Chapter 9 - Ray Optics and Optical Instruments

Multiple Choice Questions (MCQs)

Single Correct Answer Type

Question 1. A ray of light incident at an angle d on a refracting face of a prism emerges from
the other face normally. If the angle of the prism is 5° and the prism is mad? of a material of
refractive index 1.5, the angle of incidence is

(a) 7.5° (b) 5° (c) 15° (d) 2.5°

Solution: (a)

Key concept:

In thin prisms, the distance between the refracting surfaces is ineligible and the angle of prism (A)
is very small. Since A =rq + p, therefore if A is small then both ry, and r, are also small, and the
same is true for ijand io.

According to Snell’s law, 1 - sini; = -sinr, =i, =p-r,
Also, I -siniy=U-sinry,=>i,=U r;

_Therefore, deviation, é= (i, —r|) + (i, —r;)

=9 O=(i + i)~ (ry +r)=(r +r)u-1)

= d=Au-1

~Since, deviation §=(u — 1)4
=({1.5—-1)x5%=2.5°

The angle of the prism is 5°. The ray emerges from refracting face of a prism
normally.

Then, Ib=r,=0 _

As A=ritrn=>r=Aorr =5°

But :',=Ju-rl=%x5=?.5°

Question 2. A* short pulse of white light is incident from air to a glass slab at normal
incidence. After travelling through the slab, the first colour to emerge is

(a) blue (b) green (c) violet (d) red

Solution: (d) As velocity of wave is given by the relation v = f A . When light ray goes from one
medium to other medium, the frequency of light remains unchanged. Hence v « A or greater the
wavelength, greater the speed.

The light of red colour is of highest wavelength and therefore of highest speed. Therefore, after
travelling through the slab, the red colour emerges first.



Question 3. An object approaches a convergent lens from the left of the lens with a uniform
speed 5 m/s and stops at the focus. The image

(a) moves away from the lens with an uniform speed 5 m/s

(b) moves away from the lens with an uniform acceleration

(c) moves away from the lens with a non-uniform acceleration

(d) moves towards the lens with a non-uniform acceleration

Solution: (¢)

In our problem the object approaches a convergent lens from the left of the lens with a uniform
speed of 5 m/s, hence the image will move away from the lens with a non-uniform acceleration,
the image moves slower in the beginning and faster later on will move from F to 2F and when the
object moves from 2F to Fthe image will move from 2F to infinity. At 2F, the speed of the object
and image will be equal.

Question 4. A passenger in an aeroplane shall

(a) never see a rainbow

(b) may see a primary and a secondary rainbow as concentric circles

(c) may see a primary and a secondary rainbow as concentric arcs

(d) shall never see a secondary rainbow

Solution: (b) As aeroplane is at higher altitude, the passenger in an aeroplane may see a primary
and a secondary rainbow like concentric circles.

Key enncept-
+ Ifan object move with constant speed ( I{,J towards a convex lens from
~ infinity to focus, the image will move slower in the beginning and then

f 2
faster. Also V,.:(f ) 7,

o Ifan object appmaches the lens, the i image moves away from lens with
a non-uniform acceleration.

Question 5. You are given four sources of light each one providing a light of a single colour
—red, blue, green and yellow. Suppose the angle of refraction for a beam of yellow light
corresponding to a particular angle of incidence at the interface of two media is 90°. Which
of the following statements is correct if the source of yellow light is replaced with that of
other lights without changing the angle of incidence?

(a) The beam of red light would undergo total internal reflection.

(b) The beam of red light would bend towards the normal while it gets refracted through the
second medium.

(c) The beam of blue light would undergo total internal reflection.

(d) The beam of green light would bend away from the normal as it gets refracted through
the second medium.



Solution: (c)

Key concept: According to Cauchy relationship,

dac k.
i

Smaller the waveiength htgher the reﬁ‘active index and cnnsequently
- smaller the critical angle.

i

We know v = fA, the frequehcy of wave remains unchanged with medium
hence v < A.

1 :

The critical angle, sin C = 7
1

Also, velocity of light, v o<

According to WBGYDK among all given sources of light, the blue light
have smallest wavelength. As Ay, < Ayejon hence vy, < v it means

vellows
Hypge = Juyellaw'

It means critical angle for blue is less than yellow colour, the critical angle is
least which facilitates total internal reflection for the beam of blue light.

