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RAY OPTICS AND OPTICAL INSTRUMENTS

G IDELINES TO NCERT EXERCISES

9.1. A small candle 2.5 em in size is placed 27 em in front of
a concave mirror of radius of curvature 36 em. 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, f; = 2.5em, u = - 27cm, R = - 36em

Rf =- =-18cm
2
[.: R is - ve for a concave mirror]

By mirror formula,

1 1 1 1 1 -3+2 1-=---=-+ -=---=--
v f u -18 27 54 54

or v = - 54 em
Thus the screen should be placed at 54 em from the

mirror on the same side as the object.
Magnification,

m = hz = _ ~ = _ -54 = - 2
f; u -27

:. Size of image,
hz = -? '< 2.5 = - 5 em

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 em from the mirror (when the focal point is crossed),
the image becomes virtual and cannot be taken on screen.

9.2. A 4.5 em needle is placed 12 em away from a convex
mirror of focal length 15 em. Give the location of the image and
the magnification. Describe what happens as the needle is
moved farther from the mirror.

Ans. Here, hI =4.5 em, u = -12 em, f = + 15 em
[.: f is + ve for a convex mirror]

By mirror formula,
1 1 1 1 1 4+5 9 3-=---=-+-=--=-=-
v f u 15 12 60 60 20

20v = + - = + 6.67 em
3

or

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

m == hz = _ ~ = _ 20 5
f; u 3 x (- 12) 9

Magnification,

Size of image, 5 5hz = - x f; = - x 4.5 = 2.5 em
9 9

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 em. 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 = 12.5em

Apparent depth = 9.4em

Refractive index of water is

all = Real depth = 12.5 = 1.33
W Apparent depth 9.4

Tank filled with liquid:

Real depth = 12.5em
Real depthRefractive index of liquid = --------'---

Apparent depth

1.63= 12.5
Apparent depth

:. Apparent depth with liquid

= 12.5em = 7.669em c: 7.7 em
1.63

or

Distance through which the microscope has to be
moved

= 9.4 - 7.7 = 1.7 em.
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, respective/yo 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)}.

(a) (b) (c)

Fig. 9.199

Ans. From Fig. 9.199(a),

a sin i sin 60° 0.8660
11 =-=--=--=1.51

g sin r sin 35° 0.5736
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From Fig. 9.199(b),

a sin i sin 60° 0.8660
Il =-=--=--=1.32

W sin r sin 41° 0.6561

From Fig. 9.199(c),
a

w Ilg sm I
Il =-=--

gall", sinr

or
1.51 sin 45° 0.7071
--=--=--
1.32 sin r sin r

. 1.32x 0.7071
or sm r = = 0.61811.51

.. 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 > ic are totally internally reflected
and carmot emerge out of water surface. The light from
the bulb 5 comes out through a circular patch of radius r or
given by

. OA rtanz =-=-
c 05 h

or r = h tan ic

Fig. 9.200
.. 1 1 3smz =-=--=-

c Il 1.33 4

cos I,= ~l-(~r= ~

. 3 4 3tanz =-x-=-
c 4 J7 J7

Area of the patch,
= 1t? = 7th2 tan 2ic
= 3.14x(0.80)2x~m 2

7
= 2.58m 2 c: 2.6 m 2.

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:
8m = 40°, A = 60°

:. Refractive index of the prism material is

A+8 60°+40°sin m sin ---
2all g

2
· Asm --

2
. 60°sm-

2

sin 50° 0.7660
=--=--=1.532

sin 30° 0.5000

When the prism is placed in water :
A+ 8'sin m

2
· Asm-

2

or

60° + 8'sin m
2

· 60°sm-
2

60° + 8'sin m
21.532

1.33 sin 30°

or 60° + 8' 1532sin m = _.- x 0.5 = 0.5759
2 1.33

8'30° + -1!1. = sin -1 (0.5759)= 35°10'
2

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 em ? [CBS£:00 14C]

<\ 1S. Here Il = 1.55, f = 20em

If ~ = R, then ~ = - R

As 7 = (Il - 1) [~ - ~]

or

1 [ 1 1]- = (1.55 - 1) - + -
20 R R
1 2-= 0.55 x-

20 R

or R = 0.55 x2 x 20em = 22.0 em.
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 em, (b) a concave lens of focal length 16 em ?

[CBSEOO 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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I+-- u = 12em--o{

)- - - - - p

(a)
I+-- u = 12em ---+t

(b)

Fig. 9.201

(a) For convex lens: u = + 12ern, f = + 20em

Now 1 1 1 1 1 1
---=-
v 12 20v u f

1 1 1 3+5 8-=-+-=--=-
v 20 12 60 60

15
v=-=7.5em

2
Thus the beam converges at a point 7.5em to the right

of the lens.
(b) For concave lens: U= + 12em, f = -16em

1 1 1 1 1 -3 + 4 1
Now -=-+-=-+-=---=-

v f u -16 12 48 48

or

or

.. v=4Bem
Thus the beam converges at point 48 cm to the right of

the lens.
9.9. An object of size 3.0 cm is placed 14 em in front of a

concave lens of focal length 21 em. Describe the image produced
by the lens. What happens if the object is moved further away
from the lens ?

Ans. Here '1 =3em, U= -14em, f =-21em, v=?

1 1 1For a lens, - - - = -
v u f
1 1 1 1 1 -2 - 3 -5
-=-+-=-+-=--=-
v f u -21 -14 42 42

or v= -B.4em
Negative v indicates that the image is virtual, erect

and is formed at 8.4 em from the lens on the same side as
the object.

As

9.133

:. Size of image,
v -8.4

~ = - x '1 = -- x3em = 1.B em
u -14

i.e., the image is diminished in size.
As the object is moved away from the lens, the virtual

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 em ? Is the system a converging or a diverging lens? Ignore
thickness of the lenses.

Ans. Here, It = + 30em (convex lens)
f2 = - 20 (concave lens)

Focal length of the combination is given by

1 1 1 1 1 1-=-+-=-+--=--
f It f2 30 -20 60

or f =-60 em
The negative value of f indicates that the combination

behaves as a diverging lens.
9.11. A compound microscope consists of an objective lens

of focal length 2.0em and an eyepiece of focal length 625 em
separated by a distance of 15 em. How far from the objective
should an object be placed in order to obtain the final image at
(i) the least distance of distinct vision (25 em), (ii) infinity ?
What is the magnifying power of the microscope in each case?

[CBSE OD 08]

Ans. Here fo = 2.0em, fe = 6.25em, Uo =?
(i) When the final image is obtained at the least distance of

distinct vision:
ve = -25em

As 1 1 1
-

ve ue fe

1 1 1 1 1.. ---=-----
»: ve t. -25 6.25

-1-4 -5 1=--=-=--
25 25 5

or ue = - 5em
Now distance between objective and eyepiece

=15 em
:. Distance of the image from objective is

Vo = 15- 5 = 10em

or

1 1 1 1 1 1-5 2
---=---=--=

Uo Vo fo 10 2 10 5

5
Uo = - '2 = - 2.5em

.. Distance of object from objective = 2.5 em
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Magnifying power,

m = ~ x me = ~ [1 + ~)

= ~ (1 + ~) = 20.2.5 6.25

(ii) When the final image is formed at infinity :
Here ve = 00, fe = 6.25 em

1 1 1 1 1 1As .. ---=-
ve ue fe 00 ue t.

or ue = - fe = - 6.25 cm
Distance between objective and eyepiece = 15 cm
:. Distance of the objective from the image formed by

itself,

or

Va = 15 - 6.25 = 8.75 ern

fa = + 2.0 em
1 1 1 1 1 2 - 8.75 - 6.75

-=---=----=---=--
"'0 va fa 8.75 2 17.5 17.5

"'0 = - 17.5 = - 2.59 em
6.75

:. The distance of the object from objective = 2.59 em
Magnifying power,

V 25m=~xm=-.!!.x--
e "'0 6.25

= 27 x 4 = 13.46 = 13.5.
8

Also

9.12. A person with a normal near point (25 em) using a
compound microscope with an objective of focal length 8.0 mm
and eyepiece of focal length 25 em can bring an object placed
9.0 mmfrom the objective in sharp focus. What is the separation
between the two lenses? How much is the magnifying power of
the microscope ?

Ans. Here fa = 0.8 em, "'0 = - 0.9 em, va =?
1 1 1As ---=-

va "'0 fa

1 1 1 1 1-=-+-=---
va fa "'0 0.8 0.9

0.9 - 0.8 0.1
0.9 x 0.8 0.8 x 0.9

0.8 x 0.9
va = = 7.2 em

0.1
or

Now for the eyepiece, we have
fe = 2.5 em, ve = - D = - 25 em, ue =?

1 = ~_~=_~_~= -1-10 = -11
ue ve I, 25 2.5 25 25

or 25u = --=-2.27em
e 11

PHYSICS-XII

Hence the separation between the two lenses

= va + I ue I = 7.2 + 2.27 = 9.47 em
Magnifying power,

m = ~ x me = I ~ I [1 + ~)

= 7.2 (1+ 25) = 88.
0.9 2.5

9.13. A small telescope has an objective lens of focal length
144 em and an eyepiece of focal length 6.0 em What is the
magnifying power of the telescope ? What is the separation
between the objective and the eyepiece ?

Ans. Here fa = 144 em, fe = 6 em
For the small telescope set in normal adjustment, the

magnifying power is

m = fa = 144 = 24
I, 6

Separation between the objective and the eyepiece
= fa + fe = 144 + 6 = 150 em.

9.14. (i) A giant refracting te/escope 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?

