El

10,

11.

12.

13.

14.

15.
16.

rLAMIA

Place of Learning and Scientific Mental Aptitude

RAY OPTICS

1 Mark Questions

How does focal length of a lens change
when red light incident on it is replaced by
wviolet lightt Give reason for your answer.

Mame the physical quantity which remains
same for microwaves of wavelength 1 mm
and UV radiation of 1600 A in vacuum.

LUinder what condition does a biconwvex lens
of glass having a certain refractive index act
as a plane glass sheet when immersad in a
liquid{

For the same value of angle of incidence,
the angles of refraction in three media A, B
and € are 157, 25% and 357 respectively. In
which medium would the velocity of light
e minimumi

When monochromatic light travels from
one mediam o ancther, its wavelength
changes but frequency remains the same.
Explain.

The refractive index of diamond is much
greater than that of glass. How does a
diamond cutter make use of this fact?

If a ray of light propagates from a rarer 1o a
denser medium, how does its frequency
changei

State the criteria for the phenomenon of
total internal reflection of light to take
place

A lens behaves ac a converging lens in air
and a diverging lens in water (u = 4/3),
What will be the condition on the value of

refractive index (u) of the material of the
lensi

A converging lens = kept coaxially in
contact with a diverging lens: both the
lenses being of equal focal lengrhs. What is
the focal length of the combination?

When light travels from a rarer 1o & denser
medium, the speed decreases. Does this
decrease in speed imply a8 decrease in the
encrgy carried by the light wave? |ustify
YOLIT @nswer

A glass lens of refractive index 1.45
disappears when immersed in a liquid.
What is the value of refractive index of the
ligquid?

State the conditians for the phenomenon of
total intermal reflection to occur.

Calculate the speed of light in a medium
whaose critical angle is 30°=,
Why does the sky appear blue?

Under what condilion does the formation
of minbow ocourd

17.

18.

19,

21.

22,

25.

26.

27.

Twao thin lenses of power + 60 and — 2D

are in contact. What is the focal length of
the combination?

Two thin lenses of power « 4D and — 2D
are in contact. What is the focal length of
the combination?

Two thin lenses of power + 50 and = 2.5D
are in contact, What is the focal length of
the combination?

Why are convex mirrors used as side view
mirrors in cars?

A converging lens of refractive index 1.5 is
kept in a liguid mediom having samea
refractive index, What would be the focal
length of the lens in this medium?

How does the power of convex lens vary, if

the incident red light is replaced by violet
light?

Explain giving reason why the sun looks
reddish at sunrise or sunset?

A convex lens of refractive index 1.5 has a
focal length of 18 cm in air. Calculate the
change in its focal length when it is
immersed in water of refractive index g

2 Marks Questions
Trace the path of a3 ray of light passing
through a glass prism (ABC) as shown inthe
figure. If the refractive index of glass is A,
find out the wvalue of the angle of
emergence from the prism.

A

%

L,

o~
B [

A ray aof light, incident on an equilateral
glass prism{u, = +3) moves parallel ta the
hase line of the prism inside it Find the
angle of incidence for this ray.
An object AB is kept in front of a concave
mirror as shown in the figure,

A
B G F
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28.

29.

31.

32,

33.

34.

35.

{a} Complete the ray diagram showing the
image formation of the object.

{b) How will the position and intensity of
the image be affected if the lower half
of the mirror's reflecting surface is
painted black?

A beam of light converges at a point P. A
concave lens of focal length 16 cm is
placed in the path of this beam 12 cm from
P. Draw a ray diagram and find the location
of the point at which the beam would now
converge.

Draw a diagram showing the formation of
primary rainbow and explain at what
angles the primary rainbow is visible.

The radii of curvature of the faces of a
double convex lens are 10em and 15 cm. If
focal length of the lens is 12 cm, find the
refractive index of the material of the lens.

{a) The bluish colour predominates in
clear sky.

(b) Violet colour is seen at the bottom of
the spectrum when white light is
dispersed by a prism.

State reasons to explain these observations.

A biconvex lens has a focal length 2/3 times
the radius of curvature of either surface.
Calculate the refractive index of lens
rmaterial.

{a) Why does the sun appear reddish at
sunset or sunrisef

(b} Forwhich colour the refractive index of
prism material is maximum and
minimumi

Find the radius of curvature of the convex
surface of a plano-convex lens, whose focal
length is 0.3 m and the refractive index of
the material of the lens is 1.5.

{a) Out of blue and red light which is
deviated more by a prism? Give reason,
{(b) Give the formula that can be used to
determine refractive index of material

an.

39.

41.

of a prism in minimum deviation
condition.

The following table gives the values of the
angle of deviation, for different values of
the angle of incidence, for a triangular
prism :

* Angle of incidence | 33° | 38" | 42° 52| 60° | 71"
 Angle of deviation | 60° | 50° | 46° | 40° | 43' | 50°

{a) For what value of the angle of
incidence, is the angle of emergence
likely to be equal to the angle of
incidence itself?

{b) Draw a ray diagram, showing the
passage of a ray of light through this
prism when the angle of incidence has
the above value.

{a) State the principle on which the
working of an optical fibre is based.

(b) What are the necessary conditions for
this phenomenon to occur?

{a) What is the relation between critical
angle and refractive index of a
materiali

ib) Does critical angle depend on the colour
of light? Explain.

A ray of light passing through an equilateral
triangular glass from air undergoes
minimum deviation when angle of
incidence is 3/4th of the angle of prism.
Calculate the speed of light in the prism.

Calculate the distance of an object of
height h from a concave mirror of focal
length 10 cm, so as to obtain a real image of
magnification 2.

A screen is placed 100 cm from an object.
The image of the object on the screen is
formed by a convex lens at two different
locations, separated by 20 em. Calculate
the focal length of the lens used.

A double convex lens of glass of refractive
index 1.6 has its both surfaces of equal radii
of curvature of 30 cm each. An object of
height 5 cm is placed at a distance of
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12.5 cm from the lens. Calculate the size of
the image formed.

A convex lens of refractive index 1.5 has a
focal length of 20 cm in air. Calculate the
change in its focal length when it is
immersed in water of refractive index 4/3.

A concave lens has the same radii of
curvature for both sides and has a refractive
index 1.6 in air. In the second case, it is
immersed in a liquid of refractive index
1.4. Calculate the ratio of the focal lengths
of the lens in the two cases,

3 Marks Questions

45.

47.

Define power of a lens. Write its units.

