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1. Al
A ray of light travelling in the direction — (i +'3) is incident
on a plane mirror. After reflection, it travels along the direction

o 2
> = xﬁj} . The angle of incidence is [Adv. 2013]

(@) 30° (c) o0 (b) 45° @ 75

In an experiment to determine the focal length
(/") of a concave mirror by the u - v method, a student places
the object pin A on the principal axis at a distance x from the
pole P. The student looks at the pin and its inverted image
from a distance keeping his/her eye in line with P4. When
the student shifts his/her eye towards left, the image appears

to the right of the object pin. Then, [2007]
@ x<f (b) f<x<2f
() x=2f (@ x>2f

A point source of light B is placed at a
distance L in front of the centre of a
mirror of width '4" hung vertically on a
wall. A man walks in front of the mirror L
along a line parallel to the mirror at a
distance 2L from it as shown in fig. The 2L
greatest distance over which he can see the image of the
light source in the mirror is [2000S]
(a) di2 (b) d (c) 2d (d) 34

A short linear object of length b lies along the axis of a
concave mirror of focal length f at a distance u from the
pole of the mirror. The size of the image is approximately
equal to [1988 - 2 Mark]

142 L2
u—f _f_]
ke -

u-f bt bk T
© b[ f) = b[u—f

A ﬁérson ofheight 1.6 m is walking away from a lamp post
of height 4 m along a straight path on the flat ground. The

lamp post and the person are always perpendicular to the
ground. Ifthe speed of the person is 60 cm s™!, the speed
of the tip of the person's shadow on the ground with

respect to the person is ems. [Adv. 2023]
An object and a concave mirror of focal length /=10 cm
both move along the principal axis of the mirror with
constant speeds. The object moves with speed V= 15 cm
s~! towards the mirror with respect to a laboratory frame.
The distance between the object and the mirror at a given
moment is denoted by u. When u =30 cm, the speed of the
mirror ¥, is such that the image is instantaneously at rest
with respect to the laboratory frame, and the object forms
areal image. The magnitude of ¥, is cmst.

[Adv. 2022]

6.

¥

m

7. Image of an object approaching a convex mirror of radius

of curvature 20 m along its optical axis is observed to

25 50
move from —3—m 10—7— m in 30 seconds. What is the speed

of the object in km per hour? [2010]

8. Athinrod oflength L is placed along the optic axis ofa

concave mirror of focal length fsuch that its image which
is real and elongated, just touches the rod. The
magnification is ......cuveeerseres {1991 -1 Mark]
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Three plane mirrors from an equilateral triangle with each
side of length L. There is a small hole at a distance /> 0
from one of the corners as shown in the figure. A ray of
light is passed through the hole at an angle 0 and can
only come out through the same hole. The cross section
of the mirror configuration and the ray of light lie on the
same plane. [Adv. 2022]

0

Which of the following statement(s) is(are) correct?
(a) Theray oflight will come out for 6= 30°, for 0 < <L

: L ; ;
(b) There isan angle for [ = 7 at which the ray of light

will come out after two reflections.
(¢) Theray oflight will NEVER come out for 6=60°, and

(d) The ray of light will come out for 8=60°,and 0 </<

L :
E after six reflections.

A wire is bent in the shape of a right angled triangle and is
placed in front of a concave mirror of focal length f, as
shown in the figure. Which of the figures shown in the
four options qualitatively represent(s) the shape of the
image of the bent wire? (These figures are not to scale.)
[Adv.2018]

11.

50

12.

Physics

S 504&{45 (d)
A student performed the experiment of determination of
focal length of a concave mirror by u-v method using an
optical bench of length 1.5 meter. The focal length of the
mirror used is 24 cm. The maximum error in the location of
the image can be 0.2 cm. The 5 sets of (u, v ) values recorded
by the student (in cm) are :
(42, 56). (48, 48), (60, 40), (66, 33), (78, 39). The data set(s)
that cannot come from experiment and is (are) incorrectly
recorded, is (are) [2009]
(a) (42,56) (b) (48,48) (78,39)

(c)

(€) (66,33) (d)

STATEMENT-1 The formula connecting u, v and f for a

spherical mirror is valid for mirrors whose sizes are very

small compared to their radii of curvature.

STATEMENT-2 Laws of reflection are strictly valid for plane

surfaces, but not for large spherical surfaces. [2007]

(a) Statement-1 is True, Statement-2 is True; Statement-2
is a correct explanation for Statement-1

(b) Statement-1 is True, Statement-2 is True; Statement-
2is NOT a correct explanation for Statement-1

(c) Statement-1is True, Statement-2 is False

(d) Statement-1 is False, Statement-2 is True

Topic-2: Refraction of Light at Plane Surface and Total Internal Reflection

A point source S is placed at the bottom of a transparent
block of height 10 mm and refractive index 2.72. It is
immersed in a lower refractive index liquid as shown in the
figure. It is found that the light emerging from the block to
the liquid forms a circular bright spot of diameter 11.54 mm
on the top of the block. The refractive index of the liquid is

[Adv. 2014]

+—————— Liquid

— Block

@) ., 1.21 (b) 1.30
(© 1.36 (d 1.42
Aball is dropped from a height of 20 m above the surface

4
of water in a lake. The refractive index of water is 3 A

fish inside the lake, in the line of fall ofthe ball, is looking
at the ball. At an instant, when the ball is 12.8 m above the
water surface, the fish sees the speed of ball as [Take g =
10m/s?.] [2009]
(@ 9m/s (b) 1Zm/s (c) 16m/s (d) 21.33m/s
A ray of light traveling in water is incident on its surface
open to air. The angle of incidence is 6, which is less than
the critical angle. Then there will be [2007]
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(a) only areflected ray and no refracted ray 9. A rectangular glass slab ABCD of refractive index n, is
(b) only a refracted ray and no reflected ray immersed in water of refractive index n,(n, > n,). Aray of
() a reflected ray and a refracted ray and the angle light is incident at the surface AB of the slab as shown.
" bet“;e‘:'t‘gem “’0”;‘] be lefi,s th;;" 180 _dzeh l The maximum value of the angle of incidence o such
(d) ;;;;’; (:helf:{vznl diere ol e 5 i & ang that the ray comes out only from the other surface CD is
L greater than 180° — 20 o 20008
4. A point object is placed at the centre of a glass sphere of g Y [ |
radius 6 cm and refractive index 1.5. The distance of virtual
image from the surface is [2004S]
() 6em  (b) 4cm (¢) 12em (d) 9em
5. Arayoflightis incident at the glass-water interface at an
angle i, it emerges finally parallel to the surface of water, @ sin’ B
then the value of p g would be Air J'I [2003S] h
(@) (4/3)sind = I ( (1))
(®) Usini wateR, P =43 ®) sin”'|n oosLsin“‘ )
(c) 473 [ \ & ( lﬂ
@ 1 _ .Glm (€ sin™ L_’l J @ sin7j 22
6. Two plane mirrors A and B are aligned _parall_el to each L) Lnl
other, as shown in the figure. A light ray is incidentatan 19, A diverging beam of light from a point source S having
angle 30° ata point just inside one end of A. The plane of divergence angle a, falls symmetrically on a glass slab as
incidence coincides with the plane of the figure. The shown. The angles of incidence of the two extreme rays
maximum number of times the ray undergoes _reﬂectmns i B Tt ebness o thee: cdanailibiin koitd (e
(including the first one) before it emerges out is [20028S) oy : i
refractive index #, then the divergence angle of the emergent
beam is s [2000S]
(a) zero
b)) « Hi i
(© sin”’ (1] = s
n H il i t
(d) 2sin~! [-I-]
A n
(@) 28 (b) 30 (c) 32 (d 11. A ray oflight from a denser medium strike a rarer medium
7. An observer can see through a pin-hole the top end of a at an angle of incidence i (see Fig). The reflected and
g““ r(.xl of hei_ght b, plaf:ed as‘shown in the figure. The refracted rays make an angle of 90° with each other. The
eaker height is 3h and its radius h. When the beaker is o of roflect d roftcta 4 The critical
filled with a liquid up to a height 2h, he can see the lower anHes GLICUCGHON nd [Chaghion are ratcy_ ARe eritica
end ofthe rod. Then the refractive index of the liquid is - angle is (1983 - 1 Mark]
@ 3 - [20025]
J
5
o
o 3h
© [3 (a sin~!(tanr) (b) sin”! (tani)
‘_\; 2 - (© sin”' (tanr') (@ tan™! (sini)
(d) ? 5 2 12.  When a ray of light enters a glass slab from air, [1980]
- 8. s a) its length d -
8. A rayoflight passes through four transparent media with ({b)) :ts “:,fz:;::gh i:;_;zze:
refractive indices p,, u,, 1, and p, as shown in the figure. (o) Tts frequency decreases ’
The surfaces of all media are parallel. If the emergent ray ; i o
CD is parallel to the incident ray 4B, we must have [2001S] = @ ¢1the ts wcwelengr o &em CSES'
Bl B2 | s V’ H 13. Consider a configuration of n identical units, each
. K“‘”’“ C consisting of three layers. The first layer isa column of air
i
/ of height & = = and the second and third layers are of
A

(a) =y (b) by = e (© My = Hy (d) Hy = 1y
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equal thickness d= cm, and refractive indices p =

Jg and p,= /3 , respectively. A light source O is placed

on the top of the first unit, as shown in the figure. A ray of
light from O is incident on the second layer of the first unit
at an angle of © = 60° to the normal. For a specific value of
n, the ray of light emerges from the bottom of the

8 :
configuration at a distance [ = 7—3“0?1, as shown in the

figure. The value of n is : [Adv. 2022]

095

ir

1 | units

Amonochromatic light is travelling in a medium of refractive
index n = 1.6. It enters a stack of glass layers from the
bottom side at an angle 6 =30°. The interfaces of the glass
layers are parallel to each other. The refractive indices of
different glass layers are monotonically decreasing asn,_=
n—mAn, where n_ is the refractive index of the m™ slab and
An=0.1 (see the figure). The rayis refracted out parallel to
the interface between the (m — 1)* and m™ slabs from the
right side of the stack. What is the value of m? [Adv. 2017]

m n - mAn -
m-— 1 n—(m-1)An _—""
___________ ISAE s b e e
_________ S
3 5l n—3An
2 n—2An
1 n—An
n
0

Water (with refractive index = %) ina tank is 18 cm deep.

Oil of refractive index 1 lies on water making a convex
surface of radius of curvature ‘R = 6 cm’ as shown. Consider

oil to act as a thin lens. An object °S’is placed 24 cm above ~

water surface. The location of its image is at “x” cm above
the bottom of the tank. Then ‘x’ is [2011]

16. A large glass slab (L = 5/3) of thickness 8 cm is placed

over a point source of light on a plane surface. It is seen
that light emerges out of the top surface of the slab from a
circular area of radius R ca. What 1s the value of R?[2010]

17. A planar structure of length L and width }#1s made oftwo
different optical media of refractive indices n, = 1.5 and n,
= 1.44 as shown in figure. If L>>W, aray entering from end
AB will emerge from end CD only if the total internal
reflection condition is met inside the structure. For L=9.6m,
if the incident angle 6 is varied, the maximum time taken
by a ray to exit the plane CD is ¢ x 107, where t is

[Adv. 2019]

4
P~
v

S i ehe Bhaks T

18. Alight of wavelength 6000A in air, enters a medium with

refractive index 1.5 Inside the medium its frequency is ....

Hz and its wavelength is .... A. [1997 - 2 Marks]

19. A monochromatic beam of light of wavelength 6000 A in

vacuum enters a medium of refractive index 1.5. In the
medium its wavelength is ....., its frequencyis.......

[1985 - 2 Marks]|

A light wave of frequency 5 x 10'* Hz enters a medium of

refractive index 1.5. In the medium the velocity of the light

waveis......... and its wavelength is .......... [1983 - 2 Marks]|

20.

A wide slab consisting of two media of refractive indices
n, and n, is placed in air as shown in the figure. A ray of
light is incident from mediumn, ton, at an angle 6, where
sin 0 is slightly larger than 1/n . Take refractive index of air
as 1. Which of the following statement(s) is(are) correct?

ar [Adv. 2021]

()
(b)

(c)
(d)

The light ray enters air ifn, =n,

The light ray is finally reflected back into the medium

of refractive index n, ifn, <n,

The light ray is finally reflected back into the medium

of refractive index n ifn, > n;

The light ray is reflected back into the medium of re-

fractive index n, if n,=1

22.  Atransparent slab of thickness d has a refractive index n(z)
that increases with z. Here z is the vertical distance inside
theslab, measured from the top. Theslab is placed between
twomedia with uniform refractive indices n jandn, (>n,),
as shown in the figure. A ray of light is incident with angle
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0,, from medium | and emerges in medium 2 with refraction
angle B, with a lateral displacement /.

= CDIIS(RII\;‘_ 1

#z)

[Adv. 2016]

A

;= constant

Which of the following statement(s) is(are) true?

(a) n;sinB; =n, sinB;

(b) n,sin 6, =(n, —n,) sinB;

(¢) /isindependent of n,

(d) !is dependent on n(z)

A ray of light travelling in a transparent medium falls on a
surface separating the medium from air at an angle ofincidence
of45°, The ray undergoes total internal reflection. If z is the
refractive index of the medium with respect to air, select the
possible value(s) of n from the following : [1998 - 2 Marks]

(@ 13 (b) 14 15 (d) 16
3 Passage

Light guidance in an optical fibre can be understood by
considering a structure comprising of thin solid glass cylinder
of refractive index n, surrounded by a medium of lower refractive
index n1,. The light guidance in the structure takes place due to
successive total internal reflections at the interface of the media
n, and n, as shown in the figure. All rays with the angle of
incidence 7 less than a particular value i, are confined in the
medium of refractive index n. The numerical aperture (NA) of
the structure is defined as sin i .

