.5m, —1m)

HINTS

3.

Refer to Fig. 9.19. Let BP = x.
’I'h.emﬁ-’P=3¥-ﬁ:metre

So qufxr'n and v==(x+3)m

i LAl —9ﬂn_mx+3
" 3em x

[/ i 1O
As W

=

or x=15m
u=_-§1,5m and v=-45m
gl 1S | 8

I
or f=-1125m.

Here f =-10cm and m= - 2 for real image

But m= f 2= i
f-u -10-u

or 20+ 2u=-10 or u=-15cam.

Q.13

7. Here u=-60cm.

In first case,
v
m=——
u
1 a4
—==—— or ©=+30an
2 - 60
f uw ©» 60 30,60
or f=+60cm
In second case,
m__l___v T -
3 u 3
As ARG | - Aialih., or u=-120 cm.
u | oAy u u 60 \

Fig. 9.23

letu=0P=—xm and 7=IP=-(x+15m
2

Areal magnification = :crnz =4
cm

. Linear magnification = - 4 = -2
(Negative sign for real image)

As m=——

r=15m

+—=-——=L==14 f==1m.

9.7 REFRACTION OF LIGHT

14. What is meant by refraction of light ?

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

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

Incident | Normal

Refracted
(a) ray
ray N : Normal
o\ Air
e Air - ST
" y Glass
, Ty

(b) ©

Fig. 9.24 Refraction of light (a) from rarer to denser medium
(b) from denser to rarer medium
(¢) no refraction for normal incidence.

It is observed that

1. When a ray of light passes from an optically rarer
medium to a denser medium, it bends towards
the normal (£ r < Zi), as shown in Fig. 9.24(a).

2. When a ray of light passes from an optically
denser to a rarer medium, it bends away from
the normal (£r > £i), as shown in Fig. 9.24(b).

3. Aray of light travelling along the normal passes
undeflected, as shown in Fig. 9.24(c). Here
Li=Lr=0°

9.8 LAWS OF REFRACTION OF LIGHT
15. State the laws of refraction of light.

Laws of refraction of light. The phenomenon of
refraction of light obeys the following fwo laws :

First law, The incident ray, the refracted ray and the
normal to the interface at the point of incidence all lie in the
same plane.

Second law. The ratio of the sine of the angle of inci-
dence and the sine of the angle of refraction is constant for a
given pair of media.

Mathematically, S_L— Mo @ constant.
sin r
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The ratio u, is called refractive index of second

medium with respect to first medium. The second law
was first deduced by a Dutch scientist Willibord Snell in
1621, so it is also known as Snell’s law of refraction.

9.9 REFRACTIVE INDEX

16. Define refractive index of a medium in terms of
(i) speed and (ii) wavelength, of light. What is relative
refractive index ?

Refractive index in terms of speed of light. The
refractive index of a medium may be defined in terms
of the speed of light as follows :

Refractive index = -1 OF gt m *a cuum
Speed of light in medium

or

Refractive index of a medium with respect to
vacuum is also called absolute refractive index.

Refractive index in terms of wavelength. Since the
frequency (v) remains unchanged when light passes
from one medium to another, therefore,

Relatve refrad:we index. The relative refractive
index of medium 2 with respect to medium 1 is defined
as the ratio of speed of light (2,) in medium 1 to the
speed of light (v, ) in medium 2 and is denoted by ! 1o

1 v

Thus ‘', = U—‘

2

As refractive index is the ratio of two similar
physical quantities, so it has no units and dimensions.

17. State the factors on which the refractive index of a
medium depends.

Factors on which the refractive index of a medium
depends. These are as follows :

1. Nature of the medium.

2. Wavelength of the light used.

3. Temperature.

4. Nature of the surrounding medium.

It may be noted that refractive index is a charac-
teristic of the pair of the media and also depends on the
wavelength of light, but is independent of the angle of
incidence.
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9.10 CAUSE OF REFRACTION

18. Describe the cause of refraction of light.

Cause of refraction of light. Light travels with
different speeds in different media. The bending of light
or refraction occurs due to the change in the speed of light as
it passes from one medium fo another. Larger the change
in the speed of light as it passes from one medium to
another, the more is the bending due to refraction. The
Snell’s law of refraction may be written as

1, _Sini 7
2 siny vy

From the above equation, we can note the

following results :

(n lfo 1> Uy then ' H,>1and sini>sinr or I>r
ie., the refracted ray bends towards the normal.
The medium 2 is said to be optically denser
than medium 1. Hence a ray of light bends towards
the normal as it refracts from a rarer medium into a
denser medium.

(i) If v; <v,, then 1p2<1 and sinf<sinr or i<r

e, the refracted ray bends away from the

normal. The medium 2 is said to optically rarer

than medium 1. Hence a ray of light bends away
from the normal as it refracts from a denser medium
into a rarer medium.

19. Give the physical significance of refractive index.
Physical significance of refractive index. The
refractive index of a medium gives the following two
informations :
(i) The value of refractive index gives information
about the direction of bending of refracted ray.
It tells whether the ray will bend towards or
away from the normal.

(if) The refractive index of a medium is related to
the speed of light. It is the ratio of the speed of
light in vacuum to that in the given medium.
For example, refractive index of glass is 3/2.
This indicates that the ratio of the speed of light
in glass to that in vacuum is 2 : 3 or the speed of
light in glass is two-third of its speed in vacuum.
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911 PRINCIPLE OF REVERSIBILITY OF LIGHT

20. State the principle of reversibility of light. Use this
principle to show that the refractive index of medium 2
with respect to medium 1 is reciprocal of the refractive
index of medium 1 with respect to medium 2.

Principle of reversibility of light. This principle states
that if the final path of a ray of light after it has suffered
several reflections and refractions is reversed, it retraces its
path exactly.

Rarer (1)

i

b
S
™

)
A/

z-..-_-____
3 s
3

Fig. 9.25 Principle of reversibility of light.

As shown in Fig. 9.25, consider a ray of light AB
incident on a plane surface XY, separating rarer

medium 1 (air) from denser medium 2 (water). It is
refracted along BC.

Let angle of incidence,

Z ABN =1
and angle of refraction,
ZCBN'=r
From Snell’s law of refraction
——="i A1)

Suppose a plane mirror is placed perpendicular to
the path of ray BC. This reverses the beam along its
own path. Therefore, for the reversed ray, we have

Angle of incidence, ZCBN'=r
Angle of refraction, ZABN =i

Again, from Snell’s law
sin r
=y w(2)
Multiplying equations (1) and (2), we get

sin i -y

sin 1

)(

sinr s:mr

b 1

g =5
2”1
Thus the refractive index of medium 2 with respect to

medium 1 is reciprocal of the refractive index of medium 1

with respect to medium 2,

or 1=1u2x2u1 or !
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9.12 REFRACTION THROUGH A RECTANGULAR
GLASS SLAB AND LATERAL SHIFT

21. Discuss the refraction through a glasss lab and
show that emergent ray is parallel to the incident ray but
laterally displaced.

Refraction through a rectangular glass slab.
Consider a rectangular glass slab PORS, as shown in
Fig. 9.26. A ray AB is incident on the face PQ at an angle
of incidence 7. On entering the glass slab, it bends
towards normal and travels along BC at an angle of
refraction r,. The refracted ray BC is incident on face SR
at an angle of incidence i,. The emergent ray CD bends
away from the normal at an angle of refraction .

D displacement
Fig. 9.26
Using Snell’s law for refraction at face PQ,

sin i
L=ty )

sin n
For refraction at face SR,

sin 1. 1
=L PR . -2)
sin 7, T

Multiplying (1) and (2), we get

sini, sini
i Pl
siny sinn
As PQ || SR, therefore, i, =1, ; hence
sini, sinr
- llx - =
siny, sinn
or siniy =sinr, or i =n

Thus the emergent ray CD is parallel to the incident
ray AB, but it has been laterally displaced with respect
to the incident ray. This shift in the path of light on
emerging from a refracting medium with parallel faces is
called lateral displacement.

Hence lateral shift is the perpendicular distance between
the incident and emergent rays, when light is incident
obliquely on a refracting slab with parallel faces.

PHYSICS-XII

22. A ray of light is incident at angle i on a rectan-
gular slab of thickness t and refractive index p. Obtain an
expression for the lateral displacement of the emergent
ray. Can lateral displacement exceed t ?

Expression for lateral displacement. Fig. 9.27 shows
the path of the ray undergoing refraction through the
slab PORS. Let t be the thickness of the slab and x, the
lateral displacement of the emergent ray. Then from
right A BEC, we have

=sin (i -r) or x=BCsin(i—r)

BC

Fig. 9.27 Calculation of lateral displacement.

From right A BFC, we have

E=cosr or BC= BF ot
cos r

BC cos t

P
x=——sin(i~r)
cos r

(1)
b i iy
= ——[sin i cos r — cos i sin 1]
cos r
. . cosisinr
=t|sinf————
[ cos r ]

From Snell’s law,

Sll'll i sin 1
sinr
and f J’— /I_MI
Hence x=1F|sini- cosr.mru”z
sin® i
H 1— ]
1
Cos i
or x=tsni|ll-———m—— (2
[ (ﬂz-Sinzl')Uz] ()

Clearly, x tends to a maximum value when 1 — 90°,
so that sin i = 1 and cos i = 0. Thus

=tsin90° =t

xmax

i.e., the displacement of the emergent ray cannot exceed the
thickness of the glass slab.
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From equation (2), it may be noted that the lateral
shift produced by a glass slab increases with

(/) the increase in the thickness of the glass slab,
(i) the increase in the value of the angle of
incidence, and

(/i) the increase in the value of the refractive index
of the slab.

9.13 REFRACTION THROUGH A
COMBINATION OF MEDIA

23. For a ray of light undergoing refraction through a
combination of three media, show that

® 2].1.3 X 3}.11 =1
Refraction through a combination of media.
Fig. 9.28 shows the refraction of a ray of light from air
(1) to water (2), glass (3) and finally to air. As all
boundaries are parallel planes, emergent ray is parallel

to the incident ray. Thus the angle of emergence is
equal to the angle of incidence.

Fig. 9.28 Refraction through a combination of media.
For the ray going from medium 1 to medium 2,

1 sin i
Hy =—
sin n
For the ray going from medium 2 to medium 3,
& _sng
e
sin 1,

For the ray going from medium 3 to medium 1,
3 Sin 7,
=

Mulhplymg the above three equations, we get

ﬁﬁgax pl_l
2 1
Moreover, Hy=q—5—
“zx Hy
1
u 1
or 2}13:‘:1—3 s 3“]:]—.—
Hi B3
a
He
or m"us=¢n—g
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Thus, by knowing the refractive indices of any two
media like glass and water with respect to air, the
refractive index of glass with respect to water or vice
versa can be calculated.

9.14 PRACTICAL APPLICATIONS OF
REFRACTION

24. Why is the apparent depth of an object placed in a
denser medium less than the real depth ? For viewing
near the normal direction, show that the apparent depth is
real depth divided by the refractive index of the medium.
What is normal shift ? Write an expression for it.

Real and apparent depths. It is on account of
refraction of light that the apparent depth of an object
placed in denser medium is less than the real depth.

Fig. 9.29 shows a point object O placed at the
bottom of a beaker filled with water. The rays OA and
OB starting from O are refracted along AD and BC,
respectively. These rays appear to diverge from point [.

Fig. 9.29 Real and apparent depths.

So I is the virtual image of O. Clearly, the apparent
depth Al is smaller than the real depth AO. That is why
a water tank appears shallower or an object placed at
the bottom appears to be raised.

From Snell’s law, we have
oy = sini _sin ZAOB _ AB/ BO _ BI
" sinr sinZAIB AB/BI BO
As the size of the pupil is small, the ray BC will
enter the eye only if B is close to A. Then

BI = Al and BO = AO

oy -1 _40
" Af
or Reﬁ'adwemdex—'-- Seateep _
pparmtdepﬂl
Real depth

Apparentdepth=———=
or PP P Refractive index
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As the refractive index of any medium (other than
vacuum) is greater than unity, so the apparent depth is
less than the real depth.

Normal shift. The height through which an object
appears to be raised in a denser medium is called normal
shift. Clearly

Normal shift = Real depth — Apparent depth
or d=AO—AI=AO—%

wf]

Clearly, the normal shift in the position of an object
when seen through a denser medium depends on two
factors :

1. The real depth of the object or the thickness (t)

of the refracting medium.

2. The refractive index of the denser medium. The

or

higher the value of p, greater is the apparent

shift ‘d".
25. Explain how does the refraction of light affect the
length of the day ?
Apparent shift in the position of the sun at sunrise

and sunset. Due to the atmosphenc refraction, the sun

is visible before actual sunrise and after actual sunset.

i
‘llf’

Apparent

Fig. 9.30 Refraction effect at sunset and sunrise.

~ With altitude, the density and hence refractive
index of air-layers decreases. The light rays starting
from the sun S travel from rarer to denser layers. They
bend more and more towards the normal.

However, an observer sees an object in the direction
of the rays reaching his eyes. So to an observer standing
on the earth, the sun which is actually in a position S
below the horizon, appears in the position S, above the
horizon. The apparent shift in the direction of the sun
is by about 0.5° Thus the sun appears to rise early by
about 2 minutes and for the same reason, it appears to
set late by about 2 minutes. This increases the length of
the day by about 4 minutes.

PHYSICS-XII

26. The sun near the horizon appears flattened at
sunset and sunrise. Why ?

Apparent flattening of the sun at sunrise and
sunset. The sun near the horizon appears flattened.
This is due to atmospheric refraction. The density and
the refractive index of the atmosphere decrease with
altitude, so the rays from the top and bottom portions
of the sun on the horizon are refracted by different
degrees. This causes the apparent flattening of the sun.
But the rays from the sides of the sun on a horizontal
plane are generally refracted by the same amount, so
the sun still appears circular along its sides.

) Refiaction of Light
(11) Lateral shift anc
nt Depths

(1) Keal and Appare
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Example 13. A ray of light of frequency 5x 10" Hz is
passed through a liquid. The wavelength _gf light measured
inside the liquid is found to be 450 x 107" m Calculate the
refractive index of the liquid, [Himachal 98C]

Solution. Here v=5x 10" Hz, A =450x%10"m,
c=3x10° ms™’
Refractive index of the liquid,
R
3x10°
T 5x10Mx450x107°
Example 14. A light of wavelength 6000 A in air, enters a

medium with refractive index 1.5. What will be the frequency
and wavelength of light in that medium ? [T 97]

Solution. In air, . =6000 A =6 x 107 m,
c=3x10% ms™!

Refractive index of the medium, p =1.5

1.33

When light travels from air to the refracting
medium, its frequency remains unchanged.

¢ 3x10°

=v=—=———=5x10" Hz
Ao 6x10
Wavelength of light in the medium,
=2 S00A_ 00k
i 15

Example 15. The refractive index of glass is 1.5 and that of

water is 1.3. If the speed of light in water is 2.25 x 10% ms=1,
what is the speed of light in glass ? [ISCE 96

Solution. Here “pg =£ -9

vg
and 2y =-£-13
w ,vm
v
€ g 13
U, € 1.5
or (4, =Exv =E>c2.25><1(}'3
W15 ? 15
=1.95x 10* ms™.

Example 16. A ray of light passes through a plane
boundary separating two media whose refractive indices are
W, =3/2andp, =4/3. (i) If the ray travels from medium 1
to medium 2 at an angle of incidence of 30°, what is the angle
of refraction ? (ii) If the ray travels from medium 2 to

medium 1 at the same angle of incidence, what is the angle of

refraction ?

Solution. Here u, =g v Py =g~, 1=30°

9.19

(1) When the ray travels from medium 1 to medium 2,

sini_j;!_z_
ainrﬁpl
sin30° _4/3 _8
sinr 3/2 9
or sin r="2 % sin 30°=" x2%0 5608
8 82
r=34°14'.
(i) When the ray travels from medium 2 to medium 1,
sini_h
sinr _H,
sin30° 3/2 9
or — =T -
sinr 4/3 8
or sinrzgxsinJU“:Exl:U.WS
9 9 2
r=26°24',

Example 17. A rectangular glass slab rests in the bottom
of a trough of water. A ray of light incident on water surface
at an angle of 50° passes through water into glass. Calculate
the angle of refraction in glass. Given that p for water is 4 /3
and that for glass is 3 /2.

Solution. Here "p =
“
w = }LS
g il'j-lm
r'l
. 2] N J

\Glass slab
Fig. 9.31

Angle of incidence on water surface, | = 50°

sin 50"_%
sin r 3
; 3 . .
sin r=— sin 50
4
3
= Z><U.766 =0.5745

. Angle of refraction, r =35.06°
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For refraction at water-glass interface, we have
sin 35.06° 9

sin v’ 8

&t i g % 05745 =0.5107

& rY = 30.7°.
Example 18. A ray of light is incident at an angle of 60° on
one face of a rectangular glass slab of thickness 0.1 m and
refractive index 1.5. Calculate the lateral shift produced.
Solution. Here i =60° p =15 t=01m

By Snell's law, pu= i

sinr
sini _sin60° 0.866
w15 1.5
r=35%1¢'
Lateral shift produced,

=0.5773

sin r=

or

Lie sin(i—r)

cos r
=% in(e0°-3516)
cos 35716

0.1
cos 35°16'
_0.1x0.4184
08164
= 0.0513 m.
Example 19. The apparent depth of an object at the bottom
of tank filled with a liquid of refractive index 1.3 is 7.7 cm.
What is the actual depth of the liquid in the tank ?
[CBSE D 91]

x sin 24°44’

Solution. Refractive index,

_ Real depth
Q Apparent depth

13 = Real depth

7.7
Hence, Real depth=1.3 x 7.7 cm = 10.01 cm.

Example 20. The velocity Olf light in glass is 2 x 10%ms™
and that in air is 3x 10%ms™. By how much would an ink

dot appear to be raised, when covered by a glass plate 6.0 cm
thick ? [Punjab 99]

Solution. Here v =2 x 10° ms'l, c=3x%10° ms™

Refractive index of glass,
¢ _3x10*
I‘I =—= S -

v 2x10

Real depth =6.0 cm

1.5
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. Apparent depth
_ Real depth _ 6.0
1] 1.5

Distance through which the ink dot appears to be
raised

=4.0 cm

=6.0-4,0=2.0 cm.

Example 21. A mark is made on the bottom of a beaker and
a microscope is focussed on it. The microscope is raised
through 1.5 cm. To what height water must be poured into
the beaker to bring the markagain into focus ? Given that p
for water is 4/3.

Solution. Here apparent shift, d =1.5 em

Let t be the height through which water must be
poured into the beaker. Then

i

1.5:1[1-L]
4/3

or t=15%x4=6.0 cm.

Example 22. The bottom of a container is a 4.0 cm thick
glass (u =1.5) slab. The container contains two immiscible
liquids A and B of depths 6.0 cm and 8.0 cm respectively.
What is the apparent position of a scratch on the outer
surface of the bottom of the glass slab when viewed through
the container ? Refractive indices of A and B are 1.4 and 1.3
respectively.

Solution. The total apparent shift in the position of
the image due to all the three media is given by

n‘=!l[lhul]+tz[l—iJ+r_,,[l—i]
1 Ha LE

Given A =4.0 cm, t,=6.0 cm, t, =8.0 cm
B, =15 u,=14,

d=4.0L1—L)+6.D[1—l]+8.{}[1—-L)
1.5 14 1.3

=133 +1.71 + 1.85 = 4.89 cm.

Example 23. A transparent cube of side 210 mm contains
a small air bubble. Its apparent distance, when viewed
through one face of the cube is 100 mm and when viewed
through the opposite face is 40 mm. What is the actual
distance of the bubble from the second face and what is the
refractive index of the material of the cube ?

Solution. The situation is shown in Fig. 9.32. Let O
be the air bubble inside the transparent cube at
distance x from face I, then its distance from face II will
be (210 — x)mm. Let I, and I, be its images as seen from
the two faces respectively.

ny=13
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= 100 mm -

Rl Igg

S === ]
;03."-'-"“"'"

Face 1 Face Il

e = -

als i

o =¥
(210 — x) mm

-
L]

Fig. 9.32
For face I :

Real depth =x mm, apparent depth =100 mm

(
() )mhlems For Practice
1.

e
100

For face II :
Real depth =(210 — x) mm,
apparent depth =40 mm

_ N0~
ATy
From equations (i) and (i), we have
ifﬁ = 2135“—1‘ x =150 mm

. Actual distance of the bubble from face Il
=210 - 150 = 60 mm
x 150
Al 7 =—=
= %300 100

Example 24. A cylindrical
vessel of diameter 12 cm
contains 800 & cit. of water.

A cylindrical glass piece of
diameter 8.0 cm and height
8.0 cm is placed in the vessel.
If the bottom of the vessel
under the glass piece is seen by

(i)

the paraxial rays (Fig. 9.33),
locate its image. The index of

refraction of glass is 1.50 and

that of water is 1.33. Fig. 9.33
Solution. Volume of water =800 m cm

Volunie of cylindrical glass piece
8\ 3
=7 5 x8 =128 ncm

Total volume of water and glass piece

=800 1 +128 =928 xcm’

Height of water level from the bottom

_ Volume 928 =x

— = =25.78 cm
nr- nx (6)°

Depth of water above the glass piece
=25.78 -8.0 =17.78 cm

Total apparent shift of the bottom

=t [l—l]+ !2[1-—1—)

Hq Hy
=17.7s(1-i]+s.o(1—l]
133 1,50

=444 +266=7.1cm

Thus, the image is seen at 7.1 em above the bottom.

A film of oil of refractive index 1.20, lies on water of
refractive index 1.33. A light ray is incident at 30°in
the oil on the oil-water boundary. Calculate the
angle of refraction in water. (Ans. 27°)
A printed page is kept pressed by a glass cube
(n = 1.5) of edge 6.0 cm. By what amount will the
printed letters appear to be shifted when viewed
from the top ? (Ans. 2.0 cm)
A travelling microscope is focussed on a mark made
on a paper. When a slab of 1.47 cm thickness is placed
on the mark, the microscope has to be raised
through 0.49 cm to focus the mark again. Calculate
the refractive index of glass. (Ans. 1.5)

. The velocity of light in a transparent medium is

1.8x10°ms ™, while that in vacuum is 3x10%ms ™.
Find by how much the bottom of the vessel con-
taining the liquid appears to be raised if the depth
of the liquid is 0.25 m. (Ans. 0.1 m)
Calculate the index of refraction of a liquid from the
following into glass : (a) Reading for the bottom of
an empty beaker : 11.324 cm (b) Reading for the
bottom of the beaker, when partially filled with the
liquid : 11.802 cm (c) Reading for the upper level of
the liquid in the beaker : 12895 cm  (Ans. 1.437)

While determining the refractive index of a liquid
experimentally, the microscope was focussed at the
bottom of a beaker, when its reading was 3.965 cm.
On pouring liquid upto a height 2.537 cm inside the
beaker, the reading of the refocussed microscope
was 3.348 cm. Find the refractive index of the
liquid. (Ans. 1.321)
A vessel contains water upto a height of 20 cm and
above it an oil upto another 20 cm. The refractive
indices of water and oil are 133 and 1.30
respectively. Find the apparent depth of vessel
when viewed from above. (Ans. 304 cm)
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HINTS
1. Refractive index of water relative to oil is
. 133
A ---!1=-m——111
b g T i
From Snell’s law,
sin i sin 30°
oyl 11T=
Hw sin sin r
1
inr= = (.45
it it
ar = 279
2. Normal shift,
gl L #6.{3(1.—-1—]=2.0cm.
M 1.5
1 1
3 As d=t (1——] 0.49:1.47’-[1—-)
I it
or Ll or u=15
i 3111113
4 Herev=18x10°ms™, c=3x10°ms
| At C 3*108 5
Refracti flligell .
efractive index, p T s
Real depth = 0.25 m 1]
Real depth
. Apparent depth =~ F g“fz 015m
K (i

Distance through which bottom appears tabairmﬂed
=0.25-0.15= ﬂ.i l!l. .
5. Realdepm " | Ill;. ! 'I
= Reading from l:h? r letrelfof the liquid
-%a g fzam the bath:-rn of
‘ 'the emptyb&ke |
il 12.395* 11324=1 smm '
Apparent ddpth
—-,Readmg from the upper level of the liquid

! ||, W—Readmgimm the bottom of the beaker
|'| \ whpn parhally filled with liquid

I -12$95 11302 1,093 cm
|

l':' | 1 | ..}.'
»|.|,| Ilim&‘ -1.437
w"wdepm 3537 em

A]Lp t shift in the position of bottom of the
beak

=3.965 - 3.348 = 0,617 cm
Apparent depth = 2.537 — 0.617 = 1.920 cm
Realdepth  2.537
it L TR
Apparent depth  1.920 i

7. Total apparent shift=t, [1— -L) +t, [1— -—1-] ]
- ' Hq W2
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9.15 TOTAL INTERNAL REFLECTION

27. Explain the phenomenon of total internal
reflection. Under what conditions does it take place ?
Derive the relation connecting the refractive index and
critical angle for a given pair of media.

Total internal reflection. If light passes from an
optically denser medium to a rarer medium, then at
the interface, the light is partly reflected back into the
denser medium and partly refracted to the rarer
medium. This reflection is called infernal reflection.
Under certain conditions, the whole of the incident
light can be made to be reflected back into the denser
medium. This gives rise to an interesting phenomenon
called total internal reflection.

Rarer : ;
medium & . ! ! Air-water
1) i ! ! interface

w L |
o o

i | refracted ray

]

v I

>

Fig. 9.34 Total internal reflection,

As shown in Fig, 9.34, when a ray of light (ray 1)
travels at a small angle of incidence from a denser
medium to a rarer medium, say from water to air, the
refracted ray bends away from the normal so that the
angle of refraction is greater than the angle of
incidence. As the angle of incidence increases, the
corresponding angle of refraction also increases. Then
for a certain angle of incidence (ray 2), the angle of
refraction becomes 90°, i.e., the refracted ray goes along
the surface of separation.

The angle of incidence in the denser r fqr
which the angle of refraction in the rarer medium is
%“kaﬁﬁedﬂmw“sleafﬁxedmsermm'
is denoted by i_. .

If the angle of incidence is increased beyond i
(ray 3), no light is refracted into the rarer medium
(since the angle of refraction cannot be greater than
90, but whole of it is reflected back into the denser
medium in accordance with the laws of reflection. This
phenomenon is known as total internal n'ﬂrrﬁon.
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Necessary conditions for total internal reflection :

1. Light must travel from an optically denser to an
optically rarer medium.

2. The angle of incidence in the denser medium must be
greater than the critical angle for the two media.

Relation between critical angle and refractive
index. From Snell’s law,

sini , 1
sinr 3
Ha
When i=i, r=90° Therefore,
sin |
-_LQ=IL or 1”.2: 1
sin 90 [0 sin i,

If the rarer medium is air, then u, =1and p,=p
(say) and we get

1
sin i,

p=

Thus the refractive index of any medium is equal to
the reciprocal of the sine of its critical angle.

Table 9.1 Crifical angles of some tronsparent media

Substance Reﬁc;f;ve Ct;trf:al angle
Water 133 48.75°
Crown glass 1.52 4114°
Dense flint glass 1.65 37.31°
Diamond 242 24.41°

0.16 APPLICATIONS OF TOTAL INTERNAL
REFLECTION

28. Discuss the important applications of the
phenomenon of total internal reflection.

Applications of total intermal reflection. The
phenomenon of total internal reflection can be used to
explain some effects observed in-daily life and also it
finds use in some optical devices as explained below :

1. Sparkling of diamond. The brilliancy of
diamonds is due to total internal reflection. As the
refractive index of diamond is very large, its critical
angle is very small, about 24.4°. The faces of diamond
are so cut that the light entering the crystal suffers total
internal reflections repeatedly, and hence gets
collected inside but it comes out through only a few
faces. Hence the diamond sparkles when seen in the
direction of emerging light.

2. Mirage. It is an optical illusion observed in deserts or
over hot extended surfaces like a coal-tarred road, due to
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which a traveller sees a shimmering pond of water some
distance ahead of him and in which the surrounding objects
like trees, etc, appear inverted.

i Z Cold air
L 4 L £
{ s z (denser)
N o
\ L= P B 2
Hot air
J (rarer)
/
L]
L
1
It
e ¥a
o s
1 ¢
] F
L% 3 ,.':_ ’
s

[

Fig, 9.35 Formation of mirage.

On a hot summer day, the surface of the earth
becomes very hot. The layers of air near the earth are
more heated than the higher ones. Hence the density
and refractive index of air layers increase as we move
high up. As the rays of light from a distant object like a
tree travel towards the earth through layers of
decreasing refractive index, they bend more and more
away from the normal. A stage is reached when the
angle of incidence becomes greater than the critical
angle, the rays are totally reflected. These rays then
move up through layers of increasing refractive index,
and therefore undergo refraction in a direction opposite
to that in the first case. These rays reach the observer’s
eyes and he sees an inverted image of the object, as if
formed in a pond of water.

3. Totally reflecting prisms. Refer to Section 9.17.
4. Optical fibres. Refer to Section 9.18.

9.17 TOTALLY REFLECTING PRISMS

29. What is a totally reflecting prism ? How can it be
used to (i) deviate a ray through 90° (ii) deviate a ray
through 180° and (iii) invert an image without the
deviation of the rays.

Totally reflecting prism. A right-angled isosceles
prism, i.e., @ 45°90°45° prism is called a totally reflecting
prism. Whenever a ray falls normally on any face of
such a prism, it is incident on the inside face at 45°, that
is at an angle greater than the critical angle of glass
(about 42°); hence this ray is always totally internally
reflected.

These prisms may be used in three ways :

(i) To deviate a ray through 90°. As shown in
Fig. 9.36(a), as the light is incident normally on one of
the faces containing right angle, it enters the prism
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without deviation. It is incident on the hypotenuse face
at an angle of 45° greater than the critical angle. The
light is totally internally reflected. Having been
deviated through 90°, the light passes through third
face without any further deviation. Such prisms are
used in periscopes.

R Q
\ i B
: [
45¢a}z
B D
B
1 \ [
P Q N 4
A B R
(a) (b)

Fig. 9.36 (a) To deviate a ray through 90°
(b) To invert an image with deviation of rays through 180°.

(if) To invert an image with deviation of rays
through 180°. As shown in Fig. 9.36(b), the light is
incident normally on the hypotenuse face, it first
suffers total internal reflection from one shorter face
and then from the other shorter face. The final beam
emerges through the hypotenuse face, parallel to the
incident beam. The deviation is 180°. Such a prism is
called a porraprism.

(fif) To invert an image without deviation of rays.
(Erecting prism). As shown in Fig. 9.37, the light enters
at one shorter face at an angle. After refraction, it is
totally reflected from the hypotenuse face and then
refracted out of the other shorter face to become parallel to
the incident beam. The rays do not suffer any deviation,
only their order is reversed. The incident ray, which is on
the top, emerges from the bottom of the prism. Such
prisms are called erecting prisms and are used in
binoculars and in projection lanterns.

Fig. 9.37 To invert an image without deviation of rays.

30. State the advantages of totally reflecting prisms
over plane mirrors.

Advantages of totally reflecting prisms over plane
mirrors. The totally reflecting prisms have many
advantages over plane mirrors as reflectors :

1. In prisms, the light is tofally reflected, while there

is always some loss of intensity in case of plane
MIrTors.
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2. The reflecting properties of prisms are perma-
nent, while these are affected by tarnishing in
case of plane mirrors.

3. No multiple images are formed in prisms, while
a plane mirror forms a number of faint images
in addition to a prominent image.

9.18 OPTICAL FIBRES

31. What are optical fibres 2 On which principle do
they work ? How does light propagate through an optical
fibre ? What is a light pipe ?

Optical fibres. These days we find in the market
some decorative lamps provided with fine plastic
fibres. At their one ends, the fibres are fixed over an
electric lamp while their free ends form a fountain like
structure. When the lamp is switched on, the light
travels from the bottom of each fibre and appears at the
tip of free end as a bright dot of light. The plastic fibres
in these lamps are optical fibres. The working of optical
fibres is based on the phenomenon of total internal reflection.

An optical fibre is a hair-thin long strand of quality glass
or quartz surrounded by a glass coating of slightly lower
reflective index. It is used as a guided medium for trans-
mitting an optical signal from one place to another.

Buffer coatin
Refractive P2 <M / 5
Refractive
index, p, 4
Buffer coating

Fig. 9.38 Optical fibre structure.

Construction. An optical fibre consists of three main
parts :

(i) Core. The central cylindrical core is made of
high quality glass/silica/plastic of refractive
index p, and has a diameter about 10 to 100 um.

(if) Cladding. The core is surrounded by a glass /
plastic jacket of refractive index p, <p,. In a
typical optical fibre, the refractive indices of core
and cladding may be 1.52 and 1.48 respectively.

(ifi) Buffer coating. For providing safety and
strength, the core cladding of optical fibres is
enclosed in a plastic jacket.

Propagation of light through an optical fibre. As
shown in Fig. 9.39(a), when light is incident on one end
of the fibre at a small angle, it goes inside and suffers
repeated total internal reflections because the angle of
incidence is greater than the critical angle of the fibre
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material with respect to its outer coating. As there isno
loss of intensity in total internal reflection, the
outcoming beam is of as much intensity as the incident
beam. Even if the fibre is bent, light easily travels
through along the fibre.

i
—

s U L e T 'E'f
1
' ‘ .fi‘
A‘ >/
—— el
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s
&
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Fig. 2.39  (b) A light pipe.

A bundle of optical fibres is called a light pipe. A single
fibre cannot be used to see the complete image of an
object. But, if the image is broken into a large number
of fine dots and each portion of the image is seen
through a separate fibre, the complete image can be
seen. A light pipe can be used to transmit such an
image accurately.

32. Mention some important applications of optical
fibres.

Applications of optical fibres.
important applications are as follows :

1. As a light pipe, optical fibres are used in medical and
optical examination. A light pipe is inserted into the
stomach through the mouth. Light transmitted through
the outer layers of the light pipe is scattered by the

Some of the
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various parts of stomach into the central portion of the
light pipe to produce a final image with excellent
details. The technique is called endoscopy.

2. They are used in transmitting and receiving electrical
signals in telecommunication. The electrical signals are
first converted to light by suitable transducers. Each
fibre can transmit about 2000 telephone conversations
without much loss of intensity.

3. They are used for transmitting optical signals
and two dimensional pictures.

4. In the form of photometric sensors, they are used
for measuring the blood flow in the heart.

5. In the form of refractometers, they are used to
measure refractive indices of liquids.

Examples based on
Total Internal Reflection

Formulae Used
1. Critical angle, i, = Angle of incidence in denser
medium for which angle of refraction is 90° in

rarer medium.
‘2. Refractive index of denser medium, p =

sin i,
3. Total internal reflection occurs when i > i..
Units Used
Angle i_is in degrees and p has no units.

Example 25. Find the value of critical angle for a material
of refractive index /3. [CBSE F 94]
Solution. Here u =3

sin i, =& =%=§ 05773
o. Critical angle, i_=35.3°
Example 26. Calculate the speed of light in a medium,
whose critical angle is 30°. [CBSE OD 10]
Solution. Here i. =30°
c 1

As p=—m——
(2] Sll"llr

v = csin i, =3 x 10® x sin 30°
=3x10°x05
=15x%10° ms™".
Example 27. The velocity of Igght in a liquid is
1.5x10%ms™ and in air, it is 3x10°ms™". If a ray of light
passes from this liquid into air, calculate the value of critical
angle. [Punjab 99]

Solution. Here v =1.5x10°ms™},

c=3x 'll)ams'1
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Refractive index of the liquid,
¢ 3x108 S W
p=—= 8=2 or sini =—=—
v 15x10 p 2

». Critical angle, i =30°.

Example 28. Determine the direction in which a fish under
water sees the setting sun. Refractive index of water is 1.33.

Solution. Fig 9.40 shows the setting sun in the
direction of water surface. A ray of light starting from
the sun enters the eye of the fish.

Apparent
position of
sun as seen

by fish

Fig. 9.40

The apparent position of the sun makes an angle i_
with the vertical.

From Snell’s law
sin 90°
sin i,

=133 or, sini =— =07518
133

i, = sin"!(0.7518) = 48.7°
Angle between the apparent position of the sun
and the horizontal =90 — 48.7 = 41.3°.
Example 29. Determine the critical angle for a glass-air
surface, if a ray of light which is incident in air on the surface
is deviated through 15°, when its angle of incidence is 40°.
[ISCE 93]

Solution. The path of the refracted ray is shown in
Fig. 9.41.

Clearly, r+15=40° or r=25°

Fig. 9.41
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Refractive index of glass,

_sini _ sin 40°
= sinr sin25°
o DOUE _sin
0.4226
sm1c=—=L=O.6579
p 152

Critical angle, i = 41.14°,
Example 30. A glass slab is immersed in water. Find the
critical angle at glass-water interface. Given “p ¢=15and
- B,= 1.33. Or [Punjab 96]
A ray of light passes from glass (M, =3/2) to water
(1, =4/3). What is the critical angle of incidence ?
Solution. From Snell’s law of refraction,

<N
sin r Mg
sin i_ _133
sin90° 1.5
or sin i, = 0.8867

i, = sin"'(0.8867) = 62°28'.
Example 31. The critical angle of incidence in a glass slab
placed in air is 45°. What will be the critical angle when it is
immersed in water of refractive index 1.33 ?
1 1

— = =42 =1.414
sini. sin 45°

Solution. “p ™

Refractive index of glass w.r.t. water will be
o, _ Mg 1414
p, 133

When glass slab is immersed in water, the critical
angle i, is given by

Be=3

c i
He
1 1.33
T 1414 1414 =0.9daE
1.33
it = 70°36'.

Example 32. A ray of light incident on the horizontal
surface of a glass slab at 70° just grazes the adjacent vertical
surface after refraction. Calculate the critical angle and

refractive index of the glass.
Solution. As shown in Fig. 9.42, the refracted ray
will graze the vertical surface BC only when the ray QR
is incident at critical angle i_.
Clearly, r+i =90°

or r='510°—iE
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D 5
E
Fig. 9.42
Using Snell’s law for refraction at face AB we get
sin 70°
— =p
sin r
: sin 70°
or sinr=
m
- =]
or sin (90° 1) = su 70
. sin70°
or cos i, =
m

For refraction at face BC, we have

.
sin IC = ;
tanil-smlr:c— 2
cosi. sin70%p
-1 .l
sin70° 0.9397
or i =46°47'
Hence pu= ..1‘ =— 2
sini.  sin 46°47’
- _i137m
0.7288

Example 33. For a situation shown in Fig. 9.43, find the
maximum angle i for which the light suffers total internal
reflection at the vertical surface.

Fig. 9.43

[AIIMS 2015]

As i. + r =90°, therefore
2
sin r = sin (90° —i,) = cos i, = 1-(5] =3

From Snell’s law,

o125

smr
or 5in:'=1.25x5inr=1.25><%=0.?5
or i =48.6°

If the angle of incidence at vertical surface is greater
than i, then i will be less than 48.6°. Hence the
maximum value of i, for which total internal reflection
occurs at the vertical surface, is 48.6°.

Example 34. A point source of light S is placed at the
bottom of a vessel containing a liquid of refractive index 5/3.
A person is viewing the source from above the surface. There
is an opaque disc of radius 1 cm floating on the surface. The
centre O of the disc lies vertically above the source S. The
liquid from the vessel is gradually drained out through a tap.
What is the maximum height of the liquid for which the
source cannotf be seen at all ? [T

Solution. As shown in Fig. 9.44, suppose the height
OS = his such that £ OSA =i_.. Then any other ray from
5 will be totally internally reflected because then the
angle of incidence would be greater than i_.

Fig. 9.44

r

InAOSA, sini, =24 -

AS” [Zin

Also  sinj=—
[
foo® o 1 7
N u? A+n?
r2+h2=u2'2 or h2=r2(p2-1)
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Example 35, The refractive index of water is 4 /3. Obtain
the value of the semivertical angle of the cone within which
the entire outside view would be confined for a fish under

water.

Draw an appropriate ray diagram.
|CBSE Sample Paper 03]

Solution. Clearly, the fish can see the outside view
of the cone with semivertical angle,

Fish
. Y,
Fig. 9.45
But u= —1—
sin IL.
4 1
or —=
3 sini
= 13
or sini, =—=0.75
4
8/2 =i =sin"' (0.75)
= 48.6°
'problems For Practice

L

w

Find the critical angle for a ray of light going from
paraffin oil to air. Given the refractive index of
paraffin oil with respect to air is 1.44. [Haryana 02]
(Ans. 4398°)
Refractive index of glass is 1.5. Calculate the
velocity of light in glass if velocity of light in
vacuum is 3 x 10° ms . Also calculate the critical
angle for glass-air interface. [Haryana 98 ; ISCE 95]
(Ans. 2x10°ms™, 41°49")
An optical fibre (i = 1.72) is surrounded by a glass
coating (p = 1.50). Find the critical angle for total
internal reflection at the fibre-glass interface.

(Ans. 60.7°)
What is the small index of refraction of the material
of a right-angled prism with equal sides for which a
ray of light entering one of the sides normally will
be totally reflected ? (Ans. 1.414)
Find the maximum angle of refraction when a ray
of light is refracted from glass (u = 1.5) to air.

{Ans. 90°)

6.

~3

8.
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Calculate the critical angle for glass-air surface, if a
ray of light which is incident in air on the glass
surface is deviated through 15° when angle of
incidence is 45° [CBSE OD 03]

(Ans. 45°)
A luminous object 5 is located at the bottom of a big
pool of liquid of refractive index p and depth h. The
object 5 emits rays upwards in all directions, so that
a circle of light is formed at the surface of the liquid
by the rays which are refracted into the air. What
happens to the rays beyond the circle ? Determine
the radius and the area of the circle.

(Ans. Rays beyond the circle are totally reflected

2
..h—’Area= nh
Jni-1

=Y

A liquid of refractive index 1.5 is poured into a

cylindrical jar of radius 20 cm upto a height of

20 cm. A small bulb is lighted at the centre of the

bottom of the jar. Find the area of the liquid surface
through which the light of the bulb passes into air.

[ISCE 98]

(Ans. 1004.8cm?)

into the liquid, Radius =

9. A point source of monochromatic light ‘S” is kept at
the centre of the bottom of a cylinder of radius
15.0 em. The cylinder contains water (refractive
index 4/3) to a height of 7.0 cm. Draw the ray
diagram and calculate the area of water surface
through which the light emerges in air.

[CBSE D 15C]
(Ans. 197.82 em?)
N
in i, =—=-——=0.6944
L. isma, i v
i =43.98°
¢ 3x10®
VP=—=
p 1.5
=2x10°ms™
1 -
Also, sini =—=——===0.6667
m ¢TW 15 3
1. =41°49',
1.50
in i, =—— =0.8721
3. sini, 17
i, = 60.7°
4. Asshownin Fig. 9.46, the ray PQ enters through the

side AB normally and is incident on AC at an angle
of 45°. It will be totally reflected along OR if the
critical angle for the material of the prism is 45°,
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1 1

fe——=— =2 =1414
sini, sin 45°
A
45°
P g 3
45°% N\
459
L |
B 45 c

Fig. 9.46

5. When the ray of light is incident at the critical angle
i the angle of refraction is maximum and is equal

to 90°
6. Here i =45° r=45°-15°=30°
sini sn45° 1 2 J2
=E— = X—= 2
Hgnr sn3® 42 1
R | 1 :
Lsini =—=— or i =45°
c m ﬁ ¢

7. Refer to Fig. 9.47. The light rays emerge through a
circle of radius r.

Al ' B

Fig. 9.47

Radius,

s

pi-1’

8. Area of the liquid surface through which light
passes into air

Area of patch = nr? =

nhz
g

3.14x(20)* 3.14x400
- 3 = cm

(157 -1 1.25
=1004.8 cm?
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9. Refer to Fig. 9.47. The light rays emerge through a
circle of radius r.

Radius, r= htani,

] e
sini. = —=-—
e F 4
3\ V7
cosi_ = 1—{—} = |
4 4
tan!'—gxi=i
a7 7

Area of the patch through which light emerges

= zx(7)’ xg= 63mem” = 197.82 cm’.

9.19 SPHERICAL LENSES

33. What is a lens ? Mention the different types of
spherical lenses.

Spherical lenses. Most of us are familiar with
lenses. As magnifying glasses, lenses have been in use
for centuries. Lenses used in spectacles help us to read
with comfort. Various optical instruments like camera,
projector, microscope, telescopes, etc., cannot function
without lenses.

Ahsmpmq‘a ‘medium bounded by
twoanfm &bﬁmofwﬁﬁﬂtfsawm

The commonly used lenses are the spherical lenses.
These lenses have either both surfaces spherical or one
spherical and the other a plane one. Lenses can be
divided into two categories :

(i) Convex or converging lenses, and

(if) Concave or diverging lenses.

(f) Convex or converging lens. It is thicker at the
centre than at the edges. It converges a parallel beam of
light on refraction through it. It has a real focus.

Types of convex lenses :

(a) Double convex or biconvex lens. In this lens, both

surfaces are convex.

(b) Planoconcave lens. In this lens, one side is convex

and the other is plane.

(c) Concavoconvex. In this lens, one side is convex

and the other is concave.

Biconvex Planoconvex Concavoconvex
Fig. 9.48 Different types of convex lenses.
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(i1) Concave or diverging lens. It is thinner at the
centre than at the edges. It diverges a parallel beam of
light on refraction through it. It has a virtual focus.

Types of concave lenses :

(@) Double concave or biconcave lens. In this lens, both

sides are concave.

(b) Planoconcave lens. In this lens, one side is plane

and the other is concave.

(c) Convexoconcave lens. In this lens, one side is

convex and the other is concave.