Dreduce the relation 1 = fl + flfnr two thin
(T

lenses kept in contact coaxially,

You are given three lenses L, L, and L, each

of focal length 10 cm. An object is kept at
15 ¢m in front of Ly, as shown. The final real
image is formed at the focus f of Ls. Find the
separation between L, , L, and L.

Ly Ly

t A AR
VARV o

A convex lens made up of glass of refractive
index 1.5 is dipped, in turn, in

(i} a medium of refractive index 1.65

{ii} a medium of refractive index 1.33

(a) WIill it behave as a converging or a
diverging lens in the two casesi

(b} How will its focal length change in the
two medial

Use the mirror equation to show that

{a) An object placed between f and 27 of a

concave mirror produces a real image
beyond 2f.

49,

5L

(b} A convex mirror always produces a
viual image independent of the
location of the object.

(c) An object placed between the pole and
focus of a concave mirror produces a
virtual and enlarged image.

A converging lens has a focal length of
20cm in air, It is made of a material of
refractive index 1.6. It is immersed in a
liquid of refractive index 1.3. Calculate its
new focal length.

Find the position of the image formed of the
object O by the lens combination given in
the figure.

f=+10em _i0em 30em

T
=y 1LV

5 |

cm 10 em

State the necessary conditions for
producing total internal reflection of light.
Draw ray diagrams to show how specially
designed prisms make use of total internal
reflection to obtain inverted image of the
object by deviation rays?

{a) Through 90° and

{b) Through 180°,

With the help of suitable ray diagram,
derive a relation between the object
distance (u), image distance {v) and radius of
curvature R for the convex spherical
surface, when a ray of light travels from
rarer to denser medium.

A ray of light is incident on one face of a
glass prism and emerges out from the other
face. Trace the path of the ray and derive an
expression for refractive index of the glass
prism.

Derive with the help of a ray diagram, an
expression relating object distance, image
distance and radius of curvature for a
convex surface, when a ray of light travels
from rarer to denser medium.
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57.

61.

62.

A ray of light is incident on one face of a
prism and emerges out from the other face.
Draw a ray diagram and derive an
expression for refractive index of the
material of the prism.

The image obtained with a convex lens is
erect and its length is four times the length
of the object. If the focal length of the lens
is 20 cm, calculate the object and image
distances.

A convex lens is used to obtain a magnified
image of an object on a screen 10 cm from
the lens, If the magnification is 19, find the
focal length of the lens.

{a) How is the focal length of a spherical
mirror affected when the wavelength
of the light used is increased?

(b} A convex lens has 20 cm focal length in
air. What is its focal length in water?
(Refractive index of air-water =1.33,
refractive index of air-glass =1.5).

{a) How is the focal length of a spherical
mirror affected when it is immersed in
water?

(b) A convex lens has 10 cm focal length in
air. What is its focal length in water?
(Refractive index of air-water =1.33,
refractive index of air-glass =1.5).

{a) How is the focal length of a spherical
mirror affected when it is immersed in
glycerin?

{b) A convex lens has 15 cm focal length in
air. What is its focal length in water?
(Refractive index of air-water =1.33,
refractive index of air-glass =1.5).

An objec, of 3 cm height is placed at a
distance of 60 cm from a convex mirror of
focal length 30 cm. Find the nature,
position and size of the image formed.

An object of 2 em height is placed at a
distance of 30 cm from a convex mirror of
focal length 15 cm. Find the nature,
position and size of the image formed.

63.

67.

A convex lens of focal length 10 cm is
placed coaxially 5 cm away from a concave
lens of focal length 10 em. If an object is
placed 30 ¢m in front of the convex lens,
find the position of the final image formed
by the combined system,

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

{(b) The near point of a hypermetropic
person is 50 cm from the eye. What is
the power of the lens required to
enable the person to read clearly a
book held at 25 cm from the eye?

Three light rays red (R) green (C) and blue (B)
are incident on a right angled prism abc at
face ab. The refractive indices of the
material of the prism for red, green and
blue wavelengths are 1.39, 1.44 and 1.47
respectively. Out of the three, which colour
ray will emerge out of face ac? Justify your
answer. Trace the path of these rays after
passing through face ab.

State the conditions under which total
internal reflection occurs. One face of a
prism with a refracting angle of 30° is
coated with silver. A ray incident on
another face at an angle of 45° is refracted
and reflected from the silver coated face
and retraces its path. Find the refractive
index of the material of the prism.

A tank is filled with water to a height of
12.4 cm. The apparent depth of a needle
lying at the bottom of the tank is measured
by a microscope to be 9.3 em. What is the
refractive index of water? If water is
replaced by a liquid of refractive index 1.6
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70.

71.

72.

upto the same height, by what distance
would the microscope have to be moved to
focus on the needle again?

The far point of a myopic person is B0 cm in
front of the eye. What is the power of the
lens required to enable him to see very
distant objects clearly? In what way does
the corrective lens help the above person?
Does the lens magnify very distant objects?
Explain.

The velocity of a certain monochromatic
light, in a given transparent medium, is
2.225 x10® m/s. What is the

(a) critical angle of incidence,
(b} polarizing angle for this medium?

When a ray of light passes through a
triangular glass prism, find out the relation
for the total deviation 8 in terms of the angle
of incidence i and angle of emergence e.
Plot a graph showing the variation of angle
of deviation with the angle of incidence
and obtain the condition for the angle of
minimum deviation.

Light incident at an angle of incidence of

45° in a certain medium, goes grazing

along its surface of separation from air after
refraction.

What is

{a) the velocity of light in this medium?

{b) the angle of incidence, at which light
from air must be incidence on this
medium, so that the refracted ray is
normal to the reflected ray? Also, name
the special property exhibited by light
for this angle of incidence.

An equiconvex lens with radii of curvature
of magnitude 10 cm each, is put over a
liquid layer poured on top of a plane
mirror. A small needle with its tip on the
principal axis of the lens, is moved along
the axis until its inverted real image
coincides with the needle itself. The
distance of the needle, from the lens, is
measured to be 15 cm.

On removing the liquid layer and repeating
the experiment, the distance is measured to
be 10 cm.

73.

74.

76.

i

Given that the two values of the distance
measure represent the focal length values
in the two cases, calculate the refractive
index of the liquid.

{a) A ray of light falls on a triangular glass
prism in such a way that the deviation
of the emergent 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,

(b) A ray of light falls on a transparent
right-angled isosceles prism 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.