23

(c)

ny=na

Air na

Cladding

24. Fortwo structure namely §  With ) = \/E /4 and ny=3/
2,and S, with n, =8/5 and n,=7/5 and taking the refractive
index of water to be 4/3 and that of air to be 1, the correct
option(s) is(are) : [Adv. 2015]
(a) NAofS, immersed in water is the same a%; 6that of §,

3J15

6
NA of S| immersed in liquid of refractive index ﬁ is

immersed in a liquid of refractive index

(b)
the same as that of S, immersed in water
NA of §) placed in air is the same as that of §,

4
immersed in liquid of refractive index 7"1—5*

(c)

G

NA of S, placed in air is the same as that of §, placed
in water

5
26.

27.

28.

29,

30.

B63

If two structure of same cross-sectional area, but different
numerical apertures N4 1 and NA,(NA, < NA ;) are joined
longitudinally, the numerical aperture of the combined

structure is [Adv. 2015]
NA, NA,

(a) Nd; + Nd, (b) NA, +NA4,

(c) N4

(d) N4,

10

A quarter cylinder of radius

R and refractive index 1.5 is

placed on a table. A point

object P is kept at a distance _P.

of mR from it. j—mR —p =Rp!

Find the value of m for which a ray from P will emerge
parallel to the table as shown in Figure. [1999 - 5 Marks]
The x — v plane is the boundary between two transparent

media. Medium —1 with z >0 has a refractive index +/2

and medium -2 with z < ( has a refractive index \/E A
ray of light in medium -1 given by the vector

A=63i + S\Ej —10 k is incident on the plane of
separation. Find the unit vector in the direction of the
refracted ray in medium —2. [1999 - 10 Marks]
Light is incident at an angle « on one planar end of a
transparent cylindrical rod of refractive index (.. Determine
the least value of 1 so that the light entering the rod does
not emerge from the curved surface of rod irrespective of
the value of o [1992 -8 Marks]

A parallel beam of light travelling in water (refractive index

=4/3) is refracted by a spherical air bubble of radius 2 mm

situated in water. Assuming the light rays to be paraxial
[1988 - 6 Marks]

(i)  Find the position of the image due to refraction at the

first surface and the position of the final image.

(i) Draw a ray diagram showing the positions of both

the images.
A right prism is to be made by selecting a proper material

and the angles 4 and B (B < A) , as shown in Figure. It is

desired that a ray of light incident on the face AB emerges

parallel to the incident direction after two internal

reflections. \ ‘
A

C
What should be the minimum refractive index » for
this to be possible ?

(i)

For = 3 isit possible to achieve this with the angle

(i1)
: [1987 - 7 Marks]

B equal to 30 degrees ?
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Topic-3: Refraction at Curved Surface, Lenses and Power of Lens

An extended object is placed at point O, 10 cm in front of
a convex lens L, and a concave lens L, is placed 10 cm
behind it, as shown in the figure. The radii of curvature of
all the curved surfaces in both the lenses are 20 cm. The
refractive index of both the lenses is 1.5. The total magni-
fication of this lens system is [Adv. 2021]

L, L,
AT
\'V 10cm A

@@ 04 (b) 08

(c) 13 (d) L6

A small object is placed 50 cm to the left of a thin convex
lens of focal length 30 cm. A convex spherical mirror of
radius of curvature 100 cm is placed to the right of the
lens at a distance of 50 cm.The mirror is tilted such that
the axis of the mirror is at an angle 6 =30° to the axis of the
lens, as shown in the figure.

T
=

10cm

f=30cm

-~ ’
i 7

.,
0 s

{(=50,0)

U(O, 0)
'
50 cm

(50+504/3,-50)

Ifthe origin of the coordinate system is taken to be at the
centre of the lens, the coordinates (in cm) of the point
(x, y) at which the image is formed are [Adv. 2016]

@ (0,0) (b) (50-25V3,25)
© (25.2543) (@ (125/3,25V3)

The image of an object, formed by a plano-convex lens at
a distance of 8 m behind the lens, is real is one-third the
size of the object. The wavelength of light inside the lens

2
is — times the wavelength in free space. The radius ofthe

3
curved surface of the lens is [Adyv. 2013]
(@ 1m (b) 2m
(c) 3m (d) 6m

A bi-convex lens is formed with two thin plano-convex
lenses as shown in the figure. Refractive index n of the
first lens is 1.5 and that of the second lens is 1.2. Both the
curved surface are of the same radius of curvature R = 14
cm. For this bi-convex lens, for an object distance of 40
cm, the image distance will be [2012]

R=14cm
(@ -280.0cm (b) 40.0cm
(c) 21.5em (d) 133cm

Rays of light from Sun falls on a biconvex lens of focal

length fand the circular image of Sun of radius r is formed

on the focal plane of the lens. Then [2007]

(3) Areaofimage is mr” and area is directly proportional of

(b) Areaofimageis ur and area is directly proportional to /2

(c) Intensity of image increases if fis increased

(d) If lower half of the lens is covered with black paper
area will become half

A biconvex lens of focal length 15 cm is in front of a plane

mirror. The distance between the lens and the mirror is 10

cm. A small object is kept at a distance of 30 cm from the

lens. The final image is [2010]

(a) wvirtual and at a distance of 16 em from the mirror

(b) real and at a distance of 16 cm from the mirror

(c) virtual and ata distance of 20 ¢cm from the mirror

(d) realand at a distance of 20 cm from the mirror

The graph shows relationship between object distance

and image distance for a equiconvex lens. Then, focal

length of the lens is [2006 -3M, —]]
i Fa
i fvem
i 30
'\\.“\
K 10
S
.......... . .
uem-31 -30 -20 10 0 (-9.+9)

(@ 0.50+0.05cm
(©) 5.00+0.05cm

(b) 0.50+0.10cm
(d) 5.00+0.10cm
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Focal length of the plano-convex lens is 15 cm. A small
object is placed at A as shown in the figure. The plane
surface is silvered. The image will form at [2006-3M, —1]

1

AT 20 cm T

(@) 60 cm to the left of lens

(b) 12cmtothe left of lens

(c) 60cm totheright of lens

(d) 30cm tothe left of lens

A convex lens is in contact with concave lens. The

magnitude of the ratio of their focal length is 2/3. Their

equivalent focal length is 30 cm. What are their individual

focal lengths? 12005S]

@ -15,10 (b) -10,15 (c) 75,50 (d) -75,50

The size of the image of an object, which is at infinity, as

formed by a convex lens of focal length 30 cmis 2 cm. Ifa

concave lens of focal length 20 cm is placed between the

convex lens and the image at a distance of 26 cm from the

convex lens, calculate the new size of the image. [2003S]

(a 125cm (b) 25cm (¢) 1.05cm (d) 2cm

A hollow double concave lens is made of very thin

transparent material. It can be filled with air or either oftwo

liquids L, or L, having refractive indices u, and p,

respectively (1, > p, > 1). The lens will diverge a parallel

beam of light if'it is filled with [20008]

(a) airand placed in air

(b) airand immersed in L,

(¢) L,andimmersedinL,

(d) L,andimmersedinZ,

A concave lens of glass, refractive index 1.5 has both

surfaces of same radius of curvature R. On immersion in a

medium of refractive index 1.75, it will behave asa
[1999S - 2 Marks}

(a) convergent lens of focal length 3.5 R

(b) convergent lens of focal length 3.0 R

{c) divergent lens of focal length 3.5 R

(d) divergentlens of focal length 3.0 R

A diminished image of an object is to be obtained on a

screen 1.0 m from it. This can be achieved by

appropriately placing [19958]

(a) aconcave mirror of suitable focal length

(b) aconvex mirror of suitable focal length

(c) aconvex lens of focal length less than 0.25 m

(d) a concave lens of suitable focal length

14.

15,

16.

17.

18.

B65

Spherical aberration in a thin lens can be reduced by

(a) using a monochromatic light [1994 - 1 Mark]
(b) using a doublet combination

(¢) wusinga circular annular mark over the lens

(d) increasing the size of the lens.

An optical arrangement consists of two concave mirrors
M, and M,, and a convex lens L with a common principal
axis, as shown in the figure. The focal length of L is 10 cm.
The radii of curvature of M, and M, are 20 cm and 24 cm,
respectively. The distance between L and M, is 20 cm. A
point object S is placed at the mid-point between L and
M, on the axis. When the distance between L and M, is
n/7 cm, one of the images coincides with S, The value of
nis [Adv. 2023]
M, L

- _
\ S

ermmn an e e e mmm mn a]

20 cm
Consider a concave mirror and a convex lens (refractive

index = 1.5) of focal length 10 cm each, separated bya
distance of 50 cm in air (refractive index = 1) as shown in
the figure. An object is placed at a distance of 15 ¢m from
the mirror. Its erect image formed by this combination has
magnification M. When the set-up is kept in a medium of

M,

7
refractive index 5’ the magnification becomes M,. The

M| .
—2 4q

magnitud
agnitude M,

[Adv. 2015]

&

b
15cm

e
<

Al
e o3

The focal length of a thin biconvex lens is 20 cm. When an
object is moved from a distance of 25 cm in front of it to 50
cm, the magnification of its image changes from m,, to

ni

. 2o
mg,. The ratio :n; is [2010)

A rod of length 2 cm makes an angle -2?“ rad with the
principal axis of a thin convex lens. The lens has a focal

: 40
length of 10 cm and is placed at a distance of —_J;—Cm from
the object as shown in the figure. The height of the image

is cm and the angle made by it with respect to the
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866

o . P 3
principal axis is o rad. The value of o.is —rad, wherenis

n
[Adv. 2022]

518

19. Two thin lenses, when in contact, produce a combination
of power +10 diopters. When they are 0.25 m apart, the
power reduces to +6 diopters. The focal length of the
lensesare....mand ... m. [1997 - 2 Marks]

20. A thin lens of refractive index 1.5 has a focal length of 15
cm in air. When the lens is placed in a medium of refractive

index % s focal length will become.........cm.

[1987 - 2 Marks]

21. A convex lens 4 of focal length 20 cm and a concave lens
B of focal length 5 cm are kept along the same axis with a
distance d between them. If a parallel beam of light falling

on A leaves B as aparallel beam, then disequal to ...... cm.
[1985 - 2 Marks]

22,

A parallel beam of white light fall on a combination of a
concave and a convex lens, both of the same meterial,
Their focal lengths are 15 cm and 30 cm respectively for
the mean wavelength in white light. On the other side of
the lens system, one sces coloured patterns with violet
colour at the outer edge. [1988 - 2 Marks]

23. A convex lens of focal length | meter and a concave lens
offocal length 0.25 meter are kept 0.75 meter apart. A parallel
beam of light first passes through the convex lens, then
through the concave lens and comes to a focus 0.5 m
away from the concave lens. 1983 - 2 Marks]

24. A glass beaker has a solid, plano-convex base of refractive
index 1.60, as shown in the figure. The radius of curvature
ofthe convex surface (SPU) is 9 em, while the planar surface
(STU) acts as a mirror. This beaker is filled with a liquid of
refractive index 17 up to the level QPR. Ifthe image of a point
object O at a height of 4 (OT in the figure) is formed onto
itself, then, which of the following option(s) is(are) correct?

JAdv. 2024]

25.

26.

cnrene €

e
U

(a) Forn=142,h=50cm. (b) Forn=135h=36cm.
(c) Forn=145h=65cm.(d) Forn=148h=85cm.

="
5

— |+
2 @)

4
A beaker of radius 7 is filled with water (refractive index 3 )

up to a height A as shown in the ﬁgui'e on the left. The
beaker is kept on a horizontal table rotating with angular
speed . This makes the water surface curved so that the
difference in the height of water level at the center and at

the circumference of the beaker is h(h < H, h<r), as

shown in the figure on the right. Take this surface to be
approximately spherical with aradius of curvature R. Which
of the following is/are correct? (g is the acceleration due

to gravity)

2

+r

h
bk

32
b) R=—
(b) 7

(¢) Apparent depth of the bottom of the beaker is close

(d) Apparent depth of the bottom of the beaker is close to

o =T
3H w H
—l+—

4 dg

A plano-convex lens is made of a material of refractive
index n. When a small object is placed 30 cm away in front
of the curved surface of the lens, an image of double the
size of the object is produced. Due to reflection from the
convex surface of the lens, another faint image is observed
at a distance of 10 cm away from the lens. Which of the
following statement(s) is(are) true? [Adv. 2016]
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(@) Therefractive index ofthe lens is 2.5

(b) Theradius of curvature of the convex surface is 45 cm
(c) The faint image is erect and real

(d) The focal length of the lens is 20 cm

A spherical surface of radius of curvature R separates air
(refractive index 1.0) from glass (refractive index 1.5). The
centre of curvature is in the glass. A point object P placed
in air is found to have a real image Q in the glass. The line
PQ cuts the surface at a point O, and PO = 0Q. The

distance PO is equal to [1998 - 2 Marks]
(@ 5R () 3R
© 2R (d) 15R

Areal image of a distant object is formed by a plano-convex
lens on its principal axis. Spherical aberration

(a) is absent. [1998 - 2 Marks|
(b) issmaller ifthe curved surface of the lens faces the object.
(c) issmallerifthe planesurface of the lens faces the object.
(d) isthe same whichever side of the lens faces the object
Which of the following form(s) a virtual and erect image
for all positions of the object ? [1996 - 2 Marks]
() Convex lens (b) Concave lens

(c) Convex mirror (d) Concave mirror.