Question 6. The radius of curvature of the curved surface of a plano-convex lens is 20 cm. If
the refractive index of the material of the lens be 1.5, it will

(a) act as a convex lens only for the objects that lie on its curved side

(b) act as a concave lens for the objects that lie on its curved side

(c) act as a convex lens irrespective of the side on which the object lies

(d) act as a concave lens irrespective of side on which the object lies



Solution: (c) _
Key concept: The relation between £, 11, R, and R, is known as lens maker’s

eang 5 G
formula and it is ?={p-1) ———

'\RI RE
R, =00, Ry=~R :
: e
[
(u-1
Here, R = 20 cm, 4 = 1.5. On substituting the values, we get
o R 20 oo
-1 15-1

As [ > 0 means converging nature. Therefore, lens act as a convex lens
irrespective of the side on which the object lies.

Question 7. The phenomena involved in the reflection of radio waves by ionosphere is
similar to

(a) reflection of light by a plane mirror

(b) total internal reflection of light in air during a mirage

(c) dispersion of light by water molecules during the formation of a rainbow

(d) scattering of light by the particles of air

Solution: (b) Radio waves are reflected by a layer of atmosphere called the lonosphere, so they
can reach distant parts of the Earth. The reflection of radio waves by ionosphere is due to total
internal reflection. It is the same as total internal reflection of light in air during a mirage, i.e., angle
of incidence is greater than critical angle.

Important point: The ionized part of the Earth’s atmosphere is known as the ionosphere. Ultraviolet
light from the sun collides with atoms in this region knocking electrons loose. The creates ions, or
atoms with missing electrons. This is what gives the lonosphere its name- and it is the free
electrons that cause the reflection and absorption of ratio waves.

Reflection of radiowaves by ionosphere

microwaves are ik
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Question 8. The direction of ray of light incident on a concave mirror is shown by PQ while
directions in which the ray would travel after reflection is shown by four rays marked 1, 2, 3
and 4 (figure). Which of the four rays correctly shows the direction of reflected ray?

[
2—?\9

bey

(@1 (b)2

(c)3 (d)4

Solution: (b) The ray PQ of light passes through focus F and incident on the concave mirror, after
reflection, should become parallel to the principal axis and shown by ray 2 in the figure.
Important points:

We can locate the image of any extended object graphically by drawing any two of the following
four special rays:

1. A ray initially parallel to the principal axis is reflected through the focus of the mirror (1).

2. A ray passing through the center of curvature is reflected back along itself (3).

3. Aray initially passing through the focus is reflected parallel to the principal axis (2).

4. A ray incident at the pole is reflected symmetrically.

Question 9. The optical density of turpentine is higher than that of water while its mass
density is lower. Figure shows a layer of turpentine floating over water in a container. For
which one of the four rays incident on turpentine in figure, the path shown is correct?



Turpentine

\i‘i\
A
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Water

(@) 1(b)2(c)3(d)4
Solution: (b)

Key concept: The Snell’s law describes ﬂ'lﬂ" relation bemrcen angie of
incidence 8, and angle of refraction 6,: |

1, sin 8, =, sin 6, = r.:aunﬂslmnt.'":"f e 2E)
where Hy and i, are refractive indices nf the two media.

?i?'

Medium-z

When a light ray gnae;s from (opucally} denser medium to (uptmally} rarer
medium, then it bends away the normal, i.e., 6, < 6, and vice-versa.

Here, light ray goes from (opUcaIIy) rarer medium air to optically denser medium turpentme then it
bends towards the normal, i.e., 61 > 62 whereas when it goes from to optically denser medium
turpentine to rarer medium water, then it bends away the normal.

Question 10. A far is moving with a constant speed of 60 km h™! on a straight road. Looking
at the rear view mirror, the driver finds that the car following him is at a distance of 100 m
and is approaching with a speed of 5 km h™'.

In order to keep track of the car in the rear, the driver begins to glance alternatively at the
rear and side mirror of his car after every 2 s till the other car overtakes. If the two cars were
maintaining their speeds, which of the following statement (s) is/are correct?

(a) The speed of the car in the rear is 65 km h™

(b) In the side mirror, the car in the-rear would appear to approach with a speed of 5 km h-1
to the driver of the leading car

(c) In the rear view mirror, the speed of the approaching car would appear to decrease as
the distance between the cars decreases

(d) In the side mirror, the speed of the approaching car would appear to increase as the
distance between the cars decreases

Solution: (d)



Key concept:

e Object placed in front crf mirror: Forall
positions of object in front of a mirror,
image is virtual, erect and smaller in
size. b I it

e As object moves towards the pole,
magnification increases and-tends to
unity at pole.