A double convex lens of glass of refractive
index 1.5 has its both surfaces of equal radii
of curvature of 20 cm each. An object of
height 5 cm is placed at a distance of 15 cm
from the lens. Calculate the size of the
image formed.

. How does the frequency of a beam of

ultraviolet light get affected when it goes
from air into glass? A ray of light incident
on an equilateral glass prism shows
minimum deviation of 30°. Calculate the
speed of through the glass prism.

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) aconvex lens of focal length 20 cm?
{b) a concave lens of focal length 16 cm?
Do the required calculations.

A convex lens made up of glass of refractive
index 1.5 is dipped, in tumn, in :

{a) medium A of refractive index 1.65

ib) medium B of refractive index 1.33
Explain, giving reasons, whether it will
behave as a converging lens or diverging
lens in each of these two media.
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5 Marks Questions

78. (a) Draw a ray diagram to show refraction

(b)

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.

Explain briefly how the phenomenon
of total internal reflection is used in
fibre optics.

79. (a) Obtain lens maker’s formula using the

(b)

(a)

(b}

(a)

expression
M =0
v u R

Here, the ray of light propagating from
a rarer medium of refractive index (n,)
to a denser medium of refractive index
(n,) is incident on the convex side of
spherical refracting surface of radius of
curvature R.

Draw a ray diagram to show that 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.

A ray of monochromatic light is
incident on one of the faces of an
equilateral  triangular  prism  of
refracting angle A. Trace the path of ray
passing through the prism. Hence,
derive an expression for the refractive
index of the material of the prism in
terms of the angle of minimum
deviation and its refracting angle.
Three light rays red (R}, green (C) and
blue (B} are incident on the right angled
prism abc at face ab. The refractive
indices of the materials of the prism for
red, green and blue wavelengths are
respectively 1.39, 1.44 and 1.47. Trace
the paths of these rays reasoning out
the difference in their behavior.

Figure shows a convex spherical
surface with centre of curvature C,
separating the two media of refractive

(b}

{a)

(b)

indices n, and n,. Draw a ray diagram
showing the formation of the image of a
point object O lying on the principal
axis. Derive the relationship between
the object and image distance in terms
of refractive indices of the media and
the radius of curvature R of the surface.

m ng
0 .
R —»C

a
F———
G—e—
5 ——

45°
b <

Define the magnifying power of a
compound microscope. Why should
both the objective and the eyepiece
have small focal lengths in a
microscopel

Derive the mirror equation using the
ray diagram for the formation of a real
image by a concave mirror.

Define the resclving power of a
telescope. Write any two advantages of
a reflecting telescope over a refracting
telescope,

83. Trace the rays of light showing the
formation of an image due to a point object
placed on the axis of a spherical surface
separating the two media of refractive
indices n, and n,. Establish the relation
between the distance of the object, the
image and the radius of curvature from the
central point of the spherical surface.
Hence, derive the expression of the lens
maker's formula.

84. (a) Draw a ray diagram for formation of

image of a point object by a thin double
convex lens having radii of curvatures
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87.

88,

R, and R, and hence, derive lens
maker’s formula.

(b) Define power of a lens and give its Sl
unit. If a convex lens of length 50 cm is
placed in contact coaxially with a
concave lens of focal length 20 cm,
what is the power of the combination?

(a) Draw the ray diagram for the formation
of image of an object by a convex
mirror and use it (along with the sign
convention) to derive the mirror
formula.

(b) Use the mirror formula to show that for
an object, kept between the pole and
focus of a concave mirror, the image
appears to be formed behind the
mirror.

Derive the lens formula, Yl for a
f v u

concave lens, using necessary ray diagram.
Two lens of power 10D and —5D are
placed in contact.

(a) Calculate the power of new lens.

(b) Where should an object be held from
the lens, so as to obtain a virtual image
of magnifications?

(a) For a ray of light travelling from a
denser medium of refractive index n, to
a rarer medium of refractive index n,,

prove that T2 - sini., where i is 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.

(a) Draw ray diagram showing the
geometry of formation of the image of a

1.

point object situated on the principal
axis and on the convex side of a
spherical surface of radius of curvature
R. Taking the rays as incident from a
medium of refractive index n, to
another of refractive index n;, show
that

i S L ol

v oV R
where, the symbols have their usual
meaning.

(b) Use the relation to obtain the (thin) lens
maker’s formula.

(a) Draw a ray diagram, showing the
passage of light through a glass prism,
Hence, obtain a relation between the
angles of deviation, incidence and
emergence and the angle of prism.

(b) Show that no ray can pass through a
prism whose refracting angle A is
greater than twice the critical angle for
the material of the prism.

Derive the relation between the focal
length of a convex lens in terms of the radii
of curvature of the two surfaces and
refractive index of its material. Write the
sign conventions and ftwo assumptions
used in the derivation of this relation. A
convex lens of focal length 40 cm and a
concave lens of focal length — 25 cm are
kept in contact with each other. What is the
value of power of this combination?

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. Use this formula to
calculate the angle of minimum deviation
for the equilateral triangular prism of a
refractive index v/3.
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. Velocity of light,c =3x10% m/s.

Solutions

i This gquestion car be answered by
considering the lens maker's formula,

From the formula, we can identify which factor will
change on changing the wavelength.

The refractive index of the material of a lens
increases with the decrease in wavelength of
the incident light. So, focal length will
decrease with decrease in wavelength
according to formula,

1 1 1

Thus, when we replace red light with vialet
light then due to increase in wavelength the
focal length of the lens will decrease. (1

(1

. When refractive index of lens is equal to the

refractive index of liquid. (1

From Snell’s law
sini €
v

sinr
=+ ve<sinr for given i

=+ Smaller angle of refraction, smaller the
velocity of light in medium.

Velocity of light is minimum in medium A as
angle of refraction is minimum e, 15°. (1)

Because refractive index for a given pair of
media depends on the ratio of wavelengths and
velocity of light in two medium not on
frequency. (1

The refractive index of diamond is much
higher than that of glass. Due to high refractive
index, the critical angle for diamond air
interface is low. The diamond is cut suitably so
that the light entering the diamond from any
face suffers multiple total internal reflections at

n
Frequency remains unchanged when light

travels from one transparent medium to
another transparent medium, (n

the various surfaces.

B.

9.

10.

11.

12,

13.
14.

Following are the criteria for total internal

reflection :

(i) Light must pass from denser to rarer

medium.