Biconcave Planoconcave Convexoconcave

Fig. 9.49 Different types of concave lenses.

9.20 DEFINITIONS IN CONNECTION WITH
SPHERICAL LENSES

34. Define the various terms in connection with
spherical lenses.

Definitions in connection with spherical lenses :

(i) Centre of curvature (C). The centre of curvature of
the surface of a lens is the centre of the sphere of which it
forms a part. Because a lens has fwo surfaces, so it has two
centres of curvature.

(1) Radius of curvature (R). The radius of curvature of
the surface of a lens is the radius of the sphere of which the
surface forms a part.

(iif) Principal axis (C,C,). It is the line passing
through the two centres of curvature of the lens.

g Radius of

curvature

N Radius of
Centreof Optical i curvature
curvature 0
C;\ G
R, Principal
axis

Fig. 9.50 Characteristics of convex and concave lenses.
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(iv) Optical centre. If a ray of light is incident on a lens
such that after refraction through the lens the emergent ray
is parallel to the incident ray, then the point at which the
refracted ray intersects the principal axis is called the optical
centre of the lens. In Fig. 9.51(a), Ois the optical centre of
the lens. It divides the thickness of the lens in the ratio
of the radii of curvature of its two surfaces. Thus :

OF, PCEL

e )
O BN,

If the radii of curvature of the two surfaces are
equal, then the optical centre coincides with the
geometric centre of the lens.

For the ray passing through the optical centre, the
incident and emergent rays are parallel. However, the
emergent ray suffers some lateral displacement
relative to the incident ray. This lateral displacement
decreases with the decrease in thickness of the lens.
Hence a ray passing through the optical centre of a thin
lens does not suffer any lateral deviation, as shown in
Figs. 9.51(b) and (c).

Fig, 9.51

Optical centre.

(v) Principal foci and focal length :
First principal focus. It is a fixed point on the principal
axis such that rays starting from this point (in convex lens)

p—F—
Fig. 9.52 First principal focus and first focal length.
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or appearing to go towards this point (in concave lens), 3. The distances measured in the direction opposite
after refraction through the lens, become parallel to the to the direction of the incident light are taken
principal axis. It is represented by F, or F'. The plane negative.

passing through this point and perpendicular to the 4. Heights measured upwards and perpendicular
principal axis is called the first focal plane. The distance to the principal axis are taken positive.

between first principal focus and the optical centre is
called the first focal length. It is denoted by f, or f'.

Second principal focus. It is a fixed point on the )
principal axis such that the light rays incident parallel to the ~* ¥ J8™ :
principal axis, after refraction through the lens, either T e - B
converge to this point (in convex lens) or appear to diverge 4
from this point (in concave lens). The plane passing Negative distinge ‘: -
through this point and perpendicular to principal axis againet incidentlight \. along incident light
is called the second focal plane. The distance between - ve Height
the second principal focus and the optical centre is

called the second focal length. Itis denoted by fyor f. 9 %% :‘“hﬁeﬁ':fgn convention for
spherical lens.

5. Heights measured downwards and perpen-
dicular to the principal axis are taken negative.

O] positive distance 1

Consequences of the sign convention :

1. The focal length of a converging lens is positive and
that of a diverging lens is negative.

2. Object distance is always negative.

3. The distance of real image is positive and that of
virtual image is negative.

Cid

b—f —

b— f — 4. The object height h, is always positive. Height
h,, of virtual erect image is positive and that of
Fig. 9.53 Second principal focus and first focal length. real inverted image is negative.
5. The linear magnification m="h, / h, is positive
Generally, the focal length of a lens refers to its for a virtual image and negative for a real
second focal length. It is obvious from the above image.

figures that the foci of a convex lens are real and those
of a concave lens are virtual. Thus the focal length of a
convex lens is taken positive and the focal length of a concave

e | 9.22 REFRACTION AT A CONVEX
If the medium on both sides of a lens is same, then SPHERICAL SURFACE

the numerical values of the first and second focal
lengths are equal. Thus

Before deriving formulae for spherical lenses, we
first consider refraction by a single spherical surface.

36. By stating the sign-convention and assumptions
' used, derive the relation between the distance of object,
f =98 distance of image and radius of curvature of a convex

(UI) ﬁpﬂ'ﬁll‘e. It is the diameter of the circular 5phericﬂf surﬁ;cg, when refracfion takes pjace

boundary of the lens. (i) from optically rarer to optically denser medium and
the image formed is real,

9.21 NEW CARTESIAN SIGN CONVENTION O el i o il e oniion ol

FOR SPHERICAL LENSES the image formed is virtual

35. State the new Cartesian sign convention for (i from optically denser to optically rarer medium and
spherical lenses. What are the important consequences of the image formed is real, and

oty i
this sign convention } (tv) from optical denser to optically rarer medium and the

New Cartesian sign convention for spherical lenses. image formed is virtual.
1. All distances are measured from the optical

New Cartesian sign convention for refraction at a
centre of the lens.

spherical surface.

2. The distances measured in the same direction as 1. All distances are measured from the pole of the
the incident light are taken positive. spherical surface.
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2. The distances measured in the direction of
incident light are positive.

3. The distances measured in the opposite direction
of incident light are negative.

Assumptions used in the study of refraction at a
spherical surface :

1. The object taken is a point object placed on the
principal axis.

2. The aperture of the spherical refracting surface
is small.

3. The incident and refracted rays make small
angles with the principal axis so that the sines or
tangents of these angles may be taken equal to
the angles themselves.

Refraction at a convex spherical surface :

(i) The object lies in rarer medium and the image
formed is real. In Fig. 9.55, APBis a convex refracting
surface which separates a rarer medium of refractive
index p, from a denser medium of refractive index p .
Let P be the pole, C be the centre of curvature and
R =PC be the radius of curvature of this surface.
Suppose a point object O is placed on the principal
axis in the rarer medium. Starting from the point object
O, aray ON is incident at an angle 7. After refraction, it
bends towards the normal CN at an angle of refraction
r. Another ray OP is incident normally on the convex
surface and passes undeviated. The two refracted rays
meet at point I. So Iis the real image of point object O.

Fig. 9.55 Refraction from rarer to denser medium,
when the image is real.

Draw NM perpendicular to the principal axis. Let
a, B and y be the angles, as shown in Fig. 9.55.
In ANOC, i is an exterior angle, therefore,
i=0+Yy
Similarly, from A NIC, we have
y=r+p
or r=y-p
Suppose all the rays are paraxial. Then the angles
i,r, o, B and y will be small.

PHYSICS-XII

u=tanu=% 1% [+ P is close to M]
NM _ NM
= § T BT
P=tan = " hr
,, NM _ NM
and y=tany=——=——
MC PC

From Snell’s law of refraction,
Bysini=p,sinr

As i and r are small, so

sini=i and sinr=r
Boi=p,r
or Hyla +yl=n, [y -Bl
[NM NM] [NM NM]
or 1= Lo - ——
OP  PC PC PI
i " [L+L]= [L_L]
1lop " pcl™ " pc 1
3 By o Ba—ig

OP PI PC
Using new Cartesian sign convention, we find

Object distance, OP=-u
Image distance, Pl=+v
Radius of curvature, PC=+ R

-u v R
o LI a0 ol s
ST R

N O T E If first medium is air, then yi, =land p, =p,
we have

(1i) The object lies in the rarer medium and the
image formed is virtual. When the object O in the

Fig. 9.56 Refraction from rarer to denser medium,
when the image is virtual.
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rarer medium lies close to the pole P of the convex
refracting surface, the two refracted rays appear to
diverge from a point I on the principal axis, as shown
in Fig. 9.56. So I is the virtual image of the point
object O.

From ANOC,
From ANCI,

i=a+y
r=p+y

Suppose all the rays are paraxial. Then the angles
i,r,a,pand y will be small

NM NM
=t B i i ,"V"‘ :
o=tan a oM~ OP | {is close to P
NM NM
= N iksteda o P fall i
T
4 MC_ PC

From Snell’s law of refraction,
Mysini=p,sinr
As 1 and r are small, so
sini={ and sinr=r
Byl =pyr
or py(a+y)=p,(B+7v)

[NM NM] [NM NM]

or e T

oP = PC IP | PC
11 1

= Milop T e ™| P PC

o By Poamiio =My

(0).7° '
Using new Cartesian sign convention, we find that

Object distance, OP=-u
Image distance, IP=-v
Radius of curvature, PC=+ R
o H; _Fo™iy
— U T R
o el B o e |
v U R

(1if) The object lies in the denser medium and the
image formed is real. Fig. 9.57 shows a convex
refracting surface which is convex towards the rarer
medium. The point object Olies in the denser medium.
The two refracted rays meet at point I. So I is the real
image of the point object O.

From ANOC, y=i+a or i=y—-a
From ANIC, r=B+y

933

Refraction from denser to rarer medium
when the image is real.

Fig. 9.57

Suppose all the rays are paraxial. Then the angles
i,r,a, B and y will be small.

NM NP
=t =—=—  Mis se to

o= tan a OM - OP [ 1is close to P
ﬂ:tmﬁ:ﬂ:@
Ml PI
= NM NM
and y=tany=——=——
CM CP

From Snell’s law of refraction, for refraction from
denser to rarer medium, we have

Hysini=p, sinr

As i and r are small angles, so

sini=i and sinr=r
Mol =p g7
or Holy—a)=p,; (B+7v)
]:NM NM] [NM NM]
or +
CP OpP PI CP
B [_I__J_]= [LJrL}
H21cp "op] M1 |1 P
i B O T o e
PI OP CP

Using the new Cartesian sign convention, we have

Object distance, OP=-u
Image distance, PI=+v
Radius of curvature, CP=-R
B _ M By By
? -u -R
> B8 . S o
Rt T R

(iv) The object lies in the denser medium and the
image formed is virtual. If the point object O placed on
the principal axis lies close to the pole of the refracting
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surface, then the two refracted rays appear to come Q 23 REFRACTION AT A CONCAVE
from the pomt I, as shown in Fig. 958. So [ is the SPHERICAL SURFACE
virtual image of the point object O.

: 37. By stating the sign conventions and assumptions
FromANOC, f-i-'r‘:ﬂ, or i=a-y Yy >4 € S1gNn 1 P

used, derive the relation between object distance, image
From ANIC, r+y=B or r=p-y distance and radius of curvature of a concave spherical
surface when the refraction takes place (i) from optically
rarer to optically denser medium and (ii) from optically
denser to optically rarer medium.

For new Cartesian sign convention and the assump-
tion used, refer to the answer of the previous question.

Refraction at a concave spherical surface.

(i) The object lies in the rarer medium. In Fig. 9.59,
APB is a concave refracting surface separating two
media of refractive indices p; and p,.

Fig. 9.58 Refraction from denser to rarer medium
when the image is virtual.

Suppose all the rays are paraxial. Then the angles

i,r,a,B and y will be small.
= NM NM
a=tana=——=——
OM OP [~ Mis close to Pl y -
NM NM ._ :
=2 t = — I u = )
P p ™M P Y
" _NM _NM Fig. 9.59 Refraction at a concave surface when
yY=tany= C_M = E the object lies in the rarer medium.
From Snell’s law of refraction, for refraction from Let
denser to rarer medium, we have P = Pole of the concave surface APB
Hpsini=p, sinr C = Centre of curvature of the concave surface
As i and r are small angles, so O = Point object placed on the principal axis
sini=i and sinr=r I = Virtual image of point object O
Hoi=p,r In ANOC, y is an exterior angle, therefore
or Bala=y)=p (B-7) Y=a+i or i=y-a
NM NM NM NM Su‘mlarly, from A NIC, we have
or =y =
j"'2|:C'P CP:l i|:l.'P CP:| y=p+r or r=y-P
1 1 11 Suppose all the rays are paraxial. Then the angles i,
or 2[‘@'5]”‘[@‘5] r, o, p and y will be small.
1! it Wy —H a=tanaamtw [ M is close to P]
or ——ly 2o —Lc?l OM OP
o OP .. NM_NM
Using the new Cartesian sign convention, we have P = ™M 1P
Object distance, OP=-u . NM _NM_
“"fany=—=—o
Image distance, IP=-v Y ¥ CM CP
Radius of curvature, CP=-R From Snell’s law of refraction,
_ﬂl..,.ﬁ:_"'l_-"'l B, sini=p,sinr
-0 - -R As iand i are small angles, so
- EL_E?-_="I_”'Z sm:.—! and sinr=r
v R Hif=p,r



RAY OPTICS AND OPTICAL INSTRUMENTS

or Hy [y —a]=p,[y -P]

o [,

-

CP OP e P

et 4
Milep " or| P P

Y o B
OP IP CP
Using new Cartesian sign convention, we find
Object distance, OP=-u
Image distance, P=-v
Radius of curvature, CP =~ R
“Py Ba Wa—¥y
-u  -D -R
By oy BBy
v u R
(ii) The object lies in the denser medium. As shown
in Fig. 9.60, when the point object O is placed in the
denser medium, the refracted rays appear to diverge
from a point [ in the denser medium. So [ is the virtual
image of the point object O.

4]

-

or

or

From A NOC, i=a+y
From ANIC, r=B+y
- A
Denser - p,

¥

Fig. 9.60 Refraction at a concave surface when the
object lies in the denser medium.

Suppose all the rays are paraxial. Then the angles i,
r, o, B and y will be small.

Ztan a —ﬂ = i [+ M is close to P]

oM orP
NM NM

B=tanf=—— =
M P
NM NM

Y = tan y=—— = ——
MC PC

From Snell’s law of refraction, for refraction from
denser to rarer medium, we have
H,sini=p, sinr
As i and r are small angles, so
sini=i and sinr=r

Wol = yr

or [+ 7] =1, [B+ 7]

[NM NM] [NM NM]
or + -
oF PC IP PC
o [LJ,L} [l,,i}
“200p " pc| M [P PC
. By By KBy
I OP PC
Using new Cartesian sign convention, we find
Object distance, OP=-u
Image distance, IP=-v
Radius of curvature, PC=+ R
“H B2 _ V1N
P R
» By M iy =ty
v ou R

I

For Your Knowledge

= For both convex and concave spherical surfaces, the
refraction formulae are same, only proper signs of u, v
and R are to be used.
> For refraction from rarer to denser medium, the refraction
formula is
i (et Y B
7 M R
> For refraction from denser to rarer medium, we inter-
change u, and p, and obtain the refraction formula,
v wu R
> If the rarer medium is air (u, = 1) and the denser
medium has refractive index p (i.e,, p, = p), then for
refraction from rarer to denser medium, from (1) we
get the relation :
ool

v u R ()

For refraction from denser to rarer medium, we put

1)

Up _1_(1/w-1
v u R i)
= For an object placed in air, H'aerefmchonformula(.'i)is
applicable, i.e., E —~ %I— !-l;

AsR:spomhveforamnvex surface, v will be negative
if the value of uis less than R /(p - 1). In that case, the
image will be formed in air and will be virtual.

As R is negative for a concave surface, the value of v
will also be negative for all negative values of u. Thus
image will always be formed in air and will be virtual.

= The factor ~2_"L is called power factor of the

i spherical refracting surface. It gives a measure of the
degree to which the refracting surface can converge or
diverge the rays of light passing through it.
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Examples based on
Refraction through Spherical Surfaces

Formuloe Used
1. For refraction from rarer to denser medium,
Bo. By 74y
v u R
2. For refraction from denser to rarer medium,
ot L B
v U R
3. Power of a surface,
=H.J__p1.=g.—__-_!. 1
P R R (Eora:r)
4. First principal focal length, £, = 218
Ha=Hy
5. Second principal focal length, f, = P25
B2 =M
L. ®2
h Ky
Units Used
Distances , v, fand R are in metre, power P is in

dioptre (D), refractive indices pu, u, and g have
no units.

Example 36. Light from a point source in air falls on a
convex spherical glass surface (u =1.5, radius of curvature
=20 cm). The distance of light source from the glass surface
is 100 cm. At what position is the image formed ?

[NCERT]
Solution. Here p, =1, p, =15 u=-100 cm
R=+20cm,
[R is +ve for a convex refracting surface]
As Bz _F1_ N@CH
v u R
15 NANR.1-5 i
> 100 20 40
or N1 52 3
2v 40 100 200 200
v =+ 100 cm

Thus the image is formed at a distance of 100 cm
from the glass surface, in the direction of incident light.

Exomple 37. A glass dumbbell of length 30 cm and
refractive index 1.5 has ends of 3 cm radius of curvature.
Find the position of the image formed due to refraction at one
end only, when the object is situated in air at a distance of
12 cm from the end of the dumbbell along the axis.

Solution. Refraction occurs from air to glass at
convex spherical surface APB.

PHYSICS-XII

Therefore,
u=-12cm, R=+3cm, !»11=L p2=1.5

E l=].5—1___%
p 12 3 3
92505 1 2-1 1
or e - = =
v 3 42 12 12
or v=15%x12=18 cm

As v is positive, so a real image is formed at 18 cm
from the end P of the dumbbell.

Example 38. The diameter of a glass sphere is 15 cm. A
beam of light strikes the sphere, which converges at point
30 cm behind the pole of the spherical surface. Find the
position of the image ifp =1.5.

Solution. In the absence of glass sphere, the light
rays will converge at point O. So O acts as virtual object
for the image I for refraction at the first surface.

P T )
# 15¢cm +
e 30 em -

Fig. 9.62

u=P0O=+30cm,
Hy=1 n,=15

R=+12—5=+7.5cm

As the light passes from rarer to denser medium, so

e Y T o il
v u R
15 1 15-1 05 1
or —_——— m——
v 30 7.5 5 15
15 1 1 1
or ==
v 15 30 10
or v=+10x1.5=+15 em.

Thus the image is formed at the other end (I) of the
diameter.
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Example 39. What curvature must be given to the
bounding surface of p =1.5 for virtual image of an object in
the medium of p =1 at 10 cm to be formed at a distance of
40 cm. Also calculate power of the surface and two principal
focal lengths of the surface.

Solution. Here u=-10cm, v=-40cm, p, =],

fs=Lb
2 As the object is placed in the rarer medium, so
Ha~By _Hy Ky
R v
= 15-1_15 1 _25_1
R —40 10 40 16
or R=16x05=8 cm

As R is positive, the refracting surface is convex.
Power of surface,

p—iy _15-1_ 05

P= = =625D
R 8em 0.08 m
First principal focal length,
f]=_“_1R-_1’_‘_8=_15
H,-p; 05
Second principal focal length,
Em H,R :1.53-:8:24(:‘ln
Ha =My 0.5

Example 40. A mark placed on the surface of a glass sphere
is viewed through glass from an oppositely directed position.
If the diameter of the sphere is 20 cm ; find the position of the
image. Refractive index of glass is 1.5.

Solution. Figure 9.63 shows a glass sphere of
radius 10 cm. The mark O on its surface acts as object.
The incident ray OA is in glass and refracted ray AB is
in air. I is the image of O. Thus

B, =1 p,=15 u=0P=-20cm

[Minus sign taken for refraction
at concave surface]

=-10em

9.37

As light passes from denser to rarer medium, so

B My _M7Hy
v i R
1 15 -15
or =
v 20 -10
- 11 38 23, 1
v 20 40 40 40
or v=—40 cm

Negative sign shows that the image is virtual. It is
formed on the same side of the refracting surface as the
object at a distance of 40 cm from the pole P.

Example 41. A small air bubble in a glass sphere of radius
2 cm appears to be 1 cm from the surface when looked at,
along a diameter. If the refractive index of glass is 1.5, find
the true position of the air bubble.

Solution. Here incident ray OA is in glass and

refracted ray AB is in air. I is the final image of the air
bubble at O.

f— 2 cm —
Fig. 9.64

Here p, =1, M, =15 v=-1cm, R=-2cm

as P1_H2 _Hi=H;
v u R
1 15 1]5 1 1 1 5
————=———=— or ——=—+1==
-1 u -2 u 4 4
or u=—]'5x4=-—l.2
5

Thus the air bubble O lies at 1.2 ecm from the
refracting surface within the sphere.

Example 42. An empty spherical flask of diameter 15 cm is
placed in water of refractive index g A parallel beam of light

strikes the flask. Where does it get focussed, when observed
from within the flask ?

Solution. Figure 9.65 shows a spherical flask
placed inside water. The centre of the flask is the centre
of curvature of the spherical refracting surface. A
parallel beam of light falling on the flask diverges and
appears to come from point I.
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Fig. 9.65

", 15
28 2

As the light travels from denser to rarer medium, so
B Ma_Bioly o 1 _4/3_1-4/3
v u R v 15/2

Here p, =1,

— 0

or v=——=-—225cm.

2
Example 43. A sunshine recorder globe of 30 cm diameter
is made of glass of refractive index p =15. A ray enters the
globe parallel to the axis. Find the position from the centre of
the sphere where the ray crosses the axis.
[CBSE Sample Paper 98]
Solution. For refraction at surface AP,. The ray SA

parallel to the axis is incident on glass globe at point A.
If the glass medium were continuous, it would have
met the axis at point ;. So I, is real image of the object
at infinity.

Fig. 9.66
30
=1, =15, u=—-w, R=+—=15am
Hq Ha 2

Let P I, =v'". As refraction takes place from rarer to
denser medium, we use the relation
R D L |

v u R
15 "1 15~1 1.5x15
————=——— or v= =
v -« 15 0.5

For refraction at surface BP,. The ray AB (before

meeting point I;) suffers another refraction at surface
BP,. The real image I, acts as virtual object for
refraction at surface BP, and [ is the real image.

PHYSICS-XII

u=Bl, =Pl - PP =45-30=15cm
R=-15cm

Let le’ =7p. As refraction occurs from denser to
rarer medium, so we use the relation
Y. P Bty

v u R
}__E=£ 1=i or v=75cm
v 15 -15 v 15

Distance of image I from the centre of the sphere is
Cl=CP, + P1=15+75=225 cm.

\J)roblems For Practice

1. A convex refracting surface of radius of curvature
20 cm separates two media of refractive indices 4/ 3
and 1.60. An object is placed in the first medium
(u =4/ 3)ata distance of 200 cm from the refracting
surface. Calculate the position of the image formed.
[Punjab 01]
(Ans. At 240 cm in denser medium)
One end of a cylindrical rod is grounded to a hemi-
spherical surface of radius R = 20 mm. It is immersed
in water of refractive index 1.33. If the refractive
index of the rod is 1.50, find the position of the
image of an object placed on the axis of the rod
inside water at 10 cm from the pole.
(Ans. Virtual image at 31.25 cm
from pole and inside water)
3. A concave spherical surface of refractive index 3/2
is immersed in water of refractive index 4/3. If a
point object lies in water at a distance of 10 cm from
the pole of the refracting surface, calculate the
position of the image. Given that radius of curva-
ture of the spherical surface is 18 cm.
(Ans, Virtual image at 10.52 cm
from pole and inside the water)

to

4. A mark placed on the surface of glass sphere is
viewed through glass from a position directly oppo-
site. If the diameter of the sphere is 10 cm and
refractive index of glass is 1.5, find the position of
the image. (Ans. 20 cm towards mark from

the surface opposite to mark)

A glass sphere of radius 15 cm has a small bubble
6 cm from its centre. The bubble is viewed along a
diameter of the sphere from the side on which it
lies. How far from the surface will it appear to be if
the refractive index of glass is 1.5 ?

(Ans. Virtual image is seen at 7.5 cm
from the spherical surface)

6. An object is placed 50 cm from the surface of a glass
sphere of radius 10 cm along the diameter. Where

wn
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will the final image be formed after refraction at
both the surfaces ? p of glass = 1.5.
(Ans. At 20 cm from the centre of the sphere)
. A spherical surface of radius 30 cm separates two
transparent media A and B with refractive indices
1.33 and 1.48 respectively. The medium A is on the
convex side of the surface. Where should a point
object be placed in medium A so that the paraxial
rays become parallel after refraction at the surface ?

(Ans. At 266 cm from the pole)

8. Fig. 9.67 shows a small air bubble inside a glass
sphere (u = 1.5) of radius 10 cm. The bubble is
4.0 cm below the surface and is viewed normally
from the outside. Find the apparent depth of the

bubble. (Ans. 3 em below the surface)
P
-1
(o)
1c
p=15
Fig. 9.67
HINTS

1. Herep, =4/3 pn, =1.60, u=-200em, R =+ 20cm

A b 1iilLeo |
i v u R
160 4/3 160-4/3
v - 200 20
or 2 = + 240 cm, in denser medium.

3%

Here uy=133, u,=15 u=-10cm,
R=+20mm =+ 2cm
As the light travels from rarer to denser medium, so

o | WD Ko Ty
v u R
15) 133 15-13 17
v 10 2 200
s B =
or —_—=— - —
v 200 1000
_85-133 48
T 1000 1000
or v=—¥=—31&5m

The negative sign shows that image is virtual.

ol

3. Hereu=-10cm, uy=4/3 p,=3/2, R=-18cm

AsMz) M1 _Ma-Wy . 3/2 4/3_3/2-4/3
v u R Tl el e as
or v=-10.52 cm, in water.

4 Hereu=-10cm, R=-5cm, p; =L p,=150v="?
As refraction occurs from denser to rarer medium
at concave surface, so

By _‘_LS___I—LS 1
10

By
] u

st Lok JPES
R
On solving, v = - 20 em.
5. Refer to Fig. 9.68. Here u=PO=-9cm, p, =1}
H,=15 v=2
Use formula for refraction from denser to rarer
medium.

1
— 4+
v

N

i-—is.:m

Fig.'0.68

6. Refer to Fig. 9.69. For refraction at first face AP,.
u=-50cm, R=+10em, p; =1 p, =15, v'=?

2

As refraction occurs from rarer to denser medium,
Hz I-l-l 1.5 1 1-5 s 1 0.5

bl SEISRER Ya P ey e g
i i u R v B0 10 10

For refraction at second surface BP,. The real image
I, acts as virtual object.

u=LE =v'"-2R=50-20=30cm,

=2, R=-=10cm.
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As refraction occurs from denser to rarer medium
at concave surface, so

Hy by Ly
o i R

— e —

or

On solving, v = 10cm
Distance of final image from the centre of the
sphere =10 + 10 = 20 cm.
7. Here R=+30cm, p; =133,
p2=l.48, =00, H=1
Hy By Hp-Hy

vl u R
i 148 133 148-133
@ u 30
or u=-~1'33x30=;266cm.
0.15

L M S A R st
vu R A IR L
40 _ 1111
or v=--1-§ﬂ-»-3cm, inside glass sphere.

9.24 LENS MAKER'S FORMULA

38. Derive the lens maker’s formula for a double convex
lens. State the assumptions made and the convention of
signs used.

Lens maker’s formula. This formula relates the focal
length of a lens to the refractive index of the lens material
and the radii of curvature of its two surfaces. This formula
is so called because it is used by manufacturers to
design lenses of required focal length from a glass of
given refractive index.

New Cartesian sign convention for spherical lenses :
(1) All distances are measured from the optical
centre of the lens.
(ii) The distances measured in the direction of
incident light are positive.
(iif) The distances measured in the opposite
direction of incident light are negative.

Assumptions made in the derivation of lens

maker’'s formula :

() The lens used is thin so that the distances
measured from its surfaces may be taken equal
to those measured from its optical centre.

(if) The object is a point object placed on the
principal axis.

(tif) The aperture of the lens is small.

(iv) All the rays are paraxial, i.e., they make very
small angles with the normals to the lens faces
and with the principal axis.

PHYSICS-XII

Lens maker’'s formula for a double convex lens. As
shown in Fig. 9.70, consider a thin double convex lens
of refractive index p, placed in a medium of refractive
index p,. Here u, <pu,. Let B and D be the poles,
Cl and C, be the centres of curvature, and R, and R.2
be the radii of curvature of the two lens surfaces ABC
and ADC, respectively.

Normal Normal
at M A atN

Fig. 9.70 Refraction through a double convex lens.

Suppose a point object O is placed on the principal
axis in the rarer medium of refractive index . The ray
OM is incident on the first surface ABC. It is refracted
along MN, bending towards the normal at this surface.
If the second surface ADC were absent, the ray MN
would have met the principal axis at ;. So we can treat
I, as the real image formed by first surface ABC in the
medium of refractive index .

For refraction at surface ABC, we can write the
relation between the object distance u, image distance
v, and radius of curvature R, as

(1)

But actually the ray MN suffers another refraction
at surface ADC, bending away from the normal at
point N. The emergent ray meets the principal axis at
point I which is the final image of O formed by the
lens. For refraction at second surface, I; acts as a virtual
object placed in the medium of refractive index p, and
I is the real image formed in the medium of refractive
index p,. Therefore, the relation between the object
distance v,, image distance v and radius of curvature
R, can be written as

f1-t3. 0 2)

v Y R,
Adding equations (1) and (2), we get
B i i X
g 7 (u 2 B ) - R] R2 :|
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If the object is placed at infinity (1« = «), the image
will be formed at the focus, i.e, v = f. Therefore,

f Hq R R
This is lens maker’s formula.

When the lens is placed in air, p, =1, and p, =p
The lens maker’s formula takes the form :

(4

1
095
From equations (3) and (4), we have
Tagenl
v 5

This is the thin lens formula which gives relationship
between u, v and f of a lens.

39. Derive the lens maker’s formula for a double
concave lens.

Lens maker’s formula for a double concave lens. As
shown in Fig. 9.71, consider a thin double concave lens
of refractive index u, placed in a medium of refractive
i, Here u, <p,. Let Band E be the poles, and R, and
R, be the radii of curvature of the two lens surfaces
ABC and DEF, respectively.

Fig. 9.71 Refraction through a double concave lens.

Suppose a point object O is placed on the principal
axis in the rarer medium of refractive index . First the
spherical surface ABC forms its virtual image I,. As
refraction occurs from rarer to denser medium, so we
can write the relation between object distance 1, image
distance v, and radius of curvature R, as

v u R

A0

1 1

But the lens material is not continuous. The ray MN
suffers another refraction at N and emerges along IN.
So Iis the final virtual image of the point object O. The
image I, acts as an object for refraction at surface DEF
from denser to rarer medium. So the relation between

\'._.'I_;_f

object distance v,, image distance v and radius of
curvature R, can be written as

— i

v o7 R2

Adding equations (1) and (2), we get

My H Y 3
~L—L=(u,-py) ____,]

v u o

or l-l B ' ul ihl
v u By J1Ry Ry

If an object is placed at infinity, then the image is
formed at the focus i.e., v = f, so

(2)

l{ﬁzilﬂi_}_}
f Hq Ry R,

This is lens maker’s formula.

When the lens is placed in air, p, =lz|1'u:l],12 =u. The
lens maker’s formula takes the form :

1z 20
0]

Examples based on
Lens Maker's Formula
Formulae Used

1. For the lens of material of refractive index p,
placed in a medium of refractive index p,,

1=[J_M -v] [1_1]

f H1 R K -

2. When the lens is placed in air,
Hy=1and p, =p.

1
‘“"(l-l 1)|:——.—]
f R &
3. f and R are positive for convex surfaces and
negative for concave surfaces.
Units Used
Focal length f and radii of curvature R, and R, are
in metre, refractive indices p,, 1, and p have no
units.

Example 44. The radius of curvature of each face of
biconcave lens, made of glass of refractive index 1.5 is 30 cm.
Calculate the focal length of the lens in air.  [CusE OD 9]

Solution. Here p =1.5, R, =-30 cm, R, =+ 30 cm



9.42 PHYSICS-XII

Using lens maker’s formula, Example 48. Find the radius of curvature of the convex
1 1 1 surface of a plano-convex lens, whose focal length is 0.3 m
Ia (n-1) R R and the refractive index of the material of the lens is 1.5.
[ISCE 98 ; CBSE D 10]
=(15 4)[%0—%] =-0.5x 2__1 Solution. Herep =1.5, f=+03m, R, ==, R,=-R
£ o Using lens maker’s formula,
f =-30cm. 1 1
Example 45. The radii of curvature of the faces of a double ? =0 -1 |:'R_I . E;]
convex lens are 10 cm and 15 cm. If focal length is 12 cm,
what is the refractive index of glass 7 [NCERT] 5 o 15-1) [l " _l_jl
Solution. Here f=+12 cm, R; =+10 cm, +0.3 L
R,=-15¢cm, p=? or %ﬂ)ﬁx% or R=0.15m.
As 2o (n-1) [i - i:{ Example 49. A conwvex lens of focal length 0.2 m and made
f Ry R, of glass (u =1.50) is immersed in water (u =1.33). Find the
1 1 5 change in the focal length of the lens.
E=(p _1)[ﬁ E}=(g -1)x 0 [Punjab 91 ; CBSE OD 91|
Solution. For glasslensinair, “p_=1.5, f =02 m
1=2 =05 15 ’ :
or p, -l =—=, £l p_ —| A
12
| As  =(pg-D|o -
Example 46. A biconvex lens has a focal length 2/3 tintes ) A 8 R, R,
the radius of curvature of either surface. Calculate the
refractive index of lens material. [CBSE D 10] . (1.5 -1) t .0
2 02 "7 IR R
Solution. Here f=5R, R,=R, R,=-R
1 1 N RL -0
as Logon[-1 1
f R, R, For the same lens in water, “p =133
3 O 1 _w 1 1
2 e 2 — = N [
Y k. R+RJ fu s )[Rx R, |
3 -
T=h-l o p=1+075=175 _[“ug _1][l_i
. |2 R, R,
Example 47. The radii of curvature of a double convex lens Hu : “
of glass (u =1.5) are in the ratio 1:2. This lens renders the (15 _q) 10 = 0.17 x 10
rays parallel coming from an illuminated filament at a distance - T 133
of 6 cm. Calculate the radii of curvature of its surfaces. 5 g5 133 —
Solution. Here f =+6cm, u =15 R, =+ R, T
R,=-2R -~ Change in focal length
1 11 = f,— f, =078 -0.20 = 0.58 m.
As f S — )[E "E] Example 50. The radii of curvature of a double convex lens
are 10 cm and 20 cm respectively. Calculate its focal length
L (15-1) [ 1 + 1 } when it is immersed in a liguid of refractive index 1.65. State
6 R 2R the nature of the lens in the liquid. The refractive index of
1 3 glass is 1.5.
or —=05x —
6 2R Solution. Here R, =+10 cm, R, =-20cm,
05x3x6
or R:T—=4.Scm ‘P:=1-55f “pg:l_s
& R,=+ R=+45cm i _"Hg_E_E
and R,=-2R=-9.0 cm. P27 0, T1e 1
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(10 J[l 1]
-1||—=+—

11 10 20
1.3 3

= ¥ — = ——

11 20 220
or f=-73.33 cm
The negative value of f indicates that the lens
becomes diverging when immersed in the given liquid.

Example 51.If the refractive index from air fo glass is3 /2
and that from air to water is 4/3, find the ratio of focal

lengths of a glass lens in water and in air.

3 4

Solution. Here M= 5 pw 3

_ Mg 3/2 9

Fe "w, 4/3 8

Let f and f, be the focal lengths of glass lens in
water and air respectively. Then

w

1 (1 1

=g -1 o - i)

fm ”'3‘ _Rl RZ]

. (1 # .

i RJ o
Dividing (i) and (i), we get

fwz u3_1=%_1=4:1

o, 9
f:l K g 1 —3' -1
Example 52. A double convex lens has a focal length of 25
cm in air. When it is dipped into a liquid of refractive index
4/3, its focal length is increased to 100 cm. Find the
refractive index of the lens material.

Solution. For the lens in air: f =

Let u =refractive index of lens material

relative to air
1 1
=m-nf~~—1
R, R

=(u- )[E - E] i)

For the lens in liquid : f, =100 cm, u, =—;—.

Then

or

E%I-* >

H, =H

...(i1)

or

9.43

Dividing (i) by (ii), we get
100 _ p-1
25 31,

4

or 3u-4=p-1

3
or =—=1.5.
» 2

Example 53. An equiconvex lens of focal
length 15 cm is cut into two equal halves as
shown in Fig. 9.72. What is the focal length
of each half ? [CBSE Sample Paper 98]

Solution. For the equiconvex lens, let
R,=+R R,=-R
Then from lens maker’s formula,
L] 2@-1)
T O\ el
F (u }R R] R

For each half lens, R, =R, R, =-w.

1 i 11 p-t
—_— —1 e e
7 (n )_R ] R

Dividing (i) by (ii), we get -1;—’ =

Fig. 9.72

()

-.(11)

f' =2 f=2%x15=30 cm.

)mblems For Practice

1. The radii of curvature of a double convex lens are
15 am and 30 cm and its refractive index is 1.5.
Calculate its focal length. [Haryana 99]

( Ans.20 em)

. A double convex lens has radii 20 cm. The index of ref-
raction of glass is 1.5. Compute the focal length of this
lens in air and when immersed in carbon disulphide
of refractive index 1.63. ( Ans.20 cm, — 1254 cm)

3. A biconvex lens has a focal length half the radius of

curvature of either surface. What is the refractive

index of lens material ? (Ansy =2)

4. Fig. 9.73 shows a thin lens with centres of curvature
G and C,. Find its focal length. Take p = 1.5.

[

( Ans.+ 40cm)
s
G G
b— 10em —
p———20cn—

Fig. 9.73
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A converging lens has a focal length of 20 cm in air.
It is made of a material of refractive index 1.6. If it is
immersed in a liquid of-refractive index 1.3, what
will be its new focal length ? [CBSE D 06C ; OD 11]

(Ans. 52 cm)

». A plano-convex lens (u = 1.5) has a curved surface of

radius 15 cm. What is its focal length ?
(Ans. 30 cm)
A plano-convex lens p =1.5 has focal length of
18 cm in air. Calculate the radius of curvature of the
spherical surface. [CBSE F 94]
(Ans. 9.0 cm)
The focal length of a concavo-convex lens of radii of
curvature 5 cm and 10 cm is 20 cm. What will be its
focal length in water ? Given “n_ =4/3.
(Ans. — 80cm)
A convex lens of focal length f and refractive index
1.5 is immersed in a liquid of refractive index (i) 1.6
(if) 1.3 and (iii) 1.5. What changes happen to the
focal length of the lens in the three cases ?
(Kerala 92]
[Ans. (i) -8 f (i) + 3.25 f (iii) =]
The focal length of a plano-convex lens is 20 cm in
air. Refractive index of glass is 1.5. Calculate (i) the
radius of curvature of lens surface and (ii) its focal
length when immersed in liquid of refractive index
1.6. [Ans. (i) = 10em (if) = 160 cm]
The focal length of a glass convex lens in air is
15 cm. Calculate its focal length, when it is totally

immersed in water. Given “p_=4/3 and
“n g =15 [Punjab 01]
(Ans. 60 cm)

. The radius of curvature of each surface of a convex

lens is 20 cm and the refractive index of the material

of the lens is 3/2. (i) Calculate its focal length. (i7) If

this is cut along the plane AB, what will be the focal

length of the each of the two halves so formed ?
(itf) What happens if the lens is cut along CD ?

[Ans. (i) 20 cm (ii) 40 cm (iif) f remains

same but intensity of the image decreases]

o iy
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13. A converging lens of refractive index 1.5 and of
focal length 15 cm in air has the same radii of
curvature for both sides. If it is immersed in a liquid
of refractive index 1.7, calculate the focal length of
the lens in the liquid. [CBSE OD 08]

(Ans. —63.75cm)

HINTS

1. Here R =+ 15cm, R, =-30cm, p = 1.5

e ,|_1,,”1,]

f R R
1 1 1
=(15-1)]| —=—-—|=—
( )lls —30] 20
or f=+20cm
1 1
2 = =Cp —1)[-—“—}
i 4 R R
1 1 1
=(15-1| =-"===+=
( )[20 —20:1 20
f, =20 em.
a
6 o Mg 15 150
8 n, 163 163
B [T
£ 163 200 =20 163 10
or fcz—li—‘;u=-125.4m.

3. Here f=R/2 R =R, R,=-
_I_Eu( )[ 1) or lp=2

athitls o< [ IR:
4. Here both the radii of curvature are positive.
R =+ 10cm, R, =+20cm
1 1 1 1
—=(15-1)| —=-—|=—
f ( )[10 20] 40
or f=+40cm.

in air,
e T 1 )
fo [ JLR Ry
e S T RN 5l
or —= | = = | =
22 L T e
(I 1 1
or ———= =—
R R, 20x06 12
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When the lens is placed in the liquid,

1=["_x_1}[1_i]
b R R,

1.6 1 0.3
=l = = =
[1.3 ] 12113 =12
1.3x12
or fi= DZ =52 cm

. Here p =15 R =, R,=-15cm
_a=(p*n[i-—l_}a.swn[.u.a]
o

7 R R i5
ML) f=30cm.
15 30
. Herep =15, f=+18cm, R =», R, =-R
Using lens maker’s formula,

]

1 1
wealdtd]
R R
TR 1 1
15-1]| —+ —= — =05x—
( )[w+R] or 18 0 xR
or R=05%18 =9.0 cm.
. Here f, =—20em, R =-5cm, R, =-10cm

i

Bl= =

1 L
As  —=("p —lll*."—]
i § KR
Lt LRI LR )
g il 1)[_5 10]
fily s
When the lens is placed in water, '

R,
el el

RRIE
AN S O Y W
il ["u, MR. Rz] (e
or fi=-8f

10,

13.

e 1110 et 1 L
(if) ; [,“‘ ][Rl RZJ []’3 l]f
or _ff=+3.25f.

(iiﬂ}%:(g— ]% or f =,

(i) For the lens in air:
fy =20em, p =15, R =», R,=?

a) L
it “[-Ra Ez]

LAMMDPIF I (R )
or E{-}-(l.E.I)LO Rz]
5. Ry=-10 cm.
(ii) For the lens in liguid:
Hp=15 p=16 R =, R =-10cm
_1_=[91-.1] [,Li]
f; Ky R K
(1.5 ][1 1] 1
=_'_‘“1 - — o P
1.6 w 10 160
f, =-160 cm.
C MR R AR
pillhifit ’[& RJ
LIHPPISIEN N
or E..us 1)[121 }
i W2
R R 15
SR L SMAEY AR SH O (L SRR M
”“”?;T'[um 1][& RJ s
3 llihlilia
= x—= or =60 cm

Here f, = 15am, ps=1.5,. W =17, fi=?
For the lens place in air :

MBI L*L}

I R R

1 R A

—=(15-1 =+ = |==
it 1 erm ]_R+R] R
For the lens immersed in liquid :

.1=[5;__{[L__L
Loy ) R,

{1.5 ](1 1J 022

= —-=1 e o e 152 e (G e

1.7 RINIR 1R
02l

i - _ 63.75 cm.
17775 o 4 i
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O.25 RULES FOR DRAWING IMAGES
FORMED BY SPHERICAL LENSES

40. State the rules used for drawing images formed by
spherical lenses.
rawing images formed by spherical
lenses. The position of the image formed by any
spherical lens can be found by considering any two of
the following rays of light coming from a point on the
object.

(i) A ray from the object parallel to the principal
axis after refraction passes through the second princi-
pal focus F, [in a convex lens, as shown in Fig. 9.75(a))
or appears to diverge [in a concave lens, as shown in
Fig. 9.75(b)] from the first principal focus F,.

Rules for d

Fio. 975 Path of ray incident parallel to the principal axis of
(a) convex lens (b) concave lens.

(if) A ray of light passing through the first principal
focus [in a convex lens, as shown in Fig. 9.76(a)] or
appearing to meet at it [in a concave lens, as shown in
Fig. 9.76(b)] emerges parallel to the principal axis after
refraction.

Fig. 9.75 Path of a ray passing through focus of
(a) convex lens (b) concave lens.

(iii) A ray of light, passing through the optical
centre of the lens, emerges without any deviation after
refraction, as shown in Figs. 9.77(a) and (b).

~

(b)

Fin. 5.77 Path of a ray passing through the optical centre
(a) convex lens (b) concave lens.

-

/

s
3
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Formation of images by spherical lenses :

(a) Object beyond 2F, The image is

(i) real
(iv) smaller

(1) between F and 2F
(ifi) inverted

(a)
(b) Object at 2F, The image is
(i) at2F (ii) real
(i) inverted (iv) same size
(b)

(¢) Object between 2F and F. The image is
() beyond 2F (if) real
(iff) inverted (iv) larger

(d) Object between F and O. The image is (©

(i) behind object (i) virtual
(i) erect (iv) larger
e
b s
| A -
1
I F O

(€) Object in any position. The image is -
() in front of object (if) virtual
(iff) erect (iv) smaller

(e)

Fig. 0.78 Formation of images by spherical lenses.
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9.26 THIN LENS FORMULA
41. State the lens formula. Is the same formula
applicable to both convex and concave lenses ?

Thin lens formula. Thin lens formula is a mathe-
matical relation between the object distance u, image
distance v and focal length f of a spherical lens. This
relation is :

e | =
B =

=—1_
f
In words, we can say that
1 B 1 B 1
Image distance Object distance Focal length
This formula is valid for both convex and concave
lenses for both real and virtual images.

42. By stating the sign-convention and assumptions
used, derive the relation between object distance u, image
distance v and focal length f for a thin convex lens, when
it forms real image of an object of finite size.

New cartesian sign convention for spherical lenses.
Refer answer to Q. 35 on page 9.31.

Assumptions used in the derivation of lens formula :

(i) The lens used is thin.

(1) The aperture of the lens is small.

(ifi) The incident and refracted rays make small
angles with the principal axis.

(iv) The object is a small object placed on the
principal axis.

Derivation of thin lens formula for a convex lens
when it forms a real image. As shown in Fig. 9.79,
consider an object AB placed perpendicular to the
principal axis of a thin convex lens between its F' and
C'. A real, inverted and magnified image A'B is
formed beyond C on the other side of the lens.