A

0

. Obje:%‘r mﬂving'm‘ong the pﬁnc:}v&!‘mis: On differentiating the mirror

St ' ﬁi__{v)zdﬂ_ [ f Tdu

_ ormula wi respﬁcttunme,weget v 5 P L

where dv/dt is the velocity of image along the principal axis and du/dt

is the velocity of object along the principal axis. Negative sign implies

. thatthe image, in case of mirror, always moves in the direction opposite
to that of the object. -

As the distance between the cars decreases, the speed of the image of the car
would appear to increase.

Question 11. There are certain material developed in laboratories which have a negative
refractive index figure. A ray incident from air (Medium 1) into such a medium (Medium 2)
shall follow a path given by
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Solution: (a) The materials with negative refractive index responds to Snell’s law just opposite
way. If incident ray from air (Medium 1) incident on those material, the ray refract or bend same
side of the normal as in option (a).

(

One or More Than One Correct Answer Type

Question 12. Consider an extended object immersed in water contained in a plane trough.
When seen from close to the edge of the trough the object looks distorted because

(a) the apparent depth of the points close to the edge are nearer the surface of the water
compared to the points away from the edge

(b) the angle subtended by the image of the object at the eye is smaller than the actual
angle subtended by the object in air

(c) some of the points of the object far away from the edge may not be visible because of
total internal reflection

(d) water in a trough acts as a lens and magnifies the object

Solution: (a, b, ¢)

Key concept: The light from the pencil is refracted when it passes from the water into air, bending
away from the normal as it moves from high to low refractive index.



Apparent position _
%» of pencil . ‘3

b

At this pesition
2 total internal
reflection occur

When light from the submerged object before reaching to the observer gets, refracted from water
surface, the rays bend away from normal and the angle subtended by the image of the object at
the eye is smaller than the actual angle subtended by the object in air. Also the apparent depth of
the .points close to the edge are nearer the surface of the water compared to the points away from
the edge.

As we move towards right, the angle of incident increases and becomes equal to critical angle.
Hence some of the points of the object far away from the edge may not be visible because of total
internal reflection.

Question 13. A rectangular block of glass ABCD has a refractive index 1.6. A pin is placed
midway on the face AB of figure. When observed from the face AD, the pin shall

A = B

(a) appear to be near A

(b) appear to be near D

(c) appear to be at the centre of AD

(d) not be seen at all

Solution: (a, d) As long as angle of incidence on AD of the ray emanating from pin is less than
the critical angle, the pin shall appear to be near A.

| Image of the pin |




When angle of incidence on AD of the ray emanating from pins is greater than the critical angle,
the light suffers from total internal reflection and cannot be seen through AD.

Question 14. Between the primary and secondary rainbow, these is a dark band known as
Alexandar’s dark band. This is because

(a) light scattered into this region interfere destructively

(b) there is no light scattered into this region

(c) light is absorbed in this region

(d)angle made at the eye by the scattered rays with respect to the incident light of the sun
lies between approximately 42° and 50°

Solution: (a, d) The Alexandar’s dark band lies between the primary and secondary rainbows,
formed due to light scattered into this region interfere destructively. The primary rainbows
subtends an angle nearly 41° to 42° at observer’s eye, whereas secondary rainbows subtends an
angle nearly 51° to 54° at observer’s eye w.r.t. incident light ray.

Hence, the scattered rays with respect to the incident light of the sun lies between approximately
42° and 50°.

Question 15. A magnifying glass is used, as the object to be viewed can be brought closer
to the eye than the normal near point. This results in

(a) a larger angle to be subtended by the object at the eye and hence, viewed in greater
detail

(b) the formation of a virtual erect image

(c) increase in the field of view

(d) infinite magnification at the near point

Solution: (a, b)

Key concept: A magnifying glass is a single convex lens of lesser focal length.
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For magnification when final image is formed at D and e (i.c., my, and m_).

When a magnifying glass is used, the object to be viewed can be brought closer to the eye than
the normal near point. This results in a larger angle to be subtended by the object at the eye and
hence, viewed in greater detail. Moreover, the formation of a virtual erect and enlarged image
takes place.

Question 16. An astronomical refractive telescope has an objective of focal length 20 m and
an eyepiece of focal length 2 cm.