A converging lens is used to form an image on a screen.
When the upper half of the lens is covered by an
opaque screen {1986 - 2 Marks]
(a) halftheimage will disappear.

(b) complete image will be formed.

(c) intensity ofthe image will increase.

(d) intensity of the image will decrease.

A convex lens of focal length 40 cm is in contact with a
concave lens of focal length 25 em . The power of the
combination is [1982 - 3 Marks]
(@) —1.5dioptres —6.5 dioptres

(c) +6.5dioptres

(b)

(d) +6.67dioptres

A light rayis incident on the surface of a sphere of refractive
index n atan angle ofincidence 8. The ray partially refracts
into the sphere with angle of refraction ¢, and then partly
reflects from the back surface. The reflected ray then
emerges out of the sphere after a partial refraction. The
total angle of deviation of the emergent ray with respect to
the incident ray is o.. Match the quantities mentioned in
List-I with their values in List-IT and choose the correct

option. [Adv. 2024]
List-I List-1I

(P) Ifn=2anda=180°, (1) 30°and0°
then all the possible
values of 6, will be

Q If n=+/3 and (2) 60° and 0°

o= 180°, then all
the possible values
of 8, will be

33.

34.

B67

(R) If n=+/3 and

o= 180°, then all
the possible values
of ¢, will be

If n=2 and
0,=45°, then all

the possible values
of o will be

(3) 45° and 0°

(S) 4) 150°

(5) 0°
@ P—-5Q-2R>1:S>4
(b) P55Q—>1;R—2;:S—>4
(©) P>3:Q—>2:R—>1;S—>4
(d) P=>3Q>1;R>2;:S>5
List I contains four combinations of two lenses (1 and 2)
whose focal lengths (in em) are indicated in the figures. In
all cases, the object is placed 20 ¢m from the first lens on
the left, and the distance between the two lenses is 5 cm.
List II contains the positions of the final images.

[Adv.2022]
List-Iro 30 415 List-TI
M of d \ (P) Final image is formed
at 7.5 cm on the right
0em  130m 5 side of lens 2.
f=+10 -10
1 o t m y (Q) Final image is formed
at 60.0 em on the right
b 1oemiy side of lens 2.
_f =+ 10 - 20
(¢ ﬁL (R) Final image is formed
A i o at 30.0 cm on the left
PR : side of lens 2.
20 em 1 Sem 2
(V) f==20 +10 (S) Final image is formed
at 6.0 em on the right
<t side of lens 2.
1
i TR (T) Final image is formed
2Weni | 1= 2 :
at 30.0 cm on the right

side of lens 2.
Which one of the following options is correct?
@ (D—(P); (I) —(R); (1) = (Q); (AV) - (T)
(b) (1) =(Q); (I — (PY; (1) > (T); IV) —>(S)
() () —(P); (ID — (T); (I) = (R); (IV) = (Q)
(d) (1) =>(T); dD) —(8); () —(Q); IV) - (R)

Four combinations of two thin lenses are given in List-I.
The radius of curvature of all curved surfaces is » and the
refractive index of all the lenses is 1.5. Match lens
combinations in List-I1 with their focal length in List-II and
select the correct answer using the code given below the
lists. [Adv. 2014]
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List-1 List-I1
D) p,y > py (s) /
P 1 2}' B3 Ha By
(t)
" M3 Hy
Q. 2. E
36. An optical component and an object S placed along its
optic axis are given in Column I. The distance between the
object and the component can be varied. The properties
of images are given in Column I1. Match all the properties
of images from Column 1l with the appropriate compo-
R Fry ke nents given in Column 1. Indicate vour answer by darken-
ing the appropriate bubbles ofthe 4 x 4 matrix given in the
ORS. 12008]
Column Column I1
S = :
S 4 Ur (A) -» (p) realimage
Codes:

(@ P-1,Q-2,R-3,84 (b) P-2,Q-4,R-3,5-1
(c) P4,Q-1,R-2,8-3 (d) P-2,Q-1,R-3,54

35. Two transparent media of refractive indices pi; and pi; have
a solid lens shaped transparent material of refractive
index 11, between them as shown in figures in Column I1. A
ray traversing these media is also shown in the figures. In
Column I different relationships between 1, p, and p, are
given. Match them to the ray diagrams shown in Column I1.

[2010]
Column I Column II

(q) virtual image

(r) magnified image

(s) tmageatinfinity

(A) u]'(l"z {pJ [T Uy

50

37. An object is moving with velocity 0.0 m/s towards a

convex lens of focal length 0.3 m. Find the magnitude of

rate of separation of image from the lens when the object

B) py>p, @ u H, is at a distance of 0.4 m from the lens. Also calculate the
magnitude of the rate of change of the lateral

magnification, [2004 - 4 Marks]

38. A thin plano-convex lens of focal length 1is split into two

halves: one ofthe halves is shifted along the optical axis .

© =y, () The separation between object and image planes is 1.8 m.
Fa a The magnification of the image formed by one of the half-

lenses is 2. Find the focal-length of the lens and separation
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39.

41.
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between the two halves. Draw the ray diagram for image
formation, {1996 - 5 Marks]

C

=S 1.8 m 1

An image Y is formed of point object X by a lens whose
optic axis is AB as shown in figure. Draw a ray diagram to
locate the lens and its focus. Ifthe image Y ofthe object X
is formed by a concave mirror (Having the same axis as
AB) instead of lens, draw another ray diagram to locate the
mirror and its focus. Write down the steps of construction

of the ray diagrams. [1994 - 6 Marks]

X

oY

In Fig., § is a monochromatic point source emitting light of

wavelength ) = 500nm. A thin lens of circular shape and
focal length 0.10 m is cut into two identical halves L, and
L, by a plane passing through a diameter. The two halves
are placed symmetrically about the central axis SO with a
gap of 0.5 mm. The distance along the axis from Sto L, and
L, is 0.15 m while that from L, and L, to Ois 1.30 m. The
screen at O is normal to SO, {1993 - 5+1 Marks]

L,
S : \L 0.5mm A
:. T Screen
s tilg
* s 1.30m

(i) Ifthe third intensity maximum occurs at the point A
on the screen, find the distance OA.

(i) If the gap between L, and L, is reduced from its
original value of 0.5mm, will the distance O4 increase,
decrease, or remain the same?

Monochromatic light is incident on a plane interface 4B
between two media of refractive indices n, and n, (n,>n))
atan angle of incidence § as shown in fig. Theangle 9 is
infinitesimally greater than the critical angle for the two
media so that total internal reflection takes place. Now ifa
transparent slab DEFG of uniform thickness and of
refractive index n, is introduced on the interface (as shown
in the figure), show that for any value of n, all light will

42.

43,

44.

45.
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ultimately be reflected back again into medium II, Consider
separately the cases 11986 - 6 Marks]
@i m3; <n and
(li) H3 = -'l] 5

MEDIUM [
Flie e e E
i MEDIUMI
R
A ' B
MEDIUM I
{ng)

A plano convex lens has a thickness of 4 cm . When placed
on a horizontal table, with the curved surface in contact
with it, the apparent depth of the bottom most point of the
lens is found to be 3 cm. Ifthe lens is inverted such that the
plane face is in contact with the table, the apparent depth of
the centre of the plane face is found to be 25/8 cm. Find the
focal length of the lens. [1984- 6 Marks)
The convex surface of a thin concavo-convex lens of glass
ofrefractive index 1.5 has a radius of curvature 20 em. The
concave surface has a radius of curvature 60 ¢m. The
convex side is silvered and placed on a horizontal surface.

[1981-6 Marks]

(i) Where should a pin be placed on the optic axis such
that its image is formed at the same place?

(i) Ifthe concave part is filled with water of refractive
index 4/3, find the distance through which the pin
should be moved so that the image of the pin again
coincides with the pin.

What is the relation between the refractive indices p, and

K., if the behaviour of light rays is as shown in the figure?

[1979]
—
LI L B My B} Wy
_—.+ —

A pin is placed 10 cm in front of a convex lens of focal length
20 cm, made a material of refractive index 1.5. The surface of
the lens farther away from the pin is silvered and has a
radius of curvature are of 22 cm. Determine the position of
the final image. Is the image real as virtual? [1978]

@’g www.studentbro.in



B70  Physics

5,_—:? Topic-4: Prism and Dispersion of Light
(a) greater deviation (b) no deviation

o |

{ '-g: . . - .
«:& 1 8 (c) same deviation as before (d) total internal reflection
1. Aparallel beam oflightis incident fromairatan anglec.on 6. An isosceles prism of angle 120° has a refractive index

the side PQ of a right angled triangular prism ofrefractive 1.44. Two parallel monochromatic rays enter the prism
index n = ,/2 . Light undergoes total internal reflection in parallel to each other in air as shown. The rays emerge
the prism at the face PR when a has a minimum value of from the opposite faces [1995S8]
45°, The angle 0 ofthe prism is [Adv. 2016]

—_—

120°

W

(a) areparallel to each other

Q R (b) aredivergin
gmg
(a) 15° ®d 25 (o .3 (d) 45° (¢) makean angle 2 [sin~! (0.72)—30°] with each other
2.  The graph shows relationship between object distance (d) make an angle 2 sin ! (0.72) with each other
and image distance for a equiconvex lens. Then, focal 7, A glass prism of refractive index 1.5 is immersed in water
length of the lens is (2006 -3M,-1) (refractive index 4/3). A light beam incident normally on
f o E2l the face 4B is totally reflected to reach on the face BC if
s [1981-2 Marks]
(a) sinB> o
F10 9
S Tt 8
; , | i o =
wom-31 30 20 _ -10 REAAY ® 3% e 9
(a) 0.50+0.05cm (b) 0.50+0.10cm
(c) 5.00+0.05cm (d 5.00£0.10cm s 8<2
3. Two beams of red and violet colours are made to pass S 3
separately through a prism (angle of the prism is 60°). In
the position of minimum deviation, the angle of (d) Hoveofiiete :
refraction will be (zoos] () » - Answe
(a) 30° for both the'cnlours 8. Twoequilateral-triangular prisms P, and P, are kept with
(b) greater for the violet colour their sides parallel to each other, in vacuum, as shown in
(c) greater for the red colour the figure. A light ray enters prism P, at an angle of
(d) equal but not 30° for both the colours incidence 0 such that the outgoing ray undergoes minimum
4.  An equilateral prism is placed on a horizontal surface. A deviation in prism P,. If the respective refractive indices of
ray PQ s incident onto it. For minimum deviation  [2004S] 3 wegltfe . (x
(a) PQishorizontal P, and P, are > and /3, then 0= sin Esm E ¥
(b) OR is horizontal
(c) RSishorizontal

where.the value of B is . [Adv. 2024]

(d) Any onewill be horizontal
5. A given ray of light suffers minimum deviation in an
equilateral prism P. Additional prism Q and R of'identical
shape and of the same material as P are now added as
shown in the figure. The ray will now suffer [2001S]

A monochromatic light is incident from air on a refracting
surface of a prism of angle 750 and refractive index
ny =~/3 . The other refracting surface of the prism is

P R coated by a thin film of material of refractive index n as
shown in figure. The light suffers total internal reflection
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at the coated prism surface for an incidence angle of 6 <
60°. The value of n* is [Adv. 2019]

10. Themonochromatic beam of light is incident at 60° on one
face of an equilateral prism of refractive index n and emerges
from the opposite face making an angle 6(r) with the normal

do
(seethe figure). For n= /3 the value of 0 is 60° and &
= m. The value of m is [JEE Adv. 2015]

1n. A i‘éf]ight is incident normally on oneoft faces ofa
prism of apex angle 30° and refractive index /2 . The

angle of deviation ofthe ray is... degrees. [1997 - 2 Marks]
12. A ray of light undergoes deviation of 30° when incident

on an equilateral prism of refractive index +/2 . Thean gle
made by the ray inside the prism with the base of the prism
e [1992 - 1 Mark]

13. A of white 1gha ssing through a hol low i ve
no spectrum. [1983 - 2 Marks]

o1

14.  For a prism of prism angle 0= 60°, the refractive indices of
the left half and the right half are, respectively, n, and n,
(n,>n ) as shown in the figure. The angle of incidence i is
chosen such that the incident light rays will have mini-
mum deviation ifn, =n,=n=1.5. For the case of unequal
refractive indices n, = n and n, = n + An (where An << n),
the angle of emergence e =i + Ae. Which of the following
statement(s) is (are) correct ? [Ady. 2021]

(a) The value of Ae (in radians) is greater than that of An

(b) Aeis proportional to An

(c) Ae lies between 2.0 and 3.0 milliradians,
ifAn=2.8x1073

(d) Aeliesbetween 1.0 and 1.6 milliradians,
ifAn=2.8x1073

Get More Learning Materials Here : &
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15.  For an isosceles prism of angle A and refractive index p, it
is found that the angle of minimum deviation §_=A.
[Adv.2017]
Which of the following options is/are correct?
(@) For the angle of incidence 1; = A, the ray inside the
prism is parallel to the base of the prism
(b)  For this prism, the refractive index 1t and the angle of

[Be) =
prism A are related as A = i : [%}

(¢) Atminimum deviation, the incident angle i, and the
refracting angle r, at the first refracting surface are
related by r, = (i]&)

(d) For this prism, the emergent ray at the second surface
will be tangential to the surface when the angle of
incidence at the first surface is

iy =sin~! [sin A, ’4c052 %-1 —COos A]

16. A thin prism P, with angle 4° and made from glass of
refractive index 1.54 is combined with another thin prism

P, made from glass of refractive index 1.72 to produce
dispersion without deviation. The angle of the prism P,is
[1990 - 2 Marks]

(@ 533° @ 26°

b) 4 © ¥

17. A beam of light consisting of red, green and blue colours

is incident on a right angled prism, fig. The refractive
indices of the material of the prism for the above red, green
and blue wavelengths are 1.39, 1.44 and 1.47 respectively.
The prism will [1989 - 2 Mark]

-
g: 0 353 5\
(a) separate part of the red colour from the green and
blue colours
(b) separate part of the blue colour from the red and green
colours
(c) separate all the three colours from one another
(d) not separate even partially any colour from the other
two colours.