{ii) Angle of incidence must be greater than
__critical angle. : (M
1& When a lens is merged in a liguid whose

refractive Index is more than that of the
material of lens, then nature of lens changes ie., |
converging lens behaves like diverging lens and
| WiCE-VErsg.

Refractive index of the material of lens is less

than the refractive index of water, (1
Combined focal length of a lens combination
LI
f £ 1
(For two thin lens in contact)
fp=—1h

ifocal lengths are equal, one is convex and
other is concave)

= 59 O=f=ce (1
f

Speed decreases due to decrease of

wavelength of wave but energy carried by the

light wave depends on the amplitude of

electric field vector. (1

When a lens immersed in a liquid disappears
thenp g =1, =145 (1
Refer to Ans. (8) (1
| @. Critical angle is the angle of incidence at|
1 which angle of refraction becomes 907,
| Here i this case refractiva indexp =

sin i,

.+ Refractive indexp = < = — : :
v o osini.

= v=csini
=3x10% x sin30°

=3x10°% xl
2

=1.5%x10%m/s. (n
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15.

186.

17.

18.
19.
20.

21.

Due to large scattering of visible light of
smaller wavelength (blue colour) as intensity of

1
ttered light =< —.
scatte igh 7 -

Availability of rain drops causes refraction,
dispersion and internal reflection of sun light
which results in the form of rainbow and the
back of the observer should be towards the

sun, (1)
Resultant power of the combination
P=F+P,=6-2=4D
l=--i:=n-1"zlm=25::n'l.
f 4 (1)
Refer to Ans. (17), (f =50 cm) (1)
Refer to Ans. (17), (f = 40 cm). (1
Because convex mirror forms virtual erect and
smaller image of object irrespective of relative
position of object from mirror and therefore its
field of view is very wide. (1)
In liquid
s [ by )1 1]
f Wy l':EI RI
Givenp, =y,
1_[Kg 11 )
—=|—==1fl==— =0
f [I'l; R1 RI
or f=oa, (1
_.d: Fr-nrn_ Ieu;l_s,_ B m;k:ar;a . For_mula.
| l=tp -1} l-- or we can write|
‘ f R R
1 1 |
P=lu-1]|——-—| For same lens when only
Pre-9(z-5) |
medium is changed e (u — 1)
Alsg u==——1—_ N Pl |
A [wavelength) A .
Due to decrease of wavelength (red to violet)
the refractive index of glass increases and
hence power of lens increases. (1
Intensity of scattered light o f«T (Rayleigh

criteria),

25.

Red light have got highest wavelength in
visible spectrum, therefore scatters least and
hence, red light from sun able to reach on earth
at the time of sunrise and sunset. Therefore the
sun appears reddish at the time of sunrise and

sunset, (1)
4
al'l"— 1.5, atw _E
w =15 45
L i T T
1 1 1
As —si =] —=—
=57
'rl wl'l'g_‘
_(5-1)_05_,
[(A5_,) 95
W 4
hoa
fi
F_2=4£[
Change in focal length = 4f, - f, = f, (1)

Change in focal length is equal to thrice of its

original focal length,
i ‘Ei While tracing the path of the ray, we should ;
| “77 remember that prism bends the incident
I rays fowards its base, -

Refractive index of Blassp = NE)

A

(n

; ]J.
mn
8! C
Since, i=0

At the interface AC, we have according to
Snell’s law
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sini _ Wy

Angle of incident i = 60° = %

sinr W,
i A
But sinf=sin0"=0 i=—
N sini 3 (1/2)
Thus, sinr=Re5 g e — e _—
Hg 27 ‘Gﬁ. Ta draw the ray dnagrarn for image|
il formation, follow the rules to form the
Hence, r=0 |image from spherical mirror,
This ray pass unrefracted at AC interface and (ii The ray paralle! to principal axis passes
reaches AB interface. Here, we can see angle through the focus after reflection. -
of incidence becomes 30°. | i) The ray passing through the focus !
. , becomes parallel to principal axis nfter -
Thus, applying Snell's law cetlaction.
sin30° _p, 1 (il The ray passing through the centra u+
sime ™ - :IE curvature returns on the same path after |
i | reflection. R !
sine =13 x sin3ﬂ°=T3
Th — 60° (a) The ray diagram showing the image
Wi i formation of the object
Hence, angle of emergence is 60°. (1 A %
26. | ;@‘; Tn draw the ray diagram for the tefractlonl i
o from the prism. Following things should be| 8 E
| kept In mind, . o c 1 F
{ii Draw normal to the point of incidence, ! -
| (i) Consider each boundary of the prism as | g
i separate interface and draw the ray | (n
___ diagram for the refraction taking place. {b) The position of the image remains same
The reflection of light through prism is shown whereas intensity of image r&duc;es. .
below. L 'S S ]
2 2
28.
By geometry Angle of refraction r = 30° (1/2)
Refractive Indexp = /3
sini (1
U5‘“ESH|I5]3WH=‘E - u=+12cm, f=-16cm,v=1
5 (sl Using lens equation
= ! 3 1 1 1
sini = sinr = (+/3) sin (30%) = — —-—=—-——
b sinr=(3)sint 2 an f v u
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£
v 12
i

—
tl—-qwl—‘

1216
L SE
R
v=+ 48 cm

The image of virtual object at P forms at P’ at a
distance 48 cm from the lens. (1)

Ray diagram for the formation of rainbow is
shown below.

Sunllghl\\

48

yYY w

Sun light

(1)

The primary rainbow is formed by those rays
which suffer one total internal reflection and
two refraction and comes out of the rain drop
at angle of minimum deviation,

The violet and red light colour emerge at 41°
and 43° respectively and can be viewed at
these angles by observer. (1

. Given,

Ri=+10cm, Ry==15cm, f=+12cm,p =1
Lens maker's formula {1

= p—1 =
2
3
=3 n
31. ia) Referto Ans (15). (1)

{b) Violet colour can be seen at bottom as it
undergo largest deviation in visible
spectrum because of highest value p of
prism for this colour being of smaller

wavelength. (n
32.Cive,:'=§-R,Rt=+R_RI:..R
Using Lens maker's formula
1 1 1
==(l=1)] —=—
-u-n(zg)
1 (1 1
= 0-1(geg)
3 (1
3 (2
—_— =1}l =
2R g ' R]
3
P, [ d
" 4
3
=1+—-
* 4
sl
4 ()

33. (a) Referto Ans. (23) {1

(b) Refractive index p of prism is maximum
for violet and minimum for red colour. (1)

34. For a plano convex lens

f=0.3m=30cm
u=1.5
R=1

Lens maker's formula

(1

1 _05-1)
0 R
R=15cm (M
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35. (al Blue light suffers more deviation by a
prism, then red light.
This happens due to high value of
refractive index of material of prism for

blue light because of its smaller
wavelength in visible spectrum. (1)
b &, =w-1mA

where, 8, = angle of minimum deviation
| = refractive index
A= prism angle.