Fig. 9.70 Real image formed by a convex lens.
AA B'Oand A ABO are similar,
A'B OB
Pl el -.-(1)
AB BO
Also AA' B' F and A MOF are similar,
A'B _FB

MO OF

.47

But MO = AB,
AB FB
AB _OF #E)

From (1) and (2), we get
OB FB' OB -OF

BO OF  OF
Using new Cartesian sign convention, we get
Object distance, BO=-u
Image distance, OB =+wv
Focal length, OF=+ f
v _v-—f
—u f

of =—uw+uf or w=uf —of
Dividing both sides by uvf, we get

or

— e ——

This proves the lens formula for a convex lens
when it forms a real image.

43. Derive thin lens formula for a convex lens when it
forms a virtual image.

Derivation of thin lens formula for a convex lens
when it forms a virtual image. As shown in Fig. 9.80,
when an object AB is placed between the optical centre
O and the focus F of a convex lens, the image A’ B’ for-
med by the convex lens is virtual, erect and magnified.

A
K-

Fig. 9.80 Virtual image formed by a convex lens.

Triangles A’ B'O and ABO are similar.

AB BO

E = ﬁ (1)
Also, triangles A' B' F and MOF are similar.

AB BF

MO OF
But MO = AB therefore

AB BF

5" OF «A2)
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From (1) and (2), we get
BO_ BF _ BO+OF
BO OF  OF
Using new cartesian sign convention,
BO=-u, BO=-v, OF=+f
_ =B+ §
- f
-of =wv —uf
uv = uf —of
Dividing both sides by uvf, we get

-0

or
or

—_— — ——

This proves the thin lens formula for a convex lens
when it forms a virtual image.

44. Derive the thin lens formula for a concave lens.

Derivation of thin lens formula for a concave lens.
As shown in Fig. 9.81, suppose O be the optical centre
and F be the principal focus of concave lens of focal
length f. ABis an object placed perpendicular to its
principal axis. A virtual, erect and diminished image
A' B is formed due to refraction through the lens.

Fig. 9.81 Virtual image formed by a concave lens.

As A A'B'O~AABO
AB PBO
k.S A1)
AB  BO
Also, AA'B F~A MOF
AB_FB
MO FO
But MO = AB therefore
A'B'" FF
== 2)
AB FO

From (1) and (2), we get
BO FB' FO-BO

= oe— =

‘BO FO FO
Using new Cartesian sign convention, we get
BO=-u, BO=-v, FO=-f

PHYSICS-XII

=g =&y
~f

uf —uv or uv=uf -

b

or of =
Dividing both sides by uvf, we get

This proves the thin lens formula for a concave lens.

9.27 LINEAR MAGNIFICATION

45. Define linear magnification produced by a lens.
Derive expressions for the magnification produced by
convex and concave lenses.

Linear magnification. The linear magnification produced
by a lens is defined as the ratio of the size of the image formed
by the lens to the size of the object. It is denoted by m. Thus

_ Size of image _h,
Size of object  h,
Convex lens. Earlier Fig. 9.79 shows a ray diagram

for the formation of image A' B’ of a finite object AB by
a convex lens.

Now A AOB~A A'OF

A'B OB
AB OB
Applying the new cartesian sign convention, we get
A'B'=-h, (Downward image height)
AB=+h, (Upward object height)
OB=-u (Image distance on left)
OB'=+v (Image distance on right)
o E 4
ﬁh;zl_ - h_? ==
& Yoot h, v
. Magnification, m By

1
Concave lens. Fig. 9.81 shows the formation of a
virtual image A’ B’ of a finite object AB by a concave lens.
Now A AOB~A A'OB'
A'B OB
"AB OB
Applying the new cartesian sign convention, we get
A'B=+h, AB=+h,
OB'=-v, OB=-u
+h, .

+h1 -u

. Magnification, m
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Linear magnification in terms of v and f. The thin Example 54. A lens forms a real image of an object. The

lens formula is

1 .3 4
v u f
Multiplying both sides by u, we get
gt o Mg x_Jru
e J o F f
u f+u

Linear magnification in terms of v and f. The thin
lens formula is

111
v u f
Multiplying both sides by v, we get
v v v v f-v
]—-—-:- m:—:l——:
u f « ff
g o ufi=0
H E—_—m—=
il Ff4n - f
rd 5

For Your Knowledge

:num&mmmuakvmmmmmd
mvamlamesmdfmbo&realarﬂv&mﬂw

= When | m| >1, the image is magnified.

> When | m| <1, the image is diminished. :

= When| m | = 1, the image s of the same size as the object.

= When m is positive (or v is negative), the image is virtual
and erect.

> Whm nis negative (G!!l’ls,ngmve], the image is real and

¥ J

3. ﬁﬂ:arlaesmnmgrmmvenhon,mstakenmgaﬁve

4. In case of convex lens, v is positive for real image
and negative for virtual image and f is positive.

5. Incase of concave lensu, vand f are all negative.

6. Magnification m is positive for virtual image and
negative for real image.

Units Used
Distances u, v, and f are in cm or m.

distance of the object to the lens is u cmand the distance of
the image from the lens is v cm. The given graph shows the
variation of v with u. (i) What is the nature of the lens ?
(ii) Using this graph, find the focal length of this lens.

[CBSE F 04]

3

(2]

v (cm) -
s

Fig. 9.82

Solution. (/) As the lens forms a real image, it must
be a convex lens.

(i) From the graph, when u=20cm, we have
v =20 cm.

For the convex lens forming a real image, u is
negative and v and f are positive.

#u=-20cm, v=+20cm
Using thin lens formula,
et 2.tk 1 %
f v u 20 -20 10
or f=+10 cm.

Example 55. A needle placed 45 cm from a lens forms an
image on a screen placed 90 cm on the other side of the lens.
Identify the type of the lens and determine its focal length.
What is the size of image if the size of the needle is 5.0 cm ?

[Punjab 2000 ; NCERT]

Solution. Here u=-45cm, v=+90cm
Using thin lens formula,
1. 4:3. 1.1 1+2
f v u 9% 45 90
f=+30cm

Positive value of f indicates that the lens is
converging.

Magnification,
v
- or

m=

L.
5

5

L2
—-45

[ by =5 cm]
~. Size of image, h, =- 10 cm

Negative sign indicates that the image is real and
inverted.
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Example 56. Converging light rays are falling on a convex Here CO=20 cm, AO=20+5=25cm and
lens as shown in Fig. 9.83. If the focal length of the lens is BO =20 -5 =15 cm.

30 cm, then find the position of the image. For the image of end A of the needle.
uy=A0=-25cm, f=+10cm
Using thin lens formula,
r 3.3 1 1

E -"0 g J'O -—=—~+—=—+—=i
or v, =50/3=16.67 cm

p—— 10 cn — p—0—f
For the image of end B of the needle.
Fig. 9.83 Fig. 9.84 u,=BO=-15cm, f=+10cm
. _ . i 1.1 1 1 1
Solution. The incident light rays appear to So—=—t—m—+——=— OF B =30cm
converge at point O. So O acts as virtual object for the v, [ MNE30 -15GE0
lens and [ is its real image as shown in Fig. 9.84. Here Hence the length of the image of needle AB
u=+10 cm, f=+30 cm. = vy~ v, =30~16.67=13.33 cm.

Foon i e eI, Example 59. A double convex lens made of glass of

}_=l+l=l+l=i or v=+75em refractive index 1.5 has its both surfaces of equal radii of
v f wu 30 10 30 curvature of 20 cm each. An object of 5 cm height is placed at
a distance of 10 cm from the lens. Find the position, nature

the same side as the virtual object O and size of the image. [CBSE OD 05]

Example 57. A convergent beam of light passes through a lestes Hop =158, =+ 20 am, B, =200
diverging lens of focal length 0.2 m and comes to focus at Using lens maker’s formula,

Thus the image is formed at 7.5 cm from the lens on

distance 0.3 m behind the lens. Find the position of the point
at which the beam would converge in the absence of the lens. 1. (u-1) [-1_ = i}
[CBSE Sample Paper 98] f Ry R,

Solution. As the focal length of a diverging lens is S VR | B |
negative and the distance measured in the direction of =(15-1) 20 ¥ 20)° 0.5x 20 20
incident ray is positive,

f=-02m, p=+03m & F=+Aam
1 1 4 19 € 1 50 Now u=-10cm, f=+20cm
v ubf ;_;_?_ﬁ+ﬁ_'6_ From thin lens formula,
or u=+012m l:l-q-l=2l—ila=—2l or v=—-20cm
So in the absence of the lens the beam would o G
converge at a point 0.12 m from the position of the lens. Magnification,
Example 58. A needle 10 cm long is placed along the axis m=ﬁ=3 or ) _-2
of a convex lens of focal length 10 cm such that the middle hy 5cm -10

point of the needle is at a distance of 20 cm from the lens.
Find the length of the image of the needle.

Solution. Fig. 9.85 shows a needle AB of length
10 cm, placed on the axis of a convex lens.

or h,=2x5=10 cm
Hence a virtual and erect image of height 10 cm is

formed at a distance of 20 cm from the lens on the same
side as the object.

Example 60. A double convex lens has 10 cm and 15 cm as
its two radii of curvatures. The image of an object placed
30 cm from the lens, is formed at 20 cm from the lens on the
other side. Find the refractive index of the material of the
lens. What will be the focal length ? What will be the focal
length of the lens, if it is immersed in water of refractive
Fig. 9.85 index 1.33 ¢cm ? [ISCE 95]
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Solution. Here u =—30 ¢cm, v =20 cm, R, =+10 cm,
R.2 =—=15cm
Using thin lens formula,

1 3.2 : 3 .5 1

f v u 20 -30 60 12

or f=12cm
Using lens maker’s formula,

i it 1 1
2 il Y
f Hs [R] Rz]
1

i .4
P T Iy | | (BT Sl g o =L
o TR )[10 15] Cltg~tin
6
in =1+—=15
or Hgmlt o

When the lens is immersed in water,

1 [Be [L_L]
fw auw R] R2
(1.5 J[l 1} 017 1
sl L —a S bt e
10 15 133 6

1.33
or = 136% 9 =46,94 cm.

A 7 v ¢

Example 61. An illuminated object and a screen are placed
90 cm apart. What is the focal length and nature of the lens
required to produce a clear image on the screen, twice the size
of the object ? [CBSE OD 10]

Solution. As the image is real, the lens must be a
convex lens and it should be placed between the object
and the screen.

Let distance between object and convex lens =x,
then

u=-x% v=90-x
Now  m=-— =-2 [Minus sign as image is real]
v ]
- 90--x=_2
-
or 90 -x=2x or x=?39=30
u=-30cm, v=+60cm
e, TELE B X 9 1
f v u 60 -30 60 20
or f =20 cm.

Example 62. The image obtained with a convex lens is

erect and its length is four times the length of the object. If ©T

the focal length of the lens is 20 cm, calculate the object and
image distances. [CBSE OD 10]

951

Solution. Here f=20cm, m=+4 for a virtual

image.
To calculate u, we have
m= f or 4= o or u=-15¢cm
u+ f u+20
To calculate v, we have
m= f=v or 4=20_ﬂ or v=-60cm.
& 20

Example 63. A luminous object and a screen are placed on
an optical bench and a converging lens is placed between
them to throw a sharp image of the object on the screen, the
linear magnification of the image is found to be 2.5. The lens
is now moved 30 cm nearer the screen and a sharp image is
again formed. Calculate the focal length of the lens.

Solution. In Fig. 9.86, let O and I be the positions of
object and screen, respectively. Let [, and L, be the two
conjugate positions of the lens, then

OL =Ll =x(say)
because the u and v values are just interchanged.

}J‘

ey
el

—e
(0]

f—x——t—y=an —se—x —
Fig. 9.86
For the lens in position L,
u=0L =-x, v=LI1=30+x

But magnification,
v

m=—=-25
u
(minus sign taken as image is real)
a DM 95, x=%mm

T 7

#=-20cm and ©v=30+20=50cm

As 1 1.1
v u f
: (S - !
— =
50 20 f
50 % 20
f:
50 + 20
=143 cm
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Example 64. In Fig. 9.87, a convex lens L is placed at a
distance of 36 cm from a screen. If a point-source P is placed
at 56 cm from the screen, then a circular spot of light of
diameter equal to the diameter of the lens is formed. Show the
image formation by a ray diagram. Calculate upto what
distance the source be displaced so that its clear image can be
formed on the screen.

36 cm ———

—e

g. "

Fig. 9.87

Solution. As is clear from Fig. 9.88, the circular spot
AB of light will be equal to the diameter of the lens if
the image I is formed exactly in the middle of the lens
and the screen.

u=-20cm, v=+18cm

f— 36 cm —

A
AN

P L I
Screen
F— 20 cm — 18 cm — B
Fig. 9.88
Using thin lens formula,
19

1 gt 1 1 1

—=———=— 4 —=4

f v u 18 20 180
To obtain a clear image on the screen, the distance u

of the source from the lens has to be changed. In that
case, v =+ 36 cm

1.1 1 1 19 _ 14
u v f 36 180 180
or u=-1286 cm

i.e., the source P should be at a distance of 12.86 cm from
the lens. It must be displaced by 20 -12.86 =7.14 cm
towards the lens.

Example 65. In the Fig. 9.89, the direct image formed by
the lens ( f = 10 cm) of an object placed at O and that formed
after reflection from the spherical mirror are formed at the
same point O'. What is the radius of curvature of the

mirror ? [CBSE Sample Paper 08]

PHYSICS-XII

15am

s
g -

Fig. 9.89

Solution. For refraction through the convex lens,
f=+10em,v=+15cm

1.1 1@.1 1
w o f 15 10 30
ie., LO=30cm

The image formed first by reflection from the
mirror and then by refraction through the lens will be
located at O’ only if the image formed by reflection
from the mirror is formed at O1i.e., if distance OM = R.

Hence LO+ OM=30cm + R=50 cm
R =20 ¢m.

Exomple 66. Calculate the distance d, so that a real image
of an object at O, 15 cm in front of a convex lens of focal
length 10 cm be formed at the same point O. The radius of
curvature of the mirror is 20 cm. Will the image be inverted
or erect ? [CBSE Sample Paper 08]

or u=-30cm

or

L

/

15cm d

() Y

Fig. 9.90

Solution. The final image will be formed at the
same point O if the concave mirror reverses the path of
light incident on it. For this the image formed by the
lens must be located at the centre of curvature of
mirror M. Then the light will fall normally on M and
will retrace its path after reflection,

For refraction through the convex lens,

u=-15cm, f=+10cm
S O T 1

—_—=— —=— —_—
-15

v f u 10

v =30 cm

s

30

or
For concave mirror, - R =20 cm
Hence d=v+ R=30+20=50cm

The final image formed at O will be an inverted
image.
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Example 67. In the following ray diagram are given the
positions of an object O, image I and two lenses [, and L,

The focal length of L, is also given. Find the focal length of L,.
f=15em

t— 14 cm —~e———30 em ——{

I 40 cm
Fig. 9.91
Solution. For the convex lens :

f=+15cm, u=~40cm, v="?
From thin lens formula,

¥ 1.1, 3¢ 1 8 L
v f u 15 40 120 24
or v=+24 cm

The image I' formed by the convex lens serves an
object for the concave lens.

.. For the concave lens :
u=+(24-14)=+10cm, v=+30cm, f=?
i 1 ¥ 1 1 _ 241
or f=-15 cm.

Example 68. From the ray diagram shown below, calculate
the focal length of the concave lens,

f=20cm

\/

p——— 0 ————4—

10 cm

-l

B P e .__.A;_.!
|~ '
]
Y
oy

Fig. 9.92
Solution. For the convex lens :
f=+20cm, u=-60cm, v="?
From thin lens formula,

1. 1 .1 71 i | 2 1

e =

v f u 20 60 60 30
or v=+30 cm

The image I' formed by the convex lens serves as an
object for the concave lens. But the rays converging on
the concave lens become parallel after refraction
through it and form image at infinity.

or

... For the concave lens :
u=+30-10)=+20cm, v=o, f=?

or f=-20 cm.

Example 69. A convex lens of focal length 10 em is placed

coaxially 5 cm away from a concave lens of focal length

10 em. If an object is placed 30 cm in fronf of the convex lens,

find the position of the final image formed by the combined
system.

[CBSE OD 09
Solution. For the convex lens :

f=+10cm,
From the lens formula,
11,21 1 1

v f uw 10 30 15

v=+15cm

u=-30 cm

This image is at 10 cm from the concave lens which

is placed at 5 cm from the convex lens. It will act as a

virtual object.
For concave lens :
u=+10cm, f=-10cm
 E) 0 | 1 1
S i e e T
v f u 10 10
or V=0

Hence the final image is formed at infinity. The
image formation is shown below.

5cm —

-\

+ .
¥ 0 =

1

1

"
/)rnblems For Practice

1. Where should an object be placed from a converging
lens of focal length 20 cm, so as to obtain a real image
of magnification 2 ? [CBSE OD 01]

(Ans. 30 cm)
A convex lens is used to throw on a screen 10 m
from the lens, a magnified image of an object. If the
magnification is to be 19, find the focal length of the
lens. [CBSE OD 10]

(Ans, 0.5 m)

i 30 cm o}
. A
A Al (-_:
1
'
T
i
I

-
-

Fig. 9.93

[}



L

wn

]

9.

10.

An object is placed at 0.06 m from a convex lens of
focal length 0.10 m. Calculate the position and nature
of the image. [Haryana 02]
(Ans. 15 cm, virtual)

At what distance should an object be placed from a
convex lens of focal length 15 cm to obtain an image
three times the size of the object ? [Punjab 04]
(Ans. 20 cm for real image, 10 cm for virtual image)

A convex lens is placed on an optical bench and is
moved till it gives a real image of an object at a
minimum distance of 80 cm from the latter. Find the
focal length of the lens. If the object is placed at a
distance of 15 cm from the lens, find the position of
the image. (Ans. f =20cm, virtual and erect
image at 60 cm from the lens on

the same side as the object)

A convex lens of focal length 30 cm is placed
between a screen and a square plate of area 4 cm%
The image of the plate formed on the screen is
16cm”. Calculate the distance between the plate
and the screen. (Ans. 135 cm)

The image of a needle placed 45 cm from a lens is
formed on a screen placed 90 cm on the other side
of the lens. Find the displacement of the image, if
the object is moved by 5.0 cm away from the lens.
[Punjab 2000]

(Ans. 15 cm, towards the lens)

A source of light and a screen are placed 90 cm
apart. Where should a convex lens of 20 cm focal
length be placed in order to form a real image of the
source on the screen ?

(Ans. 60 cm or 30 em from the source)

An object is placed at a distance of 1.5 m from a
screen and a convex lens is interposed between
them. The magnification produced is 4. What is the
focal length of the lens ? (Ans. 0.24 m)
A screen is placed 80 cm from an object. The image
of the object on the screen is formed by a convex
lens at two different locations, separated by 10 cm.
Calculate the focal length of the lens used.
[CBSE F 08]
(Ans. 19.7 cm)

. When a slide is placed 15 cm behind the lens in a

projector, an image is formed at a distance of 3 m in
front of the lens. (/) Show the image formation by a
ray diagram. (ii) Find the focal length of the lens.
(17f) What will be the distance between the lens and
the slide in order to get an image at a distance
4 metre from the lens ? (iv) Determine the
magnification for the case (iii).

[Ans. (if) + 143 cm (iif) — 14.8cm (iv) — 27]

12.

PHYSICS-XII

In the diagram shown below, rays are coming from
infinity and after passing through both the lenses
meet on a screen placed at a distance of 30 cm from
the concave lens. Calculate the focal length of the

concave lens. (Ans. 15 cm)

Screenj
[ ]
A ! H
i [ ]
] ] ]
] 1 [ ]
i T - = 1

t S 3—{—
] - 0
! g
I ]
"
[ ]

fp—— 20 cm 10 cm -+ 20 cm

Fig. 9.94

13.

In the following ray-diagram are shown the posi-
tions of the object O, image I, two lenses and a plane
mirror. The focal length of one of the lenses is also
given. Calculate the focal length of the other lens.

(Ans. 20 cm)
f=20em
1 .l
1
1 1 = A
i L : =
I | ; _
0 | i g ;
. : = =
. i
l—16 cmn —t 35cm o
Fig. 9.95
14. Inthe following diagram are shown the positions of
an object O, image I and two lenses. The focal
length of one lens is also given. Determine the focal
length of the other lens. (Ans. 12.63 cm)
f=20cm
, A
TR g ' :
s s 1 z
=N
b—15 em—+—20 cm —}- 15 cm |
Fig. 9.96
HINTS
1. Usem= f L
f+u
2, m=f;" or -19=i}-1—° = f=05m.
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3 Here u=-006m =-6cm, f=010m =10cm or x*>-90x+1800=0
2 IR Sl i_l_i__l or (x-60)(x-30)=0
o 1w R (=1 1111118 or x = 30, 60

or v=-15cm, virtual. or u=-30cm, -60cm.

4. Here m=E=—4 or u=—§

4. (i) For real image : m=—3, f=+ 15em, u=7? i i
m= f or -3= s or u=-20cm. Also |ul+|v|=
f+u 15+ u Y
or —+v=15
(if) For virtual image : m=+3, f=+ 15cm, u="? 4
=12
+3=1515 or u=-10cm. : o H 13‘
ik and H=——=—-03m
5. The minimum distance between an object and its
uww —=03x12

real image formed by a convex lens is 4f. e =0.24 m.

(TR -(}3 1.2
4 f=80 or f=20cm
I, Here D=80cm, d =10cm

—_—_m e — e — = = — 2
v f u 20 15 60 ;_DZD"' 903;070=19.7m
or v = — 60 cm. g 3 . e
16 em?2 I1. (i) The ray diagram is shown in Fig. 9.97.
6. Areal magnification = =4 |
41:1']"[ ../:.e'"‘::‘
~
Linear magnification = +4=4+2 “,,-/
For real image, ! d
AU, i 2l
. or v u P ><
Laf M IR I SR et A
f » u -2u u 2 v -‘*-:‘\.k\ ,
3 3‘*3‘0 1 |
or u:-—é'-fv=-— 2 =--45 }"ISCII!'T' 300 cm ““x\_‘_-‘:‘?
—2u=+90cm
Fir T
Distance between the plate and the screen et
=|u|+|v|=45+90=135 cm. (i) Here u=—15cm, v=+3m =+ 300cm
7. Here u=—45cm, v=+9%0cm ik 0011 e L1 21
L eI SHIE W, i -t e e
————— =~ or f=30cm F f 1

or f=+——3qq=+1-l.3m.

When the needle is moved 5 cm away from the lens, 21
W==(45+3)=~30cm, (iii) Here »=+4m =+ 400 cm, fh@cm
Ny | SUEREES RN AR ARARHR | 21
;“?*;‘ﬁ”*mm“ﬁ”}'g Distance between lens and slide, u=?

Using thin lens formula, we have

h | - RGO O = .

Displacement of image =v—-v'=90-75 ALt UL 1l SN i b T
=15 em) fowards the lens. 300 400 u 400 300 1200
§ Letu=-x, thenv=90-x, f=+20cm RITREHRI . 221 R S
Wy 81
il i v 400
it (iv) Magnification, m-—=—m-—z7
I ~x(90-x) -90x+x* i
O_—x~(9ﬂ—x}* -90 12, Here u=+10em, v=+ 30cm
| e T30 10 30
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13, For convex lens. u=—45cm, f =+ 20cm

D A LA 1 1
=—4o=-—t——=— Or U=+ 36cm
-45 36

For concave lens. u=+ (36 -16)=20cm, v=+ w

1 I000RE SaEEs R LR 1
—_—E e e e e D = or =_2ﬂ¢m-
ifiliFeli[Fiell 1 20 f

14, For first convex lens. u=—-15cm, f =+ 20cm,
AR A R 1 1
—=— = = — =~ 60cm
B 1 TSR T v T T 1 i R
For second convex lens. I' is virtual object and [ is the
real image, Here
t=—(60+ 20)=~-80cm, v=+ 15em
AN SHE A
f o w 15 /80 240
240 |
or =1 =12.63
19

9.28 POWER OF A LENS

46, What is meant by power of lens ? Give and define
its SI unit. Which type of lens has a positive power and
which one negative ? Express power of a lens in terms of
its refractive index and radii of curvature.

Power of a lens. The power of a lens is a measure of
the degree of convergence or divergence of the light
rays falling on it. As shown in Fig. 9.98, a convex lens
of shorter focal length bends light rays towards the
principal axis through a larger angle, by focussing
them closer to the optical centre. Hence smaller the focal
length of a lens, more is ability to bend light rays and greater

is ifs power.

—_—

Fig. 9.98 (a) Large f, small bending power,
(b) Small f, large bending power.

In Fig. 9.99, a beam of light is incident at distance h
from the optical centre O of a convex lens of focal
length f. It converges the beam by angle &.

PHYSICS-XII

Fig. 9.99 Power of a lens.

Clearly, tan 8=

or =1

|

Thus the power of a lens may also be defined as the
reciprocal of its focal length.

SI unit of power. The SI unit of power is dioptre,
denoted by D. If f =1m, then

1 =1 <
P=—=1m =1dioptre (D
Im P ’

Ifh=1then tand=

=S

One dioptre is the power of a lens whose principal focal
length is 1 metre.

The focal length of a converging lens is positive and
that of a diverging lens is negative. Thus, the power of a
converging lens is positive and that of a diverging lens is
negative. We can measure the power of a lens directly
by a device called dioptremeter. Thus, when an optician
prescribes a corrective lens of power + 2.5 D, the requi-
red lens is a convex lens of focal length, f=1/(+25D)
=+040 m =+ 40 cm. Similarly, a power of —-40D
means a concave lens of focal length —25 cm.

By using lens maker’s formula, the power of a lens
can be expressed in terms of its refractive index pu and
radii of curvature R, and R, as follows :

L =2
redepeof 1]
R R,
As the power of a lens is reciprocal of its focal
length, so it characterises the focal properties of the
lens, such as nature, size and position of image, etc.

9.29 COMBINATION OF THIN LENSES

47. Why do we use lens combinations in optical instru-
ments ? Write an expression for the total magnification
produced by combination of lenses.

Lens combinations. In many optical instruments,
two or more lenses are used either in contact or with a
gap between them. The purpose of using a lens
combination is

() To magnify an image.
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(i) To increase the sharpness of the final image by
minimising certain defects or aberrations in it.

(i) To erect the final image.

(iv) To increase the field of view.

Different lens combinations are used in the
objectives of cameras, microscopes, telescopes and
other optical instruments.

Total magnification. When lenses are used in
combination, each lens magnifies the image formed by
the preceding lens. Hence the total magnification m is
equal to the product of the magnifications m,, m,
and m, ....... » produced by the individual lenses.

M= X My X My X ...,

48. What is an equivalent lens ? Obtain an expression
for the effective focal length of two thin lenses placed in
contact coaxially with each other.

Equivalent lens. A single lens which forms the image of
an object at the same position as is formed by a combination
of lenses is called an equivalent lens.

Equivalent focal length and power of two thin
lenses in contact. As shown in Fig. 9.100, let L and L,
be two thin lenses of focal length f; and f, respec-
tively, placed coaxially in contact with one another. Let
O be a point object on the principal axis of the lens
system.

fy L
A A
m
I | e
. 1 I .-

(8] < 1 r

1
I u

+
. N

Fig. 9.100 Two thin lenses in contact.

Let OC; =u. In the absence of second lens L,, the
first lens L, will form a real image I' of O at distance
G, I' ='. Using thin lens formula,

i, A

fi v

The image I' acts as a virtual object (u =2’) for the

second lens L, which finally forms its real image I at
distance v. Thus

1 1 1

f v @
Adding equations (1) and (2), we get
A R SO |

AN

(1)

(2)

-(3)
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For the combination of thin lenses in contact, if fis
the equivalent focal length, then

D e -
———=— (4
v u f @
From equations (3) and (4), we find that
i 1.1
Foh
.. Equivalent power,
P=F +P ‘
For n thin lenses in contact, we have
3 22 ¥ -0 1
—=—t—t —F o+ —
f-h k£ 5
~.Equivalent power,

P=PE+#E+F+... +P

49. Derive an expression for the focal length of the
combination of two thin lenses of focal lengths f, and f,,
when they are separated by distance d.

Thin lenses separated by a small distance. As
shown in Fig. 9.101, consider two thin lenses L, and L,

of focal lengths f, and f,, respectively. The two lenses
are placed coaxially, distance ‘d " apart.

Fig. 0.101 Two thin lenses separated by a small distance.

Suppose a ray OA traversing parallel to the
principal axis is incident on lens L,. It is refracted along
AF, F being the second principal focus of L. The
deviation produced by L, is

8, =tan §, =1
1
The emergent ray is further refracted by second
lens L, along BF'. Since the incident ray OA is parallel
to the principal axis, F’ should be second principal
focus of the combination. The deviation produced by
the second lens L is

6, =tan g, = L
h

The final emergent ray BF', when produced back-
wards, meets the incident ray at point D. Obviously, 6
is the final deviation produced. A single thin lens
placed at C will produce the same deviation as by the
combination of two lenses. Thus distance CF' is the
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second focal length of the combination. If f is the focal
length of the combination, then

5=
f
It is obvious from Fig. 9.101, that
8=8, +9,
h b b
f A A
As AAC F ~ ABC,F, therefore, we have
i T h_ b
GF GF h h-d
fi—-d
or =
5
h, h f—d
Hence —Lt=-14+1
f A Ah "
&5 1 Lole s
f A kR Ak

In terms of powers of the lenses,
P=PR +PB-d.P.P

Examples based on
{i) Power of Lenses (ii) Combination of Lenses
Formuloe Used <
1. Power of alens, P= ¥

1
o]

W Foraoumhnﬁunoﬂemesﬁgqx g;,max
. Fortwolenﬁmcmhct.et{uiv@lﬁmaﬂmg&w
isgivenby
~ y
%-’% ‘*; “or Power, P=B+ B
o IS Ly i 1
FMHIMid@ntach et —
; f fi f! fn
 Power P=R+ B % 4 B
& ‘The equivalent focal length F of two lenses sepa-
et by thnce  is given by
i e
/S RS
or Power, P=R + B-d.R. P
Units Used

Focal lengths f, f;, f,. etc. and radii of curvature
R, and R, are in metre or cm and powers P, B, B,
etc. are in dioptre (D).

Example 70. The radius of curvature of each surface of a
convex lens of refractive index 1.5 is 40 cm. Calculate its
power. [CBSE Sample Paper 98]

Solution. Here u =15, R, =+ 40 cm =0.40 m,
R2 =—40cm=-040 m

i TP o T
s ”[R, Rz]

= (5~ 1)[—+-1—] 25D.
040 ' 040

Example 71. A double convex lens of +5 Dis made of glass
of refractive index 1.5 with both faces of equal radii of
curvature. Find the value of curvature. [€BSE F 15]

Solution. Let R =+R and R2=—R. Then

1
‘?"“‘ ’[F‘E]
1 2
05x2 1

m=—m =20 cm.
5 5

Example 72. A convex lens is made of glass of refractive
index 1.5. If the radius of curvature of the each of the two
surfaces is 20 cm, find the ratio of the powers of the lens,
when placed in air to its power, when immersed in a liquid of
refractive index 1.25.

Solution. Here R, =20 cm =0.2 m,
R,=-20cm=-02 m, My =15 p; =125
For the lens placed in air :

1 1 1 1
_{pg—l)-E—EJ (15— )[0—2—“_02] 5D

For the lens placed in liquid :

e Y1 1 15
S e

Pixs

Example 73. (i) If f=+0.5m, what is the power of the
lens ? (if) The radii of curvature of the faces of a double
convex lens are 10 cm and 15 om. Its focal length is 12 cm.
What is the refractive index of glass 7 (iif) A convex lens has
20 cm focal length in air. What is its focal length in water ?
(Refractive index of air-water =1.33, refractive index for
air-glass =1.5.) [NCERT]
Solution. (i) Here, f =+05m
1 1

- =+2D.
f +05
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(if) Here, R, =+10cm, R, =—15cm, f=+12 cm

1 (11
As o =(ug-D)| o
£ IR Rz]
11 1
Y e Ly =N
12~ %s D1 —15] By =Tig
or pg—1=0.5
or |.|S=1.5.
(1ii) Here, f, =+20 cm, p, =1.33, He =15 f,=?
For the lens placed in air :
1 (1. .42
=g =D
Y I% RJ
or 2 (15—1)—1--i
20 R, R,
1 1 1 1
or — - =—
R, R, 20x05 10
For the lens placed in water :
L_[ﬁ-l){i_i]
fw Hw Rl Rz
(1.5 ) 1
=] —— = ;e
1.33 10
10x1.33
= =+78.2
or fo T cm.

Example 74. Two thin lenses of focal lengths + 10 cm
and — 5 cm are kept in contact. What is the (i) focal length
and (ii) power of the combination ? |CBSE D 93]
Solution. Here ‘ f;=+10cm =0.10 m,
f=-5em=-005m
R 1

010 -0

1 1
R |
——m=—10

1
P=PB+B=—
(i) + b ¥

1

Example 75. A converging lens of focal length 50 cm is
placed coaxially in contact with another lens of unknown

focal length. If the combination behaves like a diverging lens
of focal length 50 cm, find the power and nature of the second
lens. [CBSE OD 04C]

Solution. Here
fi=+50cm
f=-50cm

2
f
f=

.
h

(converging lens)
(diverging combination)
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3 1.1

As ?_?1“'-?2
S S . T e ]
hi f k -5 50 25

or f=-25em=-025m
The second lens is a diverging lens. Its power is
1 1

P2=?2=_025m=—40.

Example 76. Two lenses of powers + 15 Dand -5 D are
in contact with each other forming a combination lens.
(a) What is the focal length of this combination ?
(b) An object of size 3 cm is placed at 30 em from this
combination of lenses. Calculate the position and size
of the image formed. (CBSE D 02]
Solution. (@) Power of combination,
P=P +PB=+15-5=10D
2 Focal length of combination,
f=== l m =10 cm.
P 10

b) Given b, =3 cm, u=-30cm, f=10cm
1

Using thin lens formula,

or

e

g

or

g
I

3

3

1}

=

]
2|

-
g

l
]

®|lae &
%

-
]

4@

Real inverted image of size 1.5 cm is formed at 15 cm
on the other side of the combination.

Example 77. A glass convex lens has a power of +10 D.
When this lens is totally immersed in a liquid, it acts as a
concave lens of focal length 50 cm. Calculate the refractive

index of the liquid. Given * o =1.5. {Punjab 01]
Solution. Here P=+10D
1 1
=—=—m=10em
f 10
1 1 1
But —="p, -1 ———:|
fa ¢ IR R
1 1 1
S B -
= 10 ¢ )[Rl Rz]
4 2 & .1
R, R, 10x05 5
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When the lens is immersed in the liquid,

1 15 1
or — = —-1|x=
-50 ﬂ“l
i 1.3 _]=_l
“u, 10
or ;1;)-#1—0.1={}9
Ll
or “u!=%=1.ﬁ7

Example 78. A real image is formed by the lens at a
distance of 20 cm from the lens. The image shifts towards the
combination by 10 cm when a second lens is brought in contact
with the first lens. Determine the power of the second lens.

Solution. As the image is real, so the lens is convex.
Let its focal length be f,. It forms image on the other

side, so 7 =+ 20 cm.
Using lens formula, 1—1=—1-, we have
v u f
1, ¥ 14
2—0-;—?1 m.[l‘)

When the second lens is placed in contact with the
first one, image shifts 10 cm closer to the combination,
so the second lens is also convex. If f, is the focal length
of second lens and f that of the combination, then

T
k h
For the combination, v =20 — 10 =+ 10 cm, so from
lens formula,
LR ! i)
N f f1 fz
Subtracting (7) from (ii), we get
1 1gE 1
f, 10 20 20

fz =20cm =0.2 m
Power of second lens,

Ll casp.

T 02

Example 79. A small object is placed at a distance of 15 cm
from two coaxial thin lenses in contact. The focal length
of each lens is 25 cm. What will be the distance between the
object and its image when both the lenses are (i) convex, (ii)
concave.

PHYSICS-XII

Solution. (i) When both the lenses are convex :
h=h=+2Bamm

Focal length f of the combination is given by
o tp2 Rk &

f L £ 25 25 25
or f=125cm
Now u=-15cm, f=125em
1. 1.1 1@ 1
v f u 125 18375
or =+75cm

Thus the object is at 15 em on one side of the
combination and the image is at 75 on the other side of
the combination.

- Distance between the object and image

=15+75=90 cm.

(i) When both the lenses are concave :
fi=f=-25am.
1l A 2
f L K 25 28. 25

or f=-125em

Nowu=-15cm, f=-125cm
11,1 1 1_ 1
v f u 125 15 75

or v=—-;§=—6.8
11

Thus the image is at 6.8 cm from the combination
on the same side as the object.
.. Distance between the object and the image
=15-6.8 =8.2 em.
Example BO. An object is situated at 20 cm on the left of a
convex lens of focal length 10 cm. Another convex lens of
focal length 12.5 cm is placed at a distance of 30 cm on the

right of the first lens. Find the position and magnifica-
tion of the final image. State also the nature of the image.

Solution. As shown in Fig. 9.102, the lens L, forms
image A' B of object AB. The image A'B lies within
focal length of lens L, and acts as an object for it. A" B"
is the final image formed by L,.

Forthelens L, : u=-20cm, f=+10cm

From thin lens formula,
11,1 1 _1_ .1

v f u 10 20 20
v=+20cm
ie., I_1A'=20cm

AL=LL-LA=30-20=10cm
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fp=125cm

=%
.
-

e EREE T

w
2

Fig. 9.102

Farthefms[z;
u=—10cm, f=+12.5 cm.
1. 1 1 1 1 1

% 125 10 50

v f
v =50 cm
The final image A"B’ is formed at 50 cm from I—z on

its left. It lies at the position of object AB and is virtual
and inverted with respect to the object.

or

L _AB o 20
S4B = =20

AR v, 0
AB u -10

Total magnification,
m=m, x m,=—1x5=-5.
Example 81. Find the position of the image formed by the

lens combination given in Fig. 9.103. [NCERT]
f=+10,-10, +30 cm
\\ _UA \/
f-5+—10—+
Fig. 9.103
Solution. For the image formed by the first lens,
1 1.1
vy W
£ - or v, =15cm
v, -30 10

The image formed by the first lens serves as the
object for the second. This is at a distance of
(15-5)cm =10 cm to the right of the second lens.

9.61

Though the image is real it serves as a virtual object for
the second lens, which means that the rays appear to
come from it. For the second lens,

The virtual image is formed at an infinite distance
to the right of the second lens. This acts as an object for
the third lens.

o ) oS3
vy 3 fy
1 1
or ———=lcm or *03—301:111
v; o 30

The final image is formed 30 cm to the right of the
third lens.

Example 82. An equiconvex lens with radii of curvature of
magnitude R each, is put over a liquid layer poured on top of
a plane mirror. A small needle, with its tip on the principal
axis of the lens, is moved along the axis until its inverted real
image coincides with the needle itself. The distance of the
needle from the lens is measured to be ‘a’. On removing the
liquid layer and repeating the experiment the distance is
found to be b’ ik

Given that two values of i
distances measured represent

the focal length values in the Liquid
two cases, obtain a formula
for the refractive index of the 7 e
liquid. [CBSE S.Faper 08] Fig. 9.104

Solution. Clearly, equivalent focal length of
equiconvex lens and water lens, f=a

Focal length of equiconvex lens, f, =b
Focal length f, of water lens is given by

2 321 % 1 04
L f £, a b ab
ab
o fz:b-a

The water lens formed between the plane mirror
and the equiconvex lens is a planoconcave lens.

For this lens, R,=—R and R2=0Ca

Using lens maker’s formula,
1 1 1
== -—
h &y Ry
b-a Eag?
a2t
= ab s );-R w |
or p—l=(a-b}R or j.l=l+gl—-_—b—]£.
ab ab



‘roblems For Practice

A convex lens of focal length 25 cm is placed
coaxially in contact with a concave lens of focal
length 20 cm. Determine the power of the
combination. Will the system be converging or
diverging in nature ? [CBSE D 13]
(Ans. 1D, diverging)

A convex lens of focal length 20 cm is placed

coaxially in contact with a concave lens of focal

length 25 cm. Determine the power of the
combination. Will the system be converging or

diverging in nature ? [CBSE D 13]

(An= +1D, converging)

Two lenses of powers 10 D and — 5 D are placed in

contact.

(i) Calculate the power of the new lens.

(i) Where should an object be held from the
lens, so as to obtain a virtual image of
magnification 2 ? [CBSE OD 08]

[Ans (1) 5D (i) — 10cm]

. At what distance must an object be placed from

convex lens of power 4 D to obtain a real image

three times the size of the object ? (415 33.33 cm)

-, Find the focal length and power of a convex lens,

which when placed in contact with a concave lens
of focal length 25 cm, forms a real image 5 times the
size of the object placed 20 cm from the
combination. (Ans. 10 cm, 10 D)

The power of a thin convex lens of glass is 5 D.
When it is immersed in a liquid of refractive index
H, it behaves like a divergent lens of focal length 1 m.
Calculate p of liquid, if p of glass =3/2 (Ans. 5/3)
7. A compound lens is made of two lenses having powers
+ 155D and - 5.5D. An object of 3 cm height is
placed at a distance of 30 cm from this compound
lens. Find the size of the image. (Ans. — 1.5cm)

<. Rays coming from an object situated at infinity, fall
on a convex lens and an image is formed at a
distance of 16 eém from the lens. When a concave
lens is kept in contact with the convex lens, the
image is formed at a distance of 20 cm from the lens
combination. Calculate the focal length of the
concave lens. (Ans. —80cm)

An equiconvex lens, with radii of curvature of
magnitude 20 ¢m each, is put over a liquid layer
poured on top of a plane mirror. A small needle,
with its tip on the principal axis of the lens, is
moved along the axis until its inverted real image
coincides with the needle itself. The distance of the
needle, from the lens, is measured to be 30 cm.

On removing the liquid layer, and repeating the
experiment, the distance is measured to be 20 cm.

PHYSICS-XII

Given that the two values of the distance measured

represent the focal length values in the two cases,
- calculate the refractive index of the liquid.

[CBSE D 08C] (Ans. 1.33)
HINTS
. P=R+B= 100 ) 100
filem) - fy(em)

L SRIDYE ST
25 (=20
As the power of the combination is negative, the
system will be diverging in nature.

Power of convex lens, R =% =+5D

L

Power of concave lens, P, = }E =—4D
Power of the combination, P= g + B, =+1D
As the power Pis positive, the combination will be
converging in nature.
3. (@) P=B+ B=10-5=5D.

(i) f =1P=%m=20cm

As m= f
f+u

2= 2 or u=-10cm.
20+ u

i Herem=-3, P=4D, f=-im=25cm

As m= f
f+4
-3= 2
25+ u
or u=~¥=-33.33m.
5. Here m=-5, u=-20cm
As m= f
f+u
_5=ff?.0 or fz%qmt
Now l:l-l:i-i—ﬁ:i
il (|1 ft 50 -25 50 10
100

or f,=+10em and P=1—D=IDD.

5 B =(ug—1)[—]-——‘——]

R
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3 || Eacttaait.s

Jlx-]

Divide (i) by (i) to get the value of u,.

Equivalent power, P=+155-55=10D
100 100

)

~J

Eqmvalmtﬁ)callengﬁ'l, F=?=1—0=10mn
-_-——L: 10 :—l
e e i i3
But m=£’—
hy
,—'1:—1 or h=-15cm.
3 2
4. Focal length of convex lens, f =+ 16cm
Combined focal length,  f =4+ 20cm
y g | 1
pUUIR TR,
f h £
e 1RO SR SHOEL M TR )
& A2 16 80
or f,=-80ecm.

9, Proceed as in Example 82.

9.30 COMBINATION OF A LENS AND
A MIRROR

Image formed by a combination of a lens and a
mirror. Consider an object placed in front of a lens
coaxially arranged with a mirror. The rays from the
object first suffer refraction through the lens and then
get reflected by the mirror. We can study the image
formation by such combinations through some
numerical examples given ahead.

Examples based on

Image formation by a combination
of a lens and a mirror
Concept Used
We first find the position of the image formed by
image as real (or virtual) object for the mirror, we
use mirror formula to locate the position of the
final image formed by the combination.

Example 83. A convex lens is placed in contact with a
plane mirror. An axial point object, at a distance of 20 cm
from this combination, has its image coinciding with itself.
What is the focal length of the convex lens ?  [CBSE D 14]

9.63

Solution. Figure 9.105(a) shows a convex lens L
placed in contact with plane mirror M. P is the point
object, kept in front of this combination at a distance of
20 cm, from it. As the image coincides with the object
itself, the rays from the object, after refraction from the
lens, should fall normally on the mirror M, so that they
retrace their path. For this, the rays from P, after
refraction from the lens must form a parallel beam
perpendicular to M. For clarity, M has been shown at a
small distance from L, in Fig. 9.105(k). As the rays from
P, form a parallel beam after refraction, P must be at
the focus of the lens. Hence focal length of the lens is
20 cm.

M

(b)
Fig. 9.105

Example 84. A convex lens is placed over a plane mirror.
A pin is now positioned so that there is no parallax between
the pin and its image formed by this lens-mirror
combination. How can this observation be used to find the
focal length of the convex lens ? Give appropriate reasons in
support of your answer. [CBSE Sample Paper 13]

Solution. The rays must fall normally on the plane
mirror so that the image of the pin coincides with
itself.

--.P

Fig. 9.106
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Hence rays, like CA and DB, form a parallel beam Focal length of convex lens

incident on the mirror. =OM + MF =15 +15 =30 cm.
~. P is the position of the focus of the lens
- Distance OP equals the focal length of the lens.