ST -

8. A right angled prism of refractive index 1, is placed in a
rectangular block of refractive index p1,, which is surrounded
by a medium of refractive index j1,, as shown in the figure. A
ray of light 'e' enters the rectangular block at normal incidence.
Depending upon the relationships between ,, p, and p;, it
takes one of the four possible paths 'ef , 'eg’, 'el'l'
Match the paths in List 1 with conditions of refractive
indices in List IT and select the correct answer using the

codes given below the lists: [Adv. 2013]
List1 List IT

P e—f L o> \/Epz

Q e—g 2 py>py and py,>p,

R e—h R

S =i 4 py<p< '\/EHZ and p,> py
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21.  Aprismofrefractive index », and another prism of refractive
index n, are stuck together without a gap as shown in
Figure. The angles of the prisms are as shown. n_ and n,
depend on A, the wavelength of light, accor(lling to

o 1.80x 10*
n w1204 19800 and ny TR L where
g A2

Aisinnm. [1998 - 8 Marks Similar July 27, 2021 (I)]

Codes:

PO k. 8
(£ Wi e gl I
i 0w St g
) 4 1 7299y
@ 2f 3. 4 21

19. Two identical prisms of refractive index /3 are kept as

shown in the figure. A light ray strikes the first prism at
face AB. Find, [2005 -4 Marks]

(a) Calculate the wavelength A, for which rays incident
at any angle on the interface BC pass through without
bending at that interface,

(b) For light of wavelength A, find the angle of incidence
i on the face 4C such that the deviation produced by
the combination of prisms is minimum.

22. Aright angled prism (45° -90°-45°) of refractive index n has

: aplate of refractive index n, (n, <n) cementedto its diagonal

() the anglé of incidenice, 30 thabthe e aent 1oy from face. The assembly is in air. A rayis incident on AB.
the first prism has minimum deviation.

(b) through what angle the prism DCE should be rotated
about C so that the final emergent ray also has
minimum deviation.

20. Shown in the figure is a prism of angle 30° and refractive

index p, =3 . Face AC of the prism is covered with a

thin film of refractive index .= 2.2. A monochromatic light
of wavelength A= 550 nm fafl on the face AB at an angle of
incidence of 60°. o [2003 - 4 Marks]

(i) Calculate the axllagle of incidence at ABI%or which the
ray strikes the diagonal face at the critical angle.

(i) Assuming n= 1.352 calculate the angle of incidence
at AB for which the refracted ray passes through the
diagonal face undeviated. [1996 - 3 Marks]

23. Arayoflight is incident at an angle of 60° on one face of
prism which has an angle of 30°. The ray emerging out of
the prism makes an angle of 30° with the incident ray. Show
that the emergent ray is perpendicular to the face through

=22 which it emerges and calculate the refractive index of the

Calculate . material of the prism, [1978]

(a) angle of emergence.

(b) minimum value of thickness f so that intensity of

emergent ray is maximum.

= Topic-5: Optical Instruments

51 | R ©) o muniid

; : G 4 (c) real, inverted and magnified
1. Inacompound microscope, ‘the intermediate image is £ ~irkal v s veduced
(a) virtual, erect and magnified [20008]
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.

The focal lengths of the objective and the eye piece of a
compound microscope are 2.0 cm and 3.0 cm, respectively.
The distance between the objective and the eye piece is
15.0 cm. The final image formed by the eye piece is at
infinity. The two lenses are thin. The distance in cm of the
object and the image produced by the objective, measured
from the objective lens, are respectively [19955]
(@) 24and12.0 (b) 2.4and15.0

() 2.0and12.0 (d) 2.0and3.0

+ B SR
3.

Theresolving power of electron microscope is higher that
that of an optical microscope because the wavelength of
electrons is...................... than the wavelength of visible
light. ~ [1992 -1 Mark]

<IN with O o More thn One Corect Answer

4,

o)

Get More Learning Materials Here : &

A planet is observed by an astronomical refracting
telescope having an objective of focal length 16 m and an

B73

eyepiece of focal length 2 cm.

' [1992 - 2 Marks]
(a) The distance between the objective and the eyepiece

is16.02m
(b) Theangular magnification of the planetis — 800
() Theimage ofthe planet is inverted
(d) The objective is larger then the eyepiece
An astronomical telescope has an angular magnification of
magnitude 5 for distant objects. The separation between
the objective and the eyepiece is 36 cm and the final image
is formed at infinity. The focal length  f, of the objective and
the focal length £ of the eyepiece are
[1989 - 2 Marks]

@ fy=45cmandf,=-9cm
() f,=50cmandf=10cm
(c) ﬁ,=?.2cmand}f_,=5cm
(d) Jo=30cmandf =6cm.

Topic-6: Miscellaneous (Mixed Concepts) Problems

A light ray travelling in glass medium is incident on glass-
air interface at an angle of incidence 0. The reflected (R)
and transmitted (T) intensities, both as function of 0, are
plotted. The correct sketch is [2011]

iy ————
5

Intensity

(C) 100% f <= (d) 100%

Intesitya

Intensity

0 L [

A light beam is travelling from Region I to IV (figure). The
ng n
refractive index in regionals I, IT, 1l and TV are ny, -?0 : ?u

and n_So respectively. The angle of incidence 6 for which

the beam just misses entering region I'V is — [2008]

Region I1 Region III Region IV

SE

o o
6 8

0 0.2m

(@ sin!(3/4) (b) sin! (1/8)

(c) sin'(1/4) (d) sin'(1/3)

A container is filled with water (r=1.33) upto a height of
33.25 em. A concave mirror is placed 15 cm above the water
level and the image of an object placed at the bottom is
formed 25 cm below the water level. Focal length of the
mirror is [2005S]

0‘6m

(a) 15cm <
(b) 20cm 15 em
(c) —183lcm

33.25cm
(d) 10cm J

A point object is placed at the centre of a glass sphere of
radius 6 cm and refractive index 1.5. The distance of virtual

image from the surface is [20045]
(@ 6cm (b)) 4em  (¢) 12em (d) 9em
&N www.studentbro.in
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5. A source emits sound of frequency 600 Hz inside water.
The frequency heard in air will be equal to (velocity
of sound in water = 1500 m/s, velocity of sound in air
=300m/s) [2004S]
(@) 3000Hz (b) 120Hz (c) 600Hz (d) 6000Hz

6. A beam of white light is incident on glass air interface
from glass to air such that green light just suffers total
internal reflection. The colors of the light which will come
out to air are [2004S]
(a) Violet,Indigo, Blue  (b) Allcolors except green
(¢) Yellow,Orange,Red (d) White light

7. Which one of the following spherical lenses does not
exhibit dispersion? The radii of curvature of the surfaces
of the lenses are as given in the diagrams. [2002S]

(a) R] @ (b) : .
21

8.  Sunlight ofintensity 1.3 kW m~ is incident normally on a
thin convex lens of focal length 20 cm. Ignore the energy
Joss of light due to the lens and assume that the lens aperture
size is much smaller than its focal length. The average
intensity of light, in kW m™2, at a distance 22 cm from the

lens on the other side is [Adv. 2018]

4

9. If gy and pg are, respectively, the electric permittivity
and magnetic permeability of free space, & and [ the
corresponding quantities in a medium, the index of
refraction of the medium in terms of the above parameters
T [1992 - 1 Mark]
A slab of a material of refractive index 2 shown in fig. has
a curved surface APB of radius of curvature 10 cm and a
plane surface CD. On the left of APB is air and on the right
of CD is water with refractive indices as given in the figure.

An object O is placed at a distance of 15 cm from the pole
P as shown. The distance of the final image of O from P, as

viewed from the leftis ............... [1991 - 2 Marks]
A g

nF? np=20 [
P ¢ 0
‘&15 CHTls ssman=== >

10.

4
3=

from the s ofa

11. The mtensi of li at a distance 7’

long cylindrical source is inversely proportional to “7.
[1981-2 Marks]
12. The setting sun appears higher in the sky than it really is.
[1980]

&1 v

13. Three glass cylinders of equal height H= 30 cm and same
refractive index n = 1.5 are placed on a horizontal surface
as shown in figure. Cylinder I has a flat top, cylinder II
has a convex top and cylinder III has a concave top. The
radii of curvature of the two curved tops are same (R =13
m), If H,, H,, and H, are the apparent depths of a point X
on the bottom of the three cylinders, respectively, the

correct statement(s) is/are : [Adv. 2019]
1 u 1]
A / "—T 1 ~\_ﬂ
" H H
v - v . i -
X ¥ X
(@) 0.8cm<(H,=H)<09cm (b) H>H,
(¢ H>H (d) H,>H,

14. A thin convex lens is made of two materials with refractive
indices n, and n,, as shown in figure. The radius of curvature
of the left and right spherical surface are equal. fis the focal
length of the lens when n, = n, = n. The focal length isf+
Afwhenn =n and n,=n+ An. Assuming An << (n—1)
and 1 < n <2, the correct statement(s) is/are. [Adv. 2019]

A Af
@ If =<0 then Yo
n i

Af
(b) The relation between T and

An p ) npiony
i remains unchanged if both

the convex surfaces are replaced
by concave surface of the same

radius of curvature.

(¢) Forn=1.5,An=10"andf=20cm, the value of |Af]
will be 0.02 em (round off to 2"*decimal place).

Af| |An

(G i

Two identical glass rods S, and S, (refractive index = 1.5)
have one convex end of radius of curvature 10 cm. They
are placed with the curved surfaces at a distance d as
shown in the figure, with their axes (shown by the dashed
line) aligned. When a point source of light Pis placed inside
rod §; onitsaxisata distance of 50 cm from the curved face,

=

15.
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17.

18.
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the light rays emanating from it are found to be parallel to
the axis inside S,. The distance d is [Adv. 2015]

(@ 60cm (b) 70em (¢) B0em (d) 90cm

A ray OP of monochromatic light is incident on the face
AB of prism ABCD near vertex B at an incident angle of
60° (see figure). If the refractive index ofthe material of the

prismis /3 , which ofthe following is (are) correct? [2010]

(a) Theray gets totally internally reflected at face CD

(b) The ray comes out through face AD

(¢) Theangle between the incident ray and the emergent
rayis 90°

(d) The angle between the incident ray and the emergent
rayis 120°

A concave mirror is placed on a horizontal table, with its

axis directed vertically upwards. Let O be the pole of the

mirror and Cits centre of curvature. A point object is placed

at C. Ithas a real image, also located at C. Ifthe mirror is

now filled with water, the image will be. [1998 - 2 Marks]

(a) real, and will remainat C.

(b) real, and located at a point between C and oo .

(c) virtual, and located at a point between C and O.

(d) real, and located at a point between € and O

Two thin convex lenses of focal lengths f, and £, are separated

by a horizontal distance d (where d <f,, d< f,) and their

centres are displaced by a vertical separation A as shown in

the fig. [1993-2 Marks]

Taking the origin of coordinates O, at the centre of the first
lens the x and y coordinates of the focal point of this lens
system, for a parallel beam of rays coming from the lefi, are
given by:

_ sy

@ *=g oA
_fithtd) A
B riedY Ak
(o Afatdi=d) | AGi=d)
© Bufid . Rpa
_fihtdi-d)
@d = s

cnrene €
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Passage
Most materials have the refractive index, n> 1. So, when a li ght
ray from air enters a naturally occurring material, then by Snell’s
_sinB;

law, — —=, itis understood that the refracted ray bends
sin 6 i

towards thé nornial. But it never emerges on the same side of the
normal as the incident ray. According to electromagnetism, the
refractive index of the medium is given by the relation, n= ¢/
v=1=1,Je.1,, where ¢ is the speed of electromagnetic waves in
vacuum, v its speed in the medium, &, and p, are the relative
permittivity and permeability of the medium respectively.

In normal materials, both &, and p,, are positive, implying

positive 1 for the medium. When both ¢, and p, are negative,
one must choose the negative root of n. Such negative refractive
index materials can now be artificially prepared and are called
meta-materials. They exhibit significantly different optical
behavior, without violating any physical laws. Since n is negative,
it results in a change in the direction of propagation of the refracted
light. However, similar to normal materials, the frequency of light
remains unchanged upon refraction even in meta-materials.