(a) The length of the telescope tube is 20.02 m

(b) The magnification is 1000

(c) The image formed is inverted



(d) An objective of a larger aperture will increase the brightness and reduce chromatic
aberration of the image
Solution: (a, b, ¢)

Key concept:

L 4oy

Astronomwai taleseope

. Usad to see heavenly bodies.

- fuh;acuw }fm lens and d l:umtm: d ;
Intermediate image is real, mverted and small,
Final image is virtual, inverted and small.

i e
_Magniﬁcatlgn_._mﬂ - (14—-—;)
' s
and o
m .j_;

Length : £, = fo+u, _hj;,+?L+3
Cand  Lo=fi+f,

The length of the telescope tube is - f + £, = 20 + (0.02) =20.02 m
Also, m = 20/0.02 = 1000
Also, the image formed is inverted.

Very Short Answer Type Questions

Question 17. Will the focal length of a lens for red light be more, same or less than that for
blue light?



Solution:

Key concept: The refractive index depends on colour of llght or wavelength
of light.

A 5 o ¥
Cauchy s equation: u= A+ F + 1— i
As Arvd > Apjue | hence Hred < Hijye

Hence parallel beams of hght incident on a lens will be bent more towards
the axis for blue light compared to red.

By lens maker’s formula,

1 11
oy
f ( ) R Ry
The refractive index for red light is less than that for blue light, 14 <ty

1 1
Hence — <—— = fi4 > Sole
fmd blue

Thus, the focal length for red light will be greater than that for blue light.

Question 18. The near vision of an average person is 25 cm. To view an object with an

angular magnification of 10, what should be the power of the microscope?
Solution:

It is given, the least distance of distinct vision of an average person (i.e., D)
is 25 cm, in order to view an object with magnification 10,
Here,v=D=25cmandu=f

: ; v D -
But the magnification m=—=— :
u f
= f=£=g~5—=2.5cm=(}.025m
m 10
. 1 1
But power P = =

f(inm) 0.025
This is the required power of lens.

Question 19. An unsymmetrical double convex thin lens forms the image of a point object

on its axis. Will the position of the image change if the lens is reversed?
Solution:



4201 - b
: u!a ———=
Key mmcept 'Ihm ;ens furm S T
For a given nb_gecl numﬂan if focal lcngth Uf the lenﬂ does not change, the
image position remains unchanged. 5 - .

By lens maker’s formula,

1
——w-l){——-—J
¥ R R
For this position R, is positive
and R, is negative. Hence focal length at this pnsltmn

. 1 1
f'(‘” )[(m) (R 2)] (”_)[E+1'§J_

Now the lens is reversed,
At this position, R, is positive and R, is negative. Hence focal length at this
position is

| | 1 1
LT — il 2
g ¢ )[Hﬁﬂ (_RI}J i )(Rl * Rz) -

We can observe the focal length
of the lens does not change in
both positions, hence the- image
position remains unchanged.

Question 20. Three immiscible liquids of densities d{> d>> d3 and refractive indices p{> po>
M3 are put in a beaker. The height of each liquid column is h/3. A dot is made at the bottom
of the beaker. For near normal vision, find the apparent depth of the dot.

Solution:



Key concept: Coordinate convention: At the first
surface (+ upward and —ve downward)

% - h) = 2T H (mf'mty because e stivhice

is plane),

T

or i’ = ':2 h. The neganve sign shows that it is on
1

thes;de of the object s
* is the apparent depth of O after refracnnnﬁommterface

Surfa_ce -3 |

The position of image of O after refraction from surface-1. If seen from s,
the apparent depth is /,

The negative sign shows that it is on the side of the object.

Since, the image formed by surface-1. will act as an object for surface-2. If
seen from y 5, the apparent depth is 4, .

Similarly, the image formed by Medium 2, O, acts as an object for Medium 3,

;,2=_&(Eg_ﬁ+£]:_£(ﬁ+g;_}
WA\ 3 3) 3\u u

Finally the image formed by surface-2 will act as an object for surface- 2. If
seen from outside, the apparent depth is A;.