(n

36. (a) i=52°

When prism is adjusted at angle of

minimum deviation, then angle of incidence

is equal to angle of emergence. (n

(b) The ray diagram in the condition of
minimum deviation is shown below.

A Normal at
F’"R

s
P
B8 c
f
Angleof | N | ]
e TN W
oy I i
] 1 []
i 1 [ ]
i i ]
i i -
i =y i =8
(1)

37. (a) Optical fibre works on the principle of
total internal reflection.

When a light ray travelling from denser to
a rarer medium is incident at an angle greater
than the critical angle then it in reflected back
into the same medium. This phenomena is
called total intemal reflection. (1

(b} Referto Ans. (8) (1)

38.

(a) Relation between critical angle and
refractive index of a material isp =

sini,
where i_ = critical angle
u = refractive index of denser medium
w.r.L. rarer medium. {1
(b} Yes, critical angle depend on colour of
light because colour of light associated
with wavelength,

Smaller the wavelength, higher the refractive index
and lower the critical angle and vice -versa. (1)

When prism is adjusted at angle of minimum
deviation, then

_ sini
sinr
(-]
where, r= A = 60 =3ip°
2 2
and i=EA=§xﬁﬂ°=45"‘
4 4 .
sin 45° .IF'\-'I:'."
3 o _—— ‘.II'E
sin30®  (1/2)
But refractive index (1
1} =1"E =£
v
[
== V=—,—
%2
8
Y =21x10%m/s
V2 (1)

e For real image, magnification is taken a.s!

negative and it is equal to the ratio of image
distance and object distance fram the optical |
cantre of the lens. [

Given, f = —10 cm, magnification m = 2
Magnification

m=—-£=2

o
= V==2u
Using mirror formula

1.4 3
e
f v wu

2u=-10

u=-5cm (n
The object must be at 5 cm from concave
mmirror, (n
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41. -» Object and screen are 100 cm from each
other
l—  ——ft——— v ———|

_ N
= V]

Screen
v+u=100cm (]
Due to reversible image of light.
v—-u=20cm ... {1}
From Egs. (i) and (iil, we get
v=060u=40

Now, u= =40 cm,v=+60cm (1)

Using lens formula
) R
u

f v

=-II—-— —T.— =l+i
0 \=40) 60 40
+
12
=1_
5
f=24cm {1

L =
[FE]

(=)

- | =2
[ =]

apply magnification formula,

42. | Gy Tocalculate the size of the image we have to,

Given, R, =30 cm, Ry =-30cm,p =1.5
Using Lens maker’s formula

1 1 1
Fe=n[g-7]
%={1.5—1}[l+ l]
f

30 3
-t
05
f=30cm
Given, u=-=125cm
Using lens equation
: 11X
) f v u
1 1 1
i S e Al
0 v 125

)

1 1

1
v 30 125
1 125-30
v 30%125
W
N 3{})(12.5 “}
30125
T 175

v=———cm
7

=8.55 cm (1

43. Refer to Ans. (24) (2

= When a lens |s immarsed in water then

except refractive index of the material of the
lens, every other factor remains unchanged. So,
ratio of focal lengths will be-equal to the ratio of
refractive index.

Given Rj=-R Ry=+R, ;u, =16
Using lens maker’s formula

fi
1 1 1
R )
fo _Gle =1 _ aHg -1 (1)
f* Lwl'lg -1) (II"'_S l]
alw
fl= 1.6-1) =G.6:¢1,4=4‘2
f, (16_ 0.2
b
[, =4.2f,
Focal length of lens becomes 4.2 times the
focal length of lens in air. in
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45. The power of a lens is equal to the reciprocal of

its focal length when it is measured in metre.
Powerof alens P =

fimetre)
It unit is dioptre (D).
A B

-
.

T

-

-
. e -

0 = P[ I &
\A%—v—q
= g

Consider two lenses A and B of focal length f,
and f; placed in contact with each other. An
object is placed at a point O beyond the focus
of the first lens A. The first lens produces an
image at |, (real image), which serves as a
virtual object for the second lens B, producing
the final image at |. (1/2)
Since, the lenses are thin, we assume the
optical centres (P) of the lenses to be
coincident. For the image formed by the first
lens A, we obtain
1 1 1

———= )

1|"-| u f]

For the image formed by the second lens B, we
obtain

1 £
= r'- (1]

Adding Egs. (i) and (ii), we obtain
1 1 1 1

— i e o iy (1)
¥ ul f] f;!
If the two lens system is regarded as
equivalent to a single lens of focal length f,
we have

L i)
v u f
From Eq. (iii) and Eq. (iv), we obtain
L (1)
A
46. For lens L,
{1 9
f v u (1/2)

u==15cm, v=1, f=+10¢m

I .
10 v 15 (1/2)
Distance of image from lens [,
=5 v =30 cm

For lens L,

Distance of image from lenss L,

v''=10ecm
1.1 1
10 10 u”
= U’ =eo (1)

= The refracted rays from lens L, becomes
parallel to principal axis, It is possible only
when image formed by L, lies at first focus of L,
i.e., at a distance of 10 cm from L,.

*. Separation between L, and L,

=30410=40cm

The distance between L, and L, may take any
value. (n

47. (a) From lens maker's formula

1 1 1
—,=f '-1:| S -
r mis [R: Rz]

Mg 1 1 .
a | Bk ol ===
[ailm ][RI Rz] "

AS JHg < iy (1.65]) for the first medium
with refractive index 1.65. (n
And  p.> 1,033 for the second
medium with refractive index 1.33.
Hence, the value of focal length f will be
negative in the first medium.