(ii) If this te/escope 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 3.48 x 106 m; and the radius of
lunar orbit is 3.8 x 108 m. [CBSE00 08, 11 ; 0 15]

Ans. Here fa = 15 m, fe = 1.0 em = 0.01 m
(i) Angular magnification,

m = fa = ~ = 1500.
fe 0.01

(ii) Let d be the diameter of the image in metres. Then
angle subtended by the moon will be

Diameter of moon 3.48 x 106
a = =-----,n

Radius of lunar orbit 3.8 x·108

Angle subtended by the image formed by the
objective will also be equal to a and is given by

Diameter of image of moon da= =-
fa 15

d 3.48 x 106

15 = 3.8 x 108

Diameter of image of moon,

d _ 3.48 x 106 x 15 3.48 x 15 x 10-2 -13 73
- 8 - • em.

3.8 xlO 3.8
9.15. Use the mirror equation to deduce that:

(a) an object placed between f and 2 f of a concave mirror
produces a real image beyond 2 f [CBSE0 15]

MOHIT SIR



RAY OPTICS AND OPTICAL INSTRUMENTS

(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 -~
v f u

Now for a concave mirror, f < 0 and for an object on
the left, u < 0

2f < u< f
1 1 1or ->->-

2f u f
1 1 1--<--<--

2f u f
111111 11- - - < - - - < - - - or - < - < 0
f 2f f u f f 2f v

This implies that v < 0 so that image is formed on left.
Also the above inequality implies

2f > v
or 12fl<lvl [.,' 2fandvarenegative]
i.e., the real image is formed beyond 2f

(b) For a convex mirror, f > 0 and for an object on left,
u < O. From mirror formula,

1 1 1
v f u

or

or

This implies that ~ > 0 or v> 0
v

This shows that whatever be the value of u,. 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 1 1
v f u
1 1implies that - > -
v f [

1. . ].,' -; IS a + ve quantity

or v< f
This shows that the image is located between the pole

and the focus of the mirror.
(d) From mirror formula,

111
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<O
1 1- >- . or
f u

1 1--->0
f u

or 1->0
v

i.e., a virtual image is formed on the right.

9.135

Also 1 1-<-
V I ul or v>1 ul v

Iml=->l
I 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
- Apparent thickness of slab

R 1 thickn fIb Real thickness of slab= ea 1 ess 0 sa - --------
11

Here t = 15em, 11 = 1.5

( 1 ) (1.5 - 1):. d=15 1-- =15 --1.5 1.5 =5cm

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

Ans. Given 112 = 1.68, III = 1.44, 11 = 112 = _1_
III sin i/

:. Critical angle i~is given by

sin i~= ~ = 1.44 = 0.8571 => i~= 59°
112 1.68

Total internal reflection will occur if the angle i' > i~,
i.e., if i ' > 59° or when r < rmax, where rmax = 90° - 59° = 31°.
Using Snell's law,

sin imax = 1.68
sin rmax

or sin imax = 1.68 x sin rmax

= 1.68 x sin 31° = 1.68 x 0.5150 = 0.8662

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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(a)

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 ?

(d) Does the apparent depth of a tank of water change if
viewed obliquely ? If so, does the apparent depth
increase or decrease ?

(e) The refractive index of diamond is much greater
than that of ordinary glass. Is this fact of some use
to a diamond cutter ?

Ans. (a) 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.

image

, '<>;
Vi::'.J°
object

Real
I image

VirtualI. object
_".0

.... ---:,."
, •••. .,.;1'

(b)

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.

(c) 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 corne from a larger distance, as shown in

PHYSICS-XII

Fig. 9.204. It may be noted that the points P and Q are, 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

Fig. 9.205

(e) Yes. Refractive index of diamond is high
( J..l = 2.42), so its critical angle is small ( ic = 24°). A
diamond cutter makes use of this large range of angle of
incidence (24° to 90°) 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 4f.

D 3 rn
4 fmax =D or fmax =- =-- =0.75 m.4 4

9.20. A screen is placed 90 em from an object, the image of
the object on the screen is formed by a convex lens at two
different locations separated by 20 em. Determine the focal
length of the lens.
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Ans. As shown in Fig. 9.206, let 0 and I be the
positions of object and image respectively and ~ and Lz
be the two conjugate positions of the lens.

Ll L2

Fig. 9.206

Obviously, x + 20 + x = 90cm or x = 35cm
When the lens is in position ~, we have

u = - x = - 35ern, v = 20+ x = 20 + 35 = 55cm
1 1 1 1 1 7 + 11 18.. -=---=-+-=--=-f v u 55 35 385 385

385or 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 em 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 em in 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 em. 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

.Ii = 30cm
~=-oo

1 1 1
---=-
11. ~ .Ii

1 1 1 1 1 1-=-+-=---=-
11. .Ii ~ 30 00 30

or 11. = + 30cm
This image becomes a virtual objectfor the second lens

so that

Now

f2 = -20cm,
~ = + (30 - 8) = + 22cm

1 1 1-=-+-
v2 f2 ~

1 1 -11 + 10 -1
=--+-=---

20 22 220 220
v2 = -220 emor

9.137

The parallel incident beam appears to diverge from a
point 220- 4 = 216cm from the centre of the two-lens
system.

(ii) Let the parallel beam be incident from the left on
the concave lens first. Then

.Ii = - 20cm, ~ = - 00

1 1 1As
11. ~ .Ii

1 1 1 1 1 1-=-+-=--+-=--
11. .Ii ~ - 20 - 00 20

11. = - 20cm
This image becomes a real objectfor the second lens so

that

or

Now

f2 = -30cm

~ = -(20+ 8)=-28cm
1 1 1 1 1 14- 15 - 1-=-+-=---=---=-

v2 f2 ~ 30 28 420 420

v2 = -420 em
Thus the parallel incident beam appears to diverge

from a point 420- 4 = 416em 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 ~ = - 4Ocm, .Ii = 30cm
1 1 1
---=-
11. ~ .Ii
111-+-=-

11. 40 30

or

As

1 1 1 4-3 1or -=---=--=-
11. 30 40 120 120

or 11. = 120cm
Magnitude of magnification due to the first (convex)

lens is

This image becomes a virtual object for the second
lens so that

Now

~ = + (120- 8) = + 112cm

f2 = -20cm
111-=-+-

v2 f2 ~

1 1 - 112+ 20 - 92
=--+-=----

20 112 112x 20 112x20
112x20

v2 = - 92 cm = - 24.9cmor
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Magnitude of magnification due to the second
(concave) lens is

I V2 I 112 x 20 20
~ = -;;; = 92 x 112 = 92

Net magnitude of magnification due to the two-lens
system is

m=n;x~
3 x20

=--=0.652
92

Size of image,
~ = 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 600 so that it just suffers total orinternal 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 ic .

Thus r2 = ic

Now sin i =.-! = _1_ = 0.6542
c ~ 1.524

ic = sin-\0.6542) c: 410

Fig. 9.207

But 'i + r2 = A
'i = A - r2 = A - ic = 600

- 410 = 190

From Snell's law,
sin ~

.f.!=-.-
sm'i

sin ~ = Ii sin 'i = 1.524xsin 190

= 1.524x 0.3256= 0.4962
Hence ~ =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.

PHYSICS-XII

Now, angular dispersion produced by crown glass
prism is

°b-o'=(~b-~,)A
Mean deviation produced by crown glass prism is

Oy = (~y -1) A
Angular dispersion produced by flint glass prism is

0;' - 0; = (~~ -1) A'

o~= (~~ -1) A
(a) To deviate a beam without dispersion, the net

angular dispersion produced by the combination must be
zero i.e.,

(~b - ~ ,) A + (~;, - ~;) A' = 0

A'= - (~b -~,) A
(~;,-~;)

Negative sign shows that the two prisms must be placed
with their bases on opposite sides. As ~;, - ~;) for flint
glass is more than ~ b - ~ ,) 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, i.e.,

(~y -1) A + (~~ - l)A'= 0
~ -1

or A,=--y-A
~~-1

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 em 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 = 60dioptres
.', Approximate distance between the retina and the

cornea eyelens
= focal length of the eyelens

100 100 5=-=-=-em
P 60 3

To focus an object at the near point on the retina, we
have

5u = - 25em, v = - em
3

.. Focal length f should be given by
1 1 1
f v u

3 1 15+ 1 16
=-+-=--=-

5252525

f = 25 em
16

.. Corresponding converging power
= 64dioptres

Power of the eyelens = 64 - 40 = 24dioptres
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
- 1.0dioptre for distant vision. During old age he also needs to
use separate reading glass of power +2.0dioptres. Explain what
may have happened.

Ans. Here, P = - 1.0dioptre

.. f = 100 = 100 = _ 100em
P -1
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Thus, the far point of the person is 100em, on the other
hand, his near point may have been normal (about 25em).

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
25em, 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 em clearly, we have
u = - 25em, v = - 50em
1 1 1
f v u

1 1 -1+2 1=--+-=---=-
50 25 50 50

f = 50cm
100 100 .

P = - = - = + 2 dioptres
f 50

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 ern) reads a book
with small print using a magnifying glass: a thin convex lens of
focal length 5 em.

(a) What is the closest and the farthest distance at which he
can read thl! 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:

or

Hence,

v = - 25em, f = 5 em, u = ?
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As 1 1 1
v u f

1 1 1 1 1 -1-5 -6.. -=---=----=--=-
u v f -25 5 25 25

25or u = - - em = -4.2 em. 6
This is the closest distance at which the man can read

the book.
For the farthest image:

v=oo, f=5em, u=?
111
u v f

=-.!.-~=O-~=-~
00 5 5 5

U= -5 em
This is the farthest distance at which the man can read

the book.
(b) Maximum angular magnification is

~=~=6
umin 25/6

Minimum angular magnification is

~= 25 =5.
umax 5

9.29.A card sheet divided into squares each of size 1mm2 is
being viewed at a distance of9 em through a magnifying glass
(a converging lens of focal length 10 em) held close to the eye.