Example 85. The distance between a convex lens and a
plane mirror is 15 cm. The parallel rays incident on the

convex lens, after reflection from the mirror, form image at | & &
the optical centre of the lens. Draw the ray-diagram and find {
out the focal length of the lens. -

Solution. The convex lens converges the parallel l— 15 em —j=—15 i —|

rays towards its focus F. The plane mirror reflects and
converges these rays at the optical centre O. So Ois the Fig. 0.107
image of F formed by the plane mirror.

Example 86. A convex lens, of focal length 20 cm, has a point object on its principle axis at distance of 40 cm from it. A
plane mirror is placed 30 cm behind the convex lens. Locate the position of image formed by this combination.

Solution. We first find the position of the image formed by the lens L
u=-40 cm, f=+20cm

[ F——— 30cm

Fig. 9.108
p——————— 0 —8
1 . 1
Using thin lens formula, we ———— = — S v=+40cm
sing ens form we get, 2 (-40) 20

If there were no mirror, the lens would have formed the image at I,. The plane mirror M is at a distance of
30 cm from the lens L. So I, acts as a virtual object, located at a distance of 10 cm behind the plane mirror M. The
plane mirror, therefore, forms a real image (of this virtual object 1,) at I, 10 cm in front of it, as shown in Fig. 9.108.

Example 87. A convex lens and a convex mirror, (of radius of curvature 20 cm) are placed co-axially with the convex
mirror placed at a distance of 30 cm from the lens. For a point object at a distance of 25 cm from the lens, the final image, due
to this combination, coincides with the object itself. What is the focal length of the convex lens ?

L
M
A

O ~=~-- G

] 2 -
0 o p———
i B :
A’ |
Fig. 9.109 —— 25em - 30cm ———f—— 20ecm —

Solution. The final image will be formed at the same point O if the convex mirror reverses the path of the
light incident on it. The (refracted) rays are, therefore, falling normally on the mirror. The rays ABand A'B’,
when produced, will meet at the centre of curvature, C of the mirror. Hence O,C=20cm, is the radius of
curvature of the mirror.

From Fig. 9.109, we then see that for the convex lens : % =-25 cm and v = +(30 +20)cm =+ 50 cm.
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Using thin lens formula for the focal length f of the
lens, we get

3 2.1 p——
50 -25 f
1 1+2
f 50 Fig. 9.110
50 ; < _MI
f == cm =16.67 cm ~. Focal length of the mirror, f i
Example B8. A point object O is kept at a distance of For the convex lens : u=-30 cm, f="'i m = +25cm
30 cm from a convex lens of power +4 D towards its left. It is 1 “d i _ 19 1
observed that when a convex mirror is kept on the right side As T "N 95 3 —30

at a distance of 50 cm from the convex lens, the image of the
object O formed by the lens-mirror combination coincides or bl g =i or ©v=150cm
with the object itself. Calculate the focal length of the convex

mirror. |CBSE Sample Paper 15]
Solution. Here the image of the combination H 100 _.,
coincides with the object itself. This implies that [ is the RNCE;  J = =50 e,

centre of curvature of the convex mirror.

Example 89. A convex lens, of focal length 20 cm, is placed co-axially with a convex mirror of radius of curvature 20 cm. The
two are kept 15 cm apart from each other. A point object is placed 60 cm in front of the convex lens. Draw a ray diagram to show
the formation of the image by the combination. Determine the nature and position of the image formed.  [CBSE OD 14]

Solution. The ray diagram, for the image formed by the combination, is shown below in Fig. 9.111.

o 60 cm

sh— 15 am —sfp—— 30/om: ——iy

Fig. 9.111

For the convex lens : u; =—60 cm and f =+20cm
Using thin lens formula, we get
) I 1 - 1 Myl 1
- oy =60 20 7, 20 60 30
or v, =30 cm
In the absence of the mirror, the lens would have

formed the image of P at I,, which acts as a virtual object
for the convex mirror.

= Ol = distance of virtual object I, from convex
mirror = Ol; - 00 =(30-15)cm =15 cm.

For the convex mirror : u, =+15 cm and R =+20cm,
Using mirror formula, we get

B2 5, 1.0 2
v, 4, R v, 15 20
1 1 1 1
or —=———=—
v, 10 15 30
v, =+ 30cm

Hence the final image [ is a virtual image formed at
a distance of 30 cm behind the convex mirror.

Example 90 A convex lens, of focal length 20 cm and a con-
caue mirror, of focal length 10 cm, are placed co-axially 50 cm
apart from each other. A beam of light coming parallel to the
principal axis is incident on the convex lens. Find the position
of the final image formed by this combination. Draw the ray
diagram showing the formation of the image. [CBSE OD 14]

Solution. The incident beam, on lens L, is parallel
to its principal axis. Hence the lens forms an image [, at
its focal point i.e, at a distance OI,(=20 cm) from the
lens. This image, I, now acts as a real object for the
concave Mirror.

For the concave mirror: u=-30cmand f =-10cm
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Using mirror formula, we get

1.3 .3 o% &3 .1
v -30 -10 v 30 10 15
or p=-15cm

The lens-mirror combination, therefore, forms a
real image [ at a distance of 15 cm from M.

The ray diagram is as shown in Fig. 9.112.

Fg. 9.112

Example 91. A concave lens of focal length 10 cm is placed
on the axis of a concave mirror of 10 cm radius at a distance
of 5 cm from the mirror. An object is placed so that the light
coming from it first passes through the lens, then gets
reflected from the mirror, again passes through the lens to
form an inverted image coincident with the object itself.
Determine the position of the object.

Solution. The rays starting from the object O after
refraction from the lens and reflection from the mirror
retrace their path and form inverted image at O itself.
Thus the rays fall normally on the concave mirror and I
should be its centre of curvature and is the virtual
image of O.

_ For the concave lens :

=-10cm, v=-5cm, u=2?

1_.1.1 P

u v f

19
-, 7). )
f—5cm

or u=-10cm. f 10 em
[ Fig. 9.113
)mblems For Practice

I. A point object is placed 60 cm in front of a convex

lens of focal length 30 cm. A plane mirror is placed

10 cm behind the convex lens. Where is the image
formed by this system ?

(Ans. At the optical centre of the convex lens)

A convex lens, of focal length 15 cm and a concave
mirror, of radius of curvature 20 cm, are placed
co-axially 10 cm apart. An object is place in front of

I
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convex lens so that there is no parallax between the
object and its image formed by the combination.
Find the position of the object.

{Ans. At a distance of 30 cm from the lens)

3. Figure 9.114 shows a plane mirror M placed at a
distance of 10 am from a concave lens L. A point
object is placed at a dis- M
tance of 60 cm from the
lens. The image formed,
due to refraction by the
lens and reflection by
the mirror, is 30 cm
behind the mirror.
What is the focal length
of this lens ?

(Ans. — 30 cm)
An object is placed 15 cm in front of a convex lens of
focal length 10 cm. Find the nature and position of
the image formed. Where should a concave mirror
of radius of curvature 20 cm be placed so that the
final image is formed at the position of the object

u.-.-.-u.-lru

a—
-

-

!

10 em —

Fig. 0.114

ok

itself ? [CBSE OD 15]
HINT
4. For the convex lens : u=-15cm, f=+10cm
Using thin lens formula,
X[ iR 3 N - 1
e P e L or —_
I AN v =15 +10
N 0
v 10 15 30
v =+ 30cm
m:E:ﬁ_.—z
i | =15

A real, inverted and magnified image is formed on
the other side of the lens at a distance of 30 cm.
The final image formed by the concave mirror will
be at the position of the object itself only if the
image formed by the lens lies at the position of the
centre of curvature of the mirror.

. Distance of the mirror from the lens

=(30+ R)em = (30+ 20)cm =50 cm.

9.31 REFRACTION THROUGH A PRISM

50. What is a prism ? What do you mean by refracting
faces, refracting edge, base, angle of prism and principal
section of a prism.

Prism. A prism is a wedge shaped portion of a
transparent refracting medium bounded by two plane faces
inclined to each other at a certain angle.

The two plane faces (ABED and ACFD) inclined to each
other are called refracting faces of the prism.



RAY OPTICS AND OPTICAL INSTRUMENTS

Refracting D

Principal
faces secsor;n A
Angle
ofprism / 0\ Bl E
B C B C
Fig. 9.115  (a) A glass prism. (b) Principal section
of a prism.

The line (AD) along which the two refracting faces meet
is called the refracting edge of the prism.

The third face (BCFE) of the prism opposite to the
refracting edge is called the base of the prism.

The angle A included between the two refracting faces is
called angle of the prism.

Any section of the prism cut by a plane perpendicular to
the refracting edge is called principal section of the prism.

51. Discuss the phenomenon of refraction through a
prism. Derive an expression for the angle of deviation for
a ray of light passing through an equilateral prism of
refracting angle A.

Refraction through a prism : Deviation produced
by a prism. In Fig. 9.116, let ABC represent the
principal section of prism. A ray PQ is incident on face
AB. As it enters the denser medium (glass), it bends
towards the normal along path QR. The ray QR suffers
another refraction at face AC ; bending away from the
normal, it emerges along RS. The angle of deviation § is
the angle between the incident ray and the emergent ray. Let
i and r be the angles of incidence and refraction at the
face AB, and v and 7 be angles of incidence and emer-
gence at the face AC. Let A be the angle of the prism.

Fig. 9.116 Refraction through a prism.

From the quadrilateral AQNR,
A+ Z QNR =180°
From the triangle QNR,
r+7 + < QONR =180°
A=r+7r

9.67

Now, from the triangle MOR, the deviation produced
by the prism is
=4 MQR+Z MRQ=(i-r)+(-7)

or & = deviation at the first face
+ deviation at the second face
=(i+7)—=(r+r)
or d=i+7-A
or i+f'=A+38
ie, Angle of incidence + Angle of emergence

= Angle of prism + Angle of deviation

So when a ray of light is refracted through a prism, the
sum of the angle of incidence and the angle of emergence is
equal to the sum of the angle of the prism and the angle of
deviation.

Factors on which the angle of deviation depends :

(/) The angle of incidence.

(ii) The material of the prism.

(1) The wavelength of light used
(iv) The angle of the prism.

52, Discuss the variation of the angle of deviation
with that of the angle of incidence for a ray of light
passing through a prism. Derive an expression for the
refractive index of the material of a prism in terms of the
angle of prism and the angle of minimum deviation.

Variation of angle of deviation with angle of
incidence. Fig. 9.117(a) shows the path of a ray of light
suffering refraction through a prism of refracting angle
‘A, Fig. 9.117(b) shows the variation of angle of devia-
tion 8 with the angle of incidence i. For a given prism

=]
I
=2]

o gy -

......

Fig. 9.117 (a) A ray of light passing through a prism.
(b) Plot of variation of angle of deviation & versus
angle of incidence i for a prism.
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and for a given colour of light, the angle §depends on
i only. As i increases, the angle of § first decreases and
reaches a minimum value § and then increases.
Clearly, any given value of & corresponds to two
angles of incidence i and 7. This fact is expected from
the symmetry of i and 1 in the equation : 6=i+7 - A
Le., d remains the same as i and ' are interchanged.
Physically, it means that the path of the ray in Fig. 9.117(a)
can be traced back, resulting in the same angle of
deviation.

The minimum value of the angle of deviation suffered by

a ray on passing through a prism is called the angle of
minimum deviation and is denoted by &, .

Relation between refractive index and angle of
minimum deviation. When a prism is in the position of
minimum deviation, a ray of light passes symme-
trically (parallel to the base) through the prism so that

i=i', r=r', 8=3,
As A+8=i+1'
A+ D
A+d, =i+i or i= 2"‘
Also A=r+r'=r+r=2r
A
r=—
2

From Snell’'s law, the refractive index of the
material of the prism will be

A+d

By measuring the values of Aand§,, , with the
help of a spectrometer, the refractive index p of the
prism glass can be determined accurately.

9.32 DEVIATION THROUGH A PRISM OF
SMALL ANGLE

53. Derive an expression for the angle of deviation of a
small prism in terms of the refractive index and the angle
of the prism.

Deviation produced by a prism of small angle.
Refer to Fig. 9.117(a). Suppose the light is incident at a
small angle i on the prism, then angles r, ¥ and " will
also be small.

For refraction at face AB, we have

sini i ;
e T = R
sinr r
For refraction at face AC, we have
sini’ ' , ;
=— =— = '=pr
sinr’ r'
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Hence deviation produced by the prism is
d=i+1'—A=pr+pur'—-A

=p(r+r')-A=p A-A
[ r+r' = A)

or 6=(n-1)A

Clearly, the deviation produced by a small angled
prism does not depend on the angle of incidence. It
depends on the angle of the prism and the refractive

index of its material.
For Your Knowledge )

e
= A ray of light suffering refraction through a prism is
bent towards the base of the prism. -
The deviation produced by a prism is maximum
when the angle of incidence is 90°.
By =90°+ i'— A,
= For a small angled prism, angle of deviation
8=(u—1) A But for a prism with larger refracting
angle, 8=i+i'-A
There are two angles of incidence iand i’ for which a
ray of light passing through a prism deviates through
the same angle 5.
= There is one and only one angle of incidence for
which the angle of deviation is minimum.
> The deviation [ = (u — 1) A] produced by a prism of
small angle is independent of the angle of incidence.
Moreover, this expression indicates that thin sheets of
glass (A = 0°) cannot deviate light rays. S,

v

9.33 DISPERSION OF WHITE LIGHT

54. What is dispersion of light ? Explain it with a ray
diagram. Also explain the cause of dispersion of light.

Dispersion of white light. When a narrow beam of
sunlight is incident on a glass prism, the emergent light
when made to fall on a screen shows several coloured
bands. Broadly, the component colours are in the
sequence : violet, indigo, blue, green, yellow, orange
and red (given by the acronym VIBGYOR). The red
colour bends the least and the violet colour bends the
most, as shown in Fig. 9.118.

Fig. 0.118 Dispersion of white light by a glass prism.



RAY OPTICS AND OPTICAL INSTRUMENTS

The phenomenon of splitting of white light into its
component colours on passing through a refracting
medium is called dispersion of light. The pattern of
" the coloured bands obtained on the screen is called

Newton’s classic experiment on dispersion of white
light. It can be easily seen from experiments that a
prism only separates the colours already present in
white light but the prism itself does not create any
colour.

Fig. 9.119 Recombination of white light.

As shown in Fig. 9.119, take two prisms P, P, of the
same glass material and of same refracting angle ( A).
Place the second prism P, upside down with respect to
the first prism P,. Allow a narrow beam of white light
to fall on the prism P, and observe the emergent beam
from prism P, on a screen. A patch of white light is
seen on the screen. Clearly, the first prism disperses
the white light into its component colours, which are
then recombined by the inverted prism into white
light. This proves that white light itself consists of
different colours which are just dispersed by the prism.

Cause of dispersion. Each colour of light is
associated with a definite wavelength. In the visible
spectrum, red light is at the long wavelength end
(~700 nm) while the violet light is at the short
wavelength end (~400nm). Dispersion takes place
because the refractive index of the refracting medium is
different for different wavelengths. The refractive index p
of a material for wavelength A is given by the Cauchy’s
relation :

c

“=H+-}?+F

where a, b and ¢ are constants, the values of which
depend on the nature of the material. Also, for a
small-angled prism, the angle of deviation is given by

d=Ap-1)
Now Xed > ot

Hored <M yiglet »and henced ., < &, ..,
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Thus the red colour is deviated the least and the
violet is deviated the most. Other colours are deviated
by angles between §_, and 8, ,,. So different colours
contained in white light emerge from the glass prism
in different directions due to their different wave-
lengths, which is called dispersion.

Table 9.2 Refractive Indices for
Different Wavelengths
Colour | Wavelength A | Crown glass | Flint glass
Violet 3969 1.533 1.663
Blue 4861 1523 1.639
Yellow 5893 1.517 1.627
Red 6563 1.515 1.622

55. What are dispersive and non-dispersive media ?
Give examples.

Dispersive media. In some refracting media,
different colours of light travel with different speeds.
The variation of refractive index with wavelength- is
highly pronounced for such media. These media which
bring about a good dispersion of white light are called
dispersive media. For example, glass, quartz, etc.

Non-dispersive media. In vacuum, all colours of
light travel with the same speed. So the refractive
index of vacuum is independent of wavelength. White
light does not undergo dispersion in vacuum. Such a
medium is called a non-dispersive medium.

9.34 ANGULAR DISPERSION AND
DISPERSIVE POWER

~ 56. Define angular dispersion and dispersive power.
Write expression for these quantities in terms of
refractive index.

Angular dispersion and dispersive power. When a
beam of white light passes through a prism, it gets
dispersed into its constituent colours. Let 3, 8; and &
be the angles of deviation for violet, red and yellow
(mean) colours respectively, as shown in Fig. 9.120.

Fig. 9.120 Angular dispersion.



9.70

Then &, =(u, -1 A

d=(u-1)A
where p,,nu, and p are the refractive indices of the
prism material for violet, red and yellow (mean)
colours, respectively.

The angular separation between the two extreme
colours (violet and red) in the spectrum is called the
angular dispersion.
~. Angular dispersion
=8, -5
=(hy D A-(ug -1 A=(ny -ng) A
Clearly, the angular dispersion produced by a
prism depends upon (i) angle of the prism and
(i) nature of the material of the prism.
Dispersive power is the ability of the prism material to
cause dispersion. It is defined as the ratio of the angular
dispersion to the mean deviation.

- Dispersive power,
_ Angular dispersion 8, — &,
"~ Mean deviation &
_(y —DA-(@g-DA
r-1)A
Hy “Bg
p—1

For Your Knowledge -

= The refractive index (u) of any material for yellow |
light is equal to the mean of the refractive indices for
the violet and red lights, ie.,
By tHg .
B=g |
That is why yellow light is called mean light and its
deviation is called mean deviation, which is given by |
- Sihbs
' 2 .
= Due to its small wavelength, violet light is harmful to |
our eyes. So in experiments, angular dispersion and |
dispersive power of a material are measured for blue
and red lights. Thus
B Mg
p-1

The dispersive power depends on the nature of the

malaenalofﬂ'lepnmnandrmtunxtsre&acbngangle,
A However, both and mean

f
r deviation also depend on the angle of the prism.
|

or o=

W=

v

L

Greater the dispersive power of a material, larger is the
spread of a spectrum produced by the prism of the
' Dispersive power of flint glass is more than that of
crown glass.

o —_ e

L\

PHYSICS-XII

Examples based on

Formulae Used

1. For refraction through a prism,
A+d=i+i"and r+r'=A
2. In the condition of minimum deviation,

smf!wti'!
i=i, r=r, 8=9,; p= mé
2
3. Deviation produced by a prism of small angle,

d=(u-DA
4. Angular dispersion =3, -3, =(u, —ny) A

28p=Sp By -Hp
5. Dispersive power, ® = 5 it

6. Mean deviation, B=5V—-;8-'1
y ; _Bytp
7. Mean refractive index, p ———Jiz :

Units Used
Anglesi,i',r, 1, A, § 8,8, and 8, are in degrees ;
dispersive power o and refractive indices p, p 5
and p have no units.

Example 92. Calculate the refractive index of the material

of an equilateral prism for which the angle of minimum

deviation is 60°. [CBSE Sample Paper 98]
Solution. For an equilateral prism, A =60°.
Also § =60°
.. Refractive index of the prism material is
A+d 60° + 60°
e 2—“m" SiN——>—  sin60° 3 2 B
p= A = 60° =— 309 —2— x T 3.
sin 5 sin —2—“ am

Example 93. A ray of light passes through an equilateral
glass prism, such that the angle of incidence is equal to the
angle of emergence. If the angle of emergence is 3/4 times the
angle of the prism, calculate (i) the angle of deviation and
(ii) the refractive index of the glass prism. [CBSE OD 13C]

Solution. (i) Here A=60°, i=1 =g A=45°, p=?

As A+8=i+17
60+8=45°+45° or &=90°-60°=30
| e A+26m 60° + 30°
(if) o — =——%0°
sin 5 sin >3
sin45° 1/42 o
= = 2 =1.414.
sin30° 1/2
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Example 94. A ray of light incident on an equilateral glass
prism shows minimum deviation of 30°. Calculate the speed

of light through the prism. [CBSE OD 01]
Solution. Here A=60°, §  =30°
. A+8 60" +30°
I sin >
Refractive index, p = =~ = 60“
Sm i,
2 2
L (-]
e U2 5o
sin30° 1/2
Velocity of light in glass,
8
= 3X10 519 10 ms™
po 1414

Example 95. A ray of light passing through an equilateral
triangular glass prism from air undergoes minimum deviation
when angle of incidence is 3/4th of the angle of prism.
Calculate the speed of light in the prism. [CBSE D 08]

Solution, Here i=% A=%x60=45°

In the position of minimum derivation, r =;~ =30°

smx _sin45° 1 2 N
=— —.=2
T sinr sin30° fol
¢ 3x108 5 c
Hence, v=—= ms™! s =—
" ﬁ [~ n U]

=0.707 x 3 x 108ms™ = 2.12 x 10 ms™?
Example 96. Calculate the angle of minimum deviation for
an equilateral triangular prism of refractive index /3.
[IPUEE 11]
Solution. Here, A=60° u =43, 3, =

As

. __2__
sin 30°

8 +60°

°+ 5 _m__ =H0°

or sm—z—ﬂ- J§x1—’=sin60“ or

or 8, =120 -60 = 60°.

Example 97. A ray PQ incident on the face ABof a prism

ABC, as shown in [Fig. 9.121(a)], emerges from the face AC

such that AQ= AR. Draw the ray diagram showing the
passage of the ray through the prism. If the angle of the prism
is 60° and refractive index of the material of the prism is /3,

determine the values of angle of incidence and angle of

dewviation. [CBSE OD 15]

Fig. 9.121 (a)

(&)

Solution. The ray QR passes parallel to the base of the
rism. It is minimum deviation position of the prism.

or

aini=1f3_x-;-=

Angle of incidence, i = 60°
Also, i+i'= A+86 or 60°+60°=
Angle of deviation, 5=60°.
Example 98. A ray of light suffers minimum deviation,
while passing through a prism of refractive index 1.5 and
refracting angle 60°. Calculate the angle of deviation and
angle of incidence. [Punjab 97]
Solution. Here u =15, A=60°
In the position of minimum deviation,

N
2

60°+ &

i=A+6’", r='-—a
2 2
sin i abn i
As sk 1.5=
= sin 30°

sini=15x05=075
i =sin”! (0.75) = 48.6°
8, =2i- A=2 x 48.6 -60 = 37.2°.

Example 99. A ray of light PQ is incident at angle of 60°
on the face AB of a prism of angle 30° as shown in
Fig. 9.122(a). The ray emerging out of the prism makes an
angle of 30° with the incident ray. Show that the emergent
ray is perpendicular to the face BC through which it emerges.
Also calculate the refractive index of the prism material.
[CBSE D 02C]

or

P

(a)

Fig. 9.122
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Solution. Here i =60°, A =30°

As the emergent ray makes an angle of 30° with the
incident ray, so

angle of deviation, &=30°

Now i+f=A+9d
. Angle of emergence,
f=A+8-i=30°+30°-60°=0°

Thus the emergent is perpendicular to the face BC
through which it emerges, as shown in Fig. 9.122(b).

When 7=0°, ¥=0°
r=A-7=30°-0°=30°
_sini sm60° -J_IZ LI
“sinr sin30° 1/2 -

Example 100. A prism is found to give a minimum
deviation of 51°. The same prism gives a deviation of 62°48'
for two values of the angles of incidence 40°%' and 82°42'.
Determine the refracting angle of the prism and the
refractive index of the prism material.

Solution. As the path of the rays through a prism is
reversible, so out of the two given angles of incidence,
one can be taken as the angle of incidence i and other as
the angle of emergence 7'

i=40%', i =82°42', 5=62°48, § =51°
As A+d=i+17
A=i+i—§ =82°42" + 40%' —62°48' = 60°.
A+8, . 60°+51°
sin sin
|.l= 2 = 2
o A —60°
sin — sin —
2 2
_ sin 5530 _osd4 .,
sin30°  0.5000

Example 101. A glass prism of refracting angle 60° and
refractive index 1.5, is completely immersed in water of
refractive index 1.33. Calculate the angle af minimum devia-
tion of the prism in this situation. (sin™ 1 0.56 =34.3°)

) [CBSE D 97C)
> K 15
Solution. Here "y _=-% ="
He=L, T133
A=60° §, =
e A -;ﬁm
w —
Now Hg —
51"‘ —_—
2
. A+d
15, M=o
133 sin 30°
A+3d ;
or s T =0.56
2 1 2
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43 ;am = sin~10.56 =34.3°

3, =68.6°—-60°=8.6"

Example 102. One face of a prism of refracting angle 30°
and refractive index 1.414 is silvered. At what angle must a
ray of light fall on the unsilvered face so that after refraction
into the prism and reflection at the silvered surface it retraces
its path ?

Solution. The ray will retrace its path at the
silvered face when it is incident normally on it.

i'=0 and so Y =0
As r+r=A or r+0=30° A»
r=30¢ \
As p_ﬂ
sin r
i _=2 sini
or e e T ¥
21
=% = Fg.0.123
Hence i=45°,

Example 103. An equilateral glass prism (n =1.6) is
immersed in water (u=1.33) Calculate the angle of
deviation produced for a ray of light incident at g0° on one

face of the prism.

Solution. For an equilateral glass prism, A=60°,
u g =16
“u,=133

Refractive index of glass,
Refractive index of water,

Fig. 9.124

. Refractive index of glass w.r.t. water is

‘Mg 16
o= =—-=1.203
M, 133
For refraction at face AB :

Angle of incidence, i = 40°
Angle of refraction =7, say

]
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Then “p_= ﬂ
& sinr
or {508 2
smr
or WL e
1203 1.203
r=32°18'

For refraction at face AC :
Let ¥ be the angle of refraction at the second face AC.
As r+r=A
r=A-r=60°-32°18" =27°42’
If /' is angle of emergence, then

w. s
i T
or sinf'= “'pg x sin ¥ =1.203 x sin 27°42'
=1.203 x 0.4648 =0.5592
or f=54"

. Angle of deviation,
d=i+7 -A=40°+34°-60°=14°,
Example 104. Find the angle of dispersion between red

For the prism placed in air,

3
3, ={“p3-1)A=[E—1] A=— A

x
2
For the prism placed in water,

62=t“’ug~l>A=[$—1JA

8 8

4/3

5 1/8 1

H 2= ="
a7

Example 107. A prism with refracting angle of 60°, gives
angle of minimum deviation 53°,51° and 52° for blue, red
and yellow light respectively. What is the dispersive power of
the material of the prism ? [ISCE 96)
Solution. Here 8; =53°, 8§, =51°, §, =52°

Dispersive power,
dy 52

Example 108. The refractive indices of flint glass for blue

=0.038.

and violet colours produced by a flint glass prism of and red colours are 1.664 and 1.644. Calculate its dispersive

refracting angle 60°. Refractive indices of prism for red and
violet colours are 1.622 and 1.663, respectively. [Punjab 91]
Solution. Here
A=60°, pp=1622 ‘pu, =1.633
Angular dispersion between red and violet colours
is .
8, —8g = A(p, —ng)=60°(1.663 ~1.622)
= 2.46"°
Example 105. A thin prism of refracting angle2° deviates

an incident ray through an angle of 1° Find the value of

refractive index of the material of the prism.
[CBSE Sample Paper 03]

Solution. Here A=2° 6=1% =1
Deviation through a prism of small angle is
given by
d=(m-1)A

asdig=tatoge
A 2

Example 106. Show that the angle of minimum deviation
produced by a thin prism is reduced to one-fourth (with
respect to air) when it is immersed in water. Given
“ps =3/2and "n,=4/3.

Solution. Deviation produced by thin prism,

S=(u-1)A

power.
Solution. Here p,=1664, u,=1644
_MptpHp  1.664 +1.644
2 2
Dispersive power,
- "tﬂ _HR G 1.664 “1.644
=1 1.654 -1
Example 109. A glass prism deviates the red and the blue
rays through 10° and 125, respectively. A second prism of
equal angle deviates them through 8° and 10° respectively.
Find the ratio of their dispersive powers.
Solution. For the first prism, we have
8 — 8y =12°-10°=2°
Mean deviation,
8g+8 12°+10°

=1.654

® = 0.0305.

5= =11°
2 2
.. Dispersive power,
8., —
= B 5 :E-
) 11

Now for the second prism,
8, - 8z =10°-8°=2°
5= 8y + 8, _10+8 _go
2 2

and
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B 2
)
Hence 2=2/1_9 _g.41
g 2/9 11

Example 110. The refractive indices for a material for red,

violet and yellow lights are 1.52, 1,62 and 1.59 respectively.

Calculate the dispersive power of the material. If the mean

deviation is 40°, then what will be the angular dispersion

produced by a prism of this material ?
Solution. Dispersive power,

Cpy —Hg  162-152

@ =0.169
wy-1  159-1
5, -5
Also o=—+—2F&
Oy
.. Angular dispersion

=3, -8z =wd, =0.169 x 40° = 6.76°.
Example 111. In a certain spectrum produced by a glass
prism of dispersive power 0.031, it is found that the
refractive index for the red ray is 1.645 and that for the blue
ray is 1.665. What is the refractive index of yellow ray ?
[ISCE 95]

Solution. Here ®=0.031, p, =1.645, p, =1.665

or

Example 112. A spectrometer measures angles correct to
' of an arc. If an experiment gives
A=60°0"; 5, =486
calculate the percentage accuracy of the value of .
. A+8
sin

Solution. p =

=2 sin 54°18' =2 x 0.8121 =1.6242
Differentiating u with respect to §,,, we get
dp 1A cos[iAqFS’"]x 1

ds. 2 2

m o sin —
2

or
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1 1 [A+6m]
= X — COS
sin30° 2 2

= cos(ﬂ-;a”' )=cos 54°18' =0.5835

du =0.5835 do,,

Now the error in measuring §, =+6'

. Total range of error is

d5 =12'=[1] =(1xLJrad
m 5) |5 180
dy = 0.5835(d5, )
1 = 1276

=05835x —x —=——
5 180 6300

12.76 ~ 100

Hence % error:d—“x100=—x el

T 6300

1276 _
100.8

1.6242

0.12,

()rohlems For Practice

1.

A ray of light is inclined to one face of a prism at an
angle of 50°. If the angle of prism be 60° and the ray
be deviated through an angle of 42°, find the angle
which the emergent ray makes with the second face
of the prism. (Ans. 28°)
A ray of light strikes one face of the prism at an
angle of incidence 60° and angle of refraction is 30°.
If the angle of prism is 60°, find the angle of
emergence. (Ans. 60°)
The refracting angle of a glass prism is 60° The
value of minimum deviation for light passing
through the prism is 40°. Calculate the value of
refractive index of the material of the prism. Given
sin 50° = 0.766. [CBSE D 93C]
(Ans. 1.532)
A ray of light incident at an angle of 48° is refracted
through a prism in its position of minimum
deviation. The angle of prism is 60°. Calculate the
refractive index of the material of the prism.
(sin 48° = 0.74, sin 30° = 0.50) [CBSE 95]
(Ans. 1.48)
A glass prism has a refracting angle of 60°. The
angle of minimum deviation is 40°. If the velocity of
light in vacuum is 3x10°ms™, calculate the
velocity of light in glass. At what angle the ray
should be incident ?  (Ans. 1.958 x10® ms™*, 50°)

As shown in Fig. 9.125, PQ is the ray incident on a
prism ABC. Show the corresponding refracted and
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emergent rays. The critical angle for the material of
the prism is 45°. Also find the refractive index of the
material of the prism. (Ans.v2)

Fig. 9.125

7-

10.

11.

14.

A ray of light falls normally on the face of a glass
prism having refractive index of 1.5. Find the angle
of prism, if the ray just fails to emerge from the
second face. (Ans. 41.89)

A ray of light falls on a glass prism at an angle of
incidence of 30°. Find the direction of the emergent
ray if the angle of the prism is 60° and refractive
index is 1.50. (Ans.i'=77°7)
A thin prism of 6° angle gives a deviation of 3°.
What is the refractive index of the material of the
prism ? (Ans. 1.5)
Once face of a prism with a refracting angle of 30°is
coated with silver. A ray incident an another face at
an angle of 45° is refracted and reflected from the
silver coated face and retraces its path. Find the
refractive index of the material of the prism.
[CBSE F 09]
(Ans.1.414)
A ray of light incident on an equilateral glass prism
(M giass = +/3) moves parallel to the base of the prism,
inside it. What is the angle of incidence for this ray ?
[CBSE D 12]
(Ans.60°)
White light is passed through a prism of 5° If the
refractive indices for red and blue rays are 1.641
and 1.659 respectively, calculate the angle of
dispersion between them. [Punjab 99C]
(Ans. 0.09°)
The refractive indices for lights of violet, yellow
and red colours for a flint glass prism are res-
pectively 1.632, 1.620 and 1.613. Find the dispersive
power of the prism material. ( Ans. 0.0306)

Calculate the dispersive power of crown and flint
glass prisms from the following data :

For crown glass : p 5 =1522, p,=1514
For flint glass : p, =1.662, p.=1.644

(Ans. @, =0.01544, g, =0.0276)
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15. The refractive indices of crown glass for violet and

red colours are respectively 1523 and 1.513.
Determine the dispersive power of this glass. If a
crown glass prism produces a mean deviation of
40°, what will be the angular dispersion ?

(Ans.0.0193, 0.772°)

. Find the angle of flint glass prism which produces

the same angular dispersion for C and F wave-

lengths in 10° crown glass prism.

For crown glass : p =1.5230, p.=15145

For flint glass :  p =1.6637, u.=16444
(Ans.4.4°)

HINTS
1. In Fig. 9.126, i =90° - 50° = 40°, A = 60°, & =42°
As it+i'=A+d , '
= A+8=1=60°+ 42° —40° = 62°
Angle made by emergent ray with second face
= 90° - 62° = 28°,

Fig. 9.126
2. Here i =60°, r=30° A= 60° Refer to Fig. 9.126.

As r+r=A

r'=A-r=60°-30°=30°
Le., r=r'and the ray passes symmetrically through the
prism

A+5m 60° + 40°
1L 2 1 2
H LA TR T
S sm ——
2 2
o
sl 107661 s
sin 30° 05

4. Given i=48°% A =60°

In the position of minimum deviation,

. A
A=r+r'=r+r or r=—2-




Fig. 8.127

. Le0® 4 40°
_e MM sin50° 07660
e T e a02 sin30° 05
0.5 x 3 x 10° Al
=TT -1.958 x10° ms
0.7660
60° + 40°
ol A+d, 607+ — 50,
2 2

. Refer to Fig. 9.127. As the ray PQ is incident
normally on face AB, so the refracted ray QR goes
straight and is incident on face AC at 45°. Now the
angle of incidence is equal to critical angle
(i=i_=45%), the emergent ray QR goes along
second face RC.

Fig. 9.128

. Refer to Fig. 9.128. As the ray PQ is incadent
normally on face AB, so the refracted ray OR goes
straight and is incident on face ACatan angle equal
to A. As the ray RS just fails to emerge from the face
AC, so angle A equals the critical angle for the
prism material.

gl
As sini.=—
H
1 _
| = = 0.6667
or sin A T _
or . A=418°.
For rqfr-action at first -fac_t:a,_
sin i sin 30°
St R OF : =1.5
s r sin r
| _
B i g SV 109 6033 o i 19008)
\ 1.5 1.5

Angle of incidence at second face,
r'=A-r=060°-19°28'= 40°32'
For refraction at second face, sm r: .
sini' u
or sini'=p xsinr'=15sin 40°32'
= 1.5 x0.6499 = 0.9748
. Angle of emergence,

i' = sin™" (0.9748) = 77°7".
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9. |Here A=6% 8=3% n=t
For a prism of small angle, 8=(u -~ 1) A
d 3
~-1l=—=-=05
il i

or p=1+05=15.
10. Proceed as in Example 102 on page 9.72.
12. Angular dispersion
= (i g~ M) A=(1.659=1.641) x5°
= 0.09°.
13. Proceed as in Example 108 on page 9.73.
14. For crown glass :
(pgtp, 152241514

=1.518
2 2
| _mpoily 15221514
Perown T T P
For flint glass :
pzuﬂ—g-kzl.eﬁ2+l.644:1.653
2 2
Mg—hkp 1662-1.644
oty = = 0.0276
Pant =T 1.653 - 1
Ky —Hp Hy —Hg
19 =g =
= e gl o
2

Angular dispersion =8, - 8, = @3
16, Use(up —uc) A=(uy ~nz) A,

9.35 PURE AND IMPURE SPECTRA®

57. Distinguish between monochromatic light and
polychromatic light.

Monochromatic and polychromatic lights. A light of
single wavelength is called monochromatic light. The
commonly used source of monochromatic light is
sodium lamp which emits yellow light of two wave-
lengths 5890 A and 5896 A. As the two wavelengths are
very close, so sodium lamp can be regarded as a source
of monochromatic light of mean wavelength 5893 A.

Generally, the sources of light are polychromatic
which give light of several wavelengths. Optical filters can
be used to obtain light of particular wavelength from
them.

58. What are pure and impure spectra ? Give the basic
principle for the production of a pure spectrum.

Pure and impure spectra. A spectrum in which the
component colours of the spectra of different rays overlap
each other and the various colours are not distinctly seen is
called impure spectrum. On the other hand, a spectrum in
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which there is no overlapping of different colours and
different colours are distinctly seen is called the pure
spectrum.

qhit

|
White light R &
\ y gL
i
&S

Fig. 0.129 (a) An impure spectrum.

Production of pure spectrum (Basic principle). As
shown in Fig. 9.129(b), light from a bright source illumi-
nates a narrow slit S. The slit is adjusted at the focus of a
convex lens L. Parallel rays emerging from the lens fall
on a prism. Rays of different colours are refracted by
different amounts but the rays of same colour remain
parallel to one another. The emergent rays are focussed
by convex lens L, on a screen placed at the focus of L,

Fig. 9.129 (b) Production of pure spectrum.

As rays of different colours suffer different
deviations, they cannot be focussed on the same
screen. To overcome this difficulty, the prism should
be placed in the minimum deviation position with respect
to some mean (yellow) colour. Then the rays of
different colours will suffer almost the same deviation
and can be focussed on the same screen.

9.36 SPECTROMETER*

59. What is a spectrometer ? Explain its construc-
tion. How can it be used to obtain a pure spectrum ?

Spectrometer. It is an optical device used for pro-
ducing and studying the spectra of different light sources.

Construction. A spectrometer has three main parts :

1. Collimator. It produces a parallel beam of light.
It consists of two co-axial metal tubes. The outer tube is
mounted horizontally and carries a convex lens L, at its
free end. The inner tube has an adjustable vertical slit
at the free end and can be slided inside the outer tube
by a rack and pinion arrangement. The slit is adjusted in
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the focal plane of lens L,. When a light source is kept in
front of the slit, a parallel beam of light emerges from the
collimator.

Fig. 9.130 Spectrometer.

2. Prism table. It is a circular horizontal plate on

. which the prism is placed. It can be adjusted at a
desired height with the help of a clamping screw. It can

be rotated about a vertical axis. Its position can be
noted with the help of the verniers V| and V, attached
to it and moving over a graduated circular scale
carried by the telescope.

3. Telescope. It is used for observing the spectrum.
It is an astronomical telescope having a convex lens L,
at one end and Ramsden eyepiece at the other. It is
mounted horizontally on a vertical arm attached to the
main circular scale. It can be rotated about the same
vertical axis about which the prism table rotates. Its
position can be noted on the circular scale by the
vernier’s V, and V,. A cross-wire is fixed at the focus of
the eyepiece.

Working. For getting a pure spectrum, the following
adjustments are made in a spectrometer :

1. Focussing the eyepiece. The eyepiece of the
telescope is moved in and out so that the cross-wire:
are clearly visible. :

2. Focussing the telescope for parallel rays. The
telescope is turned towards a distant object. The
distance between the eyepiece and the object is so
adjusted that object becomes clearly visible. This sets
the telescope for receiving the parallel rays. '

3. Focussing the collimator for parallel rays.
[Nluminate the slit with a bright source and view it
through the telescope. Adjust the distance between the
slit and the collimator lens till a clear image of the slit is
seen. This sets the collimator to provide a parallel
beam of light.

4. Setting the prism. The prism is placed at the

centre of the prism table. The prism table is rotated so
that light from the collimator falls on refracting face AB
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Fig. 5.131 Working of a spectrometer.

and after refraction emerges from the other face AC.
The prism causes dispersion. The rays of a given colour
emerge parallel to each other. They are received by the
telescope. All red rays are focussed at R, all violet rays
at V and rays of other colours in between and a
spectrum RV is formed in the focal plane of the objec-
tive, as shown in Fig. 9.131. A magnified spectrum is
viewed through the eyepiece.

5. To get rid of overlapping of colours, the prism is
set in the minimum deviation position for some mean
(yellow) colour. This gives a pure spectrum.

60. State some of the important uses of a spectrometer.

Uses of a spectrometer :

1. To measure the angle of the prism.

2. To determine the refractive index of the prism
material.

3. To determine the wavelength of light.
4. To measure the dispersive power of a prism.

9.37 MEASUREMENT OF REFRACTIVE
INDEX BY A SPECTROMETER’
61. How can a spectrometer be used to determine the
refractive index of the material of a prism ?
Measurement of refractive index (i ). The refractive
index p of the material of a prism is given by
A+d '

To determine p, we need to measure :
(7) angle of minimum deviation ( §,, ) and
(i) the refracting angle of the prim (A).

Measurement of §_ . Set the prism in the minimum
deviation position, as shown in Fig. 9.132. Turn the
telescope so that its cross-wire coincides with mean
(yellow) colour of the spectrum. Let this position be T;.
Remove the prism. Turn the telescope to position T, so
that direct image of slit is seen. The difference between
the two positions gives 3, .
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L, Telescope

R g

Fig. 9.132 Setting the prism in minimum deviation position.

Measurement of A. Place the prism ABC on the
prism table so that light falls directly on faces
ABand AC of the prism, as shown in Fig 9.133. Look
for the brightest image of the slit formed by reflection
of light from faces ABand AC. Set the telescope in
position T, so that cross-wire coincides with the image
of the slit from face AB. Turn the telescope to the
position T, so as to focus the image of the slit from face
AC. Let 0 be the angle through which telescope turns.

Then, A={2—3.

Fig. 9.133 To measure angle of the prism.
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Q.38 SCATTERING OF LIGHT

62. What do you mean by scattering of light ? What
are elastic and inelastic scatterings ?

Scattering of light. This is the phenomenon in which
light is deflected from its path due its interaction with the
particles of the medium through which it passes. Basically,
the scattering process involves the absorption of light
by the molecules followed by its re-radiation in
different directions.

Two types of scatterings :

1. Elastic or Rayleigh scattering. When the size 'a'
of the scattering particles is much smaller than the
wavelength "\’ of incident light, there is no exchange of
energy between the incident light and the scattering
particles. Consequently, there is no change in the
frequency or wavelength of the scattered light. This
type of scattering is called elastic or Rayleigh
scattering. It obeys Rayleigh's law of scattering.

2. Inelastic scattering. When the size of the scattering
particles is much greater than the wavelength of
incident light i.e., a >> A, there is interchange of energy
between incident light and the scattering particles.
Consequently, the scattered light has a frequency or
wavelength different from that of incident light. This
type of scattering is called inelastic scattering. For
example, the Raman effect and Compton effect.

63. State Rayleigh’s law of scattering.

Rayleigh’s law of scattering. According to Rayleigh's
law of scattering, the intensity of light of wavelength A
present in the scattered light is inversely proportional to the
fourth power of A, provided the size of the scattering
particles are much smaller than j.. Mathematically,

‘Ioc%; [For a <<A]

Thus the scattered intensity is maximum for shorter
wavelengths.

64. Explain different phenomena of daily life which
are based on scattering of light.

Daily life phenomena based on scattering of light.
Several beautiful phenomena in nature are based on
scattering of light. Some of these include the blue
colour of sky, white clouds, the red hues of sunrise and
sunset, the rainbow, the brilliant colours of some
pearls, shells, and wings of birds. We describe some of
these phenomena.

1. Blue colour of the sky. The blue colour of the sky
is due to the scattering of sunlight by the molecules of
the atmosphere. As sunlight passes through atmos-
phere, the nitrogen and oxygen molecules of air absorb
some amount of sunlight and re-emit it. The free gas
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molecules scatter light in all directions. But scattering
is preferential. According to Rayleigh’s law of
scattering, the intensity of scattered light,
1
I F .

So the light at the short wavelength (blue) end of
the visible spectrum is scattered about ten times more
than the light at the long wavelength (red) end. When
we look at the sky, the scattered light enters our eyes
and this light contains blue colour in a larger
proportion. That is why the sky appears blue.

If the earth had no atmosphere, there would be no
scattering of light, the sky would appear black and
stars could be seen during day hours. This is what
astronauts actually observe at heights 20 km above the
earth where the atmosphere becomes quite thin or on
the moon which has no atmosphere.

2. Reddishness at sunset and sunrise. When the
sun is near the horizon at sunset or sunrise, the light
rays have to traverse a larger thickness of the
atmosphere than when the sun is overhead at noon. In
accordance with Rayleigh's scattering law, the lower
wavelengths in the blue region are almost completely
scattered away by the air molecules. The higher
wavelengths in the red region are least scattered and
reach our eyes. Hence the sun appears almost reddish
at sunset and sunrise.

Sun nearly
overhead

Sun appears Blue scattered | Less blue

reddish

"y
- "
........
-------

44444
e

Sun near 9%
horizon
Fig. 9.134 Absorption of sunlight at sunset
and sunrise.

3. Clouds appear white. Large particles like
raindrops, dust and ice particles do not scatter light in
accordance with Rayleigh’s law, i.e., their scattering
power is not selective. They scatter light of all colours
almost equally. Hence the clouds which have droplets
of water with a >> A are generally white.