%=_LF+,&(;¢3 #3)]=_£[L+L+L]
3|3 3wy K N My W

Hence apparent depth of dot is E[i + LS + L)
- B K
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Question 21. For a glass prism (u= 3 ), the angle of minimum deviation is equal to the angle
of the prism. Find the angle of the prism.
Solution:



The refractive index of prism angle 4 and angle of minimum deviation 9, is
given by

sin [—{A * 6”' )]
_ 2

- sin [i) E
2

Here we are given, 8§, = A4

Substituting the value, we have u = Sm_j
sin—
. A
2 8in — cos —
7 A
= = = = =2 cos —
. A 2
sin —
2
il
_sind _ = Z cnis ——Zcosi{
= T A4 A 2
sin — s —
2 : 2

For the given value of refractive index,

B34

we have, cos£=— = —=3(0
2 2 2
or A=60°

This is the required value of prism angle.

Short Answer Type Questions

Question 22. A short object of length L is placed along the principal axis of a concave
mirror away from focus. The object distance is u. If the mirror has a focal length f what will
be the length of the image? You may take L <<Iv—flI.



Solution:

Thin mirror formula: L + Las

v u f

u = object distance and v = image distance.

Since, the object distance is u. Let us consider the two ends of the object be at
distance u, and u, respectively, so that du = |u; — u,| = L. Hence size of image
can be written as dv.

dv) .[ du) d du
By differentiating both sides (——;] + [——g—) =0 = —; =——
v u v u |
v - _
or dv=-|—5 |du (1)
u
Asl=l—l =S y= ‘ﬁz =>.v= fu
v f u u-f u—f
o Y= ...(ii)
. u-
_ , ;
From (i) and (ii) dv:-—( } du
u_.
| 2
But du = L, hence the length of the image is ——— L
u=1)

This is the required expression for length of image.

Question 23. A circular disc of radius R is placed co-axially and horizontally inside an

opaque hemispherical bowl of radius a (figure). The far edge of the disc is just visible when

viewed from the edge of the bowl. The bowl is filled with transparent liquid of refractive
index p. and the near edge of the disc becomes just visible. How far below the top of the
bowl is the disc placed?

Solution:



Referring to the figure, 4M is the direction of incidence ray before filling the
liquid. After filling the liquid in bowl, B/ is the direction of the incident ray.
Refracted ray in both cases is same as that along MN,

(R T N —

(a-R)

>

Let the disc is separated by O at a distance d as shown in figure. Also,
considering angle

P=90°,0M=a, CB=R,BP=a~R, AP=a + R
BP a-R

BM [+ (a-R)}
__a+R ...(ii)
Jd®+@+R}?

But on applying Snell’s law at point M
,uxsini= 1 xsinr

Here, in ABMP, sini =

.(0)

and in AAMP cos (90° —a)=sina =

U X —F——= —lx F+R
\Jd +{a T—+(a+ﬂ)

P Gt
Jla+r)?-pa-ry?

=

Question 24. thin convex lens of focal length 25 cm is cut into two pieces 0.5 cm above the
principal axis. The top part is placed at (0, 0) and an object is placed at (-50 cm, 0). Find the
coordinates of the image.

Solution:



Key concept: If a symmetric lens is cut parallel to principal axis in two
parts. Focal length remains the same for each part. Intensity of image
formed by each part will be less compared as that of complete lens.

If there was no cut, then the object would have been at a height of 0.5 cm
from the principal axis OO’.

Lens is cut from
this position

The top part is placed at (0, 0) and an object placed at (=50 ¢cm, 0). There is
no effect on the focal length of the lens.

(-50 cm, 0) ,
* __________________________ '
O-== == ---.-.-.-.-.-.-.-.-........L.-i SRt o et J
Position of principal axis of | i
upper patt of lens |
Applying lens fi ] t 1.1
pplying lens tormula, v w1
l=l+l=L+—1-—:-1— —v=50cm
v u f =50 25 50
Magnification is m=—=— 30 =-1
u 50

Hence the image would have been formed at 50 cm from the pole and 0.5 cm
below the principal axis. Hence, with respect to the X-axis passing through
the edge of the cut lens, the coordinates of the image are (50 cm, -1 cm).

Question 25. In many experimental set-ups, the source and screen are fixed at a distance
say D and the lens is movable. Show that there are two positions for the lens for which an
image is formed on the screen. Find the distance between these points and the ratio of the
image sizes for these two points.

Solution:

Key Concept: This is also one of the methods for finding focal length of the length in laboratory
and knows as “Displacement method”.
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Consider a convex lens L placed between an
objéct O and a screen S. The distance between
the object and the screen i1s D and the positions of
the object and the screen are held fixed. The lens
can be moved along the axis of the system and at
a position I a sharp image will be formed on the
screen. Interestingly, there is another position on
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the same axis where a sharp image will once again be obtained on the screen.