(a) What is the magnification produced by the lens ?
How much is the area of each square in the virtual or
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)
= 1mm2

u = - 9 em, f = + 10 em

As 1 1 1
---=-
v u f

1 1 1.. -=-+-
V f u

1 1 9 -10 1
=---=--=--

10 9 90 90
or v= - 90 em

Magnitude of magnification is
v 90

m=-=-=10I ul 9'

Area of each square in the virtual image
=(10)2 xl =100 mm2 =1em2
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D 25(b) Magnifying power, M=- =- =2.8.
I ul 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 em). Thus magnification magnitude is I ~ I

d gnifyin . 25an ma g power 1S - .
I ul

Only when the image is located at the near point
I v I = 25 em, 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. (a) Maximum magnifying power is obtained

when the image is at the near point (25 em). Thus
v =- 25 em, f =+ 10 em, u =?

1 1 1As
v u f

1 1 1 1 1 -2-5 -7
-=---=----=--=-
uvf 2510 5050

50u= -- =-7.14em
7

So lens should be held 7.14em away from the figure.
(b) Magnitude of magnification is

v 25
m=- =--=3.5.I ul 50/7

( ) M ifyi D 25c agm mg power =- =-- =3.5
lu150/7

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 mm2 ? 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 ~2 = 6.25
1mm

:. Linear magnification, m = ../6.25 = 2.5

As m =~ .. v =mu =2.5 u
u
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or

Now 1 1 1
-

v U f
1 1 1---- -

2.5 U U 10
1-2.5 1

-
2.5 U 10

or 2.5 U = - 1.5 x 10
2.5 U = - 1.5 x 10

1.5 x 10
U=---- =-6em2.5

or

or

Hence v = 2.5 U = 2.5 x ( - 6) = -15 em
As the virtual image is closer than the normal near

point (25 em), 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 sub tended 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 00 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 cm. 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 em. 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 or
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. _

9.141

(d) The magnifying power of a compound microscope
is given by

m = m x m = va x [1 + DJ
o e Uo Ie

Angular magnification (ma) of objective will be large
when Uo is slightly greater than fa. Since microscope is
used for viewing very close objects, so Uo is small.
Consequently fa has to be small.

Moreover, the angular magnification (me) of the
eyepiece will be large if fe is small.

(e) Refer to the solution of Problem 30(a) on page 9.129.

9.33. An angular magnification (magnifying power) of
30 X is desired using an objective offocal length 125 em and an
eyepiece offocal length 5 em. How will you set up the compound
microscope ?

Ans. We assume the microscope in common usage,
i.e., the final image is formed at the least distance of
distinct vision,

D = 25 ern, t.= 5 ern

:. Angular magnification of the eyepiece is
D 25m =1+-=1+-=6

e t, 5

As total magnification, m = me x %
:. Angular magnification of the objective is

m 30
%=-=-=5

me 6

As real image is formed by the objective, therefore,
v

% = ~ = - 5 or va = - 5 Uo
Uo

fa = 1.25cm

1 1 1
---=-
va Uo fa

1 1 1
----=--
- 5 Uo Uo 1.25

- 6 1
--=--
5 Uo 1.25

6 x 1.25
Uo = --5- =-1.5 em

Thus the object should be held at 1.5 cm in front of the
objective lens.

Now

or

or

Also va = - 5 Uo = - 5 x ( - 1.5)= 7.5ern

1 1 1
---=-
ve ue t,As
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1 1 1 1 1
=---=----

ve fe - 25 5

[ve=-D=-25cm] or
-1- 5 6

=--=--
25 25

- 25
u = -- =-4.17em

e 6
:. Separation between the objective and the eyepiece

= I -, I + I Vo I
= 4.17 + 7.5 = 11.67 em.

9.34. A small telescope has an objective lens of focal length
140 cm and an eyepiece of focal length 5.0 em. What is the
magnifying power of the telescope for viewing distant objects
when

(a) 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 em) ? [CBSE OD 13C)

Ans. Here fo = 140em, fe = 5.0 em
(a) In normal adjustment:
Magnifying power,

m= fo = 140 =28
I, 5

(b) When the final image is formed at the least distance of
distinct vision (25 em) :

m= j: (1+ ~)
= 140 (1 + ~) = 28 x 1.2= 33.6.

5 25
9.35. (a) For the telescope described in Exercise 9.34(a),

what is the separation between the objective lens and the
eyepiece ? [CBSE OD 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 ?

Ans. (a) In normal adjustment, the separation between
objective and eyelens

= fo + fe = 140 + 5 = 145 em.
(b) Angle subtended by the 100 m tall tower at 3 km

away is

or

100 1a z: tan a = ---3 = - rad
3 x 10 30

Let h be 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 a and is given by

h h
a=-=-

fo 140
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h 1
-=-
140 30

140 14h = - = - = 4.67 cm.
30 3

(c) Magnification produced by the eyepiece is
D 25

m =1+-=1+-=6
e fe 5

:. Height of the final image
14

= h x m = - x 6 = 28 em.
e 3

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, where will 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 = - 90 mrn, f = - 70 mm, v = ?

Using mirror formula,
1 1 1 1 1
=---=-----

v f u -70 - 90
1

315

.. v=-315mm

Thus the image is formed at 315 mm from the
smaller mirror.

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 9, from
position M to M', the reflected ray turns through angle 29,
-so that the reflected spot moves on the screen from
position P to Q and

L POQ = 29 = 2 x 3S = 7°
dNow tan 29=- 1.5

: r -----: -------~ -2.t---r,~1
1.5m I

I
I

Mil M
5

Fig. 9.209
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:. Displacement of reflected spot on the screen is
d = 1.5 tan 29

= 1.5 x tan 7°
= 1.5 x 0.1228m
= 0.1842m = 18.4em.

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 ?

Q P P' Q'

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

i.e., F = 45 em
Distance measured in second case

= Focal length of the convex lens
i.e., It = + 30cm

9.143

The focal length f2 of the plano-concave lens is given
by

or

1 1 1
-+-=-It f2 F

1 1 1
- ---
f2 F It

1 1
45 30
2 - 3 1
--=--

90 90
.. f2 = -90em
Now for the equiconvex lens, we have

R,. = R, Rz = - R, f = 30 em, 1.1= 1.5

Using Lens maker's formula

7 = (1.1- 1) [~ - ~]

~ = (1.5 - 1) [.! + .!]
30 R R

2= 0.5 x-
R

or

or R = 0.5 x 2 x30em = 30 em.
For plano-concave lens, f = - 90 em r

For concave surface, R,. = - R = - 30 em,
For plane surface, Rz = 00

1 [1 1 ]f = (1.1- 1) R,. - Rz

1 [1 1]-=(1.1-1) ---
- 90 - 30 00

- 30 1
1.1-1=--=+-

- 90 3

As

or

or 1
1.1= 1 + - = 1.33.
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Text Based Exercises
YPE A : VERY SHORT ANSWER QUESTIONS (1 mark each)

1. To which wavelength of light is our eye most
sensitive ? In which region does this wavelength
lie?

2. A ray of light falls normally on a mirror. What are
the values of angle of incidence and angle of
reflection ?

3. A person moves with velocity v towards a plane
mirror. With what velocity does his image move
towards him ?

4. A mirror is turned through 10°.By what angle will
the reflected ray turn ?MOHIT SIR
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5. What is the focal length (or radius of curvature) of a
plane mirror? [Himachal97; CBSED 01C]

6. What is the number of images of an object held
between two parallel plane mirrors?

7. An object is held between two plane parallel
mirrors inclined at 45° to each other. How many
images do you expect to see ?

8. What is the minimum size of a plane mirror which
can enable a man to see his full image?

9. How many images of himself can an observer see in
a room whose ceiling and two adjacent walls are
mirrors?

10. What is a spherical mirror? What are its two types?
11. Which spherical mirror is called a divergent

mirror-cancave or convex?
12. Define principal focus of a spherical mirror.
13. Which spherical mirror has (i) a real focus (ii) a

virtual focus ?
14. Which spherical mirror always forms a virtual,

erect and diminished image of an object ?
15. One wants to see an enlarged image of an object in a

mirror. Which type of mirror one should use?
16. Which type of spherical mirror can form a real and

diminished image of an object ?
17. When an object is placed between / and 2/ of a

concave mirror, would the image formed be (i) real
or virtual and (ii) diminished or magnified ?

[CBSEDISC]
18. Can we obtain image of an object formed by convex

mirror on a screen ? If not, why?
19. Can we photograph a virtual image?
20. A concave mirror has focal length 20 em. Where

should the object-beplaced in front of the mirror so
that area of image equal to the size of the object is
formed?

21. What is the angle of incidence, when a ray of light
falls on the spherical mirror from its centre of
curvature?

22. Starting from a large distance, a flame is moved
towards a convex mirror. Comment on how the size
and position of the image change ?

23. A concave mirror, of aperture 4 em, has a point
object placed on its principal axis at a distance of
10 em from the mirror. The image, formed by the
mirror, is not likely to be a sharp image. State the
likely reasons for the same. [CBSESamplePaper 13]

24. What is refraction? . [Haryana01]
25. Define refractive index.
26. Define refractive index in terms of wavelength of

light.
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27. What is meant by relative refractive index of
medium ?

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

29. State Snell's law of refraction of light.
[Punjab2000,04]

30. When does Snell's law of refraction fail ?
31. For which material the value of refractive index is :

(i) minimum and (ii) maximum ?
32. What is lateral shift in refraction?
33. On what factors does the lateral shift depend ?
34. For what angle of incidence, the lateral shift

produced by a parallel sided glass slab is zero ?
35. For what angle of incidence, the lateral shift produced

by a parallel sided glass slab is maximum ?
36. Light of wavelength 6000 A. in air enters a medium

of refractive index 1.5.What will be its frequency in
the medium? [CBSED 94]

37. When light undergoes refraction, what happens to
its frequency? [CBSEOD200OC]

38. When light undergoes refraction at the surface of
separation of two media, what happens to its
wavelength? [CBSEOD 2000C]

39. How does the frequency of a beam of ultraviolet
light change when it goes from air into glass?

[CBSEDOl]
40. Define the term critical angle for a pair of media.