50, the convex lens will behave as the
diverging lens for first medium and will
behave as the converging lens for the
second medium as the sign of the focal
length will not change in second case. (1)

(b} Refer to Ans. (24). (1
48. (a) Foramimor~=14 1
f v u

For concave mirror f <0
Also, u <0 (By sign convention)
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1 T
-|f| v |ul
(taken u and f with sign)

where |2f|>|u|>|f|

1

== =D
v

=% ve(

i.e., image forms on the same side as that
of object ie, real image forms for
extremum value,
Also,  |2f|=|u|=|f]

1 1 1

2f] " ful " {f]
1 1 1 1
— - —=—x
[2F] [f] ul [F]
1 1
-—x—<0
[2f] |v|
= v —|2f|
= Image form beyond 2f on the same
side of object. (n
(b} For convex mirror, f>0
Also, u=<0

f v u v |uf

(taking u with sign)
1Yt
v f |ul
For f and |u| to be positive

1:-!}
¥
=) v=0

= Virtual image forms to that of object.
(1
{c) For concave mirror,

I L ;4
[fl v ul
ta b b
v ful |f]
‘ lul<|f]
=5 e
lul  |f]
= l:-ﬂ
v
v=0
= Image is formed on RHS of mirror ie,
virtual image.
Also, L Y
f vl ul
= For concave mirror f is negative,
1 1
—_— —
vl ul
= l—ﬂ:ﬂ
lul
=} m>1
Enlarged, virtual image forms on the other
side of mirror. (1)

49, Given, fi=+20 cm, ,u, =16, ,u, =1.3

.b
= abg 16

Using lens maker's formula (in water) for
converging lens

1 1 1 ;
—=( .-11(—+—) i)

f g Ry R
: 1 1 1 -
Inair —=(p —l][—+—] LA
fi d Ry Ry (1)

Dividing Eq. (i) by Eq. (i), we get
rz = ‘ap'! _l} =3 {1.5 —1_’ _D-'EI XI.B

fy ‘w“s"“'-[ﬂ-]]- 0.3

1.3
i/ =2.6
1
= New focal length
f,=26xf=26x20
f; =52 cm (1
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50. For lens of focal length 10 cm. ' (b} Deviation of light rays through 1807
f=+10cm,u=-30cm Q

Lising lens formula
iR, 4
fv wu 4 .
11 1 g
= 10 v (=30 g [ 1.2
= v=15cm (1) i
The image formed by Ist lens acts as an virtual Fra
object for plano-concave lens.
For plano -concave lens, R
u=4+10cm, f==10cm,v=1
Using lens formula, (1x2=2)
AL 562. Let an object O is placed at a distance u from
f v u convex spherical refracting surface whose
1 1 1 virtual image forms at | at a distance v from
"0 v 10 surface. Let R is the radius of curvature of
1 surface.
2 i
v
= V=0, (1)

The refracted ray becomes parallel to principal
axis for convex lens of focal length 30 cm.

u==—o9o,v=1 f =30 cm
1. 1 1

f v u
1 -1 1 ; ;
= £=;—m In AONC, i=a+Y o ()]
In AINC, r=p+7y i)
- v=30cm Also, for small angles a, P and y
So, final image forms at a distance of 30 cm " NM _NM _ h
from Il convex lens on the other side of it. (1) @=lang = T R e
51. Referto Ans. (8) (Minimum close to P)
(a) Deviation of light rays through 90° where, h= NM
R NM_NM_ h [ .
=tanff=s—= —=— L
B P M Pl —-v
MM _NM _ h
A Also, y=tany=—=—=—
i ‘5#},’ MC PC +R ] {‘”
"' But by Snell's Iav:.-' ,
S ] sint B3
sinr
5 5 Ky S
where, WM, are the refractive indices of
al g . denser medium and rarer medium

respectively,
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For small angle i and r
sini =i sinr=r

N Wypi=pyr

-
FooWy
Myle+y)=pn; B+ [from Egs. (i) and {ii]]
Ryo—pB =y, —py

[ : ] [ : ]
by | — —“Hz:|—
-u -y
h
= [—]{I-lz = W,) [from Eq. (iii}]
+R

Egmh‘_il:"l-l: (1
v u R

‘ prism . T
Dx’ﬂngla Mormmal at R

(1
Let PQ and RS are incident and emergent rays.
Let incident ray get deviated by § by prism i.e.,

LTMS =&
Let & and 8, are deviation produced at

refractors taking place at AB and AC
respectively.

8=0§;+8,
b=l -l +li,-n)
6= +iy) = r +r)
Also, in quadilateral AQNR
A+ ZOQNR=180"
(> QN and RN are normal on two surfaces)
Also, In AQNR,
LZONR +1r+r,=180°
=» A=n+n
From Eqs. (i) and (i), we get
S=(i,+i)-A

A (12)

i)

i) (1/2)

= Angle of deviation produced by prism
varies with angle of incidence. It is shown
graphically below.

It is formed when prism is adjusted at angle of
minimum deviation, then

II! = I-;l_ =j :5&?}
Atd=5,,
=5 h=fh=r (say)
From Eqs. (i) and (ii), we have
b, =2i—2r
and Zr=A
= = Aty
2
A
F=—
2
Refractive index of material of prism is
_sini
sinr
; ( A+d, ]
sin =
R
5in —
2 (1}
This is the required expression.
Refer to Ans. (52). i3
Refer to Ans. (53). (3)
Magnification (m) = oi =2

u
where, O = length of object
| = length of image
Given, =420 cm
I = 4 x length of object

= i=4
(9]
=2 E.--411
u
v=4y “ﬂ]
Using lens formula
111
f v u (1/2)
L S
fFol=4u (-uw
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1 1 1

_— — —

f 4 u

L =l

20 4u  Au

uzmxazl.ﬁcm
4

u=15cm

v=4u=15x 4=60 cm
Distance of the object
u=15om
Distance of the image
v =60 cm
The image is on the same side of the object.
(1x2=2)

57. -+ Real and inverted image of an object can be
taken on screen,

Given, v=+10cm
and magnification n}=—19,f=?
v
o a
= -19=2
u
v=—19u
= = m
19
Using lens formula,
W T
f v u
L .
f v (v
(%)
11,10
f v v
1_20
fv
v=10cm
f=lcrn
2
f =0.5 cm. 2

B8. (@ Focal length of spherical mirror does not
get affected with the increase of
wavelength. (1)

Using lens maker’s formula

L _ g =)
fl iwl"'g -” i1

fu_ 15-1 _05x133
20 (15 _1] 0.17

1.33
f,=782cm (1
B59. (a) No change as f of mirror depends only on
its radius of curvature. {1
(b} Referto Ans. [58 (b)] f, =39 cm (2)
60. Refer to Ans. (59} f = 59 cm 3
81. Length of object (O)=+3cm
u=-—60cm
f=+30cm
1 1.1 ,
—_—=— - {mirror formula)
f v u
(n
1 1 1
—_——t
6 v (-60)
1 1 1 2+1
—_—— e e e E—
v 30 60 6
= v=20cm (n
: Ao
. 0 u
e B . 200
i+3) (=60}
I=1cm (1

50, the virtual, erect and diminished image
forms on the other side of mirror.