[2012]
19. For light incident from air on a meta-material, the

appropriate ray diagram is

(b)

@) I i meral N

o5 i

20. Choose the correct statement.

(a) Thespeed oflight in the meta-material is v =c|n]

g

(b) Thespeed of light in the meta-material is v = |'n‘|

(¢) Thespeed oflight in the meta-material is v=c.

(d) The wavelength ofthe light in the meta-material ()
isgivenby A, =4 |n|, where A, is wavelength of
thelight in air.

&Y 10
21. A ray is incident on a medium consisting of two
boundaries, one plane and other curved as shown in the
figure. The plane surface makes an angle 60° with horizontal
and curved surface has radius of curvature 0.4 m. The
refractive indices of the medium and its environment are

shown in the figure. If after refraction at both the surfaces
the ray meets principle axis at P, find OP. [2004 - 2 Marks]
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22,

23.

24,

25.
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Find the focal length of the lens shown in the figure. The
radii of curvature of both the surfaces are equal to R.
[2003-2 Marks]

o i

Hy Hs M3

A thin biconvex lens of refractive index 3/2 is placed on a
horizontal plane mirror as shown in the figure. The space
between the lens and the mirror is then filled with water of
refractive index 4/3. Itis found that when a point object is
placed 15 cm above the lens on its principal axis, the object
coincides with its own image. On repeating with another
liquid, the object and the image again coincide at a distance
25 cm from the lens. Calculate the refractive index of the
liquid. [2001-5 Marks]

The refractive indices of the crown glass for blue and red
lightsare 1.51 and 1.49 respectively and those of flint glass
are 1.77 and 1.73 respectively. An isosceles prism of angle
6° is made of crown glass. A beam of white light is incident
ata small angle on this prism. The other flint glass isosceles
prism is combined with the crown glass prism such that
there is no deviation of the incident light. (a) Determine
the angle of the flint glass prism. (b) Calculate the net
dispersion of the combined system.  [2001 - 5 Marks]
A ray of light travelling in air is incident at grazing angle
(incident angle ~90°) on a long rectangular slab of a
transparent medium of thickness t= 1.0 m (see figure below).
The point of incidence is the origin 4(0, 0). The medium
has a variable index of refraction n(y) given by

n(y)=[k"'? +1]2, wherek= 1.0 (metre) ™2

Ay
AIR P(x1, 1) )
t=10m Bix, y)
| MEDIUM
» X
AD,0) AIR

26.

27.

cnrene €

The refractive index of air is 1.0. [1995 - 10 Marks]
(a) Obtain a relation between the slope of the trajectory
of the ray at a pint B(x, y) in the medium and the
incident angle at that point.

Obtain an equation for the trajectory y(x) of the ray in
the medium.

Determine the coordinates (x;,y;) of the point P,
where the ray intersects the upper surface of the slab-
air boundary.

(d) Indicate the path of the ray subsequently.

Two parallel beams of light P and Q (separation d)
containing radiations of wavelengths 4000 A and 5000 A
(which are mutually coherent in each wavelength
separately) are incident normally on a prism as shown in
fig. The refractive index of the prism as a function of

b

(b)
(c)

wavelength is given by the relation. p(L) =1.20 +

where }, isin A and b is positive constant. The value of b
is such that the condition for total reflection of the face
AC'is just satisfied for one wave length and is not satisfied
for the other. [1991-2+2+4 Marks]

sinB = 0.8

5

(a) Find the value of b.
(b) Find the deviation of the beams transmitted through
the face AC

(¢) A convergent lens is used to bring these transmitted
beams into focus. If the intensities of transmission
form the face AC, are 41 and / respectively, find the
resultant intensity at the focus.
Screen S is illuminated by two point sources 4 and B.
Another source C sends a parallel beam of light towards
point Pon the screen (see figure). Line APis normal to the
screen and the lines 4P, BPand CPare in one plane. The
distance AP, BPand CPare3 m, 1.5 mand 1.5 m respectively.
The radiant powers of sources 4 and B are 90 watts and 180
watts respectively. The beam from C is of intensity 20 watts/
m?. Calculate the intensity at P on the screen.

[1982 - 5§ Marks]

C
P
A 60°
B 5
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28. An object is placed 21 cm in front of a concave mirror of
radius of curvature 10 cm. A glass slab of thickness 3 cm
andrefractive index 1.5 is then placed close to the mirror in
the space between the object and the mirror.

B77

29. A rectangular block of glass is placed on a printed page
lying on a horizontal surface. Find the minimum value of
the refractive index of glass for which the letters on the
page are not visible from any of the vertical faces of the

Find the position of the final image formed. (You may block. [1979]
take the distance of the near surface of the slab from the
mirror to be 1 cm. [1980]
? Answer Key
Topic-1 : Plane Mirror, Spherical Mirror and Reflection of Light
1. (a) 2. (b) 3 @ 4. (d) 7 ) S T ) 7. 3) 9. (a,b) 10. (d) 11. (c,d)

129

Topic-2 : Refraction of Light at Plane Surface and Total Internal Reflection

23. False 24. (a,b) 25. (a,d)
33. (@ 34. (b)

L. (¢ 2 e 3. (c) 4. (a) 3. (b) 6. (b) 7. (b) 8. (d) 9. (@ 10. (b)
. @b 12. @ 13.@ 1468 152 16 6 17 (0) 22 (acd23. (d
24. (a,c) 25. (d)

Topic-3 : Refraction at Curved Surface Lenses and Power of Lens
L. () 2. (o) 3. (© 4 b 5 (b 6 O 1 (© 8. (b) 9. (@ 10. (b)
I 125 Bl 4. (© 15 (800rl1500r220) 16. (7) 17. () 18. (6) 22. True

26. (a,d) 27. (a)

Topic-4 : Prism and Dispersion of Light

28. () 29. (b,c) 30. (b,d) 31. (a) 32. (a)

1. (@ 2. (© 3. (@) 4. ® 5 @© 6 (© 7 @ 8 (12) 9 @15010. 2)
13. True 14. (b,c) 15. (a,c,d) 16. (c) 17. (a) 18. (d)
Topic-5 : Optical Instruments
1. (o) 2. (a) 4. (a,b.c.d)5 (d)
Topic-6 : Miscellaneous (Mixed Concepts) Problems
1 (e 2. (b) 3v:(c) 4. (a) 5 (c) 6. (c) Tavie) 8. (130) 11. True
12. True 13. (bd) 14. (a,b,c) 15. (b) 16. (ab,c)17. (d) 18. (©) 19. (c) 20. (b)
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Hints & Solutions

Topic-1: Plane Mirror, Spherical Mirror

=) and Reflection of Light
1. (a@ ;
From figure, tan i
e incident N
i ? 2
i=30° =
(Angle of incidence) A

4,

Get More Learning Materials Here : &

(b) As shown in the figure, when the oﬁject (O) is placed
between F and C, the image (/) is formed beyond C. It is in
this condition that when the student shifts his eyes towards
left, the image appears to the right of the object pin. Object O
lies between focus (f) and centre of curvature (2f) f < x < 2f.

Movement towards left

:_ﬂ
Y 4
i I IC 0 I P
¥
(d) The ray diagram is as follows: I,,
From figure, WX'=P0=d . .
d |
ZS=RS=— d d
2
PW=2PS 1 AN L
d 2
w-ams=15 =4 el N I
Similarly, XY=d P
VY=VW+ WX+ XY=d+d+d=3d
d
(d) From mirror formula, i+l:l d_r_d_gzg
v u f veoou
ﬂ_—_vzz_( f T d‘__[ f ]zdu
du o? u-f Sy g

2
Image size = (u—_'?] % b
(40) From figure AABE and CDE are similar triangle so,

4 ; ATT
—= —1—6:» dy—4x=1.6y ||~
Y Yo e
=24y=4x '\.\
e b 4m S S
Differentiating both L
% I.6m = e
sides ,i___éu_cg:,h\‘\
- Bt 1
e 0 T - §
dt dt :

dx dy

(— = speed of person = 60cm/s and T speed of tip

dt
of person's shadow)

dy
- ——=100cm/s

dt
Speed of tip of person's shadow on the ground, w.r.t
person= 100 —60=40 cm/s
(3) Wehave, u=-30cm, f=-10 cm
| ) (ST | 1 Pl =3 ]

v T o —10 =30 30 10 30 5

60=10.6 x d—y
dt

So,v=—15cm

2
v
As VIM—_(:J Vom
i v 2 s o
:>V{—VM :—[;J [ U—Vn’l)
| e
=>0~Vm=-3(151-Vm)
s 15, 1= -5 - -15- = "
:>—Vm :_?l +va ::>T‘Vm =-—4—1 :;Vm =31

(3) Using mirror formula for first position
=%y = %cm,f= +IDcm(= %}

N Sl D e )

T e T e
Using mirror formula for the second position

2 W — Uy 2518 - -1
=+ = = —x—=3kmh
Speed of object o e
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8177

8. Since the image formed is real 10.

and elongated, the object lies
between focus F and centre of
curvature C the situation is as
shown in the figure. Since the
image of B is formed at B' itself

- B is situated at the centre of curvature that is at a
distance of 2f from the pole.

P,«1=2,-f—§=§3~£

Let us find the image of A. For point 4, u= «%,v =7

meformula,l-;-l:i =3 _l_+l=_1_
u v f ;.S_L ) —f 11.
3
1 M=
S LSS PSS
v f+5 f
Image length of rod = 2.5 f— 2f=0.5f
Magnification M=1=0—'5,-”[=1.5[vaenu=—{:l
u f/3 3

9. (a,b)As wecansee, for 6 =30° the ray will incident normally
and hence will retrace its path = (a) is correct.

12.

30
7 Y
For © = 60°, ¢ = L/2. Then, we get ray diagram shown

below. Clearly ray of light comes after two reflections = (b)is
correct.

1,

If 6 = 60° and ¢ = L/3, then we get ray diagram as shown
below

60°

L87 k
1=173

Clearly, after 5 reflections, ray comes out. So (c) and (d) are
incorrect.

cnrene €

(d) Distance of point A from the mirror is f2.

From mirror formula,

a2 b 2 Aot

piiae gt of o it
Image 4’'B’ of line 4B should be I principle axis. Image of F
will be formed at infinity.
Also light ray from infinity or towards infinity seems parallel
to the principle axis of the mirror.
(c,d) Given f=-24cm
Applying mirror formula, L +l =

o of

u— v values of options (a) and (b) match with mirror formula.
Whereas option (¢) and (d) do not match with mirror formula.
For (66, 33)

I P | 1 1

P O L I T
66 24x66 24x66

24

But the value of v = 33. The absolute erroris 37.7 - 33 =4.7
cm which is greater than 0.2 cm. Therefore a wrong reading.
For (78, 39) when u = 78 then

11 y=—3467

v —78 -24

The absoluate error is 39 — 34.67 = 4.33 which is greater
than 0.2 cm.

(¢) The formula connecting u, v and f for a spherical mirror
1 '

]
—+4+—=— is valid only for mirrors of small apertures
B ¥

where the size of aperture is very small as compared to the
radius of curvature of the mirror.

Laws of reflection are valid for plane as well as large spherical
surfaces. The laws of reflection are valid when ever the light is
reflected.

and Total Internal Reflection

iﬁl Topic-2: Refraction of Light at Plane Surface
=

(©)

Applying Snell’s law at point P
n, sin 6 = n,sin 90°
11.54/2

sinf = and n, = refractive index of liquid
:hoz +(11.54/2)%
54
oy = 2T s i 1138

(10)? +(%)2
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(¢) Ball falling Pto O Q u=0
Applying v — u? = 2gh I PN g=10ms
v-02=2x10%x72 h=72m
= v=12mls =28
e °Q 1
! Yy i
"= —=— = el
sy el T i 128m
Velocity of ball as perceived by fish l
3% 4 o oo
v_wva_5x12—]6mfs | Fish

(c) The incident ray is partly reflected and partly refracted.
ZMORB = 180° — 20 > /POB the angle between refracted
and reflected ray.

(a) Distance of virtual image from surface = 6 cm

The rays coming from the point object fall on the glass-air
interface normally and hence pass undeviated. Therefore
if we retrace the path of the refracted rays backwards, the
image will be formed at the centre only.

(b) From snell's law, Kg SiNi =z, $in90°

1

Be=—"T77
& sini

23

(b) Maximum number of reflection ==~

where x=0.2 tan 30° = 0.2/\/?_, i
=23

i ber of reflecti ——%Ji—m
Maximum number of reflection = 0.2;'\5 =

() For the image of pointP of the rod PQ to be seen by

the observer, it should be formed at point Q.

In AQNS,
NS=08=2h
ZNQS = 45°

. r=45°

Now in AOMA,
ZMQOA =45° <
MA=QA4A=h O
u= e A I}’

sini  sini

In A PMB, P
PM? = 4% + h? = 5k

Tt 1z
SMl=—F=—"F ..l
N
in45°
From cq. () and (i) = 1= = >

8.

10.

(d Applying Snell's law at 4,
1. . BhE

S D)

Applying Snell's law at B,

2, _sinf_ p3
}1 =— _— . n
T (i)
Again applying Snell's law at C
3, oMan I8
i -(iii)

Multiplying eq. (i), (ii) and (iii)
By vy W sini % il o

M M2 Py sinp sinp  sind
g =
e =1 R

If the emergent ray is parallel to incident ray after travelling
a number of parallel interfaces then the refractive index of
the first and the last medium is always same.