[CBSEDISC]
41. Can total internal reflection occur when light

travels from a rarer to a denser medium ?
42. Velocity of light in glass 2 x108 m/s and in air is

3 x108m/s. If the ray of light passes from glass to
air, calculate the value of critical angle. [CBSEF 15]

43. Write the value of critical angle for a material of
refractive index .fi [Himachal93; CBSEF 94]

44. A substance has a critical angle of 45° for yellow
light. What is its refractive index?

[ISCE97; Haryana2000]
45. Which one has a greater critical angle-diamond or

water?
46. A good plane mirror reflects about 95% of light.

What is the percentage of light reflected when total
internal reflection occurs?

47. Write the relation between the refractive index and
critical angle for a given pair of optical media.

[CBSEOD09; D 13]
48. 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.

[CBSED 07C]
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49. State the conditions under which total internal
reflection occurs. [ISCE99; CBSED 10,13; F 09]

50. What is an optical fibre? [Haryana04]
51. Which of the two main parts of an optical fibre has a

higher value of refractive index?
52. Name the physical principle on which the working

of optical fibres is based.
[ISCE95,2000; Punjab2000,02]

53. What is the main use of optical fibres?

54. If all g = ~ and all W =~, then what will be the
2 3

value of wll g ?
55. What is a lens?
56. Define optical centre of a lens.
57. What is the deviation produced by a thin lens of a

ray passing through its optical centre?
58. What type of a lens is a tumbler filled with water?
59. Can a lens be used in a medium of which it is made

of?
60. A lens always forms virtual and erect image of the

object irrespective of the position of the object.
What type of lens is this ?

61. What should be the position of an object relative to
a biconvex lens so that it behaves like a magnifying
glass?

62. 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 ?

63. Define power of a lens. Give its 51 units. [CBSEF 09]
64. Define one dioptre.
65. If the power of a lens is + 5dioptre, what is its focal

length? [CBSED 94C]
66. A lens has a power of - 2.5 D. What is the focal

length and nature of the lens?
67. Two thin lenses of power + 4D and - 2 D are in

contact. What is the focal length of the
combination ? [CBSEOD 09]

68. An object is held at the principal focus of a concave
lens of focal length F. Where is the image formed ?

[CBSEOD03,08]
69. The central portion of a lens is covered with a black

paper. Will the lens form full image of an object ?
70. In Fig. 9.211given below, path of a parallel beam of

light passing through a convex lens of refractive
index 11 g kept in a
medium of refractive
index 11 m is shown. Is (i) Ilm--~--~~---.---11 g = 11 m or (ii) 11 g > 11 m
or (iii) 11 g < 11 m ?

[CBSED 02C]
Fig.9.211
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71. A double convex lens, made from a material of
refractive index Ill' is immersed in a liquid of
refractive index 112' where 112 > Ill' What change, if
any, would occur in the nature of the lens?

[CBSESamplePaper DB]

72. 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 ?

[CBSED 08,10]
73. A converging lens of refractive index 1.5 is kept in a

liquid medium having same refractive index. What
would be the focal length of the lens in this
medium ? [CBSED 08]

74. How does the power of a convex lens vary, if the
incident red light is replaced by violet light?

[CBSED 08]
75. 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. [CBSEOD08]

76. Draw a plot showing the variation of power of a
lens, with the wavelength of the incident light.

[CBSEOD08]
77. Use-lens maker's formula to write an expression for

the refractive index, 11 of the material in terms of its
focal length f, and the radii of curvature R,. and Rz
of its two surfaces. [CBSEOD07C]

78. Define linear magnification produced by a
lens/mirror.

79. Three lenses with magnifications 2, 3 and 10 form a
combination. What is its total magnification?

[CBSEF 94C]
80. What is the purpose of adding 'blue' to clothes?
81. What is a prism?
82. Define angle of the prism.
83. Define angle of deviation.
84. What is the effect on a ray of light passing through a

prism?
85. Name the factors on which the angle of deviation

produced by a prism depends.
86. Define angle of minimum deviation.
87. Write the relationship between angle of incidence

'i', angle of prism 'A' and angle of minimum
deviation for a triangular prism. [CBSED 13]

88. Write the relation for the refractive index of the
prism in terms of the angle of minimum deviation
and the angle of prism. [CBSEOD03C; D 10]

89. What is dispersion of light?
[CBSED 93C; Punjab04]

90. 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
a prism depends ?

92. For which colour, the refractive index of prism
material is (i) minimum and (ii) maximum? [D10]

93. Which colour is deviated (i) most (ii) least, on
passing through a prism ?

94. Does the angle of minimum deviation produced by
a prism depend on wavelength ?

95. Out of red and blue lights, for which colour is the
refractive index of glass greater? [CBSEOD99C]

96. A glass prism is held in water. How is the angle of
minimum deviation affected ?

97. When does a ray passing through a prism deviate
away from its base?

9S. Define dispersive power (for light) of a medium.
99. A monochromatic ray of light is made to fallon a

normal 60° prism under minimum deviation
condition. What is the relation between the angle of
incidence and the angle of emergence? [ISCE98]

100. Draw a properly labelled graph between the angle
of incidence and the angle of deviation for a prism
and show the point of minimum deviation.

[ISCE96; CBSEOD09]
101. How does the angle of minimum deviation of a

glass prism vary, if the incident violet light is
replaced with red light? [CBSEOD08]

102. How does the angle of minimum deviation of a glass
prism of refractive index 1.5 change, if it is immersed
in a liquid of refractive index 1.3 ? [CBSEOD08]

103. Violet colour is seen at the bottom of the spectrum
when white light is dispersed by a prism. [D 10]

104. State Rayleigh's law of scattering.
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?
10S. What is the magnification produced by a single

convex lens used as a simple microscope in normal
use ? [ISCE95]

109. If the final image is formed at infinity, what is the
magnification of a simple microscope?

110. What is the eye-ring of a microscope or a telescope?
111. What is the nature of the final image in a compound

microscope ?

Answers
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112. What can we say about the length of a compound
microscope if the final image is formed at infinity ?

113. What do you mean by normal adjustment of
telescope?

114. What is the distance between the objective and the'
eyepiece of a telescope in normal adjustment?

Or
What is the length of the telescope in normal
adjustment? [CBSEOD03]

115. Express the angular magnification of an
astronomical telescope in terms of the focal length
of the objective and the eyepiece. [ISCE94]

116. An astronomical telescope set for normal
adjustment has a magnifying power 10. If the focal
length of the objective is 1.2 m, what is the focal
length of the eyepiece? [ISCE01]

117, In which device-microscope or telescope, the
difference in the focal lengths of the two lenses is
larger?

l1S. A convex lens of focal length A is kept in contact
with a concave lens of focal length 12,Find the focal
length of the combination. [CBSEOD 13]

119. A biconvex lens made of a transparent material of
refractiveindex 1.25is immersed in water of refractive
index 1.33. Will the lens behave as a converging or a
diverging lens? Give reason. [CBSEOD14]

120. Redraw the diagram given below and mark the
position of the centre of curvature of the spherical
mirror used in the given set up. [CBSESP15]

B

Principal
Image A axisA'r-~----------~~-------------=~

Object

B' Fig. 9.212

121. A biconvex lens made of a transparent material of
refractive index 1.5 is immersed in water of refractive
index 1.33. Will the lens behave as a converging or a
diverging lens? Give reason. [CBSEOD14]

122. A convex lens is placed in contact with a plane
mirror. A point object at a distance of 20 em on the
axis of this combination has its image coinciding
with itself. What is the focal length of the lens?

[CBSED 14]

•1. Our eye is most sensitive to wavelength A. = 5500A.
This wavelength lies in the yellow-green region of
the visible spectrum.

2. Angle of incidence = 0°,

Angle of reflection = 0°.

3. The imagemoves towards the person with velocity2 v.
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4. 20°, because the reflected ray turns through twice
the angle through which the plane mirror is rotated.

5. Infinity.
6. For parallel plane mirrors, e = 0°, therefore,

360
n=--l=aoe

7. n = 360 - 1= 8 - 1= 7 images.45
8. The minimum size {vertical length) of the plane

mirror should be equal to half the height of the man.
9. Six images. The two adjacent walls inclined at 90°

will make three images and the ceiling will repeat
them.

10. 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.
11. A convex mirror is called a divergent mirror

because it diverges a parallel beam of light incident
on it.

12. 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
principal focus of the mirror.

13. (i) A concave mirror has a real focus.
(ii) A convex mirror has a virtual focus.

14. Convex mirror.
15. A concave mirror, because it forms an erect and

enlarged image when the object is placed between
the focus and the mirror.

16. A cancave mirror, when the object is placed beyond
2F, it forms a real and diminished image.

17. (i) Real and
(ii) magnified.

18. No. A convex mirror always forms a virtual image
which cannot be obtained on a screen.

19. Yes, because the rays diverging from the virtual
image are real and can be focused.

20. The object should be placed at 40 cm from the
mirror.

21. A ray of light from the centre of curvature falls
normally on the spherical mirror. So its angle of
incidence is 0°.

22. Size of the image increases and image shifts
towards the pole' of the mirror.

23. For the concave mirror of aperture as large as 4 em,
all the incident rays are not likely to be paraxial.

9.147

24. Refraction is the phenomenon of the change in path
of light as it passes from one transparent medium to
another.

25. 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.

R fr . . d Speed of light in vacuume active m ex = ~---:-:-=----,-----
Speed of light in medium

c
Jl =-.

v
26. The ratio of the wavelength of light in vacuum to its

wavelength in a medium is called refractive index
of that medium.

or

'"Jl=~.
"'med

27. The relative refractive index of medium 2 with
respect to medium 1is defined as the ratio of speed
of light ("l1.) in medium 1to the speed of light (v2) in
medium 2. It is given by

II -5..
'-2 - .v2

28. Refractive index of a medium depends on
(i) Nature of the medium

(ii) Wavelength of light used
(iii) Temperature
(iv) Nature of surrounding medium.