4. Danger signals are red. According to Rayleigh’s
law, the intensity of scattered light is inversely
proportional to the fourth power of wavelength. In the
visible spectrum, red colour has the largest wave-
length, it is scattered the least. Even in foggy conditions,
such a signal covers large distances without any
appreciable loss of intensity due to scattering.
Therefore, red coloured signals are preferred.
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9.39 rAINBOW'

65. What is a rainbow ? Explain the formation of
primary and secondary rainbow.

Rainbow. The rainbow is nature’s most spectacular
display of the spectrum of light, produced by refraction,
dispersion and internal reflection of sunlight by spherical
rain drops. It is observed when the sun shines on rain
drops, during or after a shower. An observer standing
with his back towards the sun observes it in the form of
concentric circular arcs (bows) of different colours in the
horizon. The inner brighter rainbow is called the
primary rainbow and the outer fainter rainbow is called
the secondary rainbow.

Sunlight

(b)

Fig. 9.135 Dispersion of sunlight of a single raindrop
(@) primary rainbow and (b) secondary rainbow.

The primary rainbow is formed by rays which
undergo one internal reflection and two refractions
and finally emerge from the raindrops at minimum
deviation. The red rays emerge from the water drops at
one angle of 43° and the violet rays emerge at another
angle of 41°. The parallel beam of sunlight getting
dispersed at these angles produces a cone of rays at the
observer's eye, as shown in Fig. 9.136. Thus the
rainbow is seen as a colourful arc, with its inner edge
violet and outer edge red in colour.

The secondary rainbow is formed by the rays
which undergo two internal reflections and two
refractions before emerging from the water drops at
minimum deviation. Due to two internal reflections,
the sequence of colour in secondary rainbow is

* Not included in the latest CBSE Syllabus.
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opposite to that in the primary rainbow. Here the inner
red rays emerge from the water drops at angle of 51°
and the outer violet rays emerge at angle of 54°.

Sunlight
Yy
-

Observer

Fig. 9.136 Formation of primary and secondary rainbow.

9.40 OPTICAL INSTRUMENTS

66. What are optical instruments ? What are the two
essential features that must be possessed by optical
instruments for viewing objects distinctly ?

Optical instruments. Optical instruments are the
devices which make use of mirrors, lenses and prisms and are
primarily used to extend the range of vision of human eye.
For example, microscopes are used for viewing tiny
objects clearly while telescopes are used to see distant
objects clearly.

Essential features of an optical instrument. The
design of an optical instrument must meet the
following fwo requirements :

1. High magnification. Magnification is the ratio of
the size of the final image to the size of the object. An
optical instrument with high magnification makes
viewing more clear and comfortable, by increasing the
size of the image.

2. Adequate resolution. The resolution of an optical
instrument is its ability to resolve the images of two
closely spaced objects so that they can be seen
separately. An optical instrument with high resolution
reveals the finer details of the objects.

9.41 THE HUMAN EYE'

67. Describe the main parts of the human eye. Briefly
explain its working.

Human Eye. It is the most valuable and sensitive
sense organ. It is a remarkable optical instrument.
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Ciliary muscle

humour

Fig. 9.137 Structure of the human eye.

Structure of the eye. As shown in Fig. 9.137, the
main parts of the human eye are as follows :

1. Sclerotic. It has a tough and opaque white covering,
called sclerotic which protects and holds the eyeball.

2. Comnea. It is the fransparent membrane on the
front portion of the eyeball through which light enters
the eye.

3. Choroid. It is a black membrane below the
sclerotic. It absorbs stray light and avoids any blurring
of image due to multiple reflections in the eyeball.

4. Iris and pupil. Iris is an opaque circular
diaphragm having a small central hole called the pupil.
Under the muscular action of the iris, the size of the
pupil becomes smaller in bright light and larger in dim
light.

5. Eyelens. It is a double convex lens situated
behind the iris. It is composed of a fibrous, jelly like
material. The lens is held in position by suspensory
ligaments and connected to the sclerotic by the ciliary
muscles. By contracting or relaxing, the ciliary muscles
can change the shape or curvature of the eyelens and
hence change its focal length. This ability of the eyelens
to change its focal length is called accommodation. This
enables the eyelens to focus the images of objects at
different distances on the retina of the eye.

6. Retina. It is a delicate membrane of nerve fibres
on the inner side of the backwall of the eye. If contains
light sensitive cells called rods and cones. Rods are
sensitive to intensity of light while cones are sensitive
to colours. These cells change light energy into
electrical signals which send message to the brain via
the optic nerves.

7. Blind spot and yellow spot. In the region where
the optic nerve enters the eyeball, there are no rods and
cones. This region is totally insensitive to light and is
called blind spot. Yellow spot has maximum concen-
tration of light sensitive cells. It is situated in the centre
of the retina.
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8. Aqueous humour and vitreous humour.
Aqueous humour is a salty fluid (u =1.337) that fills the
space between the cornea and the eyelens. Vitreous
humour is a jelly like fluid (u =1.437) that fills the
space between the retina and the eyelens.

Action of the eye. The transparent structures like
cornea, aqueous humour, eyelens and vitreous
humours together constitute a single converging lens.
As the rays from an object enter the eye, they suffer
refractions on passing successively through these
structures and get converged. A real and inverted
image is formed on the retina. The light sensitive cells
of retina get activated and generate electrical signals
that are sent to the brain through the optic nerves. Our
brain translates the inverted image into an erect image.

68. What do you mean by the term accommodation ?
Explain, how can the eye see objects at far and near distances.

Accommodation. Accommodation is the ability or
property of the eyelens due to which it can change its curva-
ture or focal length so that images of objects at various
distances can be formed on the same retina. The focal
length of the eyelens is automatically changed with the
help of ciliary muscles as follows :

(a) Viewing far off objects. When the ciliary
muscles are completely relaxed, the eyelens is thin and
its focal length is maximum (equal to distance between
eyelens and retina). The rays coming from the distant
object are parallel to each other and they are focussed
at the retina as shown in Fig. 9.138(a).

Eye
L R
Parallel ray: ( : I
. Fromfarpoint
atu=m
a
(a) Eye
R
(o)
I
N \

i—u=25c[n_b
(®)

Fig. 9,138 Accomodation of eyelens
(a) Focussing parallel rays from infinity i.e., far point
(b) Focussing rays from near point N.

(b) Viewing nearby objects, When we look at a
nearby object, the ciliary muscles contract, the eyelens
bulges out and becomes thick and its focal length is
reduced. This focusses the light from the nearby object
on the retina, as shown in Fig. 9.138(b).
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69. Define the following terms and give their values
for a normal eye : (i) range of normal vision, (ii) least
distance of distinct vision, (iii) near point of the eye, (iv)
far point of the eye, and (v) power of accommodation.

(1) Range of normal vision. Due to accommodation
property of the lens, a normal eye can clearly see the
object situated any where between infinity and 25 cm
from it. At distance less than 25 cm, the ciliary muscles
cannot bulge the eyelens any more, the object cannot
be focussed on the retina and it appears blurred to the
eye, as shown in Fig. 9.139. The distance between infinity
and 25 cm paint is called the range of normal vision.

Eye

— <25 cm——

Fig. 9.139 Object O within 25 cm from the eye is
not focussed on retina and seen blurred.

(i) Least distance of distinct vision, The minimum
distance from the eye, at which the eye can see the object
clearly and distinctly without any strain is called the least
distance of distinct vision. It is denoted by the letter D.
For a normal eye, its value is 25 cm.

(iff) Near point. The nearest point from the eye, at
which an object can be seen clearly by the eye is called its
near point. The near point of a normal eye is at a distance of
25 em.

(iv) Far point. The farthest point from the eye, at
which an object can be seen clearly by the eye is called
the far point of the eye. For a normal eye, the far point is at
infinity.

(v) Power of accommodation. The power of
accommodation of the eye is the maximum variation of
its power for focussing on near and far (distant)
objects. For a normal eye, the power of accommodation is
about 4 dioptres.

70. What do you mean by persistence of vision ? Give
an example.

Persistence of vision. The impression or sensation
of an image on the retina remains (or persists) for
about (1/16)th of a second even after the removal of the
object. The phenomenon of the continuation of the
impression of an image on the retina for some time even after
the light from the object is cut off is called persistence of
vision. For example, if there be a picture of a bird on
one side of a piece of card-board and a picture of a cage
just on the opposite side, then on rapidly revolving the
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card-board, the two impressions merge and the bird
will appear to be inside the cage due to persistence of
vision.

71. What are rods and cones ? How do they differ in
their functions ?

Rods. These are rod-shaped light sensitive cells of the
retina which are responsible for twilight (black-and-white)
vision. These cells are very sensitive to intensity of
incident light, that is, the degree of brightness and
darkness. The rods cannot distinguish between
various colours.

Cones. These are cone-shaped light sensitive cells of the
retina which are responsible for colour vision. Different
cones respond selectively to different colours. Three
types of cones viz. R-cones, G-cones and B-cones are
respectively sensitive to red, green and blue light.
When red light falls on the retina, it mainly activates
the R-cones than the other kinds of cones. However,
cone becomes active only in bright light. That is why,
we cannot see colours in very dim light.

fr
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moving object are taken at intervals of about (1/24)th
of a second and then projected on the screen at the
same rate, the discontinuous pictures merge or blend
together to produce the impression of the moving
object on the eyes.

Colour blindness. A person who cannot distinguish
between various colours but can see well otherwise, is said
to be colour blind. Colour blindness is due to the lack of
either one type, two types or all the three types of
cones in the retina of the eyes. This defect occurs by
inheritance. That is colour blindness is a genetic
disorder which cannot be cured even today.
Cataract. In old age, the crystalline lens of some
people becomes hazy or even opaque due to the
development of membrane over it. This results in the
development of cataract, which causes a decrease or
loss of vision of the eye. The vision can be restored
after getting cataract surgery. ‘J

<

9.42 DEFECTS OF VISION AND THEIR
CORRECTION’
72. Mention the common defects of vision of the
human eye.

Defects of vision. A normal eye can see objects
clearly at any distance between 25 cm and infinity from
the eye. Sometimes, a human eye gradually loses its
power of accommodation. Then we cannot see the
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objects clearly. Our vision becomes defective. There are
mainly four common defects of vision which can be
corrected by the use of suitable eye glasses. These
defects are :

1. Myopia or near-sightedness.

2. Hypermetropia or far-sightedness.
3. Presbyopia.

4. Astigmatism.

73. What is myopia or short-sightedness ? What is its
cause ? How can it be remedied ? Explain by ray diagrams.

Myopia or short-sightedness. It is a vision defect in
which a person can see nearby objects clearly but cannot see
the distant objects clearly beyond a certain point. This
defect is common among children.

Cause of myopia. This defect arises due to either of
the following two reasons :

(i) The eyeball gets elongated along its axis so that the
distance between the eyelens and the retina
becomes larger.

(if) The focal length of the eyelens becomes too short due
to the excessive curvature of cornea.

As a result of the above causes, the parallel rays
coming from a distant object do not meet at the retina
but at a point in front of the retina, as shown in
Fig. 9.140(a) and the distant object is not seen clearly.
The object has to be moved closer to the eye to a point F
to focus it on the retina, as shown in Fig. 9.140(b). Thus,
the far point of a myopic eye is not at infinity but only a
few metres from the eye.

Image formed
in front of retina
: > R
Rays from a
distant object I
(a) \,\

Far point of

myopic eye )

: (b
- _a/_\a
PeSeo Ty .. I ( I
Concave lens causes rays \_/\
to diverge as if coming from F (¢)

Fig. 9.140 Myopia and its correction.
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Correction of myopia. A myopic eye is corrected by
using a concave lens of focal length equal to the distance of
the far point F from the eye. This lens diverges the
parallel rays from distant object as if they are coming
from the far point F. Finally, the eyelens forms a clear
image at the retina.

74. How can we determine the focal length and power
of the concave lens required to correct @ myopic eye ?

Calculation of focal length and power of correc-
ting lens in myopia. Let x be the distance of the actual
far point from the eye and hence from the concave lens
placed close to the eye. The rays coming from infinity,
after refraction through the concave lens, appear to
come from the far point F.

U=-—00, v=-2, f:?
By lens formula,
i N4l 1
f v @ -adFw x x
Required focal length, f=-x
Required power, P:}-;_%

The negative sign shows that the correcting lens is a
concave lens.

75. What is hypermetropia or long-sightedness ?
What is its cause ? How can it be corrected ? Explain by
ray diagrams.

Hypermetropia or long-sightedness. It is a vision
defect in which a person can see the distant objects clearly
but cannot see the nearby objects clearly.

Cause of hypermetropia. This defect arises due to
either of the following two reasons :

(1) The eyeball becomes too small along its axis so that
the distance between the eyelens and the retina
is reduced.

(if) The focal length of the eyelens becomes too large
resulting in the low converging power of the
eyelens.

As a result of the above causes, the rays coming
from an object placed at 25 cm (normal near point)
from the eye meet at a point behind the retina, as
shown in Fig. 9.141(a). So the object is not seen clearly.

To focus the rays again on the retina, the object has
to be moved away from the eyes to a distance greater
than 25 cm, as shown in Fig. 9.141(b). Thus, the near
point of the eye is not at 25 cm but it has shifted to N' at a
distance greater than 25 cm from the eyes.

Correction of hypermetropia. A hypermetropic eye is
corrected by using a convex lens of suitable focal length.
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25 cm R
N =33 1 |
Normal Image
near point formed
e (@) behind
the retina

N!
Near point of

hypermetropic eye
ype PIC ey ®

— 25y ——

Convex lens converges the rays
as if they are coming from N’ (¢)

Fig. 9.141 Hypermetropia and its correction.

This lens converges the rays such that the rays coming
from normal near point N appear to come after
refraction, from near point N' of the defected eye. That
is a virtual image of the object placed at N is formed at
N'. Then the eyelens forms a clear image at the retina,
as shown in Fig. 9.141(c).

76. How can we determine the focal length and power
of the convex lens required to correct a hypermetropic
eye ?

Calculation of focal length and pewer of correcting
lens in hypermetropia. Refer to Fig. 9.141(c). Let y =
distance of the near point N' from the defective eye.
Now the near point N of the normal eye is at distance
D =25 cm. The object placed at N forms its virtual
image at N' due to the convex lens.

L w==D, v=-y, f=?
By lens formula
12102 1 98
f v u -y -D yD
Required focal length, - f=_1"DD
y_
. 1 y-D
Required power, p==Z —
f D

Asy> D, soboth fand D are positive. That is the
correcting lens must be a convex lens.
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77. What is presbyopia ? How does it differ from
hypermetropia ?

Presbyopia. This defect is similar to hypermetropia
ie, a person having this defect cannot see nearby
objects distinctly, but can see distant objects without
any difficulty. This defect differs from hypermetropia
in the cause by which it is produced. It usually occurs in
elderly persons. Due to the stiffening of the ciliary
muscles, the eyelens loses flexibility and hence the
accommodating power of the eyelens decreases. Like
hypermetropia, this defect can be corrected by using a
convex lens of suitable focal length.

78. What is astigmatism ? How is it caused 7 How is
it corrected ?

Astigmatism. It is a defect of vision in which a person
cannot simultaneously see both the horizontal and vertical
views of an object with the same clarity. This defect can
occur alongwith myopia or hypermetropia.

Cause of astigmatism. This defect occurs when the
cornea is not perfectly spherical in shape. It may have a
large curvature in the vertical plane than in the
horizontal plane or vice versa. If one looks at a wire
mesh with such a defect in the eyelens, focussing in the
vertical plane may not be as sharp as in the horizontal
plane or vice versa. Astigmatism results in lines in one
direction well focussed while those in perpendicular
direction will be distorted or curved, as shown in
Fig. 9.142(a).

(@) on the retina

Cylindrical
lens @
(®) Image as formed
on the retina

Fig. 9.142 (a) Astigmatism and (b) its correction.

Correction of Astigmatism. Astigmatism can be
corrected by a lens whose one surface is cylindrical.
Such a surface focusses rays in one plane but not in the
perpendicular plane. By suitably choosing the radius
of curvature and axis direction of the cylindrical
surface, astigmatism can be corrected.
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Examples based on
Defects of Vision

Formulae Used

1. Correction of myopia or short sightedness. A
concave lens of focal length fequal to the distance
x of the far point from the defective eye is used.

1
=-x and P=-—
f=—x - _

2. Correction of hypermetropia or long sighted-
ness, A convex lens of focal length fis used, where

-D
mf_y—D

Here
y = distance of the near point from the defective
eye and
D = the least distance of distinct vision.
Units Used
Distances f, x, y and D are in metre, and power P
in dioptre.

Example 113. What focal length should the reading
spectacles have for a person for whom the least distance of
distinct vision is 50 cm ? [NCERT]

Solution. The reading matter placed at 25 cm from

the corrective lens must produce the virtual image at
50 cm. Therefore,

u=-25cm, v=-50em
By thin lens formula,
1.1 3 k. 1N
f v.u -50 -25
W L
"~ 50 50
or f=+50cm

The positive sign shows that the corrective lens
must be a convex lens of focal length 50 cm.

Example 114, A person wears glasses of power —2.5 D. Is
the person far-sighted or near-sighted ? What is the far point
of the person without glasses ?

Solution. Here, P=-25D

Negative power shows that the lens is concave, so

the person is near-sighted.
1 1 2
=—=— ==— 2—40
j 4 Y m S m cm

The object placed at infinity from the corrective lens
must produce the virtual image at the far point.
Therefore,

u=-w, v=?
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From thin lens formula,

;O I | 1 1
—— e — =
v f u -4 -
e
- 40 40
or v=—40 cm

Thus the far point of the eye is at 40 cm from the
eye.

Example 115. (a) The far point of a myopic person is80 em
in front of the eye. What is the power of the lens required to
enable him to see very distant objects clearly ?

(b) In what way does the corrective lens help the person
above ? Does the lens magnify very distant objects ? Explain
careﬁ.rHy. [CBSE D 09C upto part (b)]

(c) The person above prefers to remove his spectacles
while reading a book. Explain why. [NCERT]

Solution. (@) The remedial lens should make the
objects at infinity appear at the far point.

.. For objects at infinity, u=-o

Far point distance of the defective eye, v =-80 cm

By thin lens formula,
L -
f v u
b S SRR S PR
-80 -o 80 80
or f=-80cm=-0.80m
Power, =l= t =-1.25D.
f -080m

(b) No, the concave lens does not magnify the very
distant objects. In fact, it reduces the size of the object
(image distance is less than object distance), but the
angle subtended by the distant object at the eye is the
same as the angle subtended by the image (on the far
point) at the eye. The eye is able to see distant objects
not because the corrective lens magnifies the object,
but because it brings the object (i.e., it produces virtual
image of the object) at the far point of the eye which
then can be focused by the eye-lens on the retina.

(c) The myopic person may have a normal near
point i.e., about 25 cm (or even less). In order to read a
book with his spectacles (for distant vision), he must
keep the book at a greater distance than 25 cm so that
the image of the book by the concave lens is produced
not closer than 25 cm. The angular size of the book (or
its image) at the grater distance is evidently less than
the angular size when the book is placed at25 cm and
no spectacles are used. Hence, the person prefers to
remove his spectacles while reading.
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Example 116. (a) The near point of a hypermetropic
person is 75 cm from the eye. What is the power of the lens
required to enable him to read clearly a book held at 25 cm
from the eye ?

(b) In what way does the corrective lens help the person
above ? Does the lens magnify objects held near the eye ?

(c) The person above prefers to remove his spectacles
while looking at the sky. Explain why. [NCERT]
Solution. (a) The book placed at 25 cm from the

corrective lens must form the virtual image at 75 cm.
Therefore,

u=-25cm, v=-75cm
By thin lens formula,
X1 1
f v u
T W 2
=75 =25 7% 75
75 75
or =—acan=—m
2 200
1.2 267D
75

Thus the corrective lens must be a convex lens of
power + 2.67 dioptres.

(b) The corrective lens produces a virtual image (at
75 cm) of an object at 25 cm. The angular size of this
image is the same as that of the object. In this sense
the lens does not magnify the object but merely
brings the object to the near point of the eye, which
then gets focused by the eye lens on the retina.
However, the angular size is greater than that of the
same object at the near point (75 em) viewed without
the spectacles.

(c) The person prefers to remove his spectacles
while looking at the sky, because a hypermetropic eye
may have normal far point ie., it may have enough
converging power to focus parallel rays from infinity
on the retina of the shortened eyeball. Wearing
8] es of converging lenses (used for near vision)
will amount to more converging power than needed
for parallel rays. The result will be that distant objects
may get focused in-front of the retina (like a myopic
eye) and will appear blurred.

Example 117. A 52-year old near-sighted person wears
eye-glass with a power of — 5.5 dioptres for distance viewing.
His doctor prescribes a correction of + 1.5 dioptres in the
near vision section of his bi-focals. This is measured relative
to the main part of the lens. (a) What is the focal length of his
distance-viewing part of the lens ? (b) What is the focal
length of the near-vision section of the lens ?
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Solution. (1) Power of the distance-viewing part of
the lens,

PF,=-55D
Focal length of this part,
1 1
=-'—'='———'m="*18.73 cm.
h P, -55

(b) As power of the near-vision part is measured
relative to the main part of the lens of power - 5.5 D, so
we use

B +PB=P
or -55+ P =+15
or B=+65D
Focal length of near-vision part,
1 1
= —_— = — =4 15,4 o
B eates e
{
)mblems For Practice

1. The far point of a myopic person is 150 cm in front
of the eye. Calculate the focal length and the power
of the lens required to enable him to see distant
objects clearly. (Ans. — 150cm, - 0.67 D)

2. A person can see clearly up to 3 metre only. Pres-
cribe a lens for him so that he can see clearly up to
12 metre. (Ans. Concave lens, f =—4m)

3. The near point of hypermetropic persion is 50 cm
from the eye. What is the power of the lens required
to enable the person to read clearly a book held at
25 cm from the eye ? [CBSE OD 09]

(Ans. + 2D)

4. A short-sighted person can see most clearly at a
distance of 15 cm acquires spectacles enabling him

to see clearly objects at a distance of 60cm.
Calculate the focal length of the lens and power of

the lens. (Ans. —20cm, —-5D)
HINTS
1. Here, u=—w, v=-150cm

LI Lk,

S ol

AT AL
- 150 ~m

=_i+ﬂ=_i
150 150

f=-150cm

il 1 il 1
f(inm) -150m

=~ 0.67 D.
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2 Here,u:—l.‘lzm, p=-3m, f=7
Lyl e
F v u
T T 1
=4 — == —
332 4
or =-4m.

3. The book placed at 25 cm from the corrective lens
must form the virtual image at 50 cm.
u=-25cm, v=-50cm

it A UL b
if|||1m | al)11160)) | 28| 50
or f=50cm=050m
1 1
Power P=—=——=2D
f 050m
Thus, the corrective lens must be a converging lens
of power 2 D.

9.43 SIMPLE MICROSCOPE

79. What is a simple microscope ? Give its working
principle. Write expressions for its magnifying power
when it forms final image at the least distance of distinct
vision and at infinity.

Simple microscope. A simple microscope or a magnififing
glass is just a convex lens of short focal length, held close to
the eye.

Working principle : When the final image is formed
at the least distance of distinct vision. When an object
ABis placed between the focus F and optical centre O
of a convex lens ; a virtual, erect and magnified image
A'B' is formed on the same side of the lens as the
object. Since a normal eye can see an object clearly at
the least distance of distinct vision D (=25 cm), the
position of the lens is so adjusted that the final image is
formed at the distance D from the lens, as shown in
Fig. 9.143.

T

Fig. 9.143 A simple microscope with the eye
focussed at the near point.

Magnifying power. The magnifying power of a simple
microscope is defined as the ratio of the angles subtended by
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the image and the object at the eye, when both are at the least
distance of distinct vision from the eye. Thus,

Magnifying power
Angle subtended by the image at the least
_ distance of distinct vision
Angle subtended by the object at the least
distance of distinct vision

As the eye is held close to the lens, the angles
subtended at the lens may be taken to be the angles
subtended at the eye. The image A' B is formed at the
least distance of distinct vision ‘D’. Let £ A'OB =8.
Imagine the object AB to be displaced to position A"B’
at distance D from the lens. Let £ A"OB =a. Then

magnifying power,

m= B = b [+ «,P are small angles]
o tana
AB/OB AB/ OB
= = ~A'B=A
A" B'/OB' AB/ OB l Bl
L0 D
OB —X
D
or m=—
x

Let fbe the focal length of the lens. As the image is
formed at the least distance of distinct vision from the
lens, so

v=-D

Using thin lens formula,

1 3.2

v u f

1 1 1

R 3T
s S B
or —= =
x D f
or 2=1+-—E3
x f
m=1+2
i

Thus shorter the focal length of the convex lens, the
greater is its magnifying power.

Working principle : When the final image is formed
at infinity. When we see an image at the near point, it
causes some strain in the eye. Often the object is placed
at the focus of the convex lens, so that parallel rays
enter the eye, as shown in Fig. 9.144(a). The image is
formed at infinity, which is more suitable and
comfortable for viewing by the relaxed eye.
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I'-(."‘
s by S
a.fi% .
W B O F
B
=
l
(a)
Eye focussed
A at infinity
hm
Bk D ;

(b)
Fig. 9.144 (a) With object at F, image is at infinity.
(b) Object at the near point.
Magnifying power. It is defined as the ratio of the
angle formed by the image (when situated at infinity) at the

eye to the angle formed by the object at the eye, when situated
at the least distance of distinct vision.

E_tan[}
a tana

From Fig. 9.144(a),

m= [c, P are small]

t.':l.r||3=E

From Fig. 9.144(b),

tana=—
D
o hlf
h/ D
or ng
D

This magnification is one less than the magni-
fication when the image is formed at the near point.
But viewing is more comfortable when the eye is
focussed at infinity.

Uses of simple microscopes :

1. Watch makers and jewellers use a magni-
fying glass for having a magnified view of
the small parts of watches and the fine
jewellery work.

2. In magnifying the printed letters in a book,
textures of fibres or threads of a cloth,
engravings, details of stamp, etc.

3. Magnifying glass is used in science laboratories
for reading vernier scales, etc.

PHYSICS-XII

A J

L

For Your Knowledge R

= Least distance of distinct vision (D). The minimum

distance from the eye, at which the eye can see the
objects clearly and distinctly without any strain is |
called the least distance of distinct vision. For a |
normal eye, its value is 25 cm.

> Near point. The nearest point from the eye, at which

an object can be clearly seen by the eye is called its
near point. The near point of a normal eye is at a |
distance of 25 cm. |
Far point. The farthest point from the eye, at which an
object can be seen clearly by the eye, is called the far
point of the eye. For a normal eye, the far point is at |
infinity. -

> Accommodation. It is the ability of the eyelens due to

which it can change its focal length so that images of |
objects at various distances can be formed on the |
same retina.

Power of accommodation. The power of accommo-
dation of the eye is the maximum variation of its power |
for focussing on near and far objects. For a normal
eye, the power of accommodation is about 4 dioptres.

> The magnifying power is expressed with a unit X. So

if a magnifying glass produces an angular magni-
fication of 10, it is called a 10 X magnifier.

> A simple microscope has a limited maximum magni-

fication of about 10, for realistic focal lengths. For
much larger magnifications, we use two convex lenses, |
one enhancing (compounding) the effect of the other. |

& This is known as the compound microscope.

Examples based on

Simple Microscope

Formulae Used

1. When the final image is formed at the least distance
of distinct vision, the magnifying power is
m=1+ £

e
2. When the final image is formed at infinity, the

magnifying power is m= —?

Units Used

Magnification m has no units,
D =25 cm, for a normal eye,

Example 118. A thin convex lens of focal length 5 cm is
used as a simple microscope by a person with normal near
point (25 cm). What is the magnifying power of the
microscope ? [NCERT]

Solution. Here f=5cm, D=25cm

Magnifying power, m=1+ —? =1+ %5=6.
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Example 119. A simple microscope is a combination of
two lenses, in contact, of powers +15 D and +5 D.
Calculate the magnifying power of the microscope, if the
final image is formed at 25 cm from the eye.
Solution. Power of combination,
P=P +P,=15+5=+20D
. Focal length of combination

=-1—=~1—m:51:m

P 20

. Magnifying power,
m=1+2=1+%=6.

Example 120. An object is to be seen through a simple
microscape of power 10 D. Where should the object be placed
so as to produce maximum angular magnification ? The
least distance for distinct vision is 25 cm

Solution. Angular magnification is maximum
when the final image is formed at the near point.

1 1
v=-25 =—=—m=10cm
=, P 10
Mow el it L 3 ¢
w v f 25 10 50
or u=-50/7=-7.1 cm.

Example 121. A simple microscope is rated 5X for a
normal relaxed eye. What will be its magnifying power for
relaxed farsighted eye whose near point is 40 cm ?

Solution. For normal eye : D=25cm, m=5

As m=—D 5=§ or f=5cm
f f
For relaxed farsighted eye : D' =40 cm, f=5cm
D 40
m=—s—=§
f 5

Thus the magnifying power of the simple micro-
scope is 8 X in the second case.

Example 122. A converging lens of focal length 6.25 cmis
used as a magnifying glass. If the near point of the observer
is 25 cm from the eye and the lens is held close to the eye,
calculate (i) the distance of the object from the lens and
(ii) the angular magnification.

Find the angular magnification, when the final image is
formed at infinity. [ISCE 93]

Solution. Here f =6.25cm, v=-D=-25cm

(1) Using thin lens formula,

9.59

(if) Angular magnification,

m*—~1+£=1+£=1+4=5
6.25

f
When the final image is formed at infinity, the
angular magnification becomes
D 25
m=—=——=4,
f 625
Example 123. A man with normal near point (25 cm)
reads a book with small print using a magnifying glass : a
thin convex lens of focal length 5 cm
(1) What is the closest and the farthest distance at which
he can read the book when viewing through the magnifying
glass ?

(i) What is the maximum and the minimum angular
magnification (magnifying power) possible using the above
simple microscope ? [NCERT]

Solution. (i) For the closest distance :

v=-25cm, . f=5em, wu=?
1 4 1
As ——-—=—
v u f
Tl 2 1 3 on 9
u v f -25 5 25 25
or u=-—%cm=——4.2cm

This is the closest distance at which the man can
read the book.

For the farthest image :
v=w, f=5amn, wu=?
1. 1. 1.1 141 10
u v f o 5 5 5
or u=-5cm.

This is the farthest distance at which the man can
read the book.

(1) Maximum angular magnification

U 25/6
Minimum angular magnification
e
o O

Example 124, A figure divided into squares each of size
1mnf is being viewed at a distance of 9 cm through a
magnifying glass (a converging lens of focal length 10 cm)
held close to the eye.
(1) What is the magnification (image sizelobject size)
produced by the lens 7 How much is the area of each
square in the virtual image ?
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(i) What is the angular magnification (magnifying power)
of the lens ?

(iif) Is the magnification in (i) equal to the magnifying
power in (ii) ? Explain. [NCERT ; CBSE D 05]

Solution. (/) Here, area of each square (or object)

=1mm
u=-9cm, f=+10cm
T W
v u f
Lol b 0t gl &
v f u 10 9 9 90
or | v=-=90cm
Magnitude of magnification,
j m=|2 -—-@*—']0
u| 9

Area of each square in the virtual image
=(10)* x1=100 mm? =1 em?.

(if) Magnifying power,

D 25
=—=—=28

2 lu| 9

(iif) No. Magnification of an image by a lens and
angular magnification (or magnifying power) of an
optical instrument are two separate things. The latter is
the ratio of the angular size of the object (which is
equal to the angular size of the image even if the image
is magnified) to the angular size of the object if placed
at the near point (25 cm). Thus magnification
magnitude is Z| and magnifying power is % .Only

u u
when the image is located at the near point| 2| =25 cm,
the two quantities are equal.

Example 125. (i) At what distance should the lens be held
from the figure in Example 110 in order to view the squares
distinctly with the maximum possible magnifying power ?

(if) What is the magnification (image sizelobject size) in
this case ?

(i1i) Is the magnification equal to magnifying power in
this case ? Explain, [NCERT]

Solution. (/) Maximum magnifying power is obtained
when the image is formed at the near point (25 cm).

da 2 1.3
v u f
1 32 %, 1 3 “@-a -
u v f 25 10 50 50
or "H=- 57—0 =-7.14 ecm
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So lens should be held 7.14 cm away from the
figure.
(i1) Magnitude of magnification,
m=—= ] =35
|u| 50/7

s ; D 25
iif) Magni wer=—=——-—=35
e b |u| 350/7
Yes, the magnifying power is equal to the
magnitude of magnification because image is formed
at the least distance of distinct vision.
Example 126. What should be the distance between the
object in Example 111 and the magnifying glass if the
virtual image of each square in the figure is to have an area
6.25 mnt* ? Would you be able to see the squares distinctly
with your eyes very close to the magnifier ? [NCERT]
Solution. Here the magnification in area
_625mm” _

1 mm? g

-.Linear magnification, m=+6.25 =2.5

As m=— v=mu=25u
u
1 1
Now ———=—
v u f
1 1 1 1-25 1
— = or =—
25u u 10 25u 10
or 25u=-15x10
1.5% 10
or =- =—6 cm
25
Hence v=25u=25x(-6)=-15cm

As the virtual image is closer than the normal near
point (25 cm), it cannot be seen by the eye distinctly.

(
)rohlems For Practice

1. What must be the focal length of a lens used as
simple microscope of magnifying power 26 ? The
final image is formed at the distance of distinct
vision. (Ans. 1 cm)

2. A converging lens of power 100 dioptre is used as a
simple microscope. What is its magnifying power,
if the distance of distinct vision is 25 cm ?

(Ans. 26)

3. A converging lens of focal length 6.25 cm is used as
a magnifying glass. If the near point of the observer
is 25 cm from the eye and the lens is held close to
the eye, calculate (i) the distance of the object from
the lens and (ii) the angular magnification. Find the
angular magnification when the final image is
formed at infinity. [Ans. (1) 5 cm (i) 5, 4]
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4. The magnifying glass is made of combination of
lenses of power, + 20 D and - 4 D. If the distance of
distinet vision is 25 cm, calculate the size of an
object 2 cm high seen through the magnifying glass.

| (Ans. 10 cm)

5. A magnifying glass is a combination of a convex
lens of focal length 5 cm and a concave lens of
power —5D. If the distance of distinct vision is
20 cm, calculate the magnifying power of the
magnifying glass. (Ans. 4)

6. Magnifying power of a simple microscope A is 1.25
less than that of a simple microscope B. If the power
of the lens used in B is 25 D, find the power of lens
used in A. Given that distance of distinct vision is
25 cm. (Ans. 20 D)

7. A child has a near point at 10 cm. What is the
maximum angular magnification the child can have
with a convex lens of focal length 10 cm ? (Amns. 2)

HINTS
1. Herem=26, D=25cm, f=7?

As 25

m=1+2 26=1+? or f=1cm.

2. Use f=% and m=1+—?.

3. (i) Here f =+ 625cm, v=-25cm
RULINY 1 1

il il 25’625
MG B or y=-5cm
625 5 il
D _25

(if) Angular magnification, m =—u~ =*g =5
The final i unage is formed at infinity when u= f.

e D 125
i 625
4. Power of combination, P= E + P, =20-4=16D
Focal length of combination,
F s -—1; ':-—l m _gm
P. 16 4
D 25
=-I+ —_ =1+ =5
‘o AT

Size of image, I, =mxh =5x2=10 cm.
For maximum angular magnification,

-~

v=-—10cm
e o AR i
T TS
or u=-5am
m=£=-—19=2
s T
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9.44 COMPOUND MICROSCOPE

80. With the help of a ray diagram, explain the
construction and working of a compound nicroscope.
Write an expression for its magnifying power.

Compound microscope. A compound microscope is an
optical device used to see magnified images of tiny
objects. A good quality compound microscope can
produce magnification of the order of 1000.

Construction. It consists of two convex lenses of
short focal length, arranged co-axially at the ends of
two sliding metal tubes.

1. Objective. It is a convex lens of very short focal
length f; and small aperture. It is positioned near the
object to be magnified.

2. Eyepiece or ocular. Itis a convex lens of compara-
tively larger focal length f, and larger aperture than
the objective ( f, > f,) It is posmoned near the eye for
viewing the final image.

The distance between the two lenses can be varied
by using rack and pinion arrangement.

Working. (7) When the final image is formed at the
least dlistance of distinat vision. The object AB to be
viewed is placed at distance u, slightly larger than the
focal length f; of the objective O. The objective forms a
real, inverted and magnified image A’ B, of the object
AB on the other side of the lens O, as shown in
Fig. 9.145. The separation between the objective O and
the eyepiece E, is so adjusted that the image A’ B’ lies
within the focal length f, of the eyepiece, The image
A' B' acts as an object for the eyepiece which essentially
acts like a simple microscope. The eyepiece E forms a
virtual and magnified final image A" B" of the object
AB. Clearly, the final image A" B is inverted with
respect to the object AB.

/Fig. 9445 Compound Microscope, final image at D.

Magnifying power. The magnifying power of a
compound microscope is defined as the ratio of the angle
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subtended at the eye by the final virtual image to the
angle subtended at the eye by the object, when both are
at the least distance of distinct vision from the eye.

B tanPp H/u, W D
m=—=——=—-==— —=mm,
a tana h/D h u
Here =E=E'I$’-
bk
As the eyepiece acts as a simple microscope, so
D D
m=—=1+—
u,  f

v D
m=-—L|1+—
23

As the object AB is placed close to the focus F; of
the objective, therefore, 1, =- f;

Also image A' B' is formed close to the eyelens
whose focal length is short, therefore v, = L= the
length of the microscope tube or the distance between
the two lenses
i

3
Uy ~— fo

L) (l - E} [for final image at D]
fo

(b) When the final image is formed at infinity.
When the image A’ B lies at the focus F, of the eyepiece
i.e, u,= f, the image A" B” is formed at infinity, as
shown in Fig. 9.146.

m=—

4

Eyepiece
"'.;r H o
i -
L % o &
A i
' f’ 4
I FU B' 1* F ’
BER \9 y
i
a’ i -
Objective . .
!IA i
L4 "
L)
1“ f‘ ‘:"
L4
’5‘3{':'
#

Fig. 9.146 Compound microscope, final image at «.

Magnification due to objective, m, =% = if
~Jo

Angular magnification due to eyepiece, m, =?
&
Total magnification when the final image is formed
at infinity,
m= "‘h > ﬂ',lt = —i w E
2 e T

Obviously, magnifying power of the compound
microscope is large when both f, and f, are small.
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For Your Knowledge

1
|
> In a compound microscope, the objective is a convex ‘

lens of short focal length and small aperture, while
the eyepiece is a convex lens of short focal length and
large aperture.

* In actual practice, each of the objective and the
eyepiece consists of combination of lenses. To
eliminate chromatic aberration, an objective consists
of two lenses in contact. To minimise chromatic and
spherical aberrations, an eyepiece consists of two
lenses separated by a certain distance.

hmammpomdnﬁa‘oﬁmipg!h:dfmmdthe
eyepiece are placed a fixed distance apart. For focussing l
on an object, the distance of the objective from that
object is changed with the help of a rack and pinion
arrangement.

= Forlargemagmfydngpower,bnﬂ:fn and f, have to be

small. Also, f, mtakmlargerﬂaan_ﬂ)soastommase

the field of view of the microscope.

The visibility and quality of the image can be

improved by illuminating the object and by using oil

immersion objective.

* When the final image is formed at the least distance D of
distinct vision, the length of the compound microscope,

v

L=v,+u,
= When the final image is formed at infinity, the length
of the compound microscope,
\& L=7, + f. 5

Examples based on
Compound Microscope
Formulae Used
1. Magnifying power, m=m_ xm,

2. When the final image is formed at the least
distance of distinct vision,

R

3. When the final image is formed at infinity,
e R SR
w o fk
Units Used
The distances 4, , 4, , v, , v,, D and L are all in
metre or cm and magnification m has no units.
D =25cm, for a normal eye.

Example 127. A compound microscope with an objective
of 1.0 em focal length and an eyepiece of 2.0 cm focal length
has a tube length of 20 em Calculate the magnifying power
of the microscope, if the final image is formed at the near
point of the eye. [CBSE D 04]
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Solution. Here f, =1.0 cm, f, =2.0cm, L=20 cm,
D=25cm
When the final image is formed at the near point of
the eye, the magnifying power is

L D 20 25
m=—|1+—|=—| 1+ — |=20x 13.5 = 270.
: fu[ fJ 1.0( 2] 3

Example 128. You are given two converging lenses of
focal lengths 1.25 cm and 5 cin to design a compound
microscope. If it is desired to have a magnification of 30, find
out separation between the objective and the eyepiece.
[CBSE OD 15]

Example 130. (i) Draw a labelled ray diagram of a
compound microscope, -showing the formation of image at
the near point of the eye. (ii) A compound microscape uses an
objective lens of focal length 4 cmand eyelens of focal length
10 cm. An object is placed at 6 cm from the objective lens.
(@) Calculate magnifying power of the compound micro-
scope, if the final image is formed at the near point.
(b) Calculate the length of the compound microscope
also. JCBSE OD 06C]

Solution. (i) For ray diagram, see Fig. 9.145
(if) Here f,=4cm, f =10am,

Solution. Here f; =1.25 cm, f, =5 cm, D=25 cm,
m=30

When the final image is formed at the near point of
the eye, the magnifying power of the compound

(a) As

Uy ==6ecm,v,=—D=-25em
1 1 1

h 7 %
s 1 il 1

— T — e — — T —

microscope 1is % fo W 4 -6 12
il 1+P~
m-?ﬂ 7 or vy =+12 cm
L 55 Magnifying power of the compound microscope is
or 30=———(1+-—] . o) 12 25
125\ 5 ,,,:J{I,,?}:_g(prﬁ):y,
g
1=20X15 _¢25 em. "
o Xl 1.3 1.7
Example 129. The focal lengths of the eyepiece and the u, v, f -25 10 50

objective of a compound microscope are 5cm and 1cm
respectively and the length of the tube is 20 em. Calculate or
the magnifying power of the microscope, when the final
image is formed at infinity. The value of least distance of
distinct vision is 25 cm. [ISCE 98]
Solution. As the final image is being formed at
infinity, the image formed by the objective must lie at
the focus of the eyepiece i.e., at a distance of 5 cm from
the eyepiece.
. Image distance for the objective
= Tube length (L)~ f, =20 -5=15cm
Using Cartesian sign convention for the objective,
7 =+18em, fy=+lam, y,=?

M1 1 1 1 14

uc=—%=—7.14m1

Length of the compound microscope is
L=v,+|u,|=12+714=19.14 cm

Example 131. The total magnification produced by a

compound microscope is 20, while that produced by the

eyepiece alone is 5. When the microscope is focussed on a

certain object, the distance between objective and eyepiece is

14 em Find the focal length of objective and eyepiece, if

distance of distinct vision is 20 cm. [CBSE D 14)
Solution. Here

m=20, m, =5, D =20 cm, v£=—20cm

W B 1B =D
15 == . _
or "{,="E cm As the eyepiece acts as a simple microscope, so
When the final image is formed at infinity, the "‘e=1+£
magnifying power of the microscope will be, %
W
ﬂ!—u X = or 5=1+@
0 e .
5 .25
= — =70. Numericall
15/14 5 L s Y f.=5cm



v
AL?D, ml_.:_
U
e
-20
or 5=——
“t
or ue=—4cm

Distance between the objective and the eyepiece

or

or

=14 cm
1] +], =14

4+vu=14 or v,=10cm
Now, mﬂ=1-—Pﬁ = —4=1_lg
o fo
fo=2em.
roblems For Practice

/

1.

I~

(8% ]

D
S

A convex lens of focal length 5 cm is used as a
simple microscope. What is its magnifying power,
if final image is formed at the distance of distinct
vision i.e. 25 cm ? If it is used as an eyepiece in a
compound microscope with objective of magni-
fying power 40, what is the magnifying power of
the compound microscope ? (Ams. 6, 240)

A compound microscope has a magnification of 30.
The focal length of its eyepiece is 5¢m. Assuming
the final image to be formed at least distance of
distinct vision (25cm), calculate the magnification
produced by the objective. (Anms. 5)

The focal lengths of the objective and eye-piece of a
compound microscope are 4 cm and 6 cm
respectively. If any object is placed at a distance of
6 cm from the objective, what is the magnification
produced by the microscope ? Distance of the
distinct vision = 25 cm. (Ans. 10.33)
The focal lengths of the objective and eyepiece of a
microscope are 1.25 cm and 5 em respectively. Find
the position of the object relative to the objective in
order to obtain an angular magnification of 30 ip
normal adjustment. [CBSE D 12] (Ans — 1.46cm)
The focal lengths of the objective and the eyepiece
of a microscope are 2 cm and 5 cm respectively and
the distance between them is 20 cm. Find the
distance of the object from the objective when the
final image seen by the eye is 25 cm from the
eyepiece. Also find the magnifying power.

(Ans. 4y =-23cm, m=41.5)
A compound microscope is made using a lens of
focal length 10 mm as objective and another lens of
focal length 15 mm as eyepiece. An object is held at
1.1 cm from the objective and final image is formed
at infinity. Calculate distance between objective
and eyepiece. (Ans. 12.5 cm)

PHYSICS-XII

HINTS

1. For simple microscope, m=1+-?=1+

Dl
5

For compound microscope, m, = 6, m,; =40
m=my ni, =40 x 6 = 240.

pa

Use m=my xm, =mn[1+ —EJ
£

Ll
’

Here f, =4cm, f,=6cm, D=25cm

For objective lens, ifi + k. ='.}'-
' w
Now, w4, =-6cm, f,=+4cm
Jliilin, | 2
%6 " v, +4
or |||/CRIL L. LagsnEi 1
nindtllie” (12 |11iia2
or 7y = 12cm
,,,_Pg[l g]gzz[l zs_]
) fe 6 6
=2 %=ﬂ=lﬂ.33.