Here incident ray is medium-1 OA || CD emergent ray in
medium-4 P, = HE

(@) From the diagram, the ray will come out from CD if it
suffers total internal reflection at surface 4D, i.e., it strikes
the surface AD at critical angle 8 . ( the limiting case).

A FRAN)
C H'] ny
QLA o
7
B c
Applying Snell's law at P face AD of slab
n, sin 8,= n, or sinf¢ =
m

Applying Snell's law at O

n, sin o = n, cos 0.

n iy
= sin o = —-cos4 sin '(—’2—
n n

or o =sin"! [:—;cos{sin" {:—?]H

) 10

ol = \\F

C
The incident and emergent ray OA || BC & OD || EF of a glass slab
are parallel therefore, the divergence angle remains the same.
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11. (a, b) We have T N 0
S.lI'H =Ef—:>k—s_mr=smr=tanr=tan:’ v R-J, i |
sinr' uy; pg sinr' cosr Jis m
1 o =1 7/4
[ 1+1'=90°] [—24)‘”T=4_e.“ T £ -
So, sinCzdp,=tanf . v=2lcm r o
LR e This image will act as object ~ 18em l i
C =sin” ' (tanf) =sin”' (tan r) for the water-oil interface &7 Wmer
12. (a) Frequency (v) does not change with medium 7 4
Glass slab is an optically denser medium, the velocity of u=2lcmv=v,p =—,1,=7 and R=w0
light decreases and therefore the wavelength in glass g Ry
decreases. -7 4
is @ R 4,3 =0
h=1/3cm M 421 B
1 J'=16 cm.
il 5z Therefore the distance of the image from the bottom of
o . R the tank = 18— 16 = 2 cm.
2 16. (6) In the figure, C = critical angle
——
2 s S b
%= N\e: In APOM, tanC =22 = R o >
PM 8
p=+3
= 3 Sl_l'lc“—"i:E o tanC:},
3 [\ 1l 5 4
1 1 A & R=zx8=6cm e
xlz—xtanﬁ{)ﬂ:—-—cm 8 4 4
3 NG 17. (50) Let 'C' be the critical angle.
and, at interface_l 1.5sin C = 1.44 sin 90°
3 oo Ll
1sin60° = E‘Sinez :-"-’92=450 = sinC _150
V3-1
So, x,=d tan 45° = >
2 C
at interface 2: 5= = Ny
el U4 D medium 2
Again, \/E sin45°= \/5 sin by ,
2 € 9.6m 4
= 0;=30°
'v'r‘a—'—l ButsinC =—
SD, X3 =dtaﬂ3002—J—_ AB
N3 AD 144 1.50
W 25 -1S o AB=igAD
TS =_+_[1+,_J AB 150 1.44
e e ) TS B If we replace AD by 9.6 then total length travelled by light
o s i - 130,06-10m
¥ 243 3 43 s ;
2 Maximum, time taken by a ray to exit the plane
So 1 unit shift light ray by 7—5 , therefore to shift light ray a d
{t=—=
€ vy Cin,
2 g’% s IR SR WO “=_\/2"§_=4 __ 10 sxi0¥s=50x107%s
3 > 3x108 /1.5

14. (8) Here, n sind = (n — mAn) sin 90°
= nxsin30°=[n—m x 0.1] sin 90°
. 16x%sin30°=16-mx%0.1 .. m=8

15. (2) For the convex spherical refracting surface i.e., air-oil
interface. Since oil is acting as thin lens we will ignore its
dimension

7
u=-24cm,v=2p =1, u.2=£—tandR=6(:m

1

Get More Learning Materials Here : &

18.

Comparing it with t ¥ 107 s we get, t = 50.00
Frequency does not change with medium

c 3x108

fro=—————=5x10"Hz
A 6000x10710

=4000A

Wavelength in medium, 1! =, 6000A
g3
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19.

20.

21.

22.

23.

24.
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Aair _ 8000 _ 40004

1.5
Frequency does not change with the medium

8
S = Ve, _ ¥air - 30 _ 5,104,
U Moednim | Mair 6x107"

A medium =

Velocity of light in medium, ¥ =i

_3x10®

=2x10%m/s;
1.5

v 2x108
f 5><10M

y ; 1
(b, ¢,d) Given, sinf; > —
m

=4x107"m

Wavelength, A

nysinB; >1
Let draw the ray diagram

So, by Snell’s law,
n,sin@, =n,sinr=1xsinr’

= sinr'=mnsinb

As ny sin 0, > 1 = sin #'> 1, which is impossible.
Therefore, r' does not exist i.e., light will never enter the air.

So, light will always reflected back into medium 1 whatever
is the value of n; and n,. So option (b), (¢), (d) is correct.

(a, ¢, d) From Snell's law, z, sin6, = n,sinB ¢ [+ 1and2

interfaces are parallel]

I depends on the refractive index of transparent slab n(z)
but not on n,. But 6, depends, on n,.

Because laieral d.lsp{acement (I) is possnblc due p of slab
and angle of incidence 6.

(¢, d) For the ray undergoes total internal reflection
Angle of incidence, i > critical angle, g_

1
or sin45°> lcrL >—orn>+2orn>1414.
n n

V2
(a, ¢) Using Snell’s law at P; n_sini_=n, sin (90°-C)...(1)
n_ = Refractive index of surrounding
Q  Cladding #»

m

Core

2
Hz n
Alsosin C= —_ cos C= 41 —[—21
n V4
Now from eq. (i)

25.

26.

Numerical aperture,

,
gt = 4 =y
NA=sini = n, Wsc‘ns 1 ”12
P e
nﬁ'
For §, (in air) For S, (in water)
5% 3 STAAMST 909
e ot A B Aol 4,116
Fors [inns=%] For S, (in water)
= Y5 [85 9 3 [o4 2
6 V16 4 “4\25 25
315345
24 4 5
X 4
For §, (in air) For §, (inn = ﬁ)

16 25 25 16
(d Numerical aperture, NA =L Jn,z - n%
n

L]

Numerical aperture, of combined structure is equal to
the smaller value of the two numerical apertures.
Apply formula for refraction at a spherical surface when
light travels from air (u, = 1) to medium (u,).

‘h _1 Hi M2l

r

Here, NA, < N4, =% fm;_ <i

WK CR T R
First refraction occurs on plane surface for which r =

e
= L.5mR s g
L vy R

ST W, =—1.5mR)

Then, on curved surface

Piao b, Sl b2
Va Us r
R - )
w —(15mR+R) -R

whereu2=v1+R.v1=w

or
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27.

1.5

OF  RASm+1)

0.5
=? or 3=15m+1

4
or 1.5m=2 or m=§

The x - y plane is the boundary between medium-1 and
medium-2

28.

Figure (a) shows vector OM"'= 6 i+ 8\5]

Figure (b) shows vector 4 = 6+/3i+8+/3 ) -10k
The perpendicular to line MOM' is Z-axis which has a unit

vector of. .

Angle between vector MP and OP can be found by dot
product.

MP .OP = (MP) (OP)cos i
(6\/§?+8J§}-10£].(~ﬁ)
V(6B + @37 +(-10)2 +(-)?

= i=60°
Unit vector in the direction of MOM' from fig. (a)

= 6'\5}‘*3\5,} SRR S

B:= n=—i+
(&SP +@By 2 "5 s
To find the angle of refraction, we use Snell's law

3 sini I sin 60°

= Cosi

S = r=45°
-\E smyr s r
In?ident ray
I
(sin r) n
x-y plane o
¥, —(cos rk
il
Refracted ray

Now, 7 = (sinr)n—(cosr)k
: J o
= (5in 45°) ]i§5+;j}—(¢0545°)k

1 - - -
= —[3i+4) -5k
r 5\!’5[' J ]

The angle of incidence at the curved surface of the

cylindrical rod is given by (90° — B).

The light entering the rod does not emerge from the curved
surface of the rod, if the angle (90° — B) is greater than the

critical angle C.
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Le = where C is the critical angle.

sinC

1

I
Here, C=90°-P 2 0 sihpoop == 5ep

As a limiting case, p = e (1)
Cos
Applying Snell's law at 4
i sino

Sina < e
u=m =>smB=T L)
If & = n/2 as a limiting case on planar end of rod
; sina.  sinm/2 1
sin f = T = = m .. (1ii)
From eq. (i) and (iii), sin B = cos B
or PB=45°

1 1

M= cosdse 1742 M7 V2
.. The least value of the refractive index of rod for light
entering the rod and not leaving it from the curved surface
is 2.
(i) According to question, a parallel beam of light is
travelling in water by a spherical bubble of radius 2 nm.
Initially the object is in denser medium and u = oo using the
formula of refraction at a spherical surface for 4B see
diagram below.

00 O —4!3+l=l—4f3
ul oy R - v 2
=-6mm

This is the position of the image due to refraction at the
first surface i.e., at 6 mm left of first surface. This image will
behave as a virtual object for the refraction at the second
surface.

u=-6—4=—10mm
Again using the formula of refraction at a spherical surface
for CD
-1

4
BB _MeTH ) 4/3 3

] 3 e——e——
u v' R 10 v- _2
S vV=—5mm,
i.e., Final image, is formed 5 mm to the left of second surface.

(i) Ray diagram showing the positions of both the images.

(;Sm—)
(i) Letx is the incident angle for reflection at face AC of
the prism. For tofal internal reflection x > i, (critical angle)
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v =12 2
my=—=——="=
u -30 5
Net magnification,

Let y be the incident angle of the ray on face CB of the ¥ omF
prism. For total internal reflection L3 i e s i
y>i, i S (*+ v=-50 cm, f=30 cm)
x+y>2£ v="T5cm
But x=/ZAand y=4Z8 (from geometry) Principgl axis of mirror
S xt+y=90° »
= 9052i, = i <45° /’ mj;_:\\ '
- Minimum value of refractive index n of the medium = i_h ;aisucmi
for this to be possible. B \.H}\ ]
1 30° g
n=——=—e=V2 I ot
siniz  sin45° rincipal 1
axis of :
i) F —§=>si.ru"=l—L—-3 S = Miror
G 3 C B 53 5 ¢ The image formed by convex lens acts as an object for mirror.
y=30°(Given) .. x=60° {onthee BirkS, B VOB SB oleainitn
For minor v+u P v+25 50 v=—50cm

¥ .
x>i, but y<ig

. Total internal reflection will take place on face AC but The image I would have formed as shown had the mirror

been straight. But here the mirror is tilted by 30°, Therefore

not on CB. the image will be tilted by 60° and will be formed at A.
o Topic-3: Refraction at Curved Surface, Here MA = 50 cos 60° = 25 cm (x-coordinate of the image)
=3 Lenses and Power of Lens and I'A = 50 sin 60° = 25/3 cm (y-coordinate of the image)
Hence, coordinate of the point at which image is formed
1. () From lens maker’s formula, focal length of convex lens (25, 25 3 ).
() Z. 1 3
3. (¢) Here p= L =—=—=15
1 | 1 d
— == —=— |=05-1) L_[_l_] 1_1 Avetiun 2 2
A R R 20 \=20/|f; 20 l 3
¥
5 f1=+20cm Also m=_=_§ ['.'V=8m)
Similarly, focal length of concave lens ( f5) b
Su=-24cm.
L_ =(u- 1)[ i 8 L] For a plano-convex lens
f R Ry
Ll bl s RS )
A e __1___1_']=_1_ f R yis R 8 \-24/ 8 24 6
i 20 20| -20 GiResdin
o f,=-20cm 4. (b) The focal length (f)) of the plano-convex lens with
Now for lens L n = 1.5 using lens-maker formula
Jocoy 10 3 T ) LA
o PR s 1 k- e | ]
et =D B S =) == —
ik Al e a7 7 (m ][Rl RJ (1.5 1}[14 w} 28
L %+L R, The focal length (£, of the plano-convex lens with n = 1.2
v =10
ey v -20 5.2l i M B T R N T
Magnification M, = —J=_—m=2 £ (n ][Rl R, N
Again for Lens L, Focal length F of the combination
u=-20-10=-30cm, /,=-20cm e i
— e et s T s
L O S T W i
c‘;n R e ¥ 0 Now, applying lens formula for the combination of lens

So, magnification,
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| 4 | I 1 1

] -
Y F Palowl prer e
F=40cm '
: AB
(b) From the figure in A ABC, tanB:E
= AB=ACtanp .
= 2r=ftanf .. r= %tanﬁ
tan’ B 2

Area of image formed by sun = 2= g——= f% o 2

Parallel

Rays from
object placed
at infinity

Focal
plane |

Biconvex lens

Image formed

on focal plane

(b) Focal length of the biconvex lens L is 15 cm. A small
object is placed at a distance of 30 cm from the lens i.e. at
a distance of 2f. Therefore the image should form at 30 cm
from the lens at /.

———— 30cm ———el Dcme—20 cm—
The image /, acts as a virtual object for the mirror. The
mirror forms an image /, at a distance of 20 cm in front of it.
The image /, acts as an object for the lens.
Here, u=+10cm, f=+15cm

1
Applying lens formula l—~-=i
R

2] 1 25
=5 +

v 15 l() 150 _
Therefore final real image is formed at a distance of 16 cm
from the plane mirror,
(¢) From the graph u=—10 co; v=

v==6cm.

10 cm Au=Av=0.1

Froun feas foemulh =~ = <=~—
rom lens ormua.f—v “_]0

f=5cm
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11.