29. 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 (u ) of second
medium w.r.t. first medium. Mathematically,

sin i
-.- = u, a constant.
smr

30. Snell's law of refraction fails when light is incident
normally on the surface of a refracting medium. In
such a situation i = 0 and also r = O. The ratio
sin i/sin r becomes meaningless.

31. (i) Refractive index is minimum for vacuum
(Jl = 1).

(ii) Refractive index is maximum for diamond.
32. The sidewise shift in the path of light on emerging

from a refracting medium with parallel faces is
called lateral shift.

33. Lateral shift depends on angle of incidence, the
refractive index and thickness of the refracting
medium.

34. For i= 0°, lateral shift is zero.
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35. For i = 90°, lateral shift is maximum and is equal to
the thickness of the slab.

d= tsin(i-r)
cos r

d = t sin (90° - r) = t cos r = t.
max cos r cos r

36. Frequency in air,
e 3 x 108 14

V = - = 10 = 5 x 10 Hz
A 6000xlO-

37.

The frequency of light remains same as it travels
form air to the given medium.
:. Frequency in medium =5 x 1014 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
900is called critical angle(ie)of the denser medium.
No, it cannot occur.

a ~ = Speed of light in air = 3 x 108 = ~
g Speed of light in glass 2 x 108 2

.. 1 2sml =--=-
e a ~ 3

g

.. ie = sin-l G) =41°49'.

. . 1 1
sin Ie =;:; = .fi
:. Critical angle, ie = 45°

~ =_1_=_1_=.J2.
sin ie sin 45°

Water.
100%.

1~=-.-..
sm Ie

. . -1(~2JI =sm -.
e ~1

The necessary conditions for total internal
reflection are

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

(i) Light must travel from denser to rarer medium.
(ii) The angle of incidence in the denser medium

must be greater than the critical angle for the
two media.

50. 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.

PHYSICS-XII

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.

a
w ~ g 3/2 9
~g=a~w = 4/3=8·

55. A lens is a piece of refracting medium bounded by
two surfaces at least one of which is a curved surface.

51.

52.

53.

54.

56. It is a point situated within the lens through which
a ray of light passes undeviated.

57. 0°.
58. It behaves like a biconvex lens.
59. No, it cannot be used as a lens because there would

be no refraction of light.
60. Concave lens.
61. The object should be placed between the optical

centre and the focus of the biconvex lens.
62. The object should be placed at a distance equal to 21

from the lens. This cannot happen in a concave lens
which always forms a diminished image.

63. The power of a lens is defined as the reciprocal of
its focal length expressed in metres.

p= 1 100
1(in m) I(in cm )

64. One dioptre is the power of a lens whose principal
focal length is 1metre.

1 1
65. Focal length, 1= - = - = + 0.2 m

P +5
1 1

66. Focal length, 1= - = -- = - 40 em .P -2.5m

The negative sign shows that the lens is concave.

67. P = ~ + Pz = + 4 - 2 = + 2 D

1 11= - = - m = + 50 em.
P +2

68. Image is formed at infinity.
69. Yes, each part of the lens will form full image. But

the intensity of the image is reduced.

70. ~ g <~m·

71. The lens would behave as a diverging lens when
immersed in the liquid.

~ = (~: - IJ (~ - ~J
When ~2 > ~1' It is negative.

72. The refractive index of liquid must be equal to 1.5
i.e., equal to that of glass lens.
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73. 7=e~2 -1)(~- ~J
=[~: -IJ[~ - ~J=(~:~-I)[~ - ~J=O

or f = 00.

74. Power of the convex lens increases, because
p o: (~ - 1) and ~ v > ~ R"

75. Focal length of each part will be 2F.

For original concave lens,

1 = (~ _ 1) (_2 _2) = _ 2 (~ - 1)
F R R R

For each half lens,

~ = (~ _ 1) (_2_~) = _ (~ - 1)
F' R 00 R

On dividing,
F'
-=2 or F'=2F.

F

76. Power of a lens, P o; (~ - 1). As ~ of a material
decreases with the increase in wavelength A., so the
graph between P and Ais of type shown in Fig. 9.213.

Fig. 9.213
Wavelength, A -+

77. By lens maker's formula,

7 = (~ - 1) [~ - ~]

1~=1+ [1 1]'f ---
~ Rz

78. The ratio of the size of the image to the size of the
object is called linear magnification (m).

size of image "2m= =-
size of object 1;

79. Total magnification,
M = "'1 x mz x "':3 = 2 x 3 x 10= 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.

9.149

82. The angle between the refracting faces of a prism is
called angle of the prism.

83. The angle between the incident ray and the
emergent ray is called angle of deviation (0).

84. It bends towards the base of the prism.
85. The angle of deviation produced by prism depends

on (i) Angle of incidence (ii) Material of the prism
(iii) Wavelength of light used (iv) Angle of the
prism.

86. 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 (om)'

87. Angle of minimum deviation,
om = 2i - A

. A+ Omsm---
88. ~ = __ -,,;2;---

. Asm-
2

Dispersion is the phenomenon of splitting of white
light into the constituent colours on passing
through a prism.
(i) Nature of the prism material (iz) Choice of
extreme colours for which dispersive power is to be
measured.

89.

90.

9l.

92.

(i) Angle of prism (ii) Nature of prism material.
Refractive index of prism material is (i) minimum
for red colour (ii) maximum for violet colour.
(i) Violet colour is deviated most (ii) Red colour is
deviated least, on passing through a prism.
Yes, it depends on the wavelength of light.
~ B > ~ R' because AB < AR"

When the prism is held in water,

. A+ omsm---
2

93.

94.

95.

96.

. Asm-
2

As w~ g < a~ r so the angle of minimum deviation
decreases in water.

97. This happens when the prism is immersed in a
transparent medium having refractive index
greater than that of the prism material.

98. Dispersive power is defined as the ratio of the
angular dispersion to the mean deviation.

s, - OR
())= .s

99. In the minimum deviation condition,
Angle of incidence =Angle of emergence.
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100. See Fig. 9.117(b) on page 9.67.
101. As 0=(Il - 1) A and Il R< Il v- so the angle of

minimum deviation decreases when incident violet
light is replaced with red light.

. A+ om
Sill---

102. In air, a Il g ~ =1.5
sin -

2

In water

A+ 0'sin m

wll = 2
g . A

sm-
2

1.5
1.3

103.

As wll g < all g , so O~ < Om i.e., angle of minimum
deviation decreases when the prism is immersed in
a liquid of Il = 1.3.
The deviation produced by a small angled prism,° = (Il - 1)A. As Il v 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 A. present in the
scattered light is inversely proportional to
wavelength "-
Mathematically,

1
ICX:4"'

X
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
vision.
A simple microscope is a convex lens of short
focal length. It forms a magnified image when the
object is placed between its focus and optical
centre.

104.

105.

106.

107.

D
108. m= 1+ -.

f
D

109. m=/.

110. The image of the objective in the eyepiece is known
as eye-ring. All the rays from the object refracted by
the objective go through the eye-ring. So it is an
ideal position for our eyes for viewing.

111. In a compound microscope, the final image is
inverted with respect to the object. It is virtual and
magnified. .

112. The length of the compound microscope is greater
than fo + fe'

PHYSICS-XII

113. When the final image is formed at infinity, the
telescope is said to be in normal adjustment.

114. Length of telescope in normal adjustment

= fo + fe'
115. When the final image is formed at the least distance

of distinct vision,

116.

m=_fo(l+fe)
fe D

When the final image is formed at infinity,

m=- fo.
fe

As m = fo (magnitude in normal adjustment)
fe

.. f. = fo
e m

117.

1.2m
=--=O.12m.

10
In a telescope, the difference in the focal lengths of
the two lenses is larger.
Focal length A of convex lens is positive.
Focal length f2 of concave lens in negative.

Equivalent focal length of the combination is given
by

118.

119.

1 1 1 f2-A-=-+-=---
f A - f2 Af2

f = Af2
f2 - A

Diverging lens, because the light rays diverge on
refraction from rarer to denser medium.
The required ray diagram is shown below:120.

B"

Image

A'
Principal

axis
A

Object
Centre of
curvature

B'

Fig. 9.214

121. Converging lens. Light rays get converged on
refraction from denser to a rarer medium.

122. 20 em. For explanation, refer to the solution of
Example 83 on page 9.63.
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"'YPE B : SHORT ANSWER QUESTIONS (2 or 3 marks each)

1. What is optics? What are its two main branches?
2. Prove that for a concave mirror the radius of

curvature is twice the focal length. [CBSEaD 96)

3. With the help of a suitable ray diagram, derive the
mirror formula for a concave mirror. [CBSEaD 09)

4. 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) a concave
mirror and (b) a convex mirror. What is the
meaning of sign of magnification ?

5. What is spherical aberration ? How can it be
removed?

6. Give some practical applications of spherical and
parabolic mirrors.

7. Define refractive index of a material. Give its
physical Significance.

8. Distinguish between absolute refractive index and
relative refractive index of a material. Write a
relation between these refractive indices.