B2. O=2cm
u =60cm
f=30cm
Using mirror formula

ar
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11
v

60
or v=60cm (2)
Linear magnification
| v
M=
O u
I &80
or _ D ———
2 i—60)
I=2cm (1

Therefore a virtual image of 2 em height is
formed at a distance 60 cm from the mirror.

683. Refer to Ans. (50) i3)
64. (a)

(1
Let an object AB is placed at a distance u
from the concave mirror and its real
inverted image form at a distance from it.
C is centre of curvature of mirror.

let PB=-y
PB'=-v
PF=-1
CP=-R=-2f
s AABC issimilarto A A'B'C
A'B" _CFB
AB  CB

_PC-PB' -R—(-v)
" PB-PC -u-(-R
A'B° _v-R
H—R-u
Also, AA’ B’ P is similar to AABP
A’B'__PE'

AB PB

<l

L )

_¥
=u u

. (ii)

Comparing Eqgs. (i) and (i), we get

=
R-u u (1/2)
uv—uR=vR—uv
2uv=4R +vR
Dividing by uvR
£ T 3
—_—= = —
R v u
R=2f
| FEEE (PRES
= —m——,
f v w (1/2)

(b) The book be placed at a distance of 25 em
from the lens to get its image at a distance
530 cm.

L {1 |
f v u
3.1 ko SO
f =50 25 50
=3 f=50cm
p- 100
f
ST
50
P=2D. (1

65. By geometry, angle of incidence (i) of all three

rays is 45°. Light suffer total internal reflection
for which this angle of incidence is greater than

critical angle,
i>i.

= sini > sin i
or sin 45° > sin i,

1 1
ar - ——

sin45%  sinj.
V2 < T (1)

Total internal reflection takes place on AC for
raysp > 2 =1.414 e, green and blue suffer.

total internal reflection whereas red undergo
refraction.
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A 12.4

y L
Fi . Apparent depth
P . 12.4
T = Apparent depth = ﬁ =7.75cm (1
c——1s Distance moved by mic'msmpe
- L B | - _='3.3-?.?5 =218 cm (1)
. : ; e To draw the ray diagram for the myopia, WE
gl :S\C\R 88. | 2% should know the correct meaning of
1r ' T:.r_:}Ei_a_._I[ﬂ_ mynpi_a image is formed befare retina, |
B G A concave lens of focal length 7 needed to see
(2) very distant object clearly.
. Image formed
66. Refer to Ans. (8) (1 e Aot o ealiv
. : R
Rays from
a distant object ( I
{a}\’\
R
F !
i Far point of
The ray P retraces its path at silvered face e
x p (b}
when it falls on silvered face normally,
= For |l face of the prism ‘Q
hb=n=0 s I
But for prism, e
K+r=A=30° Concave lens causes
= r=30" rays to diverge as if {c)
= For | face of the prism ST o
iy =457, = 30° L
sinlf sin 4;" 1 i, =00
= — .]_ =—=x2 As, the image of distant object must fall at far
sinr sind0® 42 point of persomn,
=2 U=—os
Bt . 111
pn=1414 (1 e T g
§ 5 i Real depth _12.4 il . SO
Apparent depth 9.3 f =80 [~ (1)
- 4 = f=-80cm
ﬂ—; II} = P=—LIED

The corrective concave lens diverges the

Refractive index of water is ;

Again for another liquidp =1.6

parallel rays from distant object as if they are
coming from far point F. (1)

Mo, lens does not magnify the object.
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69. (a) Given, wvelocity of a  cerain
monochromatic light = 2225 = 10®% m/s
e 1 v
sinj, =—=——=—
feivi < (1/2)
8
sinip =222 X710 _0.7416
3Ix10
sini, =0.7416
i =sin”' (0.7416) n
(b u-—*%:tanip
8
3x10 - =1tan i
2,225 %10 (1/2)
tani, =1.34
=% I-P = ta'ﬁ-‘ {1.34} (1)

70. Let PQ and RS are incident and emergent rays.
Let incident ray get deviated by & by prism
i.e, LTM5 =8
let &,and8, are deviation produced at

refractions taking place at ABand AC
respectively.

8=8,+39,;
=li=pl+le=r)
=i+ €)= +r) (i)
But in AFNR,
ZFNR + £ZRFN + £ZFRN =180°

or ZFNR=180° = (= 1)) L)

In 1 FARNF, ZAFN and ZARN are right
angles. So,

LFNR=180"- A
where, A is angle of prism.

o {111}

From Eqs. (i), (i} and (iii), we have

A=n+n liv)
From Egs. (i) and (iv], we have
d=(i-e-A -}
i — & graph is shown in figure
!

g

Angle of incidence (f)—=

(1)

The conditions for the angle of minimum

deviation are

(i Angle of incidence () and angle of
emergance (e) are equal.
i.e., Li=Le

{ii) In equilateral prism, the refracted ray is
parallel to base of prism.

{iii) The incident and emergent rays are bend
on same angle from refracting surfaces of

prism.
ie., £ =405
For minimum deviation position, putting
r=r=1m
and i = e in Egs. (ii), (iv) and (v), we get
r=A
pauts
2
and 8,=2i-A
al A+8,
2
. Refractive index of material of prism is
_sini
sinr
sin [iﬁ)
= _%,,_ (1)
sin A/2
71. i, =45°
{a) By definition of critical angle i.e.,
5 p=—t=—t_=2
sini;  sin 45° (12
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3x105=ﬁn45°
v sin 30°

1
2.5

!
2
L

Bt

W= %108

V2
=212 x10% m/s. 1

T6. @ u=+12cm,f=+20cm

1.0
f v u (1/2)
1 _1ui
20 v 12
11 1
v 20 12
_12+420 32
T 240 240
|.u--—z—ﬂ-q=?.5-:m
2
v=7.5cm, (1)
fb) u=+12cm f=-16cm v=1
0
f v u (1/2)
e
-16 v 12
) N
v 12 16
AE
T 48 48
v =48 cm. 1)
T7. Refer to Ans. (47) (3)
78. (a) Referto Ans. (53) (2)