8183
Diﬁ'erentiating lens formula,
1 Af Av : :
?:v = f2 :2_+u_2 (for maximum error in f)
= A0, Ol Ar=25x0.1%2x001=005
25 107 (10

.. Focal length, f+ Af = (5.00+0.05) cm.
(b) The focal length f of the equivalent mirror when lens
is silvered,

l; 2 I "2 5 1 T 15

N fm
Since fhas a positive value, the combination behaves as a
conver gll'lg mMIrror,

Hlove v =— 20, f=_§cm, y=2

According to mirror formula l+l=_1_
v u f

Yo e Lt
i A T Wi

Negative sign indicates that the image is 12 cm in front or
left of mirror.

P

(a) Focal length of concave lens, f, = 5

S, = focal length of convex lens.
LS I J-k 2
.

fflfz

30f|3fl

3
fi=10emand f,= == x10=-15cm

() The image formed by convex lens, /, acts as virtual object
for concave lens. Cmcaw:lmsfmmsﬂle image of 1, at /,.
Size of the image at /, =2 cm

il
|

| 26 cm I4Gm|
" Stem >
For concave lens, l_l= &
v u f
L IO S e e
3E W v 30 AR

or v=>5cm = Distance of /, from concave lens.

o _ v size of image _ 5
Mgpeiicatin, = u size of object 4

it
- size 0 zlmage w1

.. Size of image due to concave lens = 2.5 cm
(d) The Lens maker formula,

L 2 I( H; \1 (]_ L\
£ \m J Ry sz By B3
If pu, > p,, the concave lens maintains its

nature otlherwme the nature of the lens
will be reversed.
So, the lens should be filled with L, and immerse in L,
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12.

13.

14.

15.
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(a) For concave lens as shown in figure, in this case
R=—=K and R,=+R

g onigbaniks
g“‘;_ﬁ
AL [15 1)(_l_l]a 0.25x2
= R B o o e 1.75R
o, f=+335R
Hence lens behaves as convergent lens of focal length
f=3.5R

(¢) A convex mirror and a concave lens always produce
virtual image. Which cannot be taken on the screen.
Therefore, option (b) and (d) are not correct. The image
formed by a convex lens is diminished when the object is
placed beyond 2f.

Let u=2f+x
gt oL S-tolt
v 4 f v —(2f+x) f

1o 1. Sy (Fis)
= VT 2 f@f+x) JCTf+D
Butu+v=1 (given)
(2f+x)+f{2f

¥i @f +x)°

2f+x[1+f+x]sl —_f+x <1

(2f + x)? < f+ x. This is true for f< 0.25 m.

(¢) Spherical aberration occurs due to the inability of a
lens to converge marginal rays of the same wavelength to
the focus as it converges the paraxial rays. i.e. , the marginal
and paraxial says are focussed at different places on the
axis of the lens and therefore the image so formed is blurred.
This aberration can be reduced by using a circular annular
mask over the lens.

(80 or 150 or 220)
From reflection from mirror M,

1 L% ] sy 1 1
v u f v (-10) (-12)
dodal =+60
T I0L TBrss Srnoaes o

20 cm

16.

For refraction from lens, L
= o st 1 1 1

v u f

ey T
V= +$ (For imagel,)
This image should be at focus of M,
: 2_(]'_+§E n.__ 3000um

3 n=150
sl f 14

: : . 8
Ifimage 1, is formed at pole of mirror M, then %=70
S.n=80
Ifimage |, is formed at centre of curvature of mirror M1
22070 - =20
3= Son= .
(7) Applying mirror formula
RO Lok - 1 1
el ey e e T
vou f X v fu 10
el e e S
y - An amg Ry ¥ A
Bl o s 20l
And magnification, m, = s =-2
£, =-10cm f,=+10cm
15cm
30cm—>

(—“—'—_SOCITI—)
Now for refraction from lens, u = —(50 — 30) = -20 em
L 1 1 1 1 l

L —20 10

0 e A i

e 10 20 8 T
; : v 20

Magnification, m, = “__._p_(}__l

Magnification produced by the combination,

M= =“m, =) = (1= 1
Again, when sysrem is kept in a medium of refractive index
/6.

There is no change for mirror in this case,
For lens, L = [ﬂ—l] [L—LJ
fi Nk Ry R,

L_(ﬂ_O[L L] L:E[L_LJ
7\ BR)T S WA B

Also, when lens was in air

1 sk e
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Using this result in eqn. (i), we get 19. When two lenses are in contact, P= P, + P, = 10
L2l fre 35 o When two lenses are separated by a distance d(d = 0.25m)
—_=—x— .\ T —
ﬁ- 775 ST P=P1+P2—(0.25)P|P2=6
o From these two expressions, we get
Again using lens formula, ——-—=— P P,=16m -2
v g
O o e e R-P=\(R+P) -4RP,
——E=E:>—=E—E=m SLv=140cm ;
53 ( 140 =4(107")* -40167") = 6m™
Magnification, m; = E=E = . P/=8m~'andP,=2m-!
M
Magnification produced by the combination, PRI 012Smant 7, = el
M,=m>m)=(-2)x(-T)=14 B 8 B2
M 14
e (0 A 20. "‘p:—”:—li=l.125
M, 2 TR
17. (6) Whenu =-25cm using 1 =(u-1 Sl [Lens-maker's formula]
f R R
) B 1 1
—=—t4—=—4—=—-=1=100cm ] -
v w200 =257 100 Lopsnl it )
- 15 R Ry
SRR e 4 -100 4
SRR and —= (1.125—1)[L—l] )
When u = —50 cm h? 'd'j @b (__)Rl Ry
ividing eq. (i) by (ii
L 1 3 100 o g bt 0.5
—=—F—=—+4—=——=yp=—"cm Fix g 2l T L
v f u 20 -50 100 3 15 1.125-1 0.125
s f'=60cm
msy LE *IDOOX__I = 2 21. From the diagram it is clear that the focus of both the
o 3 30 3 lenses should coincide at F
. S d=20-5=15cm.
s
SO, T oAy 6
18. (6) f=10cm
2 cm
A (9] B Al
B¢ 160 2 '. o
=" 5 303 |
40 T
3 22.
By lens formula, 4 =i+l =S v= ut
v f u f+u
40 ;o F=-30cm.
-—x10 Hence combination of lenses behaves as a concave lens
So, OA'=—3— =40cm of focal length 30 cm. :
A +10 Since F < F.. violet colour is deviated more than red colour
3 when white light passes through a lens or prism
43 . One sees coloured pattern with violet colour at the
x10 430 outer edge.
and, OB'= =t 1—3-cm 23. False The image formed by the convex lens at the focus of
——+10 the concave lens. Therefore I will act as a virtual object for
3 concave lens and image will be formed at infinity. Hence
: 430 90 after refraction from both the lenses, rays will become
So, AB'=0A'-OB' =40- T T parallel to the optic axis.
3043
13 1 _apoF .
i i i o SEREY =#n
Therefore, tana % ﬁ o 6 _::_1
13 ¢t Wm]j
So,n=6 :ﬁ%“mw

|4—0.75m —»|4-0.25m —»|
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24. (ab) The image of a point object o at a height of h in the /

figure is formed onto itself i.e., object and image are at
same distance from equivalent lenssoh = Zfeq

0,1 0 I
|

f=20cm
P Sl
= m—y:b— —_30=:>v— cm
1 : : For reflection, applying mirror formula,
1 1 -
- =2—-+2[—]+( J . e N CEE PR e
i) | S gy ) i T T e
1 . 0.6 & The image formed by convex side is faint erect and virtual.
__=2[ }4.2[;]4.[_) ... (i) By lens maker formula
e B i 1 (m )L 1
From (i) and (ii) 5 o\n R R
1 12 2(1-n) 2 32-2n 9 1_(»:; )(1]
R s = — = oL b= cn I o it | Bt SR Ve
h/2 9 9 h 9 1.6—n Mt g

(Refractive index of lens)

Therefore for (a) n =1.42h =50cm (b)n = 1.35,h =36em (c) 27. (a) Using formula for spherical refracting surface

n=1.45,h=60cm (d)n=1.48,h="75cm

so option () and (b) are correct. b . S o S0
25. (a, d)From figure, in AOAB Fa i s
R?=(R-hy+1 .
R2=R2-2hR +h2+ P2 O B s
= 2hR = b+ 12 i e e
gl g >t :
R 2? I‘:’—u%f—rg S

Hence option (a) is correct.
Now from equation of surface

Hereu=-x,v=+x,R=+Ru, =Lp, =15
-1 1.5 1.5-1
.—+..-.—=

Dy — o x=SN=PF0
y=Yo+om A0 | B
2g 28. (b) Spherical aberation is smaller when the curved surface
22 is facing the object because the total deviation is shared
o= Bk between the curved and the plane surfaces.
2g 29. (b, ¢) Image formed by concave lens and convex mirror is
Now using formula for refraction at curved surface virtual and erect. Concave lens and convex mirror are
diverging in nature.
g2 0 M2 Therefore the refracted/reflected rays do not meet.
v u R These rays are produced backwards to make them meet.
4 1 4 30. (b, d) The image formed will be complete because light
1 = amt j B Lo bigl & rays from all parts of the object will strike on the lower half.
V —H-h) R Vi3R “3H A
[+ h<<H] A { \
1 2n 4 _1_ 4| oH = z
Vo a2 3H. V. H| % . F
; > l
2
: 3H w°H - ; ¢ g -
L= T[l +4—g-T (Apparent depth) But since the upper half light rays are cut off, the intensity
will reduce.
Hence option (d) is correct. 31. (a) Power of lens combination,
26. (a,d)For lens, applying lens formula = (RS R 1
=-15D

= =t —
f- f K04 <035
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32. (a) Total angle of deviation of the emergent ray with (iii) Preceeding as above
respect to the incident ray u,=+15¢m, f;=-20cm
0= (89— dy) + (m—20p) + (8~ ) o
o= n+28,-4¢).... (1) So, Vg = ———— = 60 cm. So () > (Q)
sinB, =n sinf,....(ii) 15-20
I-?fcr(P)n;BZ,a= 180° (iv) u;=-=20cm, f; =-20cm
if a=m,20,—4¢,=0
Bo=2% Vi =M=—10cm
) (8 -20-20
sinf=2 sin 9 So,u,=—15cmand f, =+ 10 cm
FOI(Q)ang,uzlgoo Then, V2=_15xw=300m‘30(m—){T}
8=24y -15+10
34. (b) For double convex lens, (P) o (p—l)[l—L:]
Sl R, Ry
R |
SRR ) W £ K
- pt Pk
1 SR s T SR
Feg 1 fz e P
{3
no Ey S
AL eq
sin 6= 3sin [?U] ; 2
or, 8,=60°0° For (Q) plano-convex lens % = (p_ 1){%4%}
For (R) n = /3,0 =180° $ R A S
9.0=2'¢0 :(1.5_1)[;_"_’.}=T=§ s f=2r
51n90=J§sdeo L_i+_l_..1+i_2_.l
sin 20, = 3sin g Fo fi fr 2 2 2r 7 Futr
cosy = 312 For (R) plano-concave lens
= 30°,0° L i [_L_L] 0
For(s)n:JE,90=45° f'(' =Wt o
Sin45°:-\/_2-cos¢0 ,1_=.1_+l=_l_+L =F =-—r
cos ¢,=1/2 or ¢ =60° R B A =
o=180+ 290—2% © For (S) combination of one double convex and one plano-
or, o.— 180°+90° — 120° = 150° concave lens
33. (@ () uy=-20cm e U
e = e — =
fy=+10cm P 2r 2r = Fﬂ? 4
L = _l_ + .!— e s llf 35. A‘Ps r; B'q&a H C‘PJJ; D'ths
vi fi u u+f When a ray of light enters from rarer medium to denser
medium it bends towards the normal and its opposite when
-20x10 the ray of light travels.
50, ¥1'= 50+10 = 20cm From denser to rarer, it bends away from the normal.
= £ =415 (@) Asp, <, theray of light entering the lens will bend
Now, uy =+15 em, f, =-+15 cm towards the normal.
15%15 (B) As p >, the ray of light entering the lens will bend
S VY 7.5cm (from lens 2). So (I) = (P) away from th!;znormal.
4 4 (C) Asp,=p, therayof light coming out from the lens
@) w== 20 em without any deviation.
f; =+10cm (D) As p,> u,, the ray of light coming out of the lens
2010 deviates away from the normal.
So, 1 = = 36. A-p,q,55;B-q;C-p,q, 583 D-p,q,r,8
-20+10 Image formed by concave mirror (A) convex lens (C) and
Now,u, =+ 15cm, f,=—10cm concavo-convex lens (D)
: 0 Can be real, virtual, magnified, diminished. And image is at
So, v = = =-30cm. So(Il) = (R) infinity. when object is at focus.
I5=1 Image formed by convex mirror (B) is always virtual.
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37. Given: f=03m,u=-04m 1 1 1
=5 =+ i
Using lens formula, l——I—=-1—:>v=1.2::r1 e motd
v —04 03 1 1 1

38.
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| bl 13 |
Now, differentiating lens formula, ———= ? w.r.t. time ¢
v

u
1 dv 1 du du
e =0 given —=0.01m/s
v dat W2 dt i
d 1.20 3
2t Q27 o 51 o9
di (. 4}
Therefore, magnitude of rate of change of position of the
image (w.r.t. the lens) = 0.09 m/s udv vdu
4 d
Lateral magnification, m = ™ d—T = %&—
—(U 4)(0.09)- (1 2)(0.01) = 0355
04)

i.e., Magnitude of rate of change of lateral magnification
=0.3557",

The first half lens (1) forms image of OA at O'A’ and the
second half lens (2) forms image of OA at O'A’,

ety d—e—y td——

< 18m >

Here, u, +v,=1.8m . (1)
The magnification of lens (1) is 2 (given)
Va +d .
s -~ .. (11)
Uy —d
From eq. (i} and (ii)
Uy =06+d,v,=12-d
Applying lens formula for lens (1)
1 o ideinc ol
vo+d uy—d [ . (11)
Again applying lens formula for lens (2)
S L .
vy uy S (1Y)
From egq. (iii) and (iv)
heyanie ot 5 ot
vp+d up—d vy uy
| 1 o s 1
~ 12-d+d 06+d—-d 12-d 06+d
d=0.6m
L+L et
Substituting this value in eq. (iv) Uy = N

39,

40,

1206 05+06 f " o 04
() Since Yis below of optic axis 4B and X above, therefore
the image is real and inverted and lens should be a convex lens.
Steps of construction of ray diagram for a lens:
(1) Join XV. This represents the ray originating from the
source X and meeting the image Y. Since the ray is undeviated
after passing through the lens, therefore O is the optical
centre of the lens, Draw Y,0Y, perpendicular to 4B.
(2) Draw aray from X, parallel to AB, XM, It strikes Y,07,
at M. Join MY. It cuts 4B at F. This is the focus of the

convex lens.
¥

e

(i) Steps of construction of ray diagram for concave
mirror
(1) Drawa line YY" perpendicular to AB such that BY = BY'
' ¥
N

B

I
I
)
I
I
I
|
|
I
|

m& .