9. Explain the cause of refraction of light.
10. A ray of light bends towards normal as it passes

from air to glass. Give reason.
11. State the principle of reversibility of light. Hence

1 1prove that 112 = -2 -.
III

12. Discuss the refraction through a glass-slab and
show that the emergent ray is parallel to the
incident ray but laterally displaced. [Himachal96)

13. A ray of light is incident at angle ion a rectangular
slab of thickness t and refractive index u, Show that
the lateral displacement of the emergent ray is

x = t sin i[1- 2 c~s ~ . 1/2]
(Il -sm I)

Can x exceed t ?
14. For a ray of light suffering refraction through a

combination of three media, show that
1 2 3
112 x 113 x III = 1

Real depth
15. Deduce the relation, Il = ---~--

Apparent depth

16. Explain why does a water tank appear shallower?

17. An object placed at the bottom of a beaker con-
taining water appears to be raised. Why ?

18. Explain, with the help of a diagram, how is the
phenomenon of total internal reflection used in

(i) an optical fibre
(ii) a prism that inverts an image without

changing its size. [CBSESamplePaper 15)

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

20. 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. [CBSED 2000)

21. What is critical angle? Give one application of total
internal reflection. [Haryana02)

22. What are optical fibres? How are light waves propa-
gated in them? Write their any two uses.

[Himachal02,04; Haryana02,04)
23. Explain briefly, with a ray diagram, how a mirage is

formed in deserts. [Haryana01 ; CBSED 98C)
24. Why does a diamond sparkle ? Is it a source of

light? [Punjab01, 02)
25. Give four advantages of totally reflecting prisms

over plane mirrors.
26. Give reasons for the following observations made

from the earth: (i) Sun is visible before the actual
sunrise. (ii) Sun looks reddish at sunset or sunrise.

[CBSED 2000,02; on 06C)
27. Draw a ray diagram to show the formation of the

image of an object placed between 1 and 21 of a
thin convex lens. Deduce the relationship between
the object distance, image distance and focal length
under the conditions stated.

28. Two thin convex lenses ~ and ~ of focal lengths It
and 12 respectively, are placed coaxially in contact.
An object is placed at a point beyond the focus of
lens ~. 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. [CBSEon 15)

29. Derive the lens formula, 1. = ~ - ~ for a concave
1 v u

lens, using the necessary ray diagram. [CBSEaD 08)

30. Derive the expression for the angle of deviation for
a ray of light passing through an equilateral prism
of refracting angle' A'. [CBSED 93)

31. (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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(b) A ray of light falls on a transparent right-
angled isosceles £!ism made from a glass of
refractive index ../2. Draw the ray diagram for
this prism when the incident ray falls normally
on one of the equal sides of this prism.

[CBSEOOSC]
32. 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.

[CBSEOO6C]
33. Write the relation between the angle ofincidence

(i), the angle of emergence (e), the angle of prism (A)
and the angle of deviation (8) for rays undergoing
refraction through a prism. What is the relation
between L i and Le for rays undergoing minimum
deviation? Using this relation, write the expression
for the refractive index (}l) of the material of a prism
in terms of L A and the angle of minimum deviation
(8m), [CBSESample Paper OS]

34. Draw a graph to show the variation of the angle of
deviation '8' with that of the angle of incidence 'j'

for a monochromatic ray of light passing through a
glass prism of refracting angle 'A'. Hence deduce
the relation

. (8m + A)sm ---
2

[Haryana 04 ; CBSE0 02C,04C; 00 03]
35. Derive an expression for the angle of deviation of a

small prism in terms of the refractive index and the
angle of the prism. [ISCE96]

36. 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. [CBSESample Paper 13]

37. What is dispersion of light? Explain it with a ray
diagram. Also explain the cause of dispersion of
light. [Punjab 99C,02]

38. Define the term angular dispersion. Draw the path
of a ray of white light passing through prism and
mark angular dispersion on it. [CBSESP 97]

39. Explain the terms angular dispersion and
dispersive power. How are the two related ?

[Haryana 01]
40. Write the conditions for observing a rainbow. Show,

by drawing suitable diagrams, how one under-
stands the formation of a rainbow. [CBSE00 14C]

41. 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. [ISCE2000]
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42. 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.

43. Draw a ray diagram showing the image formation
by a compound microscope. Obtain expression for
total magnification when the images is formed at
infinity. [CBSE00 14C,lSC]

44. (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. [CBSE0 13,F 13]

45. 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. [CBSE00 09, 13]

46. (a) 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. [CBSE0 OS; 00 04 ; F 13]

47. Draw a labelled ray diagram of an astronomical
telescope of the near point adjustment. You are given
three lenses of power 0.5 D, 4 D, 10 D. State, with
reason, which two lenses will you select for
constructing a good astronomical telescope.

[CBSE006C]
48. Two monochromatic rays of light are incident

normally on the face AB of an isosceles right-angled
prism ABC The refractive indices of the glass prism
for the two rays '1' and '2' are respectively 1.35and
1.45. Trace the path of these rays after entering
through the prism. [CBSE0014]

A

45

'1'-----i

'2'-----i

B '---------""-'-~ C

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 ?

[CBSE0 06,OS; 00 12]
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SO. (a) Draw a labelled diagram of a reflecting type
telescope.

(b) Write two important advantages justifying
why reflecting type telescopes are preferred
over refracting telescopes.

Answers

9.153

(c) The objective of a telescope is of larger focal
length and of larger aperture (compared to the
eyepiece). Why ? Give reasons. [CBSEF 13]

••
1. Refer answer to Q. 1 on page 9.1.
2. Refer answer to Q. 6 on page 9.3.
3. Refer answer to Q. 9(a) on page 9.5.
4. Refer answer to Q. 11 on page 9.7.
5. Refer answer to Q. 12 on page 9.8.
6. Refer answer to Q. 13 on page 9.8.
7. Refer answers to Q. 16 and Q. 19 on page 9.15.
8. Refer answer to Q. 16 on page 9.14. The relative

refractive index of any medium with respect of
vacuum is called its absolute refractive index.

9. Refer answer to Q. 18 on page 9.15.
10. Refer solution to Problem 14 on page 9.103.
11. Refer answer to Q. 20 on page 9.15.
12. Refer answer to Q. 21 on page 9.16.
13. Refer answer to Q. 22 on page 9.16.
14. Refer answer to Q. 23 on page 9.17.
15. Refer answer to Q. 24 on page 9.17.
16. Refer answer to Q. 24 on page 9.17.
17. Refer answer to Q. 24 on page 9.17.
18. (i) See Fig. 9.39(a) and its explanation.

(ii) See Fig. 9.37 and its explanation.
19. Refer answer to Q. 26 on page 9.18.
20. Refer to points 21 and 22 of Glimpses and the

solution of Problem 12 on page 9.112.
21. The angle of incidence in the denser medium for

which the angle of refraction in the rarer medium is
90° is called critical angle. Diamonds sparkle due to
the phenomenon of total internal reflection.

22.· Refer answer to Q. 31 on page 9.24 and Q. 32 on
page 9.25.

23. Refer answer to Q. 28 on page 9.23.
24. Refer answer to Q. 28 on page 9.23. No, diamond is

not a source of light. It accumulates light due to
multiple internal reflections.

25. Refer answer to Q. 30 on page 9.24.
26. (i) Refer answer to Q. 25 on page 9.17.

(ii) Refer solution' to Problem 66 on page 9.108.
27. Refer answer to Q. 42 on page 9.47.
28. Refer answer to Q. 48 on page 9.57.

29. Refer answer to Q. 44 on page 9.48.
30. Refer answer to Q. 51 on page 9.67.
31. (a) See Fig. 9.175 (b) See Fig. 9.178.
32. Refer answer to Q. 52 on page 9.67.
33. Refer answer to Q. 52 on page 9.67.
34. Refer answer to Q. 52 on page 9.67..
35. Refer answer to Q. 53 on page 9.68.
36. See Fig. 9.118 on page 9.68.

Angle of deviation,
8 = (I! -1)A.

37. Refer answer to Q. 54 on page 9.68.
38. Refer answer to Q. 56 on page 9.69.
39. Refer answer to Q. 56 on page 9.69.
40. Refer answer to Q. 65 on page 9.80.
41. Refer answer to Q. 79 on page 9.87.
42. Refer answer to Q. 79 on page 9.87.
43. Refer answer to Q. 80 on page 9.91.
44. (a) See Fig. 9.146 on page 9.92.

(b) Refer answer to Q. 80 (b) on page 9.92.
(c) The objective of smaller aperture produces a

highly bright image while the objective of short
focal length produces large angular magni-
fication.

45. Refer answer to Q. 82 on page 9.95.
46. (a) See Fig. 9.149 on page 9.97.

(b) Drawbacks of astronomical telescopes:

(i) The large objective lens used is very heavy,
which is difficult to make and support by its
edges.

(it) It is difficult and expensive to make large size
lenses free from chromatic aberration and
distortions.

(c) When fa» fe ' the telescope will have large
magnifying power.

47. See Fig 9.147 on page 9.95.
For constructing astronomical telescope, the lens of
0.5 D should be used as objective because of its
larger focal length and lens of 10 D should be used
as eyepiece because of its smallest focal length.
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48.
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For explanation, refer
to the solution of
Problem 3 on Fig. 9.216
page 9.121.

PHYSICS-XII

49. Refer answer to Q. 84 on page 9.97 and Q. 86 on
page 9.98.

50. (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.

rl\VPE C : LONG ANSWER QUESTIONS (5 marks each)

1. (a) With the help of a suitable ray diagram, derive
the mirror formula for a concave mirror.

[CBSEOD09]
(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. [CBSED 11]

2. By stating the sign conventions and assumptions
made, derive mirror formula for a convex mirror.

[Punjab99,2000; CBSEOD97]
3. (a) For a ray of light travelling from a denser

medium of refractive index "'t to a rarer medium of
refractive index 11:2, prove that 11:2 = sin ie' where ic is

"'t

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.

4. 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
(iii) invert the ray. [CBSED OlC]

5. 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 'u',
image distance ''d, radius of curvature R and the
refractive indices "'t and 11:2 of the two media.

Densermedium

C

Fig. 9.217

Briefly explain, how the focal length of a convex
lens changes, with increase in wavelength of
incident light. [CBSEOD04]

6. A spherical surface 'of radius of curvature R' and of
refractive index 1.12 is placed in a medium of
refractive index 1.11' where 1.11 <1.12' 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, 1.11 and 1.12'

Under what conditions this surface diverges a ray
incident on it ? [CBSESamplePaper03]

7. (a) A point object '0' is kept in a medium of
refractive index "'t in front of a convex
spherical surface of radius of curvature R
which separates the second medium of
refractive index 11:2 from the first one, as shown
in the figure.

o C---- ..------ -------.--_.I---- u --+to-- R -.j

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 r;., 11z and R

(b) When the image formed above acts as a virtual
object for a concave spherical surface
separating the medium 11z from r;. (11z > r;.),
draw this ray diagram and write the similar
(similar to (a)) relation. Hence obtain the
expression for the lens maker's formula.