The position is marked as ILin Figure.

In the figure, let the distance of position I from the object be x,. Then the

distance of the screen from the lens is D — x,.



Therefore, u =—x,; and v = +(D - x,).
Placing it in the lens formula,

1 1 1 :

- = ; ...(1)

At position II, let the distance of the lens from the screen be x,. Then the
distance of the screen from the lens is D - x,.
Therefore, u = —x, and v = +(D - x,).
Placing it in the lens formula

L 1.1 -..(ii)

D-xy, (=x) f

Comparing Eqgs. (i) and (ii), we realize that there are only two solutions:

I x;=xy0r
2. D-xy=x;and D-x,=x;
The first solution is trivial. Therefore, if the first position of the lens, for a

sharp image, is x, from the object, the second position is at D — x, from the
object.

Let the distance between the two positions I and 1 be d.
From the diagram, it is clear that

D=x+x,and d=x, - x, | ...(iii)
On solving, two equations in (iii) we have
D—-d D+d :
= and D—x = ! ...(1v)



Substituting Eq. (iv) in Eq. (i), we get -
L 1 _ . p-dar
[D+d) (_D—d)_f > -
2 2 :

or d=+D*-4Df | (Vi)

. D d . D
lfu:;-r—;, then the image is at 1{=3—5.

D~-d
D+d

D-d
7 ,then v= D+d

. The magnification m, =

Ifu=

D+d
D-d

- m, (D+dY
us, m \D-d)

This is the required expression of magnification.

Im;}ortantpoints e i L =
. Wc nmt:cc ﬁmﬁ Bq (m) thai a sulutmn for r,f ls p-OﬁSlhle mly when
. T- When IJ < 4f there is nu pnsmﬂn fur whleh a sharp unage can be
- formed.
o When D uy“there is mﬂyme pumtmn wherea sharp image Lsfﬂnned
. WhenD}4ftheremMupmmnnswhemasha:p1magamforﬂred;
o The method is suitaBie for convex lenses only.

»» The magnification m, =

Question 26. A jar of height h is filled with a transparent liquid of refraction index p
(figure).At the center of the jar on the bottom surface is a dot.Find the minimum diameter of
a disc,such that when placed on the top surface symmetrically about the center,the dot is
invisible.
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Solution:



Key concept:

Cuc!c of illuminance
Hy _

A

Hy

In the figure, ray 1 strikes the surface at an angle less than critical angle ¢
and gets refracted in rarer medium. Ray 2 strikes the surface at critical angle
and grazes the interface. Ray 3 strikes the surface making an angle greater
than the critical angle and gets internally reflected. The locus of points
‘where ray strikes atcritical angle is a circle, called circle of illuminance
(C O.I). Al light rays striking inside the c:rcle of illuminance get refracted
in the rarer medium. If an observer is in the rarer medium, he/she will see
light coming out only from wtthm the circle of illuminance. If a circular
opaque plate covers the circle of 1llununmc no light will get refracted in
the rarer medium and then the object cannot be seen from the rarer medium.
' In figure, O is a small dot at the bottum of the jar. The ray from the dot
; E'mﬂfges out of a circular patch of water surface of diameter AB till the
“angle of incidence for the rays 04 and OB exceeds the critical angle (i,).



o .
Rays of light incident at an angle greater than i, are totally reflected within
water and consequently cannot emerge out of the water surface.

o] _

%

p-1
df2 .
Now, — =tani,
.=> i=.\t1’[:-1n1'r=h 1
2 ”2_1
= d= _Zh
Ju.2—1

This is the required expression of d.

Long Answer Type Questions

Question 27. A myopic adult has a far point at 0.1 m. His power of accommodation is 4 D.

(i) What power lenses are required to see distant objects?

(ii) What is his near point without glasses?