4 Here f,=125cm, f,=5cm, m=30
In normal adjustment, magnification produced by

the eyepiece,
rne =9=+§=5
j: 5
Now, m=n, xm, .. L'-‘:Cl=|rn0 x5
or my =6

As real image is formed by the objective,
my =N -6 or 7y =—614

K

Using thin lens formula for the objective,

LS

% fo

1 1 1 7 1
or _— or ——— = —

—6uy 1, 125 6y, 125

I WP
Thus the object should be held at 1.46 cm in front of
the objective lens.

5. Proceed as in Exercise 9.11 on page 9.133.

9.45 TELESCOPE
81. What is a telescope ? What are the different types
of telescopes commonly used 7

Telescope. A telescope is an optical device which enables
us to see distant objects clearly. It provides an angular
magnification of the distant objects.
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Different types of telescope. Broadly, the tele-
scopes can be divided into two categories :

1. Refracting telescopes. These make use of lenses to
view distant objects. These are of fwo types :

(@) Astronomical telescope. It is used to see hea-
venly objects like the sun, stars, planets, etc. The final
image formed is inverted one which is immaterial in
the case of heavenly bodies because of their round shape.

(b) Terrestrial telescope. It is used to see distant
objects on the surface of the earth. The final image
formed is erect one. This is an essential condition of
viewing the objects on earth’s surface correctly.

2. Reflecting telescopes. These make use of converging
mirrors to view the distant objects. For example, Newtonian
and Cassegrain telescopes.

G.46 ASTRONOMICAL TELESCOPE

82. What is an astronomical telescope ? Give its
construction. With the help of ray diagrams, explain its
working when it forms final image at the least distance of
distinct vision and at infinity. Deduce expression for
magnifying power in each case.

Astronomical telescope. It is a refracting type telescope
used to see heavenly bodies like stars, planets, satellites, etc.

Construction. It consists of two converging lenses
mounted co-axially at the outer ends of two sliding tubes.

1. Objective. It is a convex lens of large focal length
and a much larger aperture. It faces the distant object.
In order to form bright image of the distant objects, the
aperture of the objective is taken large so that it can
gather sufficient light from the distant objects.

2. Eyepiece. It is a convex lens of small focal length
and small aperture. It faces the eye. The aperture of the
eyepiece is taken small so that whole light of the
telescope may enter the eye for distinct vision.

Working. (1) When the final image is formed at the

least distance of distinct vision. As shown in Fig. 9.147,
the parallel beam of light coming from the distant

Obijective

9.53

object falls on the objective at some angle a. The
objective focusses the beam in its focal plane and forms
areal, inverted and diminished image A’ B'. This image
A’ B' acts as an object for the eyepiece. The distance of
the eyepiece is so adjusted that the image A' B’ lies
within its focal length. The eyepiece magnifies this
image so that final image A" B" is magnified and
inverted with respect to the object. The final image is
seen distinctly by the eye at the least distance of
distinct vision.

Magnifying power. The magnifying power of a
telescope is defined as the ratio of the angle subtended at the
eye by the final image formed at the least distance of distinct
vision to the angle subtended at the eye by the object at
infinity, when seen directly.

As the object is very far off, the angle subtended by
it at the eye is practically equal to the angle «
subtended by it at the objective. Thus

Z AOB'=a

Also, let ZA"EB"=8
. Magnifying power,

p.tanp

m=—=
a tana
B AB/BE OF

" AB/OB BE

- o, p are small]

According to the new Cartesian sign convention,
OB' =+ f; =focal length of the objective
B'E = - u, =distance of A’ B' from the eyepiece,

acting as an object for it

-k

Wy

Again, for the eyepiece :

m

u=-u, and v=-D

Ag 23 1
v u f
Eyepiece

L
"

=

__:h-.q‘.._.-..__ﬂ

Fig. 9.147 Astronomical telescope focussed for least distance of distinct vision.
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1 1 1
-D -u, j;,
or l=-1-:+l=-1—(1+£J
U, j; D f; D
Hence m-—-a{ﬂ(1+!§J
fr D

Clearly for large magnifying power, f,>> f,.. The
negative sign for the magnifying power indicates that
the final image formed is resl and inverted.

(b) When the final image is formed at infinity :
Normal adjustment. As shown in Fig. 9.148, when a
parallel beam of light is incident on the objective, it
forms a real, inverted and diminished image A’ B'in its
focal plane. The eyepiece is so adjusted that the image
A' B exactly lies at its focus. Therefore, the final image
is formed at infinity, and is highly magnified and
inverted with respect to the object.

Magnifying power in normal adjustment. It is
defined as the ratio of the angle subtended at the eye by the
final image as seen through the telescope to the angle
subtended at the eye by the object seen directly, when both
the image and the object lie at infinity.

As the object is very far off, the angle subtended by
it at the eye is practically equal to the angle a
subtended by it at the objective.

Thus
ZA OB=a
and let LA EB'=8
. Magnifying power,

" o, P are small angles]

_AB/BE_OB
AB/OB BE

PHYSICS-XII

Applying new Cartesian sign convention,

OB' =+ f, =Distance of A'B' from the objective
along the incident light
B'E = - f, =Distance of A’ B' from the eyepiece
against the incident light

fo

m=-—-—
f
Clearly for large magnifying power, f;>> f,. The
negative sign for m indicates that the image is real and
inverted.

For Your Knowledge

In a telesco &wahiechvehaslargefocallmgﬂ\and
large aperl:ure while the eyepiece has small focal

length and small aperture.
A telescope is focussed on the distant object by
varying distance between the objective and the
| eye-piece with the help of rack and pinion
‘arrangement.
The objective of the telescope should have large
aperture because then a much wider beam of light is
incident on it and is converged into a small cone
which, on entering the eye, produces sufficient
illumination on the retina. So even two distant faint
stars which cannot be seen by naked eyes, become
visible through such a telescope.
In a telescope, the image is not actually magnified. A
telescope simply increases the visual angle. The visual
angle f for the image is much larger than the visual
angle o for the object. Consequently, the angular
magnification f§ / a is quite large.
> In normal adjustment, the distance between the
objective and the eyepiece = f, + f.
When the final image is formed at the least distance of
distinct vision, the magnifying power of the telescope
is larger than that in the case of normal adjustment

because the factor (1+ —'g-J >1

|

A

v

L\

= An astronomical telescope forms an inverted image.
As the celestial objects are oval in shape, so it does not
. matter whether the final image is inverted or erect.

Eyepiece

—

Fig. 9.148 Astronomical telescope in normal adjustment.

|
|
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9.47 TERRESTRIAL TELESCOPE*

83. What is a terrestrial telescope ? With the help of a
ray diagram, explain its working. Write expression for its
magnifying power. State its main drawbacks.

Terrestrial telescope. It is a refracting type telescope
used to see erect images of distant earthly objects. It uses an
additional convex lens between objective and eyepiece
for obtaining an erect image.

As shown in Fig. 9.149, the objective forms a real,
inverted and diminished image, A'B' of the distant
object in its focal plane. Now the erecting lens is held at
twice its focal length from the focal plane of the
objective. This lens forms a real, inverted and equal
size image A"B’ of A’ B'. This image is now erect with
respect to the distant object. The eyepiece is so
adjusted that the image A" B’ lies at its principal focus.
Hence the final image is formed at infinity and is
highly magnified and erect with respect to the distant
object.

fﬂ_ys - Objective
isy, PoF,
tan, 4

fob.

—

9.97

As the erecting lens does not cause any magni-
fication, the angular magnification of the terrestrial
telescope is same as that of the astronomical telescope.

When the image is formed at infinity,
fo

m=<-",
fe
When the image is formed at the least distance of
distinct vision,

m=—‘{9-(1+—-f—.‘-]

Drawbacks :

1. The length of the terrestrial telescope is much
larger than the astronomical telescope. In normal
adjustment, the length of a terrestrial telescope
= f, +4f + f,, where fis the focal length of the
erecting lens.

2. Due to extra reflection at the surfaces of the erec-
ting lens, the intensity of the final image decreases.

b— h —t— 2~ f

Fig. 9.149 Terrestrial telescope.

9.48 REFLECTING TELESCOPES

84. With the help of a ray diagram, explain the cons-
truction and working of a Newtonian reflecting telescope.

Newtonian reflecting telescope. The first reflecting
telescope was set up by Newton in 1668. As shown in
Fig. 9.150, it consists of a large concave mirror of large
focal length as the objective, made of an alloy of copper
and tin.

» ] >

Parallel rays mirm_r___?:"
fromdistant | F-=-___
object %

> -y

jective
(Concave mirror)

Eyepiece

Fig. 9,150 Newtonian reflecting telescope.

A beam of light from the distant star is incident on
the objective. Before the rays are focussed at F, a plane
mirror inclined at 45° intercepts them and turns them
towards an eyepiece adjusted perpendicular to the axis
of the instrument. The eyepiece forms a highly
magnified, virtual and erect image of the distant object.

85. With the help of a labelled diagram, explain the
construction and working of a Cassegrain reflecting
telescope.

Cassegrain reflecting telescope. Fig. 9.151 shows
Cassegrainian type reflecting telescope. It consists of a
large concave paraboloidal (primary) mirror having a
hole at its centre. There is a small convex (secondary)
mirror near the focus of the primary mirror. The
eyepiece is placed on the axis of the telescope near the
hole of the primary mirror.

The parallel rays from the distant object are
reflected by the large concave mirror. Before these rays
come to focus at F, they are reflected by the small
convex mirror and are converged to a point [ just
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Paraboloidal

* / objective
" Secondary \ mirror

2 e

Parallel rays rm;rcf SR

from distant s ]

object Eyepiece

2o
—

Fig. 9.151 Cassegrain reflecting telescope.

outside the hole. The final image formed at [ is viewed
through the eyepiece. As the first image at F is inverted
with respect to the distant object and the second image
I is erect with the respect to the first image F, hence the
final image is inverted with respect to the object.

Let f, be the focal length of the objective and f, that
of the eyepiece.

For the final image formed at the least distance of
distinct vision,

m= &[1 + -‘—&]
E D
For the final image formed at infinity,
~h_R12
A

86. State some important advantages of a reflecting
type telescope over a refracting type telescope.

Advantages of a reflecting type telescope. A
reflecting type telescope has the following advantages
over a refracting type telescope :

1. A concave mirror of large aperture has high
gathering power and absorbs very less amount
of light than the lenses of large apertures. The
final image formed in reflecting telescope is
very bright. So even very distant or faint stars
can be easily viewed.

Due to large aperture of the mirror used, the

reflecting telescopes have high resolving power.

. As the objective is a mirror and not a lens, it is
free from chromatic aberration (formation of
coloured image of a white object).

. The use of paraboloidal mirror reduces the
spherical aberration (formation of non-point,
blurred image of a point object).

. A mirror requires grinding and polishing of one
surface only. So it costs much less to construct a
reflecting telescope than a refracting telescope
of equivalent optical quality.

. A lens of large aperture tends to be very heavy
and, therefore, difficult to make and support by
its edges. On the other hand, a mirror of
equivalent optical quality weighs less and can
be supported over its entire back surface.

PHYSICS—XI!

For Youf _Kn;w!édge

The largest refracting telescope is at the Yerkes
Observatory in Wisconsin, USA. It uses an objective
lens of diameter 102 cm.

The largest reflecting telescopes in the world are the pair
of Keck telescopes in Hawaii, USA. They use reflec-
ting mirrors of diameter 10 m each. |
The largest telescope in India is in Kavalur, Tamil-
nadu. It is a Cassegrain reflecting telescope having
objective of diameter 2.34 m. It was ground, polished, ]
set up andmbemgusadbymelnd:anlnshmteof
Astrophysics, Bangalore,

Prism binocular. Itis a double telescope that uses two
sets of totally reflecting prisms. This makes the final |
image erect which is very desirable for observations |
on earth. Binoculars are much more compact and |
easier to use than a refracting telescope, and allow use
of both eyes.

v

v

)

|

Examples based on

Formuloe Used
1. Astronomical telescope. (i) In normal adjustment,
m=20
%
Distance between objective and eyepiece= f, + f,
(if) When the final image is formed at the least

distance of distinct vision, l!‘ﬂx%’-[l%‘-’—;£
[

Distance between objective and eyepiece

o P
f,+D

Terrestrial telescope. (i) In normal adjustment,

fa

f

Distance between objective and eyepiece
=fo+4f+ f,,

where f =focal length of the erecting lens.

Galileo’s telescope. In normal adjustment, m =

Distance between objective and eyepiece = f;

sdo_R/2
oo

where f, = focal length of concave mirror,
f, =focal length of eyepiece.
Units Used
Lengths f;, f., fand Dare in all in cm or metre.

=htu=1

m=

S
f,

-t
Reflecting telescope. m
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Example 132. The magnifying power of an astronomical
telescope in the normal adjustment position is 100. The
distance between the objective and the eyepiece is 101 cm.

Calculate the focal lengths of the objective and the eyepiece.
[CBSE D 04]

Solution. Here m=% =100 or f, =100 f,

e

But fo+ f,=101cm
or 100 f, + f, =101
f,=1cm
and fy =100 cm.

Example 133. An amateur astronomer wishes to estimate
roughly the size of the sun using his crude telescope
consisting of an objective lens of focal length 200 cm and an
eyepiece of focal length 10 cm. By adjusting the distance of
the eye-piece from the objective, he obtains an image of the
sun on a screen 40 cm behind the eyepiece. The diameter of
the sun’s image is measured to be 6.0 cm. What is the
estimate of the sun’s size, given that the average earth-sun
distance is 1.5 x 10" m [NCERT)

Solution. Here f, =200 cm, f, =10 cm,
v, =+ 40 cm (for real image)

PURPLI
v 4 fe
1 1 1.1 149
u v, f 40 10 40 40
or u-*‘mcrn
=
3
Magnification produced by eyepiece is
S o, 40
¢ du,| T20/3

. Diameter of the image formed by the ob]ectwe is

cm=2 cm

If Dis the diameter of the sun (in m), then the angle
subtended by it on the objective will be
D

& on ™

Angle subtended by the image at the objective will
be equal to this angle and is given by

size of image 2 1
=——=——=——1ad
A 200 100
. - . Y
“15x 10" 100
11
or =&=1.5x109m

100

9.99

Example 134, A ftelescope objective of focal length 1m
forms a real image of the moon 0.92 cm in diameter.
Calculate the diameter of the moan taking its mean distance
from the earth to be 38 x 10* km. If the telescope uses an
eyepiece of 5 cm focal length, what would be the distance
between the two lenses for (i) the final image to be formed at
infinity and (ii) the final image (virtual) at 25 ecm from the
eye. [ISCE 97]
Solution. Let 4 be the diameter of the moon. The
angle subtended by the moon at the objective of the
telescope is
B Diameter of moon
Distance of moon from earth
5 d A d
38x10°km 38x10°m

The angle subtended by the image formed by the
objective in its focal plane will also be equal to a and is
given by

Diameter of moon's image

*= Yol length of the objective
L N
100 cm
— 4 o009
38x10° m

d=38x10%x0.0092 =35x10° m
() When the image is formed at infinity, the
distance between the two lenses is
L= f;+ f,=100 cm + 5.0 cm =105 cm.

(if) When the image is formed by the eyepiece at the
least distance of distinct vision, we have

v,=-=D=-25cm, f,=+5acm

or

Using thin lens formula,
b Ko et S .
u, v, f, =25 5 25
or U =—-—=~417cm

Therefore, the distance between the two lenses is
= f,+|u,|=100 + 4.17 =104.17 cm.

Example 135. A telescope has an objective of focal length
50 em and eyepiece of focal length 5 cm. The least distance of
distinct vision is 25 cm. The telescope is focussed for distinct
vision on a scale 200 cm away from the object. Calculate (a)
the separation between the objective and eyepiece and (b) the
magnification produced. [IIT]

Solution. For the image formed by the objective,
we have

Uy =-200cm, f,=+50cm
As l:l—i—
fo %
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1.k, 1. 1 31 9
v fy #, 50 200 200 200
or 0y = 2 cm
? 3
Magpnification produced by the objective is
Yy 200 1

" 320 3

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

ve=—25m1, f{=+5cm
1 1 11 1_-1-5_-6
W o f ZBS B BN
or u=-2 cm
X 6
Magpnification produced by the eyepiece,
- -25 s
©ou, -25/6
(a) The separation between the objective and eyepiece
=u9+'.ue']=@ §=E='?".'l.53c::r.'n.
3 6 &
(b) Magnification produced,

m=muxme=-%x6=—2

The negative sign indicates that the final image is
inverted.

Example 136. A small telescope has an objective lens of
focal length 150 cm and an eyepiece of focal length 5 cm. If
this telescope is used to view a 100 m high tower 3 km away,
find the height of the final image when it is formed 25 cm
away from the eyepiece. (CBSE D 12]
Solution. Angle subtended by the 100 m tall tower

at 3 km away is
o=tana = = l
3x10° 30
Let h be the height of image of tower formed by the
objective. Then the angle subtended by this image will

rad

=

also be a and is given by
L
f, 150
R 2 or h=5cm
150 30
Magnification produced by the eyepiece,
m£=1+2=1+§=6
fe

Height of final image

= hxm, =5x6=30 cm.
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Example 137. A small telescope has an objective lens of
focal length 150 cm and eyepiece of focal length 5 cm. What
is the magnifying power of the telescope for viewing distant
objects in normal adjustment ?

If this telescope is used to view a 100 m tall tower 3 km away,
what is the height of the image of the tower formed by the
objective lens ? [CBSE OD 15]

Solution. Magnifying power of the telescope in
normal adjustment,

m= I‘l = _li()_ =30
L 9
. 100 1
Angular size of the tower (a) = rad = —rad
3x 1000 30

Angular size of the image (ﬂ)=%x3ﬂrad=l rad

[m= E
3 @

Height of the image =1x %dm =0.05m.

Example 138. A terrestrial telescope has an objective of
focal length 180 cm and an eyepiece of focal length 5.0 cm.
The erecting lens has a focal length of 3.5 cm. What is the sepa-
ration befween the objective and the eyepiece ? What is the
magnifying power of the telescope ? Can we use the telescope
for viewing astronomical objects ? [NCERT]

Solution. In a terrestrial telescope, the inverted image
formed by the objective is made erect by positioning it at
the 2f point of an erecting lens of focal length f.

In normal adjustment, the separation between the
objective and the eyepiece is

L=f0+4f+j;
=180+4x35+50=199 cm

Magnifying power,
_fo 18040
f, 5

Yes, the telescope can be used to view astronomical
objects though there is no need to make the ‘inverted’
image of a star ‘upright’. But the final image is less
bright than in an equivalent astronomical telescope
because of the extra loss of some light due to reflection
and absorption by the erecting lens.

Example 139. (a) A Galilean telescope obtains the final
image erect (like in a terrestrial telescope) without an
intermediate erecting lens. It does so by using a diverging
lens for its eyepiece. Show that the angular magnification of
a Galilean telescope is given by the formula : m=— f,/ f,
(negative sign because f, is negative).



RAY OPTICS AND OPTICAL INSTRUMENTS

() For a Galilean telescope with f, =150 cm,
f,=-7.5 cm, what is the separation between the objective
and the eyepiece ?

(¢) What is the main drsadmmage of this type of
telescope ?

Solution. (a) As shown in the ray diagram of
Fig. 9.152, the image formed by the objective lies at a
distance f, from the eyepiece. So the rays refracted by
the eyepiece are rendered parallel. The final image is
formed at infinity.

Ray fo
m
to
dlsta,ﬁ Dt!;;' Objective Imageat  Eyepiece
infinity i
: S, 8
; ; \ o II E B
(? [ — J < ?‘
' = =7 A
p—f—
te fo -

Fig. 9.152 Galileo's telescope (normal adjustment).

In normal adjustment, the angular magnification is
given by

[ a,p are small angles]
o tana

_A'B/EB' _OB
" AB/OB EB

m=—
fe

_ _ Focal length of the objective

Focal length of the eyepiece

The negative sign has been taken because the focal
length f, of the diverging lens used for the eyepiece is
negative.

(b)) In the normal adjustment, the separation
between the objective and the eyepiece is

L= f, -| f,1=150 —| -7.5| =142.5 cm.

(c) The main disadvantage of a Galilean telescope is
its limited field of view. This is because the eye cannot
be positioned on the location of the eyering between
the two lenses.

Example 140. An eyepiece of a telescope consists of two
plano-convex lenses Ly and L, each of focal length f separated
by a distance of 2 f /3. Where should L, be placed relative to
the focus of the objective lens of the telescope so that the final
image through L, is seen at infinity ? [NCERT]
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Solution. Because the final image through L, is

seen at infinity, therefore, virtual image of the object
produced by L, should lie at the focus of L,.

But distance between l, and 12 =%‘[

- Image distance from [1 = f -%:31

or v=~'{.and forll,vs—i
3 3
Ay 2 3.3
v u f
'l _1__3 1\
E v [N Y
or Dyt
4

So L, should be placed at a distance of{ from the

focus of the objective.

Such an arrangement of two plano-convex lenses is
preferred to a simple double-convex lens for an
eyepiece because it reduces chromatic and spherical
aberrations.

8 ;j roblems For Practice

1. The sum of focal lengths of the two lenses of a
refracting telescope is 105 cm. The focal length of one
lens is 20 times that of the other. Determine the total
magnification of the telescope when the final image is
formed at infinity. [CBSE OD 14C]

(Ans. 20)

2. An astronomical telescope when in normal
adjustment has magnifying power 5. If the distance
between two lenses is 24 cm, find the focal length of
both the lenses. [Haryana 04]

(Ans. 20 cm, 4 cm)

3. A telescope has an objective of focal length 200 cm
and eyepiece of focal length 5 cm. Calculate its
magnifying power when the final image is formed
(a) at infinity and (b) at distance of distinct vision.

(Ans. 40, 48)

A telescope consists of an objective of focal length
50 cm and an eyepiece of focal length 5 cm. In
normal adjustment of the telescope, what will be
(i) the magnifying power and (ii) the length of the
telescope ? [Ans, (1) 10 (i) 55 cm)]

E]'.
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5.

=1

10.

11,

An astronomical telescope is 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 eyepiece. (Ans. 1D, 50 D)

A telescope has an objective of focal length 30 cm
and an eyepiece of focal length 3.0 cm. It is focussed
on a scale distant 2.0 m. For seeing with relaxed eye,
calculate the separation between the objective and
the eyepiece. (Ans. 38.3 cm)
The focal length of the objective of an astronomical
telescope is 1.0 m. If the magnifying power of the
telescope is 20, find the focal length of the eyepiece
and the length of the telescope for the relaxed eye.

(Ans. 5 cm, 1.05 m)

. The diameter of the moon is 3.5 x 10° km and its

distance from the earth is 3.8 x 10° km. It is viewed
by a telescope which consists of two lenses of focal
lengths 4 m and 10 cm. Find the angle subtended at
eye by the final image. (Ans. 21.1°)
On seeing with unaided eye, the visual angle of
moon at the eye is 0.06°. The focal lengths of the
objective and the eyepiece of a telescope are
respectively 200 cm and 5 cm. What will the visual
angle on seeing through the telescope ? (Ans. 2.4°)
A telescope objective has a focal length of 100 cm.
When the final image is formed at the least distance
of distinct vision, the distance between the lenses is
105 cm. Calculate the focal length of the eyepiece
and the magnifying power of the telescope.
(Ans. 6.25 cm, 20)
A refracting telescope has an objective of focal
length 1 m and an eyepiece of focal length 20 cm.
The final image of the sun 10 cm in diameter is
formed at a distance of 24 cm from the eyepiece.
What angle does the sun subtend at the objective ?
(Ans. 0.0455 rad)

A reflecting type telescope has a concave reflector
of radius of curvature 120 em. Calculate focal
length of eyepiece to secure a magnification of 20.

(Ans. 3 cm)

HINTS

1

(i) Given f + f,=105and f =20f,
20f,+ f,=105 = f, =5cm

fy=20x5=100cm

Hence, m=£=1m—2£l
A
(i) m=£=5 = [, =3l
f /0 £
But f + f,=24 .. 6f, =24

Hence, f =4 cmand f =20 cm.

10

11

12.
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For seeing with relaxed eye, final image should be
formed at infinity. This happens when the image
formed by the objective lies at the focus of the
eyepiece.
For the objective :
y=—20m=-200cm, f,=+30cm
AT SO . 1 L

+ FAFEL
P | fo T30 200 " 600
or 7, =35.3cm
Distance between the objective and the eyepiece
=15, + f, =353+ 3.0=38.3 cm.
4m B

Diameter of moon
Radius of lunar orbit
_ 40%3.5x 10°
T 38x10°

p=40a =40x

=36.84 x 1072 rad = 21.1°.

=3
]

e
]

R ™

cfo 02200 5060 = 200,
£ 5
Here f;, =100em, f;+|u,|=105cm
|, |=5em
For the eyepiece, u, = ~5cm, v, =~ D=-25cm

i

or f. =625 em

6.25 25
Let iy and h, be the sizes of the images formed by
the objective and the eyepiece respectively. Then

ﬂu__iL
tan a f;

Also m‘=&4=1+2«
h fe

=—1-9'9-(1+ 625} 20,

10_,,24 4
I zozo
b =

or

or

50
-~ - - n
or o= T - 0455 rad.

/2
51 legéfzmam
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IDELINES TO NCERT EXERCISES

9.1. A small candle 2.5 cm in size is placed 27 cm in front of
a concave mirror of radius of curvature 36 cm. At what distance
from the mirror should a screen be placed in order to receive a
sharp image ? Describe the nature and size of the image. If the
candle is moved closer to the mirror, how would the screen have
to be moved ?

Ans. Here, I =25cm, w=-27cm, R=-36cm
R
=—=—18cm
f 2

[~ R is —ve for a concave mirror]

By mirror formula,

T Lok S sdea nd
v, f w =18 27 54 54
or v=-54 cm

Thus the screen should be placed at 54 cm from the
mirror on the same side as the object.
Magnification,
I
m=2=-2
h i
.. Size of image,
hy=-?%25=-5cm

Negative sign shows that the image is real and
inverted.

If the candle is moved closer to the mirror, the image
moves away from mirror, so the screen would have to be
moved farther and farther from the mirror. Closer than
18 cm from the mirror (when the focal point is crossed),
the image becomes virtual and cannot be taken on screen.

9.2. A 4.5 cm needle is placed 12 cm away from a convex
mirror of focal length 15 cm. Give the location of the image and
the magnification. Describe what happens as the needle is
moved farther from the mirror.

Ans.Here, h; =45cm, u=-12cm, f=+15cm
[+ fis + ve for a convex mirror]

By mirror formula,
N 1 1, 1
12

v-f 1

n=+?z+6.67¢m

15

or

As vis + ve, image is virtual and erect and is formed at

6.67 cm behind the mirror,
Magnification, m=‘£=—£=—i -
hy u  3x(-12) 9

Size of image, hz=g x Iy =g x4.5=2.5cm

9.131

As the needle is moved farther from the mirror, the
image shifts towards the focus (but never beyond F) and
goes on decreasing in size.

9.3. A tank is filled with water to a height of 12.5 cm. The
apparent depth of a needle lying at the bottom of the tank is
measured by a microscope to be 9.4 em. What is the refractive
index of water ? If water is replaced by a liquid of refractive
index 1.63 up to the same height, by what distance would the
microscope have to be moved to focus on the needle again ?

[Himachal 2000 ; CBSE D 09C]

Ans. Tank filled with water :
Real depth =12.5cm
Apparent depth =9.4cm

Refractive index of water is

« _ Realdepth _125 _

oS —— 1.33
Apparent depth 9.4
Tank filled with liquid :
Real depth =12.5cm
1 depth
Nt vl el = TSP
Apparent depth
or 1.63= _.___1.2_5..___._..
Apparent depth
.. Apparent depth with liquid
= ﬁu‘;:l'n =7.669cm = 7.7 cm
1.63

Distance through which the microscope has to be

moved
=94-77=17 cm.

9.4. Figures. 9.199 (a) and (b) show refraction of an incident
ray in air at 60° with the normal to a glass air and water air
interface, respectively. Predict the angle of refraction of an
incident ray in water at 45° with the normal to a water glass
interface [Fig. 9.199(c)].

Glass

Fig. 9.199
Ans. From Fig. 9.199(a),

. _sini sin60° 08660
o sin 35°  0.5736

1.51

sin r



9.732

From Fig. 9.199(b),
. _sini _sin60° 0.8660

= - = =1.32
Hw sinr sin 41° 0.6561
From Fig. 9.199(c),
. ‘Mo sini
M, sinr
= _lﬂ _sin45° 0.7071
132 sinr sin r
o = 1.32 x0.7071 - 0.6181
1.51
r=38.2°

9.5. A small bulb is placed at the bottom of a tank
containing water to a depth of 80 cm. What is the area of the
surface of water through which light from the bulb can emerge
out ? Refractive index of water is 1.33. Consider the bulb to be a
point source.

Ans. The light rays from the small bulb 5 which are
incident at an angle i > i_ are totally internally reflected
and cannot emerge out of water surface. The light from
the bulb S comes out through a circular patch of radius r
given by

OA r

Fig. 9.200
... 181 .3
SNl =—=— = —
€33 4
cosi. = .(1- E)z—ﬂ
g 4) " 4
VI 3
tani B
N 7
Area of the patch,
= nr? = wh* tan?i

9.6. A prism is made of glass of unknown refractive index. A
parallel beam of light is incident on a face of the prism. The
angle of minimum deviation is measured to be 40°. What is the
refractive index of the material of the prism. ? The refracting
angle of the prism is 60° If the prism is placed in water
(refractive index 1.33), predict the new angle of minimum
deviation of a parallel beam of light.

PHYSICS-XII

Ans. When the prism is placed in air :
3, =40° A=60°
. Refractive index of the prism material is

. A+d, 60° + 40°
sin—-— igin- —
¥ p = = 2
g o 60°
sin sin —-
2
in 50°
_SnoU_0Z8V 533
sin 30° 0.5000
When the prism is placed in water :
A L
sin +2—-8’“
L —_—
‘. A
sin
2
o, i 60° + &
& . 8 _ 2D
Bo .gin 2
2
. 60°+ &
150 SN
or =
1.33 sin 30°
60° + &'
or s+ om 1992, 45 05759
2 1.33
6?
30° + 7"’ =sin”! (0.5759) = 35°10'
or 8, =10°20".

9.7. Double-convex lenses are to be manufactured from a
glass of refractive index 1.55, with both faces of the same radius
of curvature. What is the radius of curvature required if the
focal length of the lens is to be 20 cm ? [CBSE OD 14C]

Ans. Here p =155, f=20cm

If R =R, then R,=-R

1 £ 1
As —=(u—1){———}

¥ R R
i=(1.55—1)[1+1}
20 R R

or L assxs
20 R

or R=0.55%x2%20cm = 22.0 cm.

9.8. A beam of light converges to a point P. A lens is placed
in the path of the convergent beam 12 cm from P. At what point
does the beam converge if the lens is (a) a convex lens of focal
length 20 cm, (b) a concave lens of focal length 16 cm ?

|CBSE OD 06]

Ans. Here the point P on the right of the lens acts as a
virtual object but the image I is real, as shown in
Figs. 9.201(a) and (b).
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—u=12cm — ». Size of image,
v -84
<. h.z*—‘;m‘ll—_14 x3cm =18 cm
; T = P i.e., the image is diminished in size.
v As the object is moved away from the lens, the virtual
v—si image moves towards the focus of the lens (but never
(@ beyond it) and progressively diminishes in size.

9.10. What is the focal length of a combination of a convex
lens of focal length 30 cm and a concave lens of focal length
20 cm ? Is the system a converging or a diverging lens ? Ignore

thickness of the lenses.
Ans. Here, f; = +30cm (convex lens)
fr=-20 (concave lens)
®) Focal length of the combination is given by
et .1 N 1
Fig. 9.201 f f f 30 -20 60
(a) For convex lens : u=+ 12cm, f =+20cm or f=-60cm
1 1 1 1 1 1 The negative value of f indicates that the combination
Now ;—;'—'? o 1290 behaves as a diverging lens.
9.11. A compound microscope consists of an objective lens
or 1.1, Adta 8 of focal length 2.0 cm and an eyepiece of focal length 625 cm
v 20 12 60 60 separated by a distance of 15 cm. How far from the objective
15 should an object be placed in order to obtain the final image at
or o L (i) the least distance of distinct vision (25 cm), (ii) infinity ?
: - . . 2
Thus the beam converges at a point 7.5 am to the right What is the magnifying power of the microscope in each case ?
of the lens. [CBSE OD 08]
(b) For concave lens : u=+12em, f=-16cm Ans. Here f, =20em, f, =625cm, 1 =?
fetl 1 D A (i) When the final image is obtained at the least distance of
Now —=—f—=——d == =— distinct vision :
v f tem=it 12 48 48
v, =-25cm
S v =48 cm o5y
Thus the beam converges at point 48 cm to the right of As ———=—
the lens. . % 4% f
9.9. An object of size 3.0 cm is placed 14 cm in front of a s O i - 1
concave lens of focal length 21 cm. D-escr{’be the image produced ;’ = ”_e B Te ST
by the lens. What happens if the object is moved further away
from the lens ? _=l=4 =5 1
Ans. Here By =3cm, u=-14cm, f=-21lcm, v="? 25 25 5
F i 1l 1 or U == 5cm
@ S if Now distance between objective and eyepiece
O G e SO . L L e
o f w 21 14 42 42 :. Distance of the image from objective is
or v=-84cm 7 =15-5=10cm
Negative v indicates that the image is virtual, erect ) i R T v e Oy
and is formed at 8.4 cm from the lens on the same side as < hy 3 % 5o 10 2 T 10 5
the object.
ject e 5
A . L or u0=—5=—2.5crn
lh u

~. Distance of object from objective = 2.5 cm
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Magnifying power,
% D
m=my xm,=—|1+—
™ [ f,J
= E [1 + __2_5._J = 20.
23 6.25
(if) When the final image is formed at infinity :
Here vy, =®, f =625cm
el R
Ut ue ff © uf fﬂ
or =~ f=—625cm

Distance between objective and eyepiece = 15cm
. Distance of the objective from the image formed by
itself,
vy =15-625=8.75cm

Also fo=+20cm
1 1 1_ 1 1_2-875 -675
o B Jp 8990 20 17577175
or =—@=—2.59cm
6.75

. The distance of the object from objective = 2.59 cm

Magnifying power,

v 25
m:fnoxme—_-—x

¥, 625

=%7x4=13.46=13.5.

9.12. A person with a normal near point (25 cm) using a
compound microscope with an objective of focal length 8.0 mm
and eyepiece of focal length 25 cm can bring an object placed
9.0 mm from the objective in sharp focus. What is the separation
between the two lenses 7 How much is the magnifying power of
the microscope ?

Ans. Here f, =0.8cm, 1, =-09em, gy, =?

% % S
M 1
%W %X 08 09
_09-08 0.1
T 09x08 08x09
0.8x0.9
= =72
or 'Uﬂ []'_] cm

Now for the eyepiece, we have
f,=25cm, v,=-D=-25cm, u =?
=

or U =-—=-227cm

PHYSICS-XII

Hence the separation between the two lenses
=0y + |4 |=72+227 =947 em
Magnifying power,
%

m=mnxm¢_=—[1+£)
| 4 | fe

=E[1+§)=a&
09\ " 25

9.13. A small telescope has an objective lens of focal length
144 am and an eyepiece of focal length 6.0 com. What is the
magnifying power of the telescope ? What is the separation
between the objective and the eyepiece ?

Ans. Here f,=144cm, f =6cm

For the small telescope set in normal adjustment, the
magnifying power is

» 6

Separation between the objective and the eyepiece

= fo+ f, =144+ 6=150 cm.

9.14. (i) A giant refracting telescope at an observatory has
an objective lens of focal length 15 m. If an eyepiece of focal
length 1.0 cm is used, what is angular magnification of the
telescope ?

(if) If this telescope is used to view the moon, what is the
diameter of the image of the moon formed by the objective lens ?
The diameter of the moon is 348 x 10% m, and the radius of
lunar orbit is 38 x 10° m. [CBSE OD 08, 11 ; D 15]

Ans. Here fo =15m, fe =10cm =0.01m

(1) Angular magnification,

_ho B,

£, 001

(if) Let d be the diameter of the image in metres. Then
angle subtended by the moon will be

i} Diameter of moon . 3.48 x10°
"~ Radius of lunar orbit 3.8 x10°

o

Angle subtended by the image formed by the
objective will also be equal to « and is given by

ol Diameter of image of moon  d
5 35

d _348x10°
15 38x10°
Diameter of image of moon,
d= 3.48x10° x 15 e 3.48x15x107*
3.8x10° 38
9.15. Use the mirror equation to deduce that :

(@) an object placed between fand 2 f of a concave mirror
produces a real image beyond 2 f. [CBSE D 15]

=13.73 cm.
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(b) a convex mirror always produces a virtual image
independent of the location of the object.

(c) the virtual image produced by a convex mirror is
always diminished in size and is located between the
focus and the pole.

(d) an object placed between the pole and focus of a
concave mirror produces a virtual and enlarged
image. [CBSE OD 11]

Ans. (a) From mirror formula, 2 = 2.k
v u

Now for a concave mirror, f < 0and for an object on
the left, u<0

1 1
2f=<u<cf or §>;>?
or —-l--c—l-c—l
2f u  f
= 1 Lod 1.1 1 ity
i e G A 3 2f v
This implies that v < 0 so that image is formed on left.
Also the above inequality implies
2f>v
or |2f| <| 2| [+ 2f and v are negative]

i.e., the real image is formed beyond 2f.

(b) For a convex mirror, f > 0and for an object on left,
u < 0. From mirror formula,
r 31

7 koW
TTﬂsirnpliesthatl>0 or v>0
v

This shows that whatever be the value of 1, a convex
mirror forms a virtual image on the right.

(c) For convex mirror, f >0 and for an object on the
left u < 0, so mirror formula,

1. Q1
v_f u
5 ; .l 1., 5
implies that ;}— [ —; isa +vequant1ty]
or v< f
This shows that the image is located between the pole
and the focus of the mirror.
(d) From mirror formula,
O |
v f u

For a concave mirror, f <0 and for an object located

between the pole and focus of a concave mirror,
f<u<0
l>1 or —1—1)-0 or E>0
f u ey v

i.e., a virtual image is formed on the right.

9.135

lci or v>|u| |m]=1>1

v |u 3 | ul
i.e., image is enlarged.

9.16. A small pin fixed on a table top is viewed from above
from a distance of 50 cm. By what distance would the pin appear
to be raised if it is viewed from the same point through a 15 cm
thick glass slab held parallel to the table ? Refractive index of
glass =1.5. Does the answer depend on the location of the slab ?

Ans. The distance through which the pin appears to be
raised is

d = Real thickness of slab

Also

— Apparent thickness of slab
= Real.thidkness of slab e thickness of slab
[

t—i=f [l—i]
m W

Heret =15cm, p =15

1 51
Ld=15|1-—|=15| —— | =
( 1.5] 5[ 15 ] S

The answer does not depend on the location of the slab.

9.17. Figure 9.202 shows a cross-section of a ‘light- pipe’
made of a glass fibre of refractive index 1.68. The outer covering
of the pipe is made of a material of refractive index 1.44. What is
the range of the angles of the incident rays with the axis of the
pipe for which total reflections inside the pipe take place as
shown.

Fig. 9.202

Hy 1

Ans. Given p, =168, p, =144 p=-—*==—"+
By sini

- Critical angle i! is given by
sin il = by 144
p, 168
Total internal reflection will occur if the angle i > 1,
ie,ifi’>59°orwhenr<r ., wherer = =90°-59°=31°

Using Snell’s law,

=0.8571 = i/ =59°

sm%—f“‘“ = 1.68
sinr ..
or sini . =168xsinz
= 1.68 xsin 31° = 1.68 x 0.5150 = 0.8662
T =60°
Thus all incident rays which make angles in the range
0<i<60° with the axis of the pipe will suffer total
internal reflections in the pipe.
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9.18. Answer the following questions :

(a) You have learnt that plane and convex mirrors
produce virtual images of objects. Can they produce
real image under some circumstances ? Explain.

(b) A virtual image, we always say, cannot be caught

on a screen. Yet when we ‘see” a virtual image, we

are obviously bringing it on to the ‘screen’ (i.e., the
retina) of our eye. Is there a contradiction ?

(c) A diver under water, looks obliquely at a fisherman

standing on the bank of a lake. Would the fisherman

look taller or shorter to the diver than what he
actually is ?

Does the apparent depth of a tank of water change if

viewed obliquely ? If so, does the apparent depth

increase or decrease ?

The refractive index of diamond is much greater
than that of ordinary glass. Is this fact of some use
to a diamond cutter ?

Ans. () Yes, a plane or convex mirror can produce a
real image if the object is virtual. As shown in Figs. 9.203(a)
and (b), if a plane or a convex mirror is placed in the path
of rays converging to a point, the rays get reflected to a
point in front of the mirror. Real image can be obtained on
a screen.

()

()

Converging
Tays
N S
I Real Virtual ©
image object

Fig. 9.203

(b) When the reflected and refracted rays are diver-
gent, the image is virtual. These rays are converged by the
eyelens to form a real image on the retina. The virtual image
serves as a virtual object. Also the screen is not located at
the position of virtual image. So there is no contradiction.

(¢) The man looks taller to a diver under water. As the
fisherman is in air, the light rays travel from rarer to
denser medium. They bend towards the normal and
hence appear to come from a larger distance, as shown in
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Fig. 9.204. It may be noted that the points Pand Qare, in
fact, so close that the rays through these points can enter
the small aperture of the eye of the fish. Here

AB = Real height of the man,
AB' = Apparent height of the man.

Fig. 9.204

(d) Yes. The apparent depth decreases for oblique
viewing from its value of normal viewing. This is obvious
from the ray diagrams shown in Fig. 9.205.

Observer

Fig. 9.205

(¢) Yes. Refractive index of diamond is high
(n=242) so its critical angle is small (i =24°). A
diamond cutter makes use of this large range of angle of
incidence (24°t090°) to ensure that light entering
diamond suffers total internal reflection several times.
When light emerges out, it produces sparkling effect.

9.19. The image of a small electric bulb fixed on the wall to a
room is to be obtained on the opposite wall 3 m away by means
of a large convex lens. What is the maximum possible focal
length of the lens required for the purpose ?

Ans. The minimum distance (as proved in Problem 14
on page 9.124) between an object and its real image is 4 f.

D 3m
4fmax=D or fma)c:__

=——=0.75m.
4 4
9.20. A screen is placed 90 cm from an object, the image of
the object on the screen is formed by a convex lens at two
different locations separated by 20 cm. Determine the focal
length of the lens.



RAY OPTICS AND OPTICAL INSTRUMENTS

Ans. As shown in Fig. 9.206, let O and I be the
positions of object and image respectively and L, and L,
be the two conjugate positions of the lens.

L i

0] I
! x 20 cm — x |
Fig. 9.206
Obviously, x+20+x=90cm or x=35cm

When the lens is in position L, we have
u=-x=-35cm, v=204+x=20+35=55cm

e TR L e P
" f v uw 55 35 38 385
or f=@=21.4cm.
18

9.21. (a) Determine the ‘effective focal length’ of the
combination of the two lenses in Exercise 9.10, if they are placed
8.0 cm apart with their principal axes coincident. Does the
answer depend on which side a beam of parallel light is incident ?
Is the notion of effective focal length of this system useful at all ?

(b) An object 15 amin size is placed on the side of the convex
lens in the above arrangements. The distance between the object
and the convex lens is 40 cm. Determine the magnification
produced by the two-lens system, and the size of the image.

Ans. (a) (i) Let a parallel beam of light be incident from
the left on the convex lens first. Then

fi=30cm
u!=-l'-0
R R
CRRU T
L. 9! 1 1_1
9w L% 30 o 30
or y =+ 30cm

This image becomes a virtual object for the second lens
so that

f;=—20cm,
w,=+(30-8)=+22cm
Now l=i+i
n h %
sl edivlh) =1
20 22 220 220

or vz=-220cm
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The parallel incident beam appears to diverge from a
point 220 - 4 =216 cm from the centre of the two-lens
system.

(i7) Let the parallel beam be incident from the left on
the concave lens first. Then

o = T
% A
1 S Bl 1 1 1
—_——t — = — —— = - —
g fi uy <N - 20
or 7 =—20cm

This image becomes a real object for the second lens so
that

f2="30cm

i, =—(20+ 8)=-28cm

(| 1 YA 1. 14=15 =~
Now —_——t —=———= fe 3T

v, f, w 30 28 420 420

or v, = =420 cm

Thus the parallel incident beam appears to diverge
from a point 420 — 4 = 416 cm on the left of the centre of
the two-lens system.

Clearly, the answer depends on which side of the lens
system the parallel beam is incident. The notion of
effective focal length, therefore, does not seem to be
meaningful for this system.

(b) Here 4 =-40cm, f, =30cm

As SR

8%

T wd: il

—_——t— = —

y 40 30
: U S e
or —_———_-—— = — = —
y 30 40 120 120

or 7, = 120ecm

Magnitude of magnification due to the first (convex)
lens is
o _10_,
T
This image becomes a virtual object for the second
lens so that

i = +(120-8) =+ 112cm

f,==20cm
g e ]
v f, w
A s o5
20 112 112x20 112x20
or vzz—uzxzocm-—-vuscm
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Magnitude of magnification due to the second
(concave) lens is

| 112x20 20
W, 92x112 92

Net magnitude of magnification due to the two-lens
system is

m=nmy X,

_3x20_ 652
92

Size of image,

h, = mh, = 0.652 x 1.5 = 0.98 cm.