[CBSED 15]
8. 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 r;. and 11z, when a point source is
kept in rarer medium of refractive index r;.. 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. [CBSED 09, 14, 14C]

9. Derive expression for the lens maker's formula, i.e.,

7 = (~ - 1) [~ - ~]

where the symbols have their usual meanings. State
the assumptions used and the convention of signs
used. [CBSEOD 96C; Punjab 03 ;

Himachal 99 ; Haryana 01]
10. A point object is placed in front of a double convex

lens (of refractive index n = 11z / r;. with respect to
air) with its spherical faces of radii of curvature R,..
and Rz. 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.
Hence obtain the lens-marker's formula for a thin
lens. [CBSEF 09, 13; OD 14C]

11. Draw a ray 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.

[CBSED 99C,03]
12. (a) A ray' PQ' of light is incident on the face AB of 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 + Lo
where 0 and e denote the angle of deviation and
angle of emergence respectively.

9.155

A

p

L..-----~c

Fig. 9.219

Plot a graph showing the variation of the angle of
deviation as a function of angle of incidence. State
the condition under which Lo is minimum.
(b) Find out the relation between the refractive
index (~) of the glass prism and LA for the case
when the angle of prism (A) is equal to the angle of
minimum deviation (om). Hence obtain the value of
the refractive index for angle of prism A = 60°.

[CBSEOD15]
13. (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.

[CBSED 11]
14. 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 '8
with the variation of angle of incidence 'i',

Deduce the relation

. om + Asm---
~= __ ~2~

. Asm-
2

where terms ~, om have their usual meaning.
[CBSEF 08]

15. What is rainbow ? Differentiate between primary
rainbow and secondary rainbow with a diagram.
Why two observers do not see the same rainbow?

[Punjab01]
16. You are given two convex lenses of short aperture

having focal lengths 4 em and 8 em 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.

[CBSEDOlC]
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17. (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: (i) Why must both the objective and
the eyepiece of a compound microscope have
short focal lengths ? (ii) 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.

lCBSE F ; D 09 ; OD 10]

18. Draw a ray diagram for a compound microscope.
Derive an expression for the magnifying power
when the final image is formed at the least distance
of distinct vision. State the expression for the
magnifying power when the image is formed at
infinity. Why is the focal length of the objective
lens of a compound microscope kept quite small ?

ICBSESam e Paper 11]

19. Draw a ray diagram to show the working of a
compound microscope. Deduce an expression for
the total magnification when the final image is
formed at the near point.

In a compound microscope, an object is placed at a
distance of 1.5 em from the objective of focal length

Answers

PHYSICS-XII

1.25 em. If the eye piece has a focal length of 5 em
and the final image is formed at the near point,
estimate the magnifying power of the microscope.

[CBSE D 10]

20. 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]

21. Draw a ray diagram for the formation of image of a
distant object by an astronomical telescope in normal
adjustment position. Deduce the expression for its
magnifying power. Write two basic features which
can distinguish between a telescope and a compound
microscope. {CBSED 03C ; OD Me, 14C ; F 09]

22. Draw a ray diagram showing the image formation
of a distant object by a refracting telescope. Define
its magnifying power and write the two important
factors considered to increase the magnifying power.
Describe briefly the two main limitations and
explain how far these can be minimized in a
reflecting telescope. [CBSE F 15]

1. (a) Refer answer to Q. 9(b) on page 9.6.
(b) See Fig. 9.14 on page 9.6.

t:.MPF - A'B' F', therefore

A'B' FB'
MP FP

A'B' FP+ PB'
AP FP

Applying the new Cartesian sign convention, we get

or

A'B'=+~, AB=+~, FP=-I, PB'=v

~=-I+v

~ -I
m= ~ = 1-v =_~

~ 1 u
(Using mirror formula)

2. Refer answer to Q. 10 on page 9.6.
3. (i) Refer to the solution of Problem 13 on page 9.113.

(ii) Refer answer to Q. 21 on page 9.16.
4. Refer answer to Q. 27 on page 9.22 and Q. 29 on

page 9.23. .
5. Refer answer to Q. 36(i) on page 9.32. Also refer to

solution of Problem 24(ii) on page 9.115.

or

'f'
6. Refer answer to Q. 36(i) on page 9.32. When III > 112'

the given s face diverges the rays incident on it.
7. (a) Refer answer to Q. 37 on page 9.34.

(b) Refer answer to Q. 38 on page 9.40.
8. For refraction at a spherical surface, refer answer to

Q. 36 on page 9.31.
For lens maker's formula, refer answer to Q. 38 on
page 9.40.

9. Refer answer to Q. 38 on page 9.40.
1.0_ Refer answer to Q. 38 on page 9.40.
11_ Refer answer to Q. 43 on page 9.47. For graph

between u and v, see Fig. 9.82.
12 (a) Refer answer to Q. 51 and see Fig. 9.117(b) on

page 9.67.
(b) Refer answer to Q. 52 on page 9.67.

13. (a) Refer answer to Q. 52 on page 9.67.
(b) Refer answer to Q. 21 on page 9.16.

14. Refer answer to Q. 52 on page 9.67.
15. Refer answer to Q. 65 on page 9.80.

Two observers cannot see the same rainbow.
Primary rainbow is seen when the rays emerging
from the water droplets subtend a mean angle of
41° [= (40° + 42°) /2) and secondary rainbow is seen
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when the emerging rays subtend a mean angle of
53.so l= (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.

16. The lens of 4 em focal length should be used as
objective and the lens of 8 ern focal length should be
used as eyepiece of the compound microscope.
Refer answer to Q. 80 on page 9.91.

17. (a) Refer answer to Q. 80 on page 9.91.
(b) Refer answer to Exercise 9.32 on page 9.141.

18. Refer answer to Q. 80 on page 9.91.

m = 1110 xme = va (1+ J2.J = ~(1+ EJ
% fa %-fo t,

Angular magnification (1110) of objective will be
large when % is slightly greater than fa. Now a
compound microscope is used for viewing very
close objects, so % is small. Consequently, fa has to
be small.

19. Refer answer to Q. 80 on page 9.91.

Numerical. Here
fa = 1.25 em, I,=5 em,
% = -1.5 em, ve = -D = -25 em

As 1 1 1
-
fa Va %
1 1 1 1 1-=-+- =----
va fa % 1.25 1.5

100 10 300-250
---=
125 15 375

50
375

375
va =-=7.5cm

50
Magnifying power of the compound microscope,

m=VO[l+ DJ= 7.5 (1+ 25)=_5x6=_30.
% I. -1.5 5

9.157

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.

(ii) Both the lenses of a compound microscope
have short focal length while the objective of a
telescope has large focal length.

22. 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.

m= fa
Ie

Factors for increasing the magnifying power:
(i) Increasing focal length of the objective

(ii) Decreasing focal length of the eyepiece.

Limitations of a refracting telescope :
(i) Suffers from chromatic aberration

(ii) Suffers from spherical aberration
(iii) Small magnifying power
(iv) Small resolving power.

Advantages of a reflecting telescope:
(i) No chromatic aberration, because mirror

objective is used.
(ii) Spherical aberration can be removed by

paraboloidal mirror.
(iii) 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.

'-'YPE D : VALUE BASED QUESTIO S (4 marks each)

1. 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.

(a) 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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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:

(a) 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 ?

[CBSEOD 13]
3. 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?

Answers
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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. Arnit
bought the spectacles for his uncle from his pocket
money. Byusing 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:

(a) (I) Why does least distance of distinct vision
increase with age?
(il) 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]
5. 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?

•
1. (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.

2. (a) Endoscopy is based on the phenomenon of
total internal reflection of light. A I'ightpipe, 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.

3. (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.

(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.
(ii) By using a convex lens of suitable focal
length.

(b) Compassion for others, charity and caring
5. (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.
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GLIMPSES

1. Optics. It is the branch of physics that deals with
the study of nature, production and
propagation of light. It has two 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 (iii) 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.

(ii) The angle of incidence 'i' is equal to the
angle of reflection' r' i.e., L i= L r.

5. Properties of images formed by plane mirrors.
(i) The image formed by a plane mirror is

virtual, erect and laterally reversed.
(ii) The size of the image is equal to the size of

the object.
(iii) The image is as far behind the mirror as the

object is in front of it.
(iv) 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 e and an object is placed between them, a

number of images are formed due to multiple
reflections.
If e is a submultiple of 180°, then the number of
. f d i 360lInages orme IS n = - -1e
If e is not a submultiple of180°, then the number
of images formed is the integer next higher than

( 3:0 -1 ) . For two parallel plane mirrors,

360n=-=oo.o
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
mirrors.
(i) 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.
(iii) 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 divergefrom 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.

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

(ix) Focal plane. The vertical plane passing
through the principal focus and perpendicular
to the principal axis is calledfocal 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.

9. New cartesian sign convention for spherical
mirrors.

(i) All ray diagrams are drawn with the
incident light travelling from left to right.

(ii) All distances are measured from the pole of
the mirror.

(iii) 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
perpendicular to the
taken as negative.

10. Relation between focal length and radius of
curvature of a spherical mirror.

Focal length =!x Radius of curvature
2

f=:

downwards and
principal axis are

or

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.

PHYSICS-XII

11. Spherical mirror formula. This gives relation
between object distance u, image distance v and
the focal length f a spherical mirror.

111-+-=-
u v f

12. Linear or transverse magnification. It is the ratio
of the height of the image to that of the object.

Height of image _ h2 _ V _ f _ f - v
m= ---------

Height of object hl u f - u f
(i) If I ml > 1, the image is magnified.