(iii) What is his near point with glasses? (Take the image distance from the lens of the eye to
the retina to be 2 cm.)
Solution: Key concepts:

Retina Concave lens

Far point Retina

R {'aj Defected eye RRRAT (b) Removal of Defect



I 1 1

| F 4 A

in terms of power P =P, + Pz -

(i) If for the normal relaxed eye of an average person, the power at the far

point be P, The required power
1 1 1

P=—=—+——=60D
7 f 01 0.02

By the corrective lens the object distance at the far point is .
1 1 1

The power required is, Pi=—=—+——=50D

pOWET TR Y.
Now for eye + lens system,we have the sum of the eye and that of the
glasses P,

P’,= P+ P,=>50D=60D + P,
which gives, P,=-10D

(11) For the normal eye his power of accommodation 1s 4D. Let the power of.
the normal eye for near vision be P,

Then, 4 = P, — Pyor P, = 64D
Let his near point be x,, then

J—+-i—=64 or L+SD=64
x, 0.02 x

|
L=14» = x,=—m=0.07m
X, 14

(iii) With glasses P," =P, +4 =54

gl L1
x 002 «x

H

n H

n

L,=4 =>x;=im=0.25m
X, - 4

Question 28. Show that for a material with refractive index p =2, light incident at angle
shall be guided along, a length perpendicular to the incident face.

Solution: Let the ray incident on face AB at angle i, after refraction, it travels along PQ and then
interact with face AC which is perpendicular to the incident face.



.

o
"~
]
i =3

-.}7 AL
B ' ' D
Any ray is guided along AC if the 1ahg‘ie ray makes with the face AC (¢) is
greater than the critical angle. From figure

¢ +r = 90°, therefore sin ¢ = cos r | )

If ¢ is the critical angle it means, sin ¢ =2 — .. (11)

P

1 : 1 '
r<— =sinrsl-— .. (111)

H I
Applying Snell’s law on face AB,

1 1
From (i) and (ii), €os r 2 F or l—cos’r<]——

2 2

1.e., sin

l-sini=gusinr

or sin’i=u’sin’r =>51n2r:.—251n2: . (iv)
ﬂ -

RSN [PPSR T

From (i) and (ii), —5 sin I_I—E

Yispt -1 ()

or sin

T
When i = 5 then we have smallest angle ¢.

If it is greater than the critical angle, then all other angles of incidence shall
be more than the critical angle. o

Thus, 1< -lorp*>2

= 1 >+/2 . This is the required result.

Question 29. The mixture of a pure liquid and a solution in a long vertical column (i.e.,
horizontal dimensions << vertical dimensions) produces diffusion of solute particles and
hence a refractive index gradient along the vertical dimension. A ray of light entering the
column at right angles to the vertical is deviated from its original path. Find the deviation in
travelling a horizontal distance d << h, the height of the column.

Solution:



Let us consider a portion of a ray between x
and x + dx inside the liquid solution. Let the
angle of incidence of ray at x be @ and let the
ray enters the thin column at height y. Because
of*the refraction it deviates from the original
path and emerges at x + dx with an angle
6+ d0 and at a height y + dy.

From Snell’s law, :
M) sin 0= pu(y + dy) sin (6+d6)) ...(I) X x +dx
Let refractive index of the liquid at position y be u(y) = y, then

Y

3

d
#{y+dy)=ﬂ+(d—ﬂdy=#+kdy :

where k = [E“l—!} = refractive index gradient along the vertical dimension.

Hence from (i), y sin @ = (u + kdy)-sin (6 + d8)
i sin 6 = (U + kdy)-(sin 8-cos d@ + cos 6-sin d6)

Hsin @ = (U +kdy)-(sin 8-1+ cos 0-d0) - ..(11)
For small angle sin 460 = d@ and cos d@ = 1
psin @ =y sin 0 + kdy sin 6 + i cos 6-d6 + k cos Ody-d@

' k
kdy sin 0+ i cos 8-d8=0 = df=——tan B dy
u

But 1:;111(;3':ﬁ and kz(d—#]

dy dy
do =— f(ﬂjdy = dO=——dx
M\ dy u

- é d
- . k
Integrating both sides, JdB =- —jdx
u
0 0

R 5=_ﬂ=_£(@_]
u u\ dy



Question 30.

If light passes near a massive object, the gravitational interaction causes a
bending of the ray. This can be thought of as happening due to a change in
the effective refractive index of the medium given by

n(r)=1+2 GMirc?

where r is the distance of the point of consideration from the centre of the
mass of the massive body, G is the universal gravitational constant, M the
mass of the body and ¢ the speed
of light in vacuum. Considering a
spherical object find the deviation
of thg ray from the original path as it
grazes the ohject,

WA

r+dr

Solution:



Sol. Let us consider two spherical

surfaces of radius » and » + dr. Let
the light be incident at an angle 0 at
the surface at r and leave r + dr at an
angle 6+ d6. Then from Snell’s law,

n(r) sin 8= n(r + dr) sin (8 + d6)
= [n(r] + (%Ja‘r}(sin 8-cos dB + cos 6-sin dB)