9.22, At what angle should a ray of light be incident on the
face of a prism of refracting angle 60° so that it just suffers total
internal reflection at the other face ? The refractive index of the
prism is 1.524,

Ans. The refracted ray QR will just suffer total internal
reflection if it is incident at the critical angle i_.

Thus n=1

-

— ._1 -
p 1524

i, =sin~!(0.6542) =41°

(=

0.6542

Now sin i_ =

A
il‘ r AI’R' )
P~*t 7 R \
B

&
Fig. 9.207
But f+n=A
h=A-n=A-i =60°-41°=19°
From Snell’s law,
_sini;
g

sin i) = p sin § = 1.524 xsin 19°
= 1.524 x 0.3256 = 0.4962

Hence i =sin'(0.4962) = 30°.

9.23. You are given prisms made of crown glass and flint
glass with a variety of angles. Suggest a combination of prisms
which will (a) deviate a pencil of white light without much
dispersion, (b) disperse (and displace) a pencil of white light
without much deviation.

Ans. Two identical prisms made of the same material
placed with their base on opposite sides (or the incident
white light) and faces touching (or parallel) will neither
deviate nor disperse, but will merely produce a parallel
displacement of the beam.
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Now, angular dispersion produced by crown glass
prism is
&, =8, =, -n,)A
Mean deviation produced by crown glass prism is
8,=(,~DA
Angular dispersion produced by flint glass prism is
8, =8, =(u, - 1) A
&, =(n, -1 A
(a) To deviate a beam without dispersion, the net
angular dispersion produced by the combination must be
zero i.e.,
My =p,)A+(uy=n,) A'=0
or A= - (_‘.'l_{’__u;r_). A
(TR T8

Negative sign shows that the two prisms must be placed
with their bases on opposite sides. As (u; —p!) for flint
glass is more than (1, — ) for crown glass, therefore, a flint
glass prism of smaller refracting angle should be combined
with a crown glass prism so that the dispersion due to the
first is nullified by the second as shown in Fig. 9.208(a).

(a)

(b)

Fig. 9.208

(b) To produce dispersion without deviation, the net
mean deviation should be zero, ie.,
1y -DA+(,-DA'=0
Hy, =1
Hy, -1

or Al=- A

We take a crown glass prism of certain angle and go on
increasing the angle of flint glass prism till the deviations
due to the two prisms are equal and opposite. However,
the flint glass prism angle will still be smaller than that of
crown glass because flint glass has higher refractive index
than that of crown glass as shown in Fig. 9.208(b).

Due to the adjustments involved for many colours, the
above combinations are not very accurate arrangements
for the purposes required.

9.24. For a normal eye, the far point is at infinity and the
near point of distinct vision is about 25 cm in front of the eye.
The cornea of the eye provides a converging power of about
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40 dioptres, and the least converging power of the eyelens
behind the cornea is about 20 diopters. From this rough
data estimate the range of accommodation (i.e., range of
converging power of its eyelens) of a normal eye.
Ans. To see objects at infinity, the eye uses its least
converging power
= 40 + 20 = 60 dioptres
.. Approximate distance between the retina and the
cornea eyelens
= focal length of the eyelens
100 100 5
=—=—=—0m
P 60 3
To focus an object at the near point on the retina, we
have

D
u=-25cm, v:scm

. Focal length f should be given by

.44

f oo

B .1 15¥%) 16
B 0B 25, .08
25

e

. Corresponding converging power
= 64 dioptres
Power of the eyelens = 64 — 40 = 24 dioptres
Thus the range of accommodation of the eyelens is
roughly 20 to 24 dioptres.

9.25. Does short-sightedness (myopia) or long-sightedness
(hypermetropia) imply necessarily that the eye has partially lost
its ability of accommodation ? If not, what might cause these
defects of vision ?

Ans. No, it does.not imply necessarily that the eye has
lost its ability of accommodation. A person may have
normal ability of accommodation of the eye lens and yet
may be myopic or hyperopic. Myopia arises when the eye
ball from front to back gets too elongated, hypermetropia
arises when it gets too shortened. In practice, in addition
the eye lens may also lose some of its ability of
accommodation. When the eye ball has normal length but
the eyelens loses partially its ability of accommodation (as
happens with increasing age for normal eye), the defect is
called presbyopia and is corrected in the same manner as
hypermetropia.

9.26. A myopic person has been using spectacles of power
—10dioptre for distant vision. During old age he also needs to
use separate reading glass of power + 20 dioptres. Explain what
may have happened.

Ans. Here, P=-1.0dioptre

100 _ 100 _

f‘—‘? —-100cm

-1

9.139

Thus, the far point of the person is 100 ¢m, on the other
hand, his near point may have been normal (about 25 cm).

The objects at infinity produce virtual images at
100 cm (using spectacles).

To see closer objects, i.e., those which are (or whose
images using the spectacles are) between 100 cm and
25 cm, the person uses the ability of accommodation of his
eyelens. This ability usually gets partially lost in old age
(presbyopia). The near point of the person recedes to
50 cm.

So to view the objects at 25 cm clearly, we have

u=—25cm, v=-50cm
13 1
favnu
2.1 _-NR 1
50 25 50 50
or f=50cm
Hence, P= -1—-(;-9 = %:1-2 dioptres

Thus the person needs a converging lens of power + 2
dioptres.

9.27. A person looking at a person wearing a shirt with a
pattern comprising vertical and horizontal lines is able to see the
vertical lines more distinctly than the horizontal ones. What is
this defect due to ? How is such a defect of vision corrected ?

Ans. This defect is called astigmatism. It arises because
the curvature of the cornea plus eyelens refracting system
is not the same in different planes. The eyelens is usually
spherical, i.e.,, has the same curvature in different planes
but the cornea is not spherical in case of an astigmatic eye.
In the present case, the curvature in the vertical plane is
enough, so sharp images of vertical lines can be formed on
the retina. But the curvature is insufficient in the
horizontal plane, so horizontal lines appear blurred. The
defect can be corrected by using a cylindrical lens with its
axis along the vertical. Clearly, parallel rays in the vertical
plane will suffer no extra refraction, but those in the
horizontal plane can get the required extra convergence
due to refraction by the curved surface of the cylindrical
lens if the curvature of the cylindrical surface is chosen
appropriately.

9.28. A man with normal near point (25 cm) reads a book
with small print using a magnifying glass : a thin convex lens of
focal length 5 cm.

(a) What is the closest and the farthest distance at which he
can read the book when viewing through the magnifying glass ?

(b) What is the maximum and the minimum angular
magnification (Magnifying power) possible using the above
simple microscope ?

Ans. For the closest distance :

v=-25cm, f=5cm, u=?
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PTEE e oa: |
B e
Aol 1.1 3 rlnl_<6
u v f =25 5 2. 25
or uz—gcm=—4.2cm

This is the closest distance at which the man can read
the book.

For the farthest image :
v=w, f=5cm, u=?
s i |
v f
L N
o 5 5
u=-5cm

This is the farthest distance at which the man can read
the book.

(b) Maximum angular magnification is

foahs e
o 25/6

Minimum angular magnification is
2B &
Unax 3

9.29. A card sheet divided into squares each of size 1 mm?® is
being viewed at a distance of 9 om through a magnifying glass
(a converging lens of focal length 10 cm) held close to the eye.

(a) What is the magnification produced by the lens ?
How much is the area of each square in the virfual
image ?

(b) What is the angular magnification (magnifying
power) of the lens ?

(c) Is the magnification in (a) equal to the magnifying
power in (b) ? Explain.

Ans. (a) Here, area of each square (or object)

u=-9em, f=+10cm
i Of
T
Ll
T S
10 9 9% 9%
or v=-90cm
Magnitude of magnification is
v 90
=—=—=10
[ul 9

Area of each square in the virtual image
=(10)* x1=100 mm? =1 cm?
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D
| uf

(b) Magnifying power, M = =2.8.

_ 25
9

(c) No. Magnification of an image by a lens and
angular magnification (or magnifying power) of an
optical instrument are two separate things. The latter is
the ratio of the angular size of the object (which is equal to
the angular size of the image even if the image is

magnified) to the angular size of the object if placed at the
near point (25 cm). Thus magnification magnitude is | = |
u

and magnifying power is |£|
u

Only when the image is located at the near point
| 7| = 25 cm, the two quantities are equal as will be seen in
the next exercise.

9.30. (a) At what distance should the lens be held from the
figure in Exercise 9.29 in order to view the squares distinctly
with the maximum possible magnifying power ?

(b) What is the magnification in this case ?

(c) Is the magnification equal to the magnifying power in
this case ? Explain.

Ans. (@) Maximum magnifying power is obtained
when the image is at the near point (25 cm). Thus

v=-25cm, f=+10cm, u=?
v'a f
e Dol 1 209 i
u v f 25 10 50 50
or u= —5—;]=-7.14m

So lens should be held 7.14 cm away from the figure.
(b) Magnitude of magnification is
s el
|u| 50/7

D 25
Magnifyi S ——
(¢) Magnifying power Tul " 5077

Yes, the magnifying power is equal to the magnitude

of magnification because image is formed at the least
distance of distinct vision.

9.31. What should be the distance between the object in
Exercise 9.30 and the magnifying glass if the virtual image of
each square in the figure is to have an area of 625 mm® ? Would
you be able to see the squares distinctly with your eyes very close
to the magnifier ?

Ans. Here, the magnification in area

6.25 mm?
= 22T —625
1mm
- Linear magnification, m=+6.25 = 2.5
As e v=mu=25u
u
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Now tokad
v w f
R
25u u 10
1=28 1
or =—
25u 10
or 25u=-15x10
or 25u=-15x10
1.5 %10
Sk U=- =—6cm

25
Hence v =25 u=2.5x(- 6)=-15 cm
As the virtual image is closer than the normal near
point (25 cm), it cannot be seen by the eye distinctly.
9.32. Answer the following questions :

(a) The angle subtended at the eye by an object is equal to the
angle subtended at the eye by the virtual image produced by a
magnifying glass. In what sense then does a magnifying glass
provide angular magnification ?

(b) In viewing through a magnifying glass, one usually
positions one’s eyes very close to the lens. Does angular
magnification change if the eye is moved back ?

(c) Magnifying power of a simple microscope is inversely
proportional to the focal length of the lens. What then stops us
from using a convex lens of smaller and smaller focal length and
achieving greater and greater magnifying power ?

(d) Why must both the objective and the eyepiece of a
compound microscope have short focal lengths ? [CBSE OD 10]

(e) When viewing through a compound microscope, our
eyes should be positioned not on the eye-piece but a short
distance away from it for best viewing. Why ? How much
should be that short distance between the eye and eyepiece ?

Ans. (a) It is true that the angle subtended at the eye by
an object is equal to the angle subtended at the eye by the
virtual image produced by a magnifying glass. When a
magnifying glass is not used, an object has to be placed at
a distance of 25 em. But the use of a magnifying glass
allows us to place the object much closer to the eye than at
25 cm. The closer object has larger angular size than the
same object at 25 cm. It is in this sense that a magnifying
lens produces angular magnification.

(b) Yes, the angular magnification decreases slightly if
the eye is moved back. This is because angle subtended at
the eye would be slightly less than the angle subtended at
the lens. The effect is negligible when image is at much
larger distance.

(c) First, grinding lenses of very small focal lengths is
not easy. More important, if we decrease focal length,
both spherical and chromatic abberations become large.
So in practice we cannot get a magnifying power of more
than 3 or so with a simple convex lens. However using an
aberration corrected lens system, one can increase this
limit by a factor of 10 or so.
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(d) The magnifying power of a compound microscope

is given by
m:moxme=&x[1+ —D]

H

= —-—fg x [] + E]
W= f 0 f:?

Angular magnification (m,) of objective will be large
when u is slightly greater than f, . Since microscope is
used for viewing very close objects, so u, is small.
Consequently f, has to be small.

Moreover, the angular magnification (m,) of the
eyepiece will be large if f, is small.

(e) Refer to the solution of Problem 30(a) on page 9.129.

e

9.33. An angular magnification (magnifying power) of
30 X is desired using an objective of focal length 125 cmand an

eyepiece of focal length 5 cm. How will you set up the compound
microscope ?

Ans. We assume the microscope in common usage,
ie., the final image is formed at the least distance of
distinct vision,

D=25cm, f,=5cm
. Angular magnification of the eyepiece is
m, = 1+2=1+Zj—=6
5 5
As total magnification, m=m, xm
. Angular magnification of the objective is

__-—-_—-—=5
m, 6
As real image is formed by the objective, therefore,
"'U=E=_5 or yy=-51i
fo=125cm
Now l_l:i
v % S
1 1 1
or — s
-5u; wuwy 125
-6 1
or —=—
5u, 125
or u0=—6x51'25=—1.5cm

Thus the object should be held at 1.5 cm in front of the
objective lens.

Also P =-5y=-5x(-15)=75cm
As i-l:i
Ue ut’ ft‘
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VL S TS
uf v{' fe _25
[v,=—D=-25cm]
_-1-5_ 6
B RE
or ue=%=-4.17cm
- Separation between the objective and the eyepiece
=l |+l

=4.17 + 7.5 =11.67 cm.

9.34. A small telescope has an objective lens of focal length
140 cm and an eyepiece of focal length 5.0 cm. What is the
magnifying power of the telescope for viewing distant objects
when

(@) the telescope is in normal adjustment (i.e., when the
final image is at infinity),

(b) the final image is formed at the least distance of
distinct vision (25 cm) ? [CBSE OD 13C]

Ans. Here f, =140cm, f,=5.0cm

(a) In normal adjustment :

Magnifying power,
20
fe 5

(b) When the final image is formed at the least distance of
distinct vision (25 cm) :

- b(e§

=l‘29[1+ i)::&xu:as.a
5 25

9.35. (a) For the telescope described in Exercise 9.34(a),
what 1s the separation between the objective lens and the
eyepiece ? i [CBSE QD 13C]

(b) If this telescope is used to view a 100 m tall tower 3 km
away, what is the height of the image of the tower formed by the
objective lens ?

(c) What is the height of the final image of the tower if it is
formed at 25 cm 7

Ans. (a) In normal adjustment, the separation between
objective and eyelens

= fo + f, =140 + 5=145 cm.

(b) Angle subtended by the 100 m tall tower at 3 km

away is

Let hbe the height of the image of tower formed by the
objective. Then angle subtended by the image produced
by the objective will also be equal to « and is given by

h h

fy 140
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e o4
140 30
140 14
h=—=—=4.67 em.
or 03 67 cm
(c) Magnification produced by the eyepiece is
m, = 1+£=l+§=6
! 5
-. Height of the final image

=hxme=—13£x6=28cm.

9.36. A Cassegrain telescope uses two mirrors as shown in
Fig. 9.151. Such a telescope is built with the mirrors 20 mm
apart. If the radius of curvature of the large mirror is 220 mm
and the small mirror is 140 mm, wherewill the final image of an
object at infinity be ?

Ans. The image formed by the larger (concave) mirror
acts as a virtual object for the smaller (convex) mirror.
Parallel rays coming from the object at infinity will focus
at 110 mm from the larger mirror. The distance of the
virtual object for the smaller mirror = 110 — 20 = 90 mm.

For the small convex mirror, we have

u=-90mm, f=-70mm, v=?

Using mirror formula,
L. T 1 1 1 1

-90

v f
v=-315mm

Thus the image is formed at 315 mm from the
smaller mirror.

u -70

9.37. Light incident normally on plane mirror attached to a
galvanometer coil retraces backward as shown. A current in the
coil produces a deflection of 35° of the mirror. What is the
displacement of the reflected spot of light on a screen placed
1.5 m away ?

Ans. When the mirror is turned through angle 6, from
position M to M, the reflected ray turns through angle 26,

+so that the reflected spot moves on the screen from
position P to Q and
£ POQ=20=2x35°=7°
d

Now tan206=—
1.5

Qf-.

-}
I
'
'
I
'
i+
I
B2
(==}
—
i
'
r
’
——
Je

Fig. 9.209
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. Displacement of reflected spot on the screen is

d=15tan 20 by
=15xtan 7°
=15x0.1228m
=0.1842 m =184 cm. or

9.38. Figure 9.210 shows an equiconvex lens (of refractive
index 1.50) in contact with a liquid layer on top of a plane
mirror. A small needle with its tip on the principal axis is moved
along the axis until its inverted image is found at the position of
the needle. The distance of the needle from the lens is measured
to be 45.0 cm. The liquid is removed and the experiment is
repeated. The new distance is measured to be 30.0 cm. What is
the refractive index of the liquid ?

QPP @

or

e

or

Fig. 9.210
Ans. Distance of the needle from the lens in the first
case
= Focal length F of the combination of the
convex lens and planoconcave lens formed
by the liquid
1.5 F=45cm or
Distance measured in second case
= Focal length of the convex lens &

ie.,

f1=+30cm

The focal length f, of the plano-concave lens is given

1 1 1
—_—— =
o' B viF
@l _T
i By A
N
45 30
3 _ V1
90 90
fo==90cm

Now for the equiconvex lens, we have

&=R¢ R2=—R) f=30m'|., !.l=15
Using Lens maker’s formula

1
T
o5l
1 1
3——(15 l)[ R]

=0.5X—R

R: 0.5 X2X30(In =30C|Tl.
For plano-concave lens, f =—90cm ,

For concave surface, Rl =—R=-30cm,
For plane surface,
1 1
p lep- n[—-—}
R R
1 1
e S N
( { 30 w}
_ ___+l
el 3
1
=1+-=133.
B



Text Based Exercises

ﬂ‘YPE A : VERY SHORT ANSWER QUESTIONS (1 mark each)

1. To which wavelength of light is our eye most 3. A person moves with velocity v towards a plane
sensitive ? In which region does this wavelength mirror. With what velocity does his image move
lie ? towards him ?

2. A ray of light falls normally on a mirror. What are 4. A mirror is turned through 10°. By what angle will
the values of angle of incidence and angle of the reflected ray turn ?

reflection 7
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.

6.

~1

21.

3.

24,
25,
26.

What is the focal length (or radius of curvature) of a
plane mirror ? [Himachal 97 ; CBSE D 01C]
What is the number of images of an object held
between two parallel plane mirrors ?

An object is held between two plane parallel
mirrors inclined at 45° to each other. How many
images do you expect to see ?

What is the minimum size of a plane mirror which
can enable a man to see his full image ?

How many images of himself can an observer see in
a room whose ceiling and two adjacent walls are
mirrors ?

. Whatis a spherical mirror ? What are its two types ?
. Which spherical mirror is called a divergent

mirror-cancave or convex ?
Define principal focus of a spherical mirror.

. Which spherical mirror has (i) a real focus (ii) a

virtual focus ?

Which spherical mirror always forms a virtual,
erect and diminished image of an object ?

. One wants to see an enlarged image of an object ina

mirror. Which type of mirror one should use ?
Which type of spherical mirror can form a real and
diminished image of an object ?
When an object is placed between f and 2f of a
concave mirror, would the image formed be (i) real
or virtual and (if) diminished or magnified ?

[CBSE D 15C]
Can we obtain image of an object formed by convex
mirror on a screen ? If not, why ?
Can we photograph a virtual image ?
A concave mirror has focal length 20 em. Where
should the object be placed in front of the mirror so
that area of image equal to the size of the object is
formed ?
What is the angle of incidence, when a ray of light
falls on the spherical mirror from its centre of
curvature ?

Starting from a large distance, a flame is moved
towards a convex mirror. Comment on how the size
and position of the image change ?

A concave mirror, of aperture 4 cm, has a point
object placed on its principal axis at a distance of
10 cm from the mirror. The image, formed by the
mirror, is not likely to be a sharp image. State the
likely reasons for the same. [CBSE Sample Paper 13]
What is refraction ? -
Define refractive index.

Define refractive index in terms of wavelength of

light.

[Haryana 01]

30.
31.

32.
33.
34.

36.

.

38.

39.

41.

42.

44,

45,
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What is meant by relative refractive index of
medium ?

. State the factors on which the refractive index of a

medium depends.

State Snell’s law of refraction of light.
[Punjab 2000, 04]

When does Snell’s law of refraction fail ?

For which material the value of refractive index is:
(i) minimum and (if) maximum ?

What is lateral shift in refraction ?

On what factors does the lateral shift depend ?

For what angle of incidence, the lateral shift
produced by a parallel sided glass slab is zero ?

. For what angle of incidence, the lateral shift produced

by a parallel sided glass slab is maximum ?

Light of wavelength 6000 4 in air enters a medium
of refractive index 1.5. What will be its frequency in
the medium ? [CBSE D 94]
When light undergoes refraction, what happens to
its frequency ? [CBSE OD 2000C]
When light undergoes refraction at the surface of
separation of two media, what happens to its
wavelength ? [CBSE OD 2000C]
How does the frequency of a beam of ultraviolet
light change when it goes from air into glass ?
[CBSE D 01]
Define the term critical angle for a pair of media.
[CBSE D 15C]
Can total internal reflection occur when light
travels from a rarer to a denser medium ?
Velocity of light in glass 2x10® m/s and in air is
3x10°m/s. If the ray of light passes from glass to
air, calculate the value of critical angle. [CBSE F 15]

. Write the value of critical angle for a material of

refractive index v2 [Himachal 93 ; CBSE F 94]
A substance has a critical angle of 45° for yellow
light. What is its refractive index ?

[ISCE 97 ; Haryana 2000]
Which one has a greater critical angle-diamond or
water ?
A good plane mirror reflects about 95% of light.
What is the percentage of light reflected when total
internal reflection occurs ?

7. Write the relation between the refractive index and

critical angle for a given pair of optical media.
[CBSE OD 09 ; D 13]
When light is incident on a rarer medium from a
denser medium, write the relation between the
critical angle and refractive indices of two media.
[CBSE D 07C]
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49,

50.

52

53.

55.

BZ.

58.
59,

60.

61.

62.

&R 3

67.

69.

70.

51.

State the conditions under which total internal
reflection occurs. [ISCE 99 ; CBSE D 10, 13 ; F 09]
What is an optical fibre ? [Haryana 04]
Which of the two main parts of an optical fibre has a
higher value of refractive index ?
Name the physical principle on which the working
of optical fibres is based.

[ISCE 95, 2000 ; Punjab 2000, 02]
What is the main use of optical fibres ?

Ifﬂp.s =gand “pwzg, then what will be the

value of “n g7

What is a lens ?

Define optical centre of a lens.

What is the deviation produced by a thin lens of a
ray passing through its optical centre ?

What type of a lens is a tumbler filled with water ?
Can a lens be used in a medium of which it is made
of ?

A lens always forms virtual and erect image of the
object irrespective of the position of the object.
What type of lens is this ?

What should be the position of an object relative to
a biconvex lens so that it behaves like a magnifying
glass ?

Where should an object be placed from a convex
lens to form an image of the same size ? Can it
happen in case of concave lens ?

Define power of a lens. Give its SI units. [CBSE F 09]

Define one dioptre.
If the power of a lens is + 5dioptre, what is its focal
length ? [CBSE D 94 C]

A lens has a power of —2.5D. What is the focal
length and nature of the lens ?
Two thin lenses of power + 4D and — 2D are in
contact. What is the focal length of the
combination ? [CBSE OD 09]
An object is held at the principal focus of a concave
lens of focal length F. Where is the image formed ?
[CBSE OD 03, 08]

The central portion of a lens is covered with a black
paper. Will the lens form full image of an object ?
In Fig. 9.211 given below, path of a parallel beam of
light passing through a convex lens of refractive
index p_, kept in a
medium of refractive
index p , is shown. Is (i) K
He=Hyor(dp,>n,
or{iff)ps ] T

[CBSE D 02C]

é =
\
\/

Fig. 9.211

1.
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A double convex lens, made from a material of
refractive index p,, is immersed in a liquid of
refractive index p,, where p, > p,. What change, if
any, would occur in the nature of the lens ?
[CBSE Sample Paper 08]
A glass lens of reflective index 1.5 is placed in a
trough of liquid. What must be the refractive index
of the liquid in order to make the lens disappear ?
[CBSE D 08, 10]
A converging lens of refractive index 1.5 is keptin a
liquid medium having same refractive index. What
would be the focal length of the lens in this
medium ? [CBSE D 08]
How does the power of a convex lens vary, if the
incident red light is replaced by violet light ?
[CBSE D 08]
A diverging lens of focal length F is cut into two
identical parts each forming a plano-concave lens.
What is the focal length of each part. [CBSE OD 08]
Draw a plot showing the variation of power of a
lens, with the wavelength of the incident light.
[CBSE OD 08]
Use lens maker’s formula to write an expression for
the refractive index, p of the material in terms of its
focal length f, and the radii of curvature R, and R,
of its two surfaces. [CBSE OD 07C]
Define linear magnification produced by a
lens/mirror.
Three lenses with magnifications 2, 3 and 10 form a
combination. What is its total magnification ?
[CBSE F 94 C]
What is the purpose of adding ‘blue’ to clothes ?
What is a prism ?
Define angle of the prism.
Define angle of deviation.
What is the effect on a ray of light passing through a
prism ?
Name the factors on which the angle of deviation
produced by a prism depends.
Define angle of minimum deviation.
Write the relationship between angle of incidence
‘7, angle of prism ‘A’ and angle of minimum
deviation for a triangular prism. [CBSE D 13]
Write the relation for the refractive index of the
prism in terms of the angle of minimum deviation
and the angle of prism. [CBSE OD 03C ; D 10]
What is dispersion of light ?
[CBSE D 93C ; Punjab 04]
State the factors on which dispersive power of a
prism depends.
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91. What are the factors on which angular dispersion of 112, What can we say about the length of a compound
a prism depends ? microscope if the final image is formed at infinity ?
92. For which colour, the refractive index of prism 113. What do you mean by normal adjustment of
material is (i) minimum and (if) maximum ? [D 10] telescope ?
93. Which colour is deviated (i) most (i) least, on 114. What is the distance between the objective and the
passing through a prism ? eyepiece of a telescope in normal adjustment ?
94. Does the angle of minimum deviation produced by Or
a prism depend on wavelength ? What is the length of the telescope in normal
95. Outof red and blue lights, for which colouris the adjustment ? [CBSE OD 03]
refractive index of glass greater ?  [CBSE OD 99C] 445 Express the angular magnification of an
96. A glass prism is held in water. How is the angle of astronomical telescope in terms of the focal length
minimum deviation affected ? of the objective and the eyepiece. [ISCE 94]
97. When does a ray passing through a prism deviate 116. An astronomical telescope set for normal
away from its base ? adjustment has a magnifying power 10. If the focal
98. Define dispersive power (for light) of a medium. length of the objective is 1.2 m, what is the focal
99. A monochromatic ray of light is made to fall on a lengthof the eyepiece? L
normal 60° prism under minimum deviation 117. In which device-microscope or telescope, the
condition. What is the relation between the angle of difference in the focal lengths of the two lenses is
incidence and the angle of emergence ? [ISCE 98] larger ?
100. Draw a properly labelled graph between the angle  118. A convex lens of focal length f; is kept in contact
of incidence and the angle of deviation for a prism with a concave lens of focal length f,. Find the focal
and show the point of minimum deviation. length of the combination. [CBSE OD 13]
[ISCE 96 ; CBSEOD 09]  119. A biconvex lens made of a transparent material of
101. How does the angle of minimum deviation of a refractive index 1.25 is immersed in water of refractive
glass prism vary, if the incident violet light is index 1.33. Will the lens behave as a converging or a
replaced with red light ? [CBSE OD 08] diverging lens ? Give reason. [CBSE OD 14]
102. How does the angle of minimum deviation of a glass 120 Redraw the diagram given below and mark the
prism of refractive index 1.5 change, if it is immersed position of the centre of curvature of the spherical
in a liquid of refractive index 1.3 ? ~ [CBSE OD 08) mirror used in the given set up. [CBSE SP 15]
103. Violet colour is seen at the bottom of the spectrum B
when white light is dispersed by a prism.  [D 10] Principal
: . Image A axis
104. State Rayleigh’s law of scattering,. A’ -
105. What is monochromatic light ? Give one example of :
a source of monochromatic light.
106. What is angular size of an object or image ? )
107. What is simple microscope ? B B
108. What is the magnification produced by a single 121. A biconvex lens made of a transparent material of
convex lens used as a simple microscope in normal refractive index 1.5 is immersed in water of refractive
use ? [ISCE 95] index 1.33. Will the lens behave as a converging or a
109. If the final image is formed at infinity, what is the diverging lens ? Give reason. [CBSE OD 14
magnification of a simple microscope ? 122. A convex lens is placed in contact with a plane
110. Whatis the eye-ring of a microscope or a telescope ? mml;_ f;u point C;?iectti ata hc;‘isst’anr_:e of 20 cm m:i the
g s i : axis of this combination its image coincidin;
3L W'hat W e nnrue Gt finel tnage il 4 eonpound with itself. What is the focal length ofg the lens ? £
microscope ? [CBSE D 14]
Answers - w
1. Our eye is most sensitive to wavelength % = 5500 A. 2. Angle of incidence =0°,
This wavelength lies in the yellow-green region of Angle of reflection = 0°.
the visible spectrum. 3. The image moves towards the person with velocity 2 v.
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11.

12,

13:

14.
15

16.

17.

18.

9%

2

21.

22,

20°, because the reflected ray turns through twice
the angle through which the plane mirror is rotated.

Infinity.

. For parallel plane mirrors, 6 = 0° therefore,

360

n=———-1=w

0
n=£0—1=8—1=7imagea
45

The minimum size (vertical length) of the plane
mirror should be equal to half the height of the man.

. Six images. The two adjacent walls inclined at 90°

will make three images and the ceiling will repeat
them.

. A spherical mirror is a reflecting surface which

forms part of a hollow sphere. Spherical mirrors are
of two types

(i) cancave mirror and (ii) convex mirror.
A convex mirror is called a divergent mirror
because it diverges a parallel beam of light incident
on it.

A narrow beam of light parallel to the principal axis
either actually converges to or appears to diverge
from a point F on the principal axis after reflection
from the spherical mirror. This poeint is called
principal focus of the mirror.

(i) A concave mirror has a real focus.

(ii) A convex mirror has a virtual focus.

Convex mirror.

A concave mirror, because it forms an erect and
enlarged image when the object is placed between
the focus and the mirror.

A cancave mirror, when the object is placed beyond
2F, it forms a real and diminished image.

(1) Real and

(if) magnified.

No. A convex mirror always forms a virtual image
which cannot be obtained on a screen.

Yes, because the rays diverging from the virtual
image are real and can be focused.

The object should be placed at 40 cm from the
mirror.

A ray of light from the centre of curvature falls
normally on the spherical mirror. So its angle of
incidence is 0°.

Size of the image increases and image shifts
towards the pole of the mirror.

. For the concave mirror of aperture as large as 4 cm,

all the incident rays are not likely to be paraxial.

24

]
a1

26.

7

3z

33.
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Refraction is the phenomenon of the change in path
of light as it passes from one transparent medium to
another.

The refractive index of a medium for a light of
given wavelength may be defined as the ratio of the
speed of light in vacuum to its speed in that
medium.

Speed of light in vacuum

Refractive index = ——
Speed of light in medium

or p=-—.
v

The ratio of the wavelength of light in vacuum to its
wavelength in a medium is called refractive index
of that medium.

p = h_ 3
m'mcad
The relative refractive index of medium 2 with
respect to medium 1 is defined as the ratio of speed
of light (7, ) in medium 1 to the speed of light (v,) in
medium 2, It is given by

e
Hy 2 .
Refractive index of a medium depends on
(i) Nature of the medium

(if) Wavelength of light used
(iif) Temperature
(iv) Nature of surrounding medium.
According to Snell’s law, the ratio of the sine of the
angle of incidence and the sine of the angle of
refraction is constant for a given pair of media. This
constant is called refractive index (n) of second
medium w.r.t. first medium, Mathematically,

ﬂ =u, a constant.

sin r
Snell’s law of refraction fails when light is incident
normally on the surface of a refracting medium. In
such a situation 1=0 and also r=0. The ratio
sin i /sin r becomes meaningless.

. (i) Refractive index is minimum for vacuum

(n=1.
(if) Refractive index is maximum for diamond.

The sidewise shift in the path of light on emerging
from a refracting medium with parallel faces is
called lateral shift.

Lateral shift depends on angle of incidence, the
refractive index and thickness of the refracting
medium.

For i = 0°, lateral shift is zero.
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35.

36.

37.

38.

39.
40.

41.

43.

45.

47.

49.

50.

For i = 90°, lateral shift is maximum and is equal to
the thickness of the slab.

g tsinGi-7
cos r
d _tsin(90°—r)_roosr_t
i cos 7 cosr
Frequency in air,
¢ 3x10°

=—= =5x10" Hz
% 6000x10 @

x

The frequency of light remains same as it travels
form air to the given medium.
. Frequency in medium =5 x10™ Hz.
The frequency does not change when light
undergoes refraction.
The wavelength changes when light undergoes
refraction from one medium to another.
Frequency of the ultraviolet light remains unchanged.
The angle of incidence in the denser medium for
which the angle of refraction in the rarer medium is
90°is called critical angle (i, ) of the denser medium.
No, it cannot occur.
Speed of light in air _ 3x10°8 _3
"Hg = Speed of light in glass  2x10F_ 2

L 2

‘pg 3

n J'
- Critical angle, i, =45°
1 1 2
- = =42,
sini. sin 45°
Water.

100%.
1

sin i,

i, =sin”! (h} i
M1

The necessary conditions
reflection are
(i) Light must travel from denser to rarer medium.

(if) The angle of incidence in the denser medium
must be greater than the critical angle for the
two media.

An optical fibre is a thread-like structure of quality

glass or quartz which enables a beam of light to

travel through several kilometres without any

appreciable loss of intensity.

sini_=

wlr

) =41°49'.

Smlt

'_l,:

for total internal

62.

63.

65.

66.

67.
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. The value of the refractive index of the core

material is higher than that of the cladding.

. The working of an optical fibre is based on the

phenomenon of total internal reflection.
The optical fibres are mainly used for transmitting
optical frequencies.
LS
& "y

. Alens is a piece of refracting medium bounded by

two surfaces at least one of which is a curved surface.

5. Itis a point situated within the lens through which

a ray of light passes undeviated.
0°.

. It behaves like a biconvex lens.
. No, it cannot be used as a lens because there would

be no refraction of light.

. Concave lens.
. The object should be placed between the optical

centre and the focus of the biconvex lens.
The object should be placed at a distance equal to 2f
from the lens. This cannot happen in a concave lens
which always forms a diminished image.
The power of a lens is defined as the reciprocal of
its focal length expressed in metres.

R ..

f(inm) f(incm)

One dioptre is the power of a lens whose principal
focal length is 1 metre.

Focal length, f*~=1——=+ 0.2m

Focal length, f = _P =

The negative sign shows that the lens is concave.

P=B+B=+4-2=+2D

f=l=im=+ 50 cm.
P +2
Image is formed at infinity.

. Yes, each part of the lens will form full image. But

the intensity of the image is reduced.

. l'lg < pm’
. The lens would behave as a diverging lens when
immersed in the liquid.
1=[u_1_1M1_i]
fi \#2 R K

Whenp, >u,, f,is negative.

The refractive index of liquid must be equal to 1.5
i.e., equal to that of glass lens.
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1 1. =1
73. ?=(lg2 =1 [—-—J

R K

Y4

)aa)
or f=coo,

74. Power of the convex lens increases, because
Pec(u—1and py >pp.
75. Focal length of each part will be 2F.

For original concave lens,

e
For each half lens,
Lol 4-2)--02
On dividing,
%:2 of . F'=2F,

76. Power of a lens, Poc(p —1). As p of a material
decreases with the increase in wavelength A, so the
graph between Pand L is of type shown in Fig. 9.213.

Power, P —»

Fig. 9.213
- Wavelength, A —

77. By lens maker’s formula,
1 1l k=2
Rars)

f R R
p=1+ .

f[_l___l_]

R R

78. The ratio of the size of the image to the size of the

object is called linear magnification (m).
_sizeofimage I,
~ size of object

79, Total magnification,

M =my xm, xmy =2x3x10=60.

80. When washed, the clothes get a yellowish tint. Blue
and yellow are complimentary colours and they
give white colour.

81. Any portion of a refracting medium bounded by
two plane faces inclined to each other at a certain
angle is called a prism.

82.

83.

85.

86.

87.

88.

89.

90.

91.

92,

93.

94,
95,

96.

97.

98.

99.
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The angle between the refracting faces of a prism is
called angle of the prism.

The angle between the incident ray and the
emergent ray is called angle of deviation (8).
It bends towards the base of the prism.
The angle of deviation produced by prism depends
on (i) Angle of incidence (ii) Material of the prism
(iif) Wavelength of light used (iv) Angle of the
prism.
The minimum value of the angle of deviation
suffered by a ray of light on passing through a
prism is called angle of minimum deviation (3,,).
Angle of minimum deviation,

5,=2i—-A

8+ 3y

Dispersion is the phenomenon of splitting of white
light into the constituent colours on passing
through a prism.

(/) Nature of the prism material (if) Choice of
extreme colours for which dispersive power is to be
measured.

(1) Angle of prism (if) Nature of prism material.
Refractive index of prism material is (f) minimum
for red colour (if) maximum for violet colour.

(i) Violet colour is deviated most (i) Red colour is
deviated least, on passing through a prism.

Yes, it depends on the wavelength of light.

Hp >Hp because by <hp.

When the prism is held in water,

sin —

As “u g n ¢ SO the angle of minimum deviation
decreases in water.
This happens when the prism is immersed in a
transparent medium having refractive index
greater than that of the prism material.
Dispersive power is defined as the ratio of the
angular dispersion to the mean deviation.
8y — 8

T
In the minimum deviation condition,

W=

Angle of incidence = Angle of emergence.
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104.

105.
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108.

109.

110.

111.

112

. A simple microscope is a convex lens of short

See Fig. 9.117(b) on page 9.67. 113.
As d=(u-1)A and pp<py, so the angle of
minimum deviation decreases when incident violet 114,
light is replaced with red light.

Ax Ty 115
: B b =
In air, He= sinA =15
2
A+3,
- = 2 _1_'5
In water ey S
sin —
2

As '"|.|'!r < "px ,s0 8, <3, ie, angle of minimum 116
deviation decreases when the prism is immersed in
a liquid of p =1.3.

The deviation produced by a small angled prism,
8=(u-1)A. As p, has maximum value, so violet
colour is bent must by the glass prism.

According to Rayleigh’s law of scattering, the
intensity of light of wavelength J. present in the
scattered light is inversely proportional to

wavelength A. Hs

Mathematically,
1
e F a
A light of single wavelength is called mono-
chromatic light. The commonly used source of
monochromatic light is a sodium lamp.

It is the angle subtended by the object or image at
the eye when placed at the least distance of distinct

s s 119.
vision.

120.
focal length. It forms a magnified image when the

object is placed between its focus and optical

117.
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When the final image is formed at infinity, the
telescope is said to be in normal adjustment.

Length of telescope in normal adjustment

=fn+_f;.

. When the final image is formed at the least distance

of distinct vision,
m=-— I-Q ['l + —&J
A D
When the final image is formed at infinity,

fo
m=--—,
fe
Asm= ‘—‘;'l (magnitude in normal adjustment)

4

f

f’=m

J12m o8
10

In a telescope, the difference in the focal lengths of
the two lenses is larger.

Focal length f; of convex lens is positive.
Focal length f, of concave lens in negative.

Equivalent focal length of the combination is given

fia ke
PR T
-
Sy

Diverging lens, because the light rays diverge on
refraction from rarer to denser medium.

The required ray diagram is shown below :

”
s

centre. B’ 2
m=1+ LA X Image i W T Principal
R A’ 2,2 axis
- A

= P T Object

£ _+  Centreof
The image of the objective in the eyepiece is known P Cltvatire
as eye-ring. All the rays from the object refracted by -7
the objective go through the eye-ring. So it is an B
ideal position for our eyes for viewing. _

Fig. 9.214

In a compound microscope, the final image is
inverted with respect to the object. It is virtual and
magnified. s

The length of the compound microscope is greater
than f, + f,.

122,

Converging lens. Light rays get converged on
refraction from denser to a rarer medium.

20 cm. For explanation, refer to the solution of
Example 83 on page 9.63.
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..TYPE B : SHORT ANSWER QUESTIONS (2 or 3 marks each)

2.

10.

11.

12.

13.

14.

15.

16.

18.

What is optics ? What are its two main branches ?

Prove that for a concave mirror the radius of
curvature is twice the focal length.  [CBSE OD 96|
With the help of a suitable ray diagram, derive the
mirror formula for a concave mirror. [CBSE OD 09]
What is meant by linear magnification of an image ?
Using Cartesian sign convention, write the
expression for the linear magnification in terms of
the object and image distance for () a concave
mirror and (b) a convex mirror. What is the
meaning of sign of magnification ?

What is spherical aberration ? How can it be
removed ?

Give some practical applications of spherical and
parabolic mirrors.

Define refractive index of a material. Give its
physical significance.

Distinguish between absolute refractive index and
relative refractive index of a material. Write a
relation between these refractive indices.

Explain the cause of refraction of light.

A ray of light bends towards normal as it passes
from air to glass. Give reason.

State the principle of reversibility of light. Hence

prove that ‘“2 =5—.
My

Discuss the refraction through a glass-slab and
show that the emergent ray is parallel to the
incident ray but laterally displaced. [Himachal 96]
A ray of light is incident at angle { on a rectangular
slab of thickness t and refractive index . Show that
the lateral displacement of the emergent ray is

x=tsini|1 @
N — e pemm—— gy
(02 —sin? i)/?
Can x exceed t ?
For a ray of light suffering refraction through a

combination of three media, show that

Ty, x 3y x 3y =1

Real depth

Deduce the relation, g = ———F——.
Apparent depth

Explain why does a water tank appear shallower ?
An object placed at the bottom of a beaker con-
taining water appears to be raised. Why ?

Explain, with the help of a diagram, how is the
phenomenon of total internal reflection used in

19.

20.

28.

30.

31.

(7)) an optical fibre

(if) a prism that inverts an image without
changing its size. [CBSE Sample Paper 15]

The sun near the horizon appears flattened at

sunset and sunrise. Why ?

State the conditions for total internal reflection of

light to take place at an interface separating two

transparent media. Hence derive the expression for

the critical angle in terms of the speeds of light in

the two media. [CBSE D 2000]

. What is critical angle ? Give one application of total

internal reflection.

[Haryana 02]

. What are optical fibres ? How are light waves propa-

gated in them ? Write their any two uses.
[Himachal 02, 04 ; Haryana 02, 04]

Explain briefly, with a ray diagram, how a mirage is

formed in deserts. [Haryana 01 ; CBSE D 98C]

. Why does a diamond sparkle ? Is it a source of

light ? [Punjab 01, 02]
Give four advantages of totally reflecting prisms
over plane mirrors.

Give reasons for the following observations made
from the earth : (i) Sun is visible before the actual
sunrise. (if) Sun looks reddish at sunset or sunrise.
[CBSE D 2000, 02 ; OD 06C]
Draw a ray diagram to show the formation of the
image of an object placed between f and 2f of a
thin convex lens. Deduce the relationship between
the object distance, image distance and focal length
under the conditions stated.
Two thin convex lenses L, and L, of focal lengths f;
and f, respectively, are placed coaxially in contact.
An object is placed at a point beyond the focus of
lens L. Draw a ray diagram to show the image
formation by the combination and hence derive the
expression for the focal length of the combined
system. [CBSE OD 15]
A L ¢

Derive the lens formula, %: — —— for a concave
v ou

lens, using the necessary ray diagram. [CBSE OD 08]

Derive the expression for the angle of deviation for

a ray of light passing through an equilateral prism

of refracting angle ‘A", [CBSE D 93]

(a) A ray of light falls on a triangular glass prism
in such a way that the deviation of the emer-
gent ray is minimum for that prism. Draw the
ray diagram for this case and write the relation
between the angle of incidence and angle of
emergence.
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32.

33.

35.

36.

37.

38.

39.

40,

41.

(b) A ray of light falls on a transparent right-
angled isosceles prism made from a glass of
refractive index \% Draw the ray diagram for
this prism when the incident ray falls normally
on one of the equal sides of this prism.

[CBSE D 08C]

Derive the expression for the refractive index of the
material of the prism in terms of the angle of the
prism and angle of minimum deviation.

[CBSE D 06C]
Write the relation between the angle of incidence
(i), the angle of emergence (¢), the angle of prism (A)
and the angle of deviation () for rays undergoing
refraction through a prism. What is the relation
between £ i and Ze for rays undergoing minimum
deviation ? Using this relation, write the expression
for the refractive index (1) of the material of a prism
in terms of £ A and the angle of minimum deviation
(3,,) [CBSE Sample Paper 08]
Draw a graph to show the variation of the angle of
deviation '3 with that of the angle of incidence ‘1’
for a monochromatic ray of light passing through a
glass prism of refracting angle ‘A’. Hence deduce
the relation

b [Sm + A]
i 2

()

[Haryana 04 ; CBSE D 02C, 04C ; OD 03]
Derive an expression for the angle of deviation of a
small prism in terms of the refractive index and the
angle of the prism. [ISCE 96]
Draw an appropriate ray diagram to show the
passage of a ‘white ray’, incident on one of the two
refracting faces of a prism. State the relation for the
angle of deviation, for a prism of small refracting
angle. [CBSE Sample Paper 13]
What is dispersion of light ? Explain it with a ray
diagram. Also explain the cause of dispersion of
light. [Punjab 99C, 02]
Define the term angular dispersion. Draw the path
of a ray of white light passing through prism and
mark angular dispersion on it. [CBSE SP 97]
Explain the terms angular dispersion and
dispersive power. How are the two related ?