(ii) If I m I < 1, the image is diminished.

(iii) If I m I = 1, the image is of the same size as the
object.

(iv) If m is positive, the image is virtual and erect.
(v) If m is negative, the image is real and inverted.

13. 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.

14. 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-.- = 11, a constant.
sm r

The constant 11 is called refractive index of
second medium w.r.t. first medium.

15. 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 _ c
11 = Velocity of light in medium --;

It may also be defined as the ratio of the
wavelength of light in vacuum to its wave-
length in that medium.

A
Il=~

Amed

The refractive index of a medium with respect
to vacuum is also called absolute refractive
index.
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16. Relative refractive index. The relative refrac-
tive index of medium 2 w.r.t. medium 1 is the
ratio of speed of light (v1) in medium 1 to the
speed of light (v2) in medium 2.

1 v1
112 =;-

2

1 sini 112Il = -- = - = constant
2 sinr III

Also

or III sin i = 112 sin r
17. 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

1 1
1l2=--

2111

i.e., the refractive index of medium 2 w.r.t.
medium 1is reciprocal of the refractive index of
medium 1 w.r.t. medium 2.

18. 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 t and
refractive index Il is given by

t .(.) "[1 cosi 1x = -- sm I - r = t sm I - 2 . 2 . 1/2
cos r (Il - sin I)

where i is angle of incidence

xmax = t sin 90° = t

Thus the displacement of the emergent ray
cannot exceed the thickness of the glass slab.

19. Refraction through a combination of media.
When a ray of light passes through a combina-
tion of media, the quantity Il sin i remains
constant, where Il is the absolute refractive
index of the medium and i the angle of
incidence in that medium. Thus

Ilair x sin iair= Ilglassx sin iglass

= Ilwaterx sin iwater

Also a" X co" X g" = 1r co ' r g ra

a
co Ilg

Il =--
g a 11co

and
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20. Relation between real depth and apparent
depth. Due to refraction of light, the apparent
depth of an object placed in a denser medium is

Eye
D C

A
t

Apparent 7 ;
depth '>;i __

I

o
less than the real depth. When an object 0, in a
denser medium of thickness t and refractive
index Il is seen through a rarer medium, its
image is seen at 1. It is seen that

Real depth AO
11 = -----"'--

Apparent depth AI
tAlso, apparent depth, AI = -
Il

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

:. Normal smft, d = 10 = AO - AI,= t( 1-~ )

Total normal shift for compound media

21. 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 ic' When i = ic' r = 90°.

sin ic 1 1
As ---=- or Il =--

sin 90° Il sin ic

N

7=90°
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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.

22. Necessary conditions for total internal reflection.
(i) Light must travel from an optically denser

to an optically rarer medium.
(ii) The angle of incidence in the denser

medium must be greater than the critical
angle for the two media.

23. Relation between critical angle and refractive
. d 1
ill ex. Il = -.-. .

Sill Ie

24. 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°.

25. 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.

26. 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.

27. 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) 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.

(ii) 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. Becausea lens has two
surfaces, so it has two centres of curvature.

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

(iii) 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. It 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.

(vii) 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.
(ii) The distances measured in the direction of

incident light are taken as positive.
(iii) 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.

30. 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 !II to a denser medium of
refractive index !l2 of a spherical surface of
radius of curvature R, the relation between
object distance u and image distance v is

!l2 _ !II = !l2 - !II
V u R

If the rarer medium is air, then !I1 = 1and!l2 = !I,
!I 1 !I-Iwe have - - - =--
v u R

(ii) Refraction from denser to rarer medium. When
the object is placed in a denser medium, the
relation between u and v can be obtained by
interchanging !II and !l2'

&_!l2 =!ll -!l2
V u R

31. Power of a spherical refracting surface. It is given
by p=!l2-!ll=!I-l (for air)

R R
where R is measured in metre. The power of a
convex surface is positive and that of a concave
surface is negative.

32. Principal focal lengths of a spherical surface.
(i) First principal local 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.

First principal focal length, 11= _ !II R
!l2 -!II

(ii) Second principal local 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, 12= !l2R
!l2 -!II

33. Lens maker's formula. This formula relates the
focal length I to the refractive index !I and the
radii of curvature R1, ~ of its spherical surfaces.

7 =[ !l2!1~!ll ] [ ~1 - ~ ]

For the lens placed in air,

1 [1 1]j=(!I-l) Rl - ~ .

34. Thin lens formula. This formula gives relation-
ship between object distance u, image distance v
and focal length I a spherical lens (convex or
concave) of small aperture.

1 1 1
---=-
v u I
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35. 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.

M if size of imageagru ication =----~
size of object

m= ~ =::=_1_= I -v.
hI U I+u Ior

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.

36. Power of a lens. The power of a lens is defined as
the reciprocal of its focal length, expressed in metres.

1
P=--

I(m)

51 unit of power is m-1, also called dioptre (D).
One dioptre is the power of a lens whose
principal focal length is 1metre.

P = 7 = (!I -1) [ ~1 - ~ ] .

37. 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=~x"2x111:3x ....
The combined focal length I of two thin lenses
of focal lengths 11 and 12placed in contact is
given by

1 1 1-=-+-
I 11 12

For n thin lenses in contact,
1 1 1 1
- = - + - + ...+ - or P = PI + P2 + ...+ P
111/2 In n

When the two thin lenses are separated by a dis-
tance d, their equivalent focal length I is given

1 1 1 dby _=_+_+ __
I 11 12 11/2

or Power, P = PI + P2 + d x PI x P2
38. 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
laces. The line along which the two refracting
faces meet is called refracting edge 01 the prism.
The third face of the prism opposite to the
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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.

39. Refraction through a prism. When a ray of light
is refracted through a prism, the sum of the
angle of incidence i and the angle of emergence
i' is equal to the sum of the angle of the prism A
and the angle of deviation 0.

A + 0= i + i' and A = r + r'
where r and r' are the corresponding angles of
refraction at the two faces.

40. Relation between the refractive index and angle
of minimum deviation. The minimum value of
the angle of deviation suffered by a rayon
passing through a prism is called the angle of
minimum deviation and is denoted by om . When
a ray of light suffers minimum deviation.

i = i', r = r and 0= om

A + Om = i + i = 2 i or i = A + om
2

A
A = r + r = 2 r or r = -

2
. A+Omsini sm---

Refractive index, Jl = -- = 2
sin r . Asm-

2
41. Deviation produced by a prism of small angle. It

does not depend on the angle of incidence and
is given by o=(Jl-l) A

42. 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.

43. Angular dispersion. The angular separation
between the two extreme colours (violet and red)
in the spectrum is called angular dispersion.
Angular dispersion

=Oy -OR =(Jly -1)A-(JlR -1)A=(Jly -JlR)A

44. Dispersion power. It is the ability of the prism
material to cause dispersion and is defined as the
ratio of the angular dispersion to the mean
deviation.

.. Angular dispersion
Dispersion power ---"'----'---

Mean deviation

and

(Jl y - 1) A - (Jl R - 1) A = Jl y - JlR

(Jl -1) A Jl -1
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45. 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.

46. 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, (ii) prism table
and (iii) telescope.

47. 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.

48. 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
x focal length of the lens for mean colour

or I« - fy = co x f

49. 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

1
wavelength : I o: 4"

X
So, blue colour of sunlight is scattered more by
the atmospheric molecules, due to which the
sky appears blue.

50. 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, sub tending 41° - 43°
angle at the observer's eye. Secondary rainbow
is fainter with its inner edge red and outer edge
violet, sub tending 51° - 54° angle at the obser-
ver's eye.
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51. 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 em.

52. 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.

53. Range of normal vision. The distance between
infinity and 25 em point is called the range of
normal vision.

54. Least distance of distinct vision (0). 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 em.

55. 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.

56. 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.

57. 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.

58. 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.

59. Rods. These are rod-shaped cells of the retina
that are sensitive to the intensity of light.

60. Cones. These are cone-shaped cells of the retina
that are sensitive to the colours of light.

61. 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.
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62. Cataract. It is 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.

63. 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 (il) hypermetropia
or far-sightedness (iil) presbyopia (iv) astigmatism.

64. 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.

65. 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 = ~
y-O

where y = distance of the near point from the
defective eye.

66. 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.

67. 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.

68. 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 (0), the
magnifying power of the simple microscope is

Angle subtended by the image at
the least distance of distinct vision

m=-------------
Angle subtended by the object at
the least distance of distinct vision
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m=l=l+ D
a I

When the final image is formed at infinity,
m = D , viewing is more comfortable when the

I
eye is focussed at infinity.

69. 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.

70. 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

or

m=mo x me
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

m = Angle subtended by the object .
at distance D from the eye

or m= l = v0 ( 1+ D ) = ~ ( 1+ D )
a Uo Ie 10 Ie

When the final image is formed at infinity,
L Dm=-x-
10 Ie

where L is the distance between the objective
and the eyepiece.

71. 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

m= l = _ 10 ( 1+ Ie )
a t, D

m=

or
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J,D
Length of telescope, L= 10 + ue= Iee+ D

at infinityWhen the final image is formed
(normal adjustment),

Angle subtended by the
final image formed at 00

m- or- Angle subtended by
the object at 00

m=l=_/o
a I,

Length of the telescope in normal adjustment,

L=/o+le
For large magnifying power of a telescope,
clearly

10» Ie'
72. 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
ifyi 10magru mg power, m = -

Ie
Length of telescope = 10 + 4 I + Ie
where I is the focal length of the erecting lens.

When the final image is formed at the least

distance of distinct vision, m = 10 ( 1+ Ie ).Ie D
73. Galilee'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 = 10
Ie

Length of telescope, L= 10 - Ie'
74. 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=/O(l+le)Ie D
When the final image is formed at infinity,

10 R/2m=-=--.Ie L
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