= n(r)sinf@= (m:rj) + (%Jdr){sin 8 + cos 6-d6)

For small angle, sin d8 = d@ and cos d@ = 1
Ignoring the product of differentials

= n(r)sin @ =n(r)-sin @ + [j—”)dr*sin 6 + n(r)-cos 0-do
r

or we have, —Etanf;:,;(,-)ﬁ
. dr dr
2GM
S mnf}:[l_'_ZGZJ]d@de
ree : re dr dr

26M Im tan 6 dr

Cl ~oa 2

a8
"do =
]

Now, r*=x>+R’andtan 6= R
X
2rdr = 2xdx
Now substitution for integrals, we have

8 -
t]d9=ZGMJ‘ E xdx
0 —ea y

2 3
E —_
(x*+ R*)?
Put x=Rtan ¢
dx = R sec’ o do
2GMR 72 R sec’ ¢do
eﬂ = 2 ,[_' 1 pl 3
c T2 R sec” ¢
2GM pri2 4GM
6= j_m cos 99 ===
= g, = 4G‘t{ . This is the required proof.

Re



Question 31. An infinitely long cylinder of radius R is made of an unusual exotic material
with refractive index -1 (figure). The cylinder is placed between two planes whose normals
are along the y-direction. The centre of the cylinder O lies along they-axis.

A narrow laser beam is directed along the y-
direction from the lower plate.

The laser source is at a horizontal

distance x from the diameter in the y-
direction. Find the range of x such that light
emitted from the lower plane does not reach
the upper plane.

Solution:

Here the material has refractive index
-1, 8, is negative and 8’, positive.

-L:,$h

=

-

I
1
———

v Receiving plate’

Now, 6)=10)=18")
The total deviation of the outcoming

ray from the incoming ray is 48,
Rays shall not reach the receiving

plate if %E#B,—iis?n [angles

measured clockwise from the y-axis]

On solving, r <6< S—H

8 8

‘ X
Now,  sinf,=-—
R

Eisin_'i_:}!‘—?r

8 R 8
or Ei-{-ES—H

8 R 8

Thus, for light emitted from the source shall not reach the receiving plate.

Question 32. (i) Consider a thin lens placed between a source (S) and an observer (O)
(Figure). Let the thickness of the lens vary as w(b) =wg— b%a , where b is the vertical
distance from the pole, wg is a constant. Using Fermat’s principle, i.e., the time of transit
fora ray between the source and observer is an extremum find the condition that all paraxial
rays starting from the source will converge at a point O on the axis. Find the focal length.
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(ii) A gravitational lens may be assumed to have a varying width of the form

w(b) =k, ln(%J boin < b < by

=k11n( & ] b <by,
b

min

Show that an observer will see an image of a point object as a ring about
the centre of the lens with an angular radius.

Solution:
(i) The time taken by ray to travel from Sto P, is

SR ut+b’

t= =
c c

2
or 4= E[l + 12—) assuming b << L.

c 2 42

The time required to travel from P to O 1s

I_HO_ v2+b2 —E ]+_l._£
2 c C c 27




The time required to travel through'the lens is
;= (n—1)w(b)
f =
c
where 7 is the refractive index.
Thu's, the total time 1s

,;:l[u+v+lb1(l+}-]+(n—l)w(b)]
2 u v

C
put =Lt
D u v
1 1 b2 b?
Then, t=—|u+v+——+(n-D| w,+—
c[ 2D [ )[ 0 aD

Fermat’s principke gives the time taken should be minimum.
For that first derivative should be zero. |
£=0= b _2{::-1)1:»
db CD  co
a=2n-1)D
Thus, a convergent lens is formed if &= 2(n — 1)D. This is independent

. of and hence all paraxial rays from § will converge at O i.e., for rays
b<<nandb<<wv

Since, 1 = 1 + l, the focal length is D. |
D u v

(ii) In this case, differentiating expression of time taken t w.r.t. b.

2
1 1b k
= —(u +v+ EE'I‘(H - 1)5:1 lﬂ(f]J

C
dt b k
—=0=—==(n-1)-L
- 0=p~=by
= b =m-1kD
b=.\/(n-1)k,D

Thus, all rays passing at a height b shall contribute to the image. The ray
paths make an angle.

b ~ kD — 1)k — 1)k |
B=-= (n” DA = (nz Youv _ [ = D . This is the required
v v vi(u+v) (u+vy

expression.,