[Haryana 01]
Write the conditions for observing a rainbow. Show,
by drawing suitable diagrams, how one under-
stands the formation of a rainbow. [CBSE OD 14C)

Draw a neat ray diagram of a simple microscope.
Deduce the formula for its angular magnification
when the image is formed at the least distance of
distinct vision. [ISCE 2000]

42,

45,

47.

48.

PHYSICS-XII

With the help of a ray diagram, explain the working
of a simple microscope when the image is formed at
infinity. Write an expression for its magnifying power.
Draw a ray diagram showing the image formation
by a compound microscope. Obtain expression for
total magnification when the images is formed at
infinity. [CBSE OD 14C, 15C]
(a) Draw a ray diagram showing the image
formation by a compound microscope.
(b) Derive expression for total magnification when
the image is formed at infinity.
(c) Why is the objective of a compound micro-
scope of short aperture and short focal length ?
Give reason. [CBSE D 13, F 13]

Draw the course of rays in an astronomical

telescope, when the final image is formed at the

least distance of distinct vision. Also define and

write an expression for the magnifying power in

this position. [CBSE OD 09, 13]

(7) Draw a labelled diagram of refraction type
telescope in normal adjustment.

(b) Give its two shortcomings over reflection type
telescope.

(c) Why is eyepiece of a telescope of short focal
length, while objective is of large focal length ?
Explain. [CBSED 08 ; OD 04 ; F 13]

Draw a labelled ray diagram of an astronomical
telescope of the near point adjustment. You are given
three lenses of power 0.5D, 4 D, 10 D. State, with
reason, which two lenses will you select for
constructing a good astronomical telescope.

[CBSE D 06C]
Two monochromatic rays of light are incident
normally on the face ABof an isosceles right-angled
prism ABC The refractive indices of the glass prism
for the two rays ‘1’ and ‘2’ are respectively 1.35 and
1.45. Trace the path of these rays after entering

through the prism. [CBSE OD 14]
A
45
1 ——
o .
B XAV
Fig. 9.215
49. Draw a labelled ray diagram to show the image

formation in a reflecting type telescope. Write its
two advantages over a refracting type telescope. On
what factors does its resolving power depend ?

[CBSE D 06, 08 ; OD 12]
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50. (a) Draw a labelled diagram of a reflecting type (c) The objective of a telescope is of larger focal
telescope. : length and of larger aperture (compared to the
(b) Write two important advantages justifying eyepiece). Why ? Give reasons.  [CBSE F 13]
why reflecting type telescopes are preferred
over refracting telescopes.
Answers -
1. Refer answer to Q. 1 on page 9.1. 29. Refer answer to Q. 44 on page 9.48.
2. Refer answer to Q. 6 on page 9.3. 30. Refer answer to Q. 51 on page 9.67.
3. Refer answer to Q. 9(a) on page 9.5. 31. (a) See Fig. 9.175 (b) See Fig. 9.178.
4. Refer answer to Q. 11 on page 9.7. 32. Refer answer to Q. 52 on page 9.67.
5. Refer answer to Q. 12 on page 9.8. 33. Refer answer to Q. 52 on page 9.67.
6. Refer answer to Q. 13 on page 9.8. 34. Refer answer to Q. 52 on page 9.67.
7. Refer answers to Q. 16 and Q. 19 on page 9.15. 35. Refer answer to Q. 53 on page 9.68.
8. Refer answer to Q. 16 on page 9.14. The relative 36. See Fig. 9.118 on page 9.68.
refractive index of any medium with respect of Angle of deviation,
vacuum is called its absolute refractive index. 5=(u -1k
9. Refer answer to Q. 18 on page 9.15. 37. Refer answer to Q. 54 on page 9.68.
10. Refer solution to Problem 14 on page 9.103. 38. Refer answer to Q. 56 on page 9.69.
11. Refer answer to Q. 20 on page 9.15. 39. Refer answer to Q. 56 on page 9.69.
12. Refer answer to Q. 21 on page 9.16. 40. Refer answer to Q. 65 on page 9.80.
13, Referanswer:to Q. 22 on page 9.16. 41. Refer answer to Q. 79 on page 9.87.
14. Refer answer to Q. 23 on page 9.17. 42, Refer answer to Q. 79 on page 9.87.
15. Refer answer to Q. 24 on page 9.17. 43. Refer answer to Q. 80 on page 9.91.
16. Refer answer to Q. 24 on page 9.17. 44. (a) See Fig. 9.146 on page 9.92.
17, Refepanswerto Q. 24 on /Ny 9'17: (b) Refer answer to Q. 80 (b) on page 9.92.
18. (f) See Fig. 9.3%s) and its.expiegiiion. (c) The objective of smaller aperture produces a
() See Fig. 9.37 gl sGgplanationg highly bright image while the objective of short
19. Refer answer to'Q. 26 on page 9.18. focal length produces large angular magni-
20. Refer to points 21 and 22 of Glimpses and the fioation:
solution of Problem 12 on page 9.112. 45. Refer answer to Q. 82 on page 9.95.
21. The angle of incidence in the denser medium for 16. (a) See Fig. 9.149 on page 9.97.
o, ' angle. o mfractim? Fithesarermadivgia (b) Drawbacks of astronomical telescopes :
90° s called critical angle. Diamonds sparkle due to
the phenomenon of total internal reflection. (i) The large objective lens used is very heavy,
22. Refer answer to Q. 31 on page 9.24 and Q. 32 on which is difficult to make and support by its
page 9.25. edges.
23. Refer answer to Q. 28 on page 9.23. (i1) It is difficult and expensive to make large size
24. Refer answer to Q. 28 on page 9.23. No, diamond is le.nses - free from chromatic aberration and
not a source of light. It accumulates light due to Qistottians.
multiple internal reflections. (c) When f, >> f, , the telescope will have large
25. Refer answer to Q. 30 on page 9.24. magnifying power.
26. (i) Refer answer to Q. 25 on page 9.17. 47. See Fig 9.147 on page 9.95.
(ii) Refer solution to Problem 66 on page 9.108. For constructing astronomical telescope, the lens of
27. Refer answer to Q. 42 on page 9.47. 0.5 D should be used as objective because of its
larger focal length and lens of 10 D should be used
28. Refer answer to Q. 48 on page 9.57.

as eyepiece because of its smallest focal length.
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48.

A
é\ :
1 - &
2 4’5%’
-]
B 2 e

For explanation, refer r
to the solution of ,
Problem 3 on Fig. 9.216

page 9.121.

49.

50.

PHYSICS-XII

Refer answer to Q. 84 on page 9.97 and Q. 86 on

page 9.98.
(a) See Fig. 9.51 on page 9.98.

(b) Refer answer to Q. 86 on page 9.98.

(c) The objective of larger focal length produces
high angular magnification while that of larger
aperture has a high resolving power.

..I'YPE C : LONG ANSWER QUESTIONS (5 marks each)

&

(a) With the help of a suitable ray diagram, derive
the mirror formula for a concave mirror.
[CBSE OD 09]
(b) Draw a ray diagram to show the image
formation by a concave mirror when the object is
kept between its focus and the pole. Using this
diagram, derive the magnification formula for the
image formed. [CBSE D 11]
By stating the sign conventions and assumptions
made, derive mirror formula for a convex mirror.
[Punjab 99, 2000 ; CBSE OD 97]
(@) For a ray of light travelling from a denser
medium of refractive index , to a rarer medium of

refractive index n,, prove that . sin i, where i, is
i

the critical angle of incidence for the media.
(b) Explain with the help of a diagram, how the
above principle is used for transmission of video
signals using optical fibres.
With the help of a ray diagram explain the
phenomenon of total internal reflection. Obtain the
relation between critical angle and the refractive
index of the medium.
Draw ray diagrams to show how a right angled
isosceles prism can be used to

(i) deviate the ray through 180°,

(ii) deviate the ray through 90° and
(iif) invert the ray. [CBSE D 01C]
A spherical surface of radius of curvature R,

separates a rarer and a denser medium as shown in
Fig. 9.217.

Complete the path of the incident ray of light,
showing the formation of a real image. Hence
derive the relation connecting object distance ‘',
image distance ‘¢/, radius of curvature R and the
refractive indices n and n, of the two media.

Rarer medium

g

Denser medium

L]

Fig. 9.217

70

Briefly explain, how the focal length of a convex
lens changes, with increase in wavelength of
incident light. [CBSE OD 04]

A spherical surface “of radius of curvature R and of
refractive index u, is placed in a medium of
refractive index #,, where p, < W,. The surface
produces a real image of an object kept in front of it.
Using appropriate assumptions and sign
conventions, derive a relationship between the
object distance, image distance, R, p,; and u,.
Under what conditions this surface diverges a ray
incident on it ? [CBSE Sample Paper 03]
(@) A point object ‘O’ is kept in a medium of
refractive index n in front of a convex
spherical surface of radius of curvature R
which separates the second medium of
refractive index 1, from the first one, as shown
in the figure.

Fig. 9.218
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Draw the ray diagram showing the image
formation and deduce the relationship
between the object distance and the image
distance in terms of n, 1, and R.
When the image formed above acts as a virtual
object for a concave spherical surface
separating the medium n, from n (1, >n),
draw this ray diagram and write the similar
(similar to (a)) relation. Hence obtain the
expression for the lens maker’s formula.
[CBSE D 15]
Draw a ray diagram showing the formation of the
image by a point object on the principal axis of a
spherical convex surface separating two media of
refractive indices n, and n,, when a point source is
kept in rarer medium of refractive index n,. Derive
the relation between object and image distance in
terms of refractive index of the medium and radius
of curvature of the surface. Hence obtain the
expression for lens-maker’s formula in the case of
thin convex lens. [CBSE D 09, 14, 14C]

Derive expression for the lens maker’s formula, i.e.,

ey
Fo-al5-3]

where the symbols have their usual meanings.State
the assumptions used and the convention of signs
used. [CBSE OD 96C ; Punjab 03 ;
Himachal 99 ; Haryana 01]
A point object is placed in front of a double convex
lens (of refractive index n=m, /n with respect to
air) with its spherical faces of radii of curvature R;.
and R,. Show the path of rays due to refraction at
first and subsequently at the second surface to
obtain the formation of the real image of the object.

(b)

Hence obtain the lens-marker’s formula for a thin
lens. [CBSE F 09, 13 ; OD 14 C]

Draw aray diagram to show the formation of image
of an object placed between the optical centre and
focus of the convex lens. Write the characteristics of
image formed. Using this diagram, derive the
relation between object distance, image distance
and focal length of the convex lens. Write the
assumptions and convention of signs used. Draw
the graph showing the variation of v and u

[CBSE D 99C, 03]

(a) A ray ‘PQ’ of light is incident on the face ABof a
glass prism ABC (as shown in Fig. 9.219) and
emerges out of the face AC. Trace the path of the
ray. Show that

Li+Le=LA+ LB
where & and e denote the angle of deviation and
angle of emergence respectively.

9.155

Fig. 9.219

13.

14.

15.

16.

Plot a graph showing the variation of the angle of
deviation as a function of angle of incidence. State
the condition under which £8 is minimum.

(b) Find out the relation between the refractive
index (p) of the glass prism and ZA for the case
when the angle of prism ( A)is equal to the angle of
minimum deviation (3,,). Hence obtain the value of
the refractive index for angle of prism A = 60°.

[CBSE OD 15]
(a) Draw a ray diagram to show refraction of a ray
of monochromatic light passing through a glass
prism.
Deduce the expression for the refractive index of
glass in terms of angle of prism and angle of
minimum deviation.
(b) Explain briefly how the phenomenon of total
internal reflection is used in fibre optics.

[CBSE D 11]

Trace the path of a monochromatic ray of light
through a prism of refracting angle ‘A’. Draw a
graph to show the variation of angle of deviation '’
with the variation of angle of incidence ‘7'

Deduce the relation

5, +A
sin =
2
where terms p, 6, have their usual meaning.
[CBSE F 08]

What is rainbow ? Differentiate between primary
rainbow and secondary rainbow with a diagram.
Why two observers do not see the same rainbow ?
[Punjab 01]
You are given two convex lenses of short aperture
having focal lengths 4 cm and 8 cm respectively.
Which one of these will you use as an objective
and which one as an eyepiece for constructing a
compound microscope ? Draw a ray diagram to
show the formation of the image of a small object
due to a compound microscope. Derive an
expression for its magnifying power.
[CBSE D 01C]
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(a) Draw a diagram for the formation of image by
a compound microscope. Define its magni-
fying power. Deduce the expression for the
magnifying power of the microscope.

(b) Explain : (/) Why must both the objective and
the eyepiece of a compound microscope have
short focal lengths ? (/i) While viewing through
a compound microscope, why should our eyes
be positioned not on the eyepiece but a short
distance away from it for best viewing.

[CBSEF 08 ; D09; 0D 10]

20.

PHYSICS—XII

1.25 cm. If the eye piece has a focal length of 5 cm
and the final image is formed at the near point,
estimate the magnifying power of the microscope.

[CBSE D 10]
With the help of a ray diagram, explain the formation
of image in an astronomical telescope for a distant
object. Define the term magnifying power of a
telescope. Derive an expression for its magnifying
power when the final image is formed at the least
distance of distinct vision. [CBSE OD 2000C]

18. Draw a ray diagram for a compound microscope. 21 Qraw a ray diagram for the fPrmaﬁan of il_'nage ofa
Derive an expression for the magnifying power distant object by an astronomical telescope in normal
when the final image is formed at the least distance adjustment position. Deduce the expression for its
of distinct vision. State the expression for the magnifying power. Write two basic features which
magnifying power when the image is formed at can distinguish between a telescope and a compound
infinity. Why is the focal length of the objective microscope. [CBSE D 03C ; OD 04C, 14C ; F 09]
lens of a compound microscope kept quite small ? 22 Draw a ray diagram showing the image formation

NG Smple Faper 11} of a distant object by a refracting telescope. Define

19. Draw a ray diagram to show the working of a its magnifying power and write the two important
compound microscope. Deduce an expression for factors considered to increase the magnifying power.
the total magnification when the final image is Describe briefly the two main limitations and
formed at the near point. explain how far these can be minimized in a
In a compound microscope, an object is placed at a reflecting telescope. [CBSE F 15]
distance of 1.5 cm from the objective of focal length

Answers W
1. (a) Refer answer to Q. 9(b) on page 9.6. 6. Refer answer to Q. 36(i) on page 9.32. Wheny, > u,,
(b) See Fig. 9.14 on page 9.6. the given surface diverges the rays incident on it.
AMPF ~ A'B'F, therefore 7. (a) Refer answer to Q. 37 on page 9.34.
& s (b) Refer answer to Q. 38 on page 9.40.
& _ P 8. For refraction at a spherical surface, refer answer to
s, Q. 36 on page 9.31.
o A'B' _ FP+ PB For lens maker’s formula, refer answer to Q. 38 on
AP FP page 9.40.
Applying the new Cartesian sign convention, we get 9. Refer answer to Q. 38 on page 9.40.
A'B' =+h, AB=+h, FP=-f, PB'=v 10. Refer answer to Q. 38 on page 9.40.
L\ A 11. Refer answer to Q. 43 on page 9.47. For graph
b Q- between u and v, see Fig. 9.82.
_}ﬁ f-v_ v 12. (a) Refer answer to Q. 51 and see Fig. 9.117(b) on
or m= i = 7 = page 9.67.
. ) (b) Refer answer to Q. 52 on page 9.67.
(Using mirror formula) 13. (a) Refer answer to Q. 52 on page 9.67.
5
2. Refer answer to Q. -10 on page 9.6. (b) Refer answer to Q. 21 on page 9.16.
3 (:.) lil:ft:r to the solution ;;Problem LSlt)ﬁn Page9.113. 14 Refer answer to Q. 52 on page 9.67.
(#) Reter answer t0 Q. 21 an page 9.16. 15. Refer answer to Q. 65 on page 9.80.
4. Refer answer to Q. 27 on page 9.22 and Q. 29 on T chscrvets: canifiot: see. the  daihe Fainbew:
page 9.23. Primary rainbow is seen when the rays emerging
5. Refer answer to Q. 36(i) on page 9.32. Also refer to from the water droplets subtend a mean angle of

solution of Problem 24(ii) on page 9.115.

41° [= (40° + 42°)/ 2] and secondary rainbow is seen
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16.

17.

18.

19

£

when the emerging rays subtend a mean angle of
53.5°[=(52°+ 55°)/2]. The positions of such
droplets which send these rays, depend on the
position of the observer. Hence two observers at
two different positions do not see the rainbow
formed by the same set of droplets.

The lens of 4 cm focal length should be used as
objective and the lens of 8 cm focal length should be
used as eyepiece of the compound microscope.
Refer answer to Q. 80 on page 9.91.

(a) Refer answer to Q. 80 on page 9.91.

(b) Refer answer to Exercise 9.32 on page 9.141.

Refer answer to Q. 80 on page 9.91.

vl oo Wil _QJ:JQ_{l _D]
s ”0[+f0 P (e

Angular magnification (m;) of objective will be
large when u, is slightly greater than f,. Now a
compound microscope is used for viewing very
close objects, 5o 1, is small. Consequently, f, has to
be small.

Refer answer to Q. 80 on page 9.91.
Numerical. Here
fo=125am, f,=5cm,
#y=-15em, v,=-D=-25cm

As. L1 1
fo v W
1 1 1 1 1
— e e— e — S ———
Y fD iy 125 15

_ 100 10 _300-250 _ 50
125 15 375 375

Magnifying power of the compound microscope,

D W =£(l+§J=-—5x6=—30.
w\ ) Tos s

Two students of class XII brought three big plane
mirrors in their classroom for science fair. They
fixed the three mirrors : one at the ceiling and the
other two on the adjacent walls of the room. Every
student was able to see six images of himself/
herself. Students of other classes also came to see
this and felt happy. A student of class X was
determined to know the reason behind it. She went
to the library, consulted other students and next
day came up with the correct answer.
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20. Refer answer to Q. 82 on page 9.95.
21. Refer answer to Q. 82 on page 9.95.

The two important differences between a telescope
and a compound microscope are :
(i) The aperture of the objective of a microscope is
very small while that of the telescope is large.
(if) Both the lenses of a compound microscope
have short focal length while the objective of a
telescope has large focal length.

- See Fig. 9.148 on page 9.96.

Magnifying power in the normal adjustment of the
telescope is defined as the ratio of the angle
subtended at the eye by the final image as seen
through the telescope to the angle subtended at the
eye by the object seen directly, when both the image
and the object lie at infinity.
b}

Je
Factors for increasing the magnifying power :

(i) Increasing focal length of the objective

(ii) Decreasing focal length of the eyepiece.

m=

Limitations of a refracting telescope :
(1) Suffers from chromatic aberration
(if) Suffers from spherical aberration
(i) Small magnifying power
(fv) Small resolving power.
Advantages of a reflecting telescope :
(i) No chromatic aberration, because mirror
objective is used.
(if) Spherical aberration can be removed by
paraboloidal mirror.
(ifi) Image is bright because there is no loss of
energy due to refraction.
(iv) Large mirror provides an easier mechanical
support over its entire back surface.

..TYPE D : VALUE BASED QUESTIONS (4 marks each)

(1) What values were depicted by the student of
class X ?

(b) Give the reason for seeing six images.

2. One day Chetan’s mother developed a severe

stomach ache all of a sudden. She was rushed to the
doctor who suggested for an immediate endoscopy
test and gave an estimate of expenditure for the
same. Chetan immediately contacted his class
teacher and shared the information with her. The
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Answers

2

a:

class teacher arranged for the money and rushed to
the hospital. On realising that Chetan belonged to a
below average income group family, even the
doctor offered concession for the test fee. The test
was conducted successfully.
Answer the following questions based on the above
information :
(@) Which principle in optics is made use of in
endoscopy ?
(b) Briefly explain the values reflected in the
action taken by the teacher.
(c) In what way do you appreciate the response of
the doctor on the given situation ?
[CBSE OD 13]
Rama was watching a programme on Moon on the
Discovery Channel. He came to know from the
observation recorded on the surface of the moon
that sunrise and sunset are abrupt there and the sky
appears dark from there. He was surprised and
determined to know the reason behind it. He
discussed it with his Physics teacher next day, who
explained him the reason behind it.
(a) What were the values being displayed by
Rama ?
(b) Why are sunrise and sunset are abrupt on the
surface of the moon ?
(c) Why does the sky appear dark from the
moon ?

PHYSICS-XII

4. Amit’s uncle was finding great difficulty in reading

a book placed at normal place. He was not going to
the doctor because he could not afford the cost.
When Amit came to know of it, he took his uncle to
the doctor. After thoroughly checking his eyes, the
doctor prescribed the proper lenses for him. Amit
bought the spectacles for his uncle from his pocket
money. By using spectacles he could now read with
great ease. For this he expressed his gratitude to his
nephew.
Based on the “above paragraph, answer the
following :
(@) (i) Why does least distance of distinct vision
increase with age ?
(ii) What type of lens is required to correct this
defect ?

(b) What, according to you, are the two values
displayed by Amit towards his uncle ?
[CBSE D 13C)

. Satish was seeing a person wearing a shirt with a

pattern comprising of vertical and horizontal lines.
He was able to see the vertical lines more clearly
than the horizontal ones. He shared his problem
with his friend Ramesh. Ramesh suggested him to
get his eyes checked-up by a doctor immediately.
(a) What value is being displayed by Ramesh
here ?
(b) What is this defect due to ?
(c) How is such a defect of vision corrected ?

(a) Determination and critical thinking.
(b) The mirrors on two adjacent walls inclined at

90° will make three images and the ceiling
mirror will repeat them.

(a) Endoscopy is based on the phenomenon of
total internal reflection of light. A light pipe, a
bundle of optical fibres, is inserted into
stomach. Light transmitted through outer
fibres is scattered by various parts of the
stomach. The reflected light coming out of
inner fibres produces a final image with
excellent details.

(b) Empathy, charity, helping and caring.

(c) Doctor displayed sympathy and social
responsibility by offering concession to
Chetan’s poor family.

(a) Keen observer and curiosity.

(b)) Moon has no atmosphere. There is no
refraction of light. Sunlight reaches moon
straight covering shortest distance. Hence
sunrise and sunset are abrupt.

v

(c) Moon has no atmosphere. So there is nothing
to scatter sunlight towards the moon. No
skylight reaches the moon surface. Sky appears
dark in the day time as it does at night.

4. (a) (i) Due to stiffening of the ciliary muscles, the

eye lens of elderly persons loses flexibility and
hence the accommodating power of the eye
lens decreases.

(i1) By using a convex lens of suitable focal
length.

(b) Compassion for others, charity and caring

(a) Empathy.

(b) This defect is called astigmatism in which a
person cannot simultaneously see both the
horizontal and vertical views of an object with
the same clarity. It is due to the irregular
curvature of the cornea.

(c) Astigmatism can be corrected by using a
cylindrical lens.



COMPETITION SECTION

- Rey Optlics and Optical Instuments

GLIMPSES

1. Optics. It is the branch of physics that deals with
the study of nature, production and
propagation of light. It has fwo sub-branches :
ray optics and wave optics.

2. Ray or geometrical optics. It concerns itself with
the particle nature of light and is based on (i) the
rectilinear propagation of light and (ii) the laws
of reflection and refraction of light.

3. Wave or physical optics. It concerns itself with
the wave nature of light and is based on the
phenomena like (i) interference (ii) diffraction
and (iif) polarisation of light.

4. Laws of reflection of light. (i) The incident ray,
the reflected ray and the normal at the point of
incidence all lie in the same plane.

(i) The angle of incidence ‘7" is equal to the
angle of reflection ‘v’ ie., Li=Z4Lr.

5. Properties of images formed by plane mirrors.

(i) The image formed by a plane mirror is
virtual, erect and laterally reversed.
(if) The size of the image is equal to the size of
the object.
(iif) The image is as far behind the mirror as the
object is in front of it.
(fv) The line joining the object and the image is
normal to the plane mirror.
(v) When a plane mirror is rotated through a

certain angle, the reflected ray turns
through twice this angle.

6. Images formed by inclined mirrors. When two
planes mirrors are kept facing each other at an
angle 8 and an object is placed between them, a

number of images are formed due to multiple
reflections.

If 8 is a submultiple of 180¢, then the number of

images formed is n == -1

If 0 is not a submultiple of 180°, then the number
of images formed is the integer next higher than
( % =1 ] . For two parallel plane mirrors,

n=——=0a0,

7. Spherical mirror. It is a mirror whose reflecting
surface forms part of a hollow sphere. Spherical
mirrors are of two types :

(i) Concave mirror in which the reflection of
light takes place from the inner hollow surface.

(ii) Convex mirror in which the reflection of
light takes place from the outer bulged
surface.

8. Definitions in connection with spherical
MITrrors.
(1) Pole. It is the middle point P of the spherical
mirror.

(ii) Centre of curvature, It is the centre C of the
sphere of which the mirror forms a part.

(i) Radius of curvature. It is radius (R) of the
sphere of which the mirror forms a part.

(iv) Principal axis. The line PC passing through
the pole and the centre of curvature of the mirror
is called its principal axis.

(v) Linear aperture. It is the diameter of the
circular boundary of the spherical mirror.

(9.159)
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(vi) Angular aperture. It is the angle subtended by
the boundary of the spherical mirror at its centre
of curvature C.
(vii) Principal focus. A narrow beam of light
parallel to the principal axis either actually
converges to or appears to diverge from a point F
on the principal axis after reflection from the
spherical mirror. This point is called the
principal focus of the mirror. A concave
mirror has a real focus while a convex
mirror has a virtual focus.
(viti) Focal length. It is the distance (f = PF)
between the focus and the pole of the mirror.
(ix) Focal plane. The wvertical plane passing
through the principal focus and perpendicular
to the principal axis is called focal plane. When
a parallel beam of light is incident on a
concave mirror at a small angle to the
principal axis, it is converged to a point in
the focal plane of the mirror.

New cartesian sign convention for spherical

MIrTors.

(i) All ray diagrams are drawn with the
incident light travelling from left to right.

(i7) All distances are measured from the pole of
the mirror.

(iif) All distances measured in the direction of
incident light are taken positive.

(iv) All distances measured in the opposite
direction of incident light are taken to be
negative.

(v) Heights measured upwards and perpen-
dicular to the principal axis are taken
positive.

(vi) Heights measured downwards and
perpendicular to the principal axis are
taken as negative.

Relation between focal length and radius of

curvature of a spherical mirror.

Focal length =% x Radius of curvature
R
or f = E‘

In new cartesian sign convention, the focal
length and radius of curvature are taken
negative for a concave mirror and positive for a
convex mirror.

11.

12.

14.

15,
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Spherical mirror formula. This gives relation
between object distance 1, image distance v and

the focal length f a spherical mirror.
G R |

i f

Linear or transverse magnification. It is the ratio
of the height of the image to that of the object.

== DB OVINARE ‘ol D - _f-v
Height of object h, u f=u f
() If| m|>1, the image is magnified.

(if) If| m| <1, the image is diminished.
(#if) If| m| =1, the image is of the same size as the
object.
(fv) Ifm is positive, the image is virtual and erect.
(v) Ifmisnegative, the image is real and inverted.
Refraction of light. It is the phenomenon of
bending of light from its straight path when it
passes at an angle from one transparent medium
to another.

Laws of refraction of light :

First law. The incident ray, the refracted ray
and the normal at the point of incidence all lie in
the same plane.

Second law. The ratio of the sine of the angle of
incidence and the sine of the angle of refraction
is constant for a given pair of media. This law is
also known as Snell’s law of refraction

sin i

—— =y, a constant.

sin r
The constant p is called refractive index of
second medium w.r.t. first medium.

Refractive index. Refractive index of a medium
for a light of given wavelength may be defined
as the ratio of the speed of light in vacuum to its
speed in that medium.

_ Velocity of light in vacuum _ ¢

S Velocity of light in medium "o

It may also be defined as the ratio of the
wavelength of light in vacuum to its wave-
length in that medium.

The refractive index of a medium with respect
to vacuum is also called absolute refractive
index.
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Relative refractive index. The relative refrac-
tive index of medium 2 w.r.t. medium 1 is the
ratio of speed of light (v,) in medium 1 to the

speed of light (v,) in medium 2.
1 L1
p_z = ——
Y
Also 1|.|2 = ﬂ o 18 constant
sinr p,

or Kysini=p,sinr
Principle of reversibility of light. This principle
states that if the final path of ray of light after it
has suffered several reflections and refractions
is reversed, it retraces its path exactly. It follows
from this principle that

T

2 2'1]

ie., the refractive index of medium 2 wur.t.
medium 1 is reciprocal of the refractive index of
medium 1 w.r.t. medium 2.

Refraction through a rectangular glass slab. A
ray of light on refraction through a glass slab
does not suffer any deviation, i.e., the incident
and emergent rays are parallel, but the
emergent ray is laterally displaced w.r.t. the
incident ray. The lateral displacement x on
passing through a glass slab of thickness f and
refractive index p is given by

xX=

sin(i—r)=tsini|:1w
Ccosr

cos i
where i is angle of incidence
X,ax =1Sin90° =t

Thus the displacement of the emergent ray
cannot exceed the thickness of the glass slab.
Refraction through a combination of media.
When a ray of light passes through a combina-
tion of media, the quantity p sini remains
constant, where p is the absolute refractive

index of the medium and i the angle of
incidence in that medium. Thus
Mair X SIN iy =R o X SIN g
=H water * sin l.\nrmer

Also al.lmx"’;.lgx &, =1

and

21.
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Relation between real depth and apparent
depth. Due to refraction of light, the apparent
depth of an object placed in a denser medium is

J/

less than the real depth. When an object O, in a
denser medium of thickness f and refractive
index p is seen through a rarer medium, its
image is seen at [. It is seen that
_ Realdepth  AO
P Apparent depth T Al

Also, apparent depth, Al = &
m

The height through which an object appears to
be raised in a denser medium is called normal

shift.

= Normslishifi d=fo=Ao-Af=t[ 1—1]
m

Total normal shift for compound media

=t l—l}&fz 1—-1— s
Ky ]

Critical angle and total internal reflection. The
angle of incidence in the denser medium for
which the angle of refraction in the rarer medium
is90° is called critical angle of the denser medium
and is denoted by i. When i=i_, r=90°

As _Sini" =g =—
sin90° pn sin i
Rarer r=90°
: L =

N
]
]
I
i
'
I
I
]
]
I

N:
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Total internal reflection is the phenomenon in
which a ray of light travelling at an angle of
incidence greater than the critical angle from a
denser to a rarer medium is totally reflected
back into the denser medium, obeying the laws
of reflection.

Necessary conditions for total internal reflection.

(1) Light must travel from an optically denser
to an optically rarer medium.

(i) The angle of incidence in the denser
medium must be greater than the critical
angle for the two media.

Relation between critical angle and refractive

index. n=

sin i,

Totally reflecting prisms. A right angled
isosceles prism, i.e., a 45°-90°—45° prism is
called a totally reflecting prism. It can be used to
deviate rays through 90° or 180°.

Mirage. It is an optical illusion observed in
deserts or over hot extended surfaces like a
coaltarred road due to which a traveller sees a
shimmering pond of water some distance ahead
him and in which the surrounding objects like
tree, etc. appear inverted.

Optical fibres. Optical fibres consist of

thousands of fine strands of quality glass,

coated with a material of lower refractive index.

Light entering the fibres at one end undergoes

several total internal reflections and finally

emerges out without any appreciable change in

intensity. A bundle of optical fibres is called a

light pipe, used in medical and optical

examination and in receiving and transmitting
signals in telecommunication.

Lens. A lens is a piece of a refracting medium

bounded by two surfaces, at least one of which

is a curved surface.

Lenses are of two types :

(i) Conwvex or converging lens. It is thicker at
the centre than at the edges. It converges a
parallel beam of light on refraction through
it. It has a real focus.

(it) Concave or diverging lens. It is thinner at
the centre than at the edges. It diverges a
parallel beam of light on refraction through
it. It has a virtual focus.

PHYSICS-XII

28. Definitions in connection with spherical lenses :

(i) Centre of curvature. The centre of curvature
of the surface of a lens is centre of the sphere
of which it forms a part. Because a lens has two
surfaces, so it has two centres of curvature.

(i1) Radius of curvature. The radius of the
surface of a lens is the radius of the sphere
of which the surface forms a part.

(ifi) Principal axis. It is the line passing through
the two centres of curvature of the lens.

(iv) Principal focus. A narrow beam of light
parallel to the principal axis either converges
to a point or appears to diverge from a
point on the principal axis after refraction
through the lens. This point is called princi-
pal focus. A lens has two principal focii.

(v) Optical Centre. 1t is the point situated
within the lens through which a ray of light
passes undeviated.

(vi) Focal length. It is the distance between the
principal focus and the optical centre of the
lens.

(vif) Aperture. It is the diameter of the circular
boundary of the lens.

29. New Cartesian sign convention for spherical

lenses :

(i) All distances are measured from the optical
centre of the lens.

(i1) The distances measured in the direction of
incident light are taken as positive.

(ifi) The distances measured in the opposite
direction of incident light are taken as
negative.

(iv) Heights measured upwards and perpendi-
cular to the principal axis are taken as
positive.

(v) Heights measured downwards and per-
pendicular to the principal axis are taken as
negative.

In this sign convention, the focal length of a

converging lens is positive and that of a

diverging lens is negative.

Refraction through a spherical surface. A

surface which forms part of a sphere of a

transparent refracting material is called a

spherical refracting surface.

(i) Refraction from rarer to denser medium. When a
ray of light travels from a rarer medium of
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refractive index p; to a denser medium of
refractive index p, of a spherical surface of
radius of curvature R, the relation between
object distance u and image distance v is

o S TR

v g R
If the rarer medium is air, thenp, =landp, =p,
we have E-lzp—_—l
v ou R

(if) Refraction from denser to rarer medium. When
the object is placed in a denser medium, the
relation between 1 and v can be obtained by
interchanging p, and p,.

= o T

v U R
Power of a spherical refracting surface. It is given

by P=———p2;p1=—-—p;1 (for air)

where R is measured in metre. The power of a

convex surface is positive and that of a concave

surface is negative.

Principal focal lengths of a spherical surface.

(i) First principal focal length. It is the distance of a

point from the pole of the surface at which if an

object is placed, the image is formed at infinity.
MKy R

Ha =Hy

First principal focal length, f, =-

(if) Second principal focal length. It is the distance
of a point from the pole of the surface at which
the image of an object at infinity is formed.
Second principal focal length, |, =22~

P =y
Lens maker’s formula. This formula relates the
focal length f to the refractive index p and the
radii of curvature R,, R, of its spherical surfaces.

1=[u][i_}_}
f Hq R, R,

For the lens placed in air,

bt b it
ek ”[& Rz]

34. Thin lens formula. This formula gives relation-

ship between object distance , image distance v
and focal length f a spherical lens (convex or

concave) of small aperture.
? Ul (il |

v u f

35.

37.
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Linear magnification produced by a lens. It is
the ratio of the size of the image formed by a
lens to the size of the object.

T size of image

M tion=——=
agnification =— of obj

kv enf feo

or m=—*f=—=
hy u f+u f
When mis positive (or v is negative), the image
is virtual and erect. When m is negative (or v is
positive), the image is real and inverted.

Power of a lens. The power of alens is defined as
the reciprocal of its focal length, expressed in metres.
1
f (m)
SI unit of power is m™ ', also called dioptre (D).
One dioptre is the power of a lens whose
principal focal length is 1 metre.

1y 4
et n[& Rz]

Lens combinations. When lenses are used in

combination, each lens magnifies the image

formed by the preceding lens. The total magni-

fication is equal to the product of the magni-

fications produced by the individual lenses.
m=”]1 X ”&X msx

The combined focal length f of two thin lenses

of focal lengths f, and f, placed in contact is
given by

¢ I | 1
—_——— e —
.k
For n thin lenses in contact,
5 I 1 1
—=—+—+..+—or P=P +P +..+P
f fl fz fn 1 2 n

When the two thin lenses are separated by a dis-
tance 4, their equivalent focal length f is given
by l = l + l + L

f h h hh

P=B +P+dx P x P,

Prism. A prism is a portion of a refracting
medium bounded by two plane faces inclined to
each other at a certain angle. The two plane
faces inclined to each other are called refracting
faces. The line along which the two refracting
faces meet is called refracting edge of the prism.
The third face of the prism opposite to the

or Power,
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refracting edge is called base of the prism. The
angle included between the two refracting faces
is called angle of prism.

Refraction through a prism. When a ray of light
is refracted through a prism, the sum of the
angle of incidence 7 and the angle of emergence
i'is equal to the sum of the angle of the prism A
and the angle of deviation &

A+d=i+1'
where r and 7’ are the corresponding angles of
refraction at the two faces.

and A=r+7r

Relation between the refractive index and angle
of minimum deviation. The minimum value of
the angle of deviation suffered by a ray on
passing through a prism is called the angle of
minimum deviation and is denoted by §, . When
a ray of light suffers minimum deviation.

i=#, r=¢ and 8=35,

A+8m =i+i=21 or I=A-;8m
and A=r+r=2r or r=2ﬁ
A+8m‘
Refractive index, p = = 2
sin r sin;

Deviation produced by a prism of small angle. It
does not depend on the angle of incidence and
is given by 8 =(u =1) A.

Dispersion. The splitting of white light into its
constituent colours when it passes through a
glass prism is called dispersion. The dispersion
of light occurs because refractive index of prism
material is different for different wavelengths.

Angular dispersion. The angular separation
between the two extreme colours (violet and red)
in the spectrum is called angular dispersion.

Angular dispersion

=8V _SR =(|.IV =1) A‘(”R -1)A=(uy _F‘R)A
material to cause dispersion and is defined as the
ratio of the angular dispersion to the mean

deviation.
Angular dispersion
Mean deviation

o8y 8 iy ~DA-(z-DA_py -k
5 (n-1)A b1

Dispersion power =

47,
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8y +8p

§=—L anill poBriy

2

Pure and impure spectra. The spectrum in
which the component colours of the spectra of
different rays overlap each other and the
various colours are not distinctly seen is called
an impure spectrum. A spectrum in which there
is no overlapping of colours and different colours
are distinctly seen is called the pure spectrum.

Spectroscope or spectrometer. It is an optical
device used for producing and studying the
spectrum of various light sources. It consists of
three main parts : (i) collimator, (if) prism table
and (ifi) telescope.

Here

Spherical aberration. The inability of a lens or
spherical mirror of large aperture to bring the
paraxial and marginal rays of a wide beam of
light to focus at a single point is called spherical
aberration.

Chromatic aberration. The inability of a lens to
bring the light rays of different colours to focus
at a single point is called chromatic aberration.

Longitudinal chromatic aberration of a lens
= Dispersive power

_ xfocal length of the lens for mean colour
or fp—fy=oxf
Blue colour of the sky. According to Rayleigh’s
law of scattering, the intensity of light of wave-
length A present in the scattered light is
inversely proportional to the fourth power of

wavelength : I 2
So, blue colour of sunlight is scattered more by
the atmospheric molecules, due to which the
sky appears blue.

Rainbow. It is nature’s most spectacular display
of the spectrum of light produced by refraction,
dispersion and total internal reflection of sun-
light by several raindrops. It is observed when
the sun shines on rain drops after a shower. An
observer standing with his back towards the
sun observes it in the form of concentric circular
arcs of different colours in the horizon.
Primary rainbow is brighter with its inner edge
violet and outer edge red, subtending 41° —43°
angle at the observer’s eye. Secondary rainbow
is fainter with its inner edge red and outer edge
violet, subtending 51° — 54° angle at the obser-
ver’s eye.



(Competition Section)

51.

52.

53.

54,

56.

57.

59.

61.

Human eye. It is most important and sensitive
sense organ. The essential parts of a human eye
are sclerotic, cornea, choroid, iris, pupil, crystal-
line lens, ciliary muscles, aqueous humour,
vitreous humour and retina. It is a convex lens
of focal length about 2.5 cm.

Accommodation. It is the ability of the eyelens
due to which it can change its focal length so
that images of objects at various distances can
be formed on the same retina.

Range of normal vision. The distance between
infinity and 25 cm point is called the range of
normal vision.

Least distance of distinct vision (D). The mini-
mum distance from the eye, at which the eye
can see the objects clearly and distinctly without
any strain is called the least distance of distinct
vision. For a normal eye, its value is 25 cm.
Near point. The nearest point from the eye, at
which an object can be seen clearly by the eye is
called its near point. The near point of a normal
eye is at a distance of 25 cm.

Far point. The farthest point from the eye, at
which an object can be seen clearly by the eye is
called the far point of the eye. For anormal eye,
the far point is at infinity.

Power of accommodation. The power of
accommodation of the eye is the maximum
variation of its power for focussing on near and
far objects. For a normal eye, the power of
accommodation is about 4 dioptres.

Persistence of vision. The phenomenon of the
continuation of the impression of an image on
the retina for some time even after the light
from the object is cut off is called persistence of
vision. The impression of the image remains on
the retina for about (1/16)th of a second.
Cinematography works on the principle of
persistence of vision.

Rods. These are rod-shaped cells of the retina
that are sensitive to the intensity of light.
Cones. These are cone-shaped cells of the retina
that are sensitive to the colours of light.

Colour blindness. A person who cannot
distinguish between various colours but can
see well otherwise, is said to be colour-blind.
It is due to lack of some cones in the retina of
the eyes.

62.

67.
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Cataract. Itis due to the development of hazy or
opaque membrane over the eyelens which
results in the decrease or loss of vision. It can be
cured by surgery.

Common defects of vision. There are mainly four
common defects of vision which can be corrected
by the use of suitable eye glasses. These are
(i) myopia or near sightedness (ii) hypermetropia
or far-sightedness (iif) presbyopia (iv) astigmatism.

Myopia or short-sightedness. In this defect a
person can see nearby objects clearly but cannot
see far off objects clearly. Here, either the eye-
ball becomes too longer or the focal length of the
eyelens becomes too short. It can be corrected by
using a concave lens of suitable focal length.

Focal length of the correcting lens
= Distance of the far point from the eye.

Long-sightedness or hypermetropia. In this
defect a person can see the far off objects clearly
but he cannot see nearby objects distinctly.
Here, either the eyeball becomes too short or the
focal length of the eyelens becomes too large. It
can be corrected by using convex lens of
suitable focal length.

Focal length of correcting lens = ;1195

where y = distance of the near point from the
defective eye.

Presbyopia. In this defect, a person in old age
cannot read correctly due to the stiffening of the
ciliary muscles and the decrease in flexibility of
the eyelens.

Astigmatism. It is defect of vision in which a
person cannot simultaneously see both the
horizontal and vertical views of an object with
the same clarity. It is due to the irregular
curvature of the cornea. It can be corrected by
using a cylindrical lens.
Simple microscope. It is a convex lens of short
focal length. When the object is placed between
the lens and its focus and the eye is held just
behind the lens, a virtual, erect and enlarged
image is seen. When the final image is formed at
the least distance of distinct vision (D) the
magnifying power of the simple microscope is
Angle subtended by the image at
_ the least distance of distinct vision
Angle subtended by the object at
the least distance of distinct vision

m
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or m=E=1+—‘D
o

H
When the final image is formed at infinity,
m= 7 , viewing is more comfortable when the

eye is focussed at infinity.

Visual angle. The angle subtended by an object
on the eye is called visual angle. Larger the visual
angle, larger is the apparent size of an object.
Compound microscope. It is an optical device
used to see magnified images of tiny objects.
The objective is a convex lens of very short focal
length and of small aperture. The eyepiece is a
convex lens of relatively larger focal length and
of larger aperture. The difference between the
focal lengths of the eyepiece and the objective is
small. Its magnifying power is given by
M=, X1y

When the final image is formed at the least
distance of distinct vision,

Angle subtended by final virtual

image at distance D from the eye
"= "Angle subtended by the object

at distance D from the eye

B %y, D) LD
A

When the final image is formed at infinity,

where L is the distance between the objective
and the eyepiece.

Astronomical telescope. It is used to view
heavenly bodies. The objective is a convex lens
of large focal length and large aperture. The
eyepiece is convex lens of small focal length and
small aperture. The difference in the focal
lengths of the two lenses is large. The eyepiece
forms a real, inverted and diminished image.
The eyepiece magnifies this image. The final
image is inverted w.r.t. the object.
When the final image is formed at the least
distance of distinct vision,
Angle subtended by the image
at distance D from the eye
Angle subtended by the
‘object at infinity

or m=%:—~j‘%—[1+%]

m=

72.
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Length of telescope, L= f;+u,= LD

When the final image is formed at infinity
(normal adjustment),

Angle subtended by the
_ final image formed at _B_ h
= ~Angle subtended by Ra™ 1
the object at *

Length of the telescope in normal adjustment,
L= fo + f,
For large magnifying power of a telescope,
clearly
fo >> f.
Terrestrial telescope. It is used to see the erect
images of distant earthly objects. It uses an
additional convex lens between the objective
and the eyepiece for erecting the image.
When the final image is formed at infinity, its
magnifying power, m= TJ;Q

4
Length of telescope = f; + 4 f + f,
where f is the focal length of the erecting lens.
When the final image is formed at the least

distance of distinct vision, m= fo 1+ L )

£ D
Galileo’s telescope. It uses a concave lens for the
eyepiece to obtain an erect image of the distant
object. The real, inverted and diminished image
formed by the objective lies at the focus of the
eyepiece. The final image is formed at infinity and
is erect and magnified.

In normal adjustment, m= h
2
Length of telescope, L=f,- f.
Reflecting telescope. It uses a concave

paraboloidal mirror of large aperture to view
the distant objects. Both spherical and chromatic
aberrations are minimum.

When the final image is formed at the least
distance of distinct vision,

m=1o [ 141 ]
A D
When the final image is formed at infinity,
&=Rl2

A



	12 CH 9 1 to 102
	12 CH 9 NCERT Solution
	12 CH 9 QuestionBank
	12 CH 9 Summary