(b) When light is incident on one end of the
optical fibre at an angle of incidence
greater than the critical angle for the glass
cladding pair of media. The light suffers
repeated total internal reflections and light
travels through the optical fibre without
any loss of energy from one place to other
inside the optical fibre, (2)

(2)

79. (al Referto Ans. (52) (3
{b) Refer Ans. 64 Eq. (ii)

I v

= ms=—=—

O u

| v

MeEs—==—,
(8] u (1)
80. (a) Referto Ans. (55) {3)
(b) Refer to Ans. (65) (3]

B1. (a)

PC=+R
Pl=+v
PO=-n
Let NM =h

The convex spherical refracting surface forms
the image of object O at I, The radius of
curvature is R
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In ANCO, i=y+0 i)
In ANCI, y=r+p
=4 r=y-p i)
For small angles o, p and y, we have
MO PO =u
i _MN _MN _h |
B—MHB—H—W—_—V A
= tany= N _MN_ b
MC PC  +R

Assuming M is very close to P.
By Snell’s law,

ﬂi =y = Slll'li

n sinr (1
For small fandr,

ny i

n r

my =iy

ny (Y =Pr=lee+ v n
[From Eqgs. (i) and (ii)]
(ny — 0y ¥ = 0t +ny

SRORGR

[From Eq. (iii)]
s Ny Ny—=n
i L L Sl
s v u R (1)
{b) Refer to Ans. 27 in topic 2. (2
{al Refer to Ans. (64 (2)
ib) Refer to Ans. (8) and Ans. (1) in topic (2).
3
{a) Refer to Ans. [B1 ia)] {3
Lens maker’s formula

Let | surface of lens forms the image of object
O at I" which w.uld act as virtual object for |l

surface and final image forms at | for refraction
by l-surface.

P2 Dy 0= (i

v ou [
The image forms at I’ which acts as an virtual
object at [ for |l surface.

g iy =ty i)
¥voou Ry {1
Adding Eqs. (i) and {ii}, we have

u

L LS Y | SR
v o u n R, R,
By definition of second focal length,
us-—omys=f

1_¢=[n_:_,][1_1]
fo-em m JiR R o

This is required expression of lens maker’s
formula.

. {al Refer to Ans. 83 (b). {2}

b} The reciprocal of focal length of lens is
known as power of lens when focal length

is taken in m,
o
f{in rmetres
S| unit of power of lens is dioptre (D) (1
ff=+50cm, f,=-20cm
) f f f, 50 200 100 100
f--l{—]-gc
E! (1)
P T S
3 flinm) (=173
P=-3D. (1
A
A
- "\h‘-'""l-.._____‘ e
B / P B F C
Q
—u v
o f —

e——— 2 ——»f (V)
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Let convex mirror form virtual, erect 1 1 1

diminished image A’B* on the other side 3 |_1,||_|-|_ﬁ}':I = ;}D. 4
ufmmf'iugru:fa.nabjeddﬂasshnwnm T T et ik
Let PC =+2f =R PB' = +v, PB=—u mirror as v is positive,
~* AA’B’Cis similar to AABC B6.
A'B L ;g
AB CB
=PC-PB'=R—-V i)
PC+PB R-u
Also, AA’B'P— AABP.
A'B" AB" v .
_—— = ...l
AB PB -u
. ” (1
F . (i) and {ii),
o b “:':—v{“} ':EEE! The image of object O forms at |/, by I refractive
B surface of concave lens.
= F El_ﬂ=u "_ti}
UR—pv=-=vR+uv Vi u Ry
— i L The image /, acts as an virtual object for Il
Dividing by uvR, we get refracting surface of lens,
LS| B _m_h-n )
R v wu L R, (1
R=2f ; i
1 1 1 Adding Eqgs. (i) and (ii), we have
—=—+._
Fv'y M ,,,(_-_]=mz,ﬂ,}[_‘._l)
This is required expression of mirror v ou Ry = R
formula. 1 1 (ny-m\f1 1
(b) For concave mirror, f < 0. = ;—E={=—'—] (R_‘,-R_]
Object distancu <0 ™ 1 VA R
But >|ul>0 But by definition nfsel:‘;u_nﬂ focal length
By mirror formula, we have i St
L 9% | 1=[”_z-,][l_i]
f v u fAinm Ry R
1.1 1 For concave lens, R, is negative and R, is
v F u positive,
f==|f] Using sign convention,
u=~|u| 12-[51_1)[1+l]
LN S [ | T 1 fFokm )RR &
v =Ifl lul v Ju] |f]
{a} [ m=+2
= v>0a)
v
But |u]<(f) m=E=+2
1 1
—_— v=2u
lul |f]

Also, P=P +P,=10D-5D=5D
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{b) -. Focal length = - s =0.2 cm
f=20cm (n

20 v u

-2u=20

u=-10cm
The object must be placed at a distance of
10 cm from convex lens. (1)

87. (a)

(n
The critical angle is that angle of incidence in
denser medium for which the angle of
refraction in the rarer medium is 90° as shown

by ray 2. (1)
e f‘.[n i
sin 907
%2 < gini, (5in90° =1)
m
{b) Refer Ans. 78 (b). (3)
B8. (a) Referto Ans. 52 (a). (3)
b} Refer to Ans. B2. (2
B9. (a) Referto Ans. 53. (3
{b) Refer figure and Eq. (i)
htn=A

When prism is adjusted angle of minimum
deviation, then

h=n=r [say)
= 2Zr=A i)
For total internal reflection, critical angle on
denser medium is less than r. n
i.=r
24.<2r

2i.< A
=) A2
= If refracting angle is greater than twice of

critical angle, then total internal reflection
takes place and no ray comes out of the prism.

(1
B0. Refer to Ans. (52) (3)
h=40ecm, f,=-25 cm
1 1 i
T L AT .
F f f (1
L (SRS
40 25 200 200 ()
200 2
F=-""cm = F=-2
3 E: 3
=s Powerofa lens P= !
inmj
3
=——==15D
2
91. Referto Ans. (53)
Refractive index 3
=43,
Prism angle A =60°  (For equilateral prism)
8. =1
Refractive index of a prism
: {A +6,,,]
S5IRn| ———
2

I-l=—s';n—@“

where, 8, = angle of minimum deviation.

(A +8,, ]
sin T-
e e
V3 . [EU“]
sin
2 (1)

5in[ﬂ+ﬁm]=ﬁxsin3ﬂ“=£

2

|

+ M
w|A 'LHIFI._,_.,|;JHI-‘-I

=]
3
il

J
»

o)
E
b
il

(=]
3
n

(n
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