(2) Join Y'X and extend the line it cuts Ihe line AB at point
0. The point O is the pole of mirror.

(3) Join Xand Y. It cuts 4B at the point C. This point C is
the centre of curvature of the mirror.

(4) Draw XM parallel to the principal axis. Join M to ¥, Let
it cut AD at F. Therefore, F'is the focus of concave mirror.
(i) Here, the two identical halves of convex lens L, and
L, will form two seperate images S , and §, of the smn'ce S

at equal distance. These images S, and S, will behave as
two coherent sources.

]
:

W= ———— i
4 ‘O—" A3m 2
v -‘““‘-—:

-
Ly zn—.g—h
= 01Sm -

1 3m ————

For lens L and L

u=-0.15m, v=% f=+0.Im
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Linear magni-ﬁcation, m= ¥ Jst Uil ; 1L 3 AN 7
u smi = sinr > 2 = sinr>smi” = r>i
0.3 : ;
m= e = -2 Ray PR will be totally internal reflected along RQ. On
Two images S, and S, of S will be formed at 0.3 m reaching O, the ray will be refracted in med II. Hence, the
frcith th6 lens. ray will ultimately l?e reflected back in medium II.
S, will be 0.5 mm above its optic axis as m = -2, 42, Here plane surface is the refracting surface .. R = o
S, will be .5 mm below its optic axis as m = -2.
2 d=55,=1.5mm=15x103m BN o i
D—]BO 0)30"10111 e T
A=500nm=500x 10-°m=5x 107 m, : ; ; ‘1; i
s
Fringe width B = % g W e -
ol bl o
(1.0)5x107) o ¥ 4 0at
e e T ¢ T T el % = o K
= Lsx10 T P73 - o L 0
Since point A is at third maxima, b4
| P Again refraction takes place from spherical surface,
OA=313=3><(§><10_ ]=10‘3m M B2 Bl
) R
L 04=10"m S
(i) Variation of OA4 with gap between L, and L. = —£+“2 i = (2 /y) -1
If the gap between L, and L, is reduced, d will decrease. u : V3M x R
/4-1
R —— ———— 8. =
B= =" . Bwill increase. SR R

Distance OA4 will increase.
Ray of light first enters from medium II to medium III, i.e.,
from denser to rarer medium.
Case (i) : Whenn, <n

j <pn <
e, ny<n <n,

n

nyn : 3 3 s
AL L B sm"(n ) < sm‘l(” ]
n 2 2

Obviously n, < n, and the angle 6 is greater than the
critical angle required for the ray passing from medium II
to medium III. Therefore total internal reflection will also
take place when a ray strikes with the same angle at the
interface of medium II and medium IIL

Case (il) : n,>n, butn,<n,

The ray will get refracted in medium III as the angle 6 will
now be less than the critical angle required for medium II
and medium [I1 pair.

41.

1
or,

43.

Medl 'R

.......................

. Med I

Med I1 F
Applying Snell's law at P
i n ny .
_S{nﬁzni -, sinr= —>sin@
sinr n3

Wl i B ]

When the refracted ray PR meets the boundary DE, it is
travelling from a denser medium to a rarer medium. Hence
the ray will be totally internally reflected at DE ifits angle of
incidence r is more than the critical angle for med I and 1.

Get More Learning Materials Here : &

2 ///a.//////
NS

Now, applying Len's maker formula,

={j= )L—-L} —G— 1]{% —i] ‘. f=15cm

(1} Here the silvered concavo-convex lens behaves like

a mirror whose focal length —l- = 3+ L
b &
Jf, = focal length of concave surface = — = 30 cm
J, = focal length of concave mirror = > 10 cm
R=60 cm
R=20cm

£--=30 %10

4
30
Let P in be placed at a distance x on the optic axis such
that its image is formed at the same place ie., u=v=x

Using mirror formula
1 gl 1 1 1
S =
vV o u =7.5

x=15cm

—X =X

1
.
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45.

il

4
(i) When concave part is filled with water of p = 3

Now, before striking with the concave surface, the ray is
first refracted from a plane surface. So, let y be the distance
of pin, then the plane surface will form its image at a distance

3y b, = h) fromit.

Usin Bs b Ho—iy
g v R
i_ 4/3 1.5-4/3
=20 ﬂi —-60
3
e
or . 403600rx— B4cm

ﬁx=x] = - 15cm-13.84cm=1.16 cm

From figure (i), there is no refraction. Therefore p, = p
From figure (ii), here the convex lens behaves as a diverging lens.
Therefore, p<p, .. p, <p,
Focal length of the equivalent mirror
Do ShEe 15 522 sl
+—F—=—t+—

IJm [ Im
Zeio) 1 §-F\E 2]

+ i

T2 » 0 N 110

As the focal length is positive it is behaves as concave mirror
Applying mirror formula

i -4 4 L e |

el e T g T
1 121

= . 16110

v=-1lcm

The negative sign shows that the image formed infront of
mitror hence the image is real.

Topic-4: Prism and Dispersion of Light

Get More Learning Materials Here : &

(a) Applying Snell's law at A
1 xsind5°= 2 xsinp .1, =30°

1 P
sinC= —=—
n 2 _\_45}3
C=45° A
In AAMB,
90°+9+r]+(90°~C)= 180°

= 90°+6+30°+90°-45°=180°
s B=15°
(¢) From the graphu=-10cm;v=10cm Au=Av=0.1

rom lens ormua,f—v = 10
f=5em

2

cnrene €

¢ EN
I ;vcm

C wem-31 230 20 10
Differentiating lens formula,

11 o v, b

0(-9,+9)

f ¥'m 22 —  (for maximum error in )
u
& Q1 61
Lo 2
25 (10 (10)

= Af=25x%0.1%2x0.01=0.05

. Focal length, f+ Af = (5.00 % 0.05) cm.

(a) For minimum deviation the ray in the prism is parallel
to the base of the prism. This condition does not depend
on the colour (or wave length) of incident radiation. So in
both the cases, for both the colours by geometry, angle of
refraction, r = 30°.

(b) For minimum deviation, incident angle is equal to
emerging angle. And ray QR inside the equilateral prism is
parallel to base.

(¢) There will be no refraction from P to Q and then from
O to R all being identical made of same material. Hence the
ray will now have the same deviation.

g

G e

(c) Applying Snell's law at P,
sinr
=— e A3
H sin 30° t= i
= sinr=—=0.72

& =r-30°=sin-1(0.72)-30°
The rays make an angle of
26 =2 [sin ~1(0.72) — 30 °] with each other,
(a) The phenomenon of total internal reflection takes
place during reflection at P to reach at BC
Yot 413 . 8

sin crﬂfcafz_z—w TR T
;’,_,_ My 3429
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Ray Optics and Optical Instruments B191
7 From eq. (i)
For 8 = 60°
B !
s 3 ;
g 85 ¥ o irz_— =+/3sin(75°-C) .. C=45°
S Z__:-.: __________ Fromeq. (ii) n = J3sin45°= £
SRR, 42
sin €S e T ol sogie 0. = - .
gr % 9 10. (2) Applying Snell’s law at A
8.  (12) By using optical reversibility principle sin60° = n sin r D)
For prism P, : Minimum deviation Differentiating w.r.t ‘n’ we get
using Snell's law, dr
A 60° O=sinr+ncosrx —- - (i
]XSinB]:'\‘/iSillf l'1=l'2=?=—2'—=30° dn ()
; ol
sin@, = V3 x >
H e Again, applying Snell’s law at B
For prism P, : Incident angle =60° sin 6 = n sin (60° - r) ...(iii)
Differentiating w.r.t ‘n’ we get
@ - o + o —_— ﬂ
cos dn_—sm(ﬁ() —r)+ ncos (60° -r) 4
Eg_ il 600 600 [_.iulr_
cos ™ = sin (60° — r) — n cos (60° — r) "
[from (ii)]
1 x sin 60° = —‘@sin f -
42 B et [sin (60° —#) + cos (60° —r)tanr]  ..(iv)
o ﬁ:£sinq Frmneq.(i),fbrn=\f§wegetr=30°
r) +r,=60° From eq (iii), forn:Ji,r=30°weget9=6ﬂ°
1 Substituting the values of r and 0 in eq (iv) we get
sinr,= 7= .. r;=45°andr, =15°
V2 o 1 i3
B & oo il [sin 30° + cos 30° tan 30°] =2 E+_ =2
——sin(45°) =1xsin6 ;
2 11. At face AB of prism ray falls
- = normally using Snell's law for
157 = i rad = 1—2“18(1 the refraction at AC,
J_ psini=(1)sinr
ki '
0 =sin ]L/_iﬁm(ﬁﬂ Lp=12 \25in30° =sinr = r=45%
9. (1.50) Angle of deviation at face AC
In AXYZ, 90° x r+90° - C + 75°= 180° =45°-30°=15°
1+C=75 = 1=75°-C weeli)
Applying Snell’s law at Z sin["i—;ﬁm-) sin(@:-;-s—m)
T YO o 12. =—= L = S
J3 sin C = nsin 90 X H sin 4/2 sin60/2
J3 sinC=n i) (ZA = 60° for an equilateral triangle)
Applying snell’s law at Y ¥ = 60 +5m =45° = dm=30°
1 xsin@= /3 sinr bR The condition is for minium deviation. In this case the ray
; inside the prism becomes parallel to base. Therefore the
= 43 sin(75°-C) Rildex= 3
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angle made by the ray inside the prism with the base of the
prism s 0°.

13, True

For the light to split, the material through which the light

passes should have refractive index greater than 1.

Since the prism is hollow, we get no spectrum as no

refiaction and no dispersion occur. The thickness of glass

slabs through which the prism is made can be neglected.
14. (b, ¢) Given angle of prism 4 = 60°

For minimum deviation.

== A2 =300 o |
and from §ne[1’5 law, n x sin i = | sin r,

s 2 i
= lxsm:=nlsm—£

W 3 RO
sini==xsin30°=—x— = sini=—
2 22 4

At another face of prism
ny sin 30°=1 sinfe)

On differentiating both sides An sin 30° = Ae cos {e)

» An
LZcos(e)
or, Ae= - =—2,.-=An
2 1-3 N7
16
AE=‘2~A”:>Ae¢AnandAe-xAn
\[_F
An=28x1073
A6=M=2uxw3m=2nmrad
i : ;

15. (a, ¢, d) For minimum deviation
il =g A
A
I, =r,=r(say) = By

Sfﬂ "—'21‘1—44,

Here §,, =A=2i—-A=4 B
:']=A=>e=A

H==
Relation between p and A
_sing

sin

sin A4 _2sinA4/2cos 4/2
sind/2 sind/2

When emergent ray tangential to the surface

=2cosA/2
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16.

17.

18.

mPhysics|

_sin90° 1

sinr  sing

= F *siu“](]J
h= et
!

A

But r]+r2=.4

. =4 —sin”! (—1—J
H

Applying Snell's law at 'P'
ini 5 gt
— s psin(A - sin '—}

L =8

sing | . A
For minimum deviation through isoscletes prism if
£B=/C,PQJ BC.

(¢) Angle of deviation for the first prism P,

5]= n =14,
Angle of deviation for the second prism P,
8=(p,—-1)4,
For dispersion without deviation, 8 =0
1) . .

(= D4, =G, = Ay o, =g 4=
(a) The colour beam of light for which i > ¢ will get total
internal reflection.
£
" sin45°
i.e. For an angle of incidence of 45°,

that colour will suffer total internal
reflection for which p > 1.414.

=1.414

o sinC

Therefore, ved light for which p <
1.414 will be refracted at interface AB
whereas blue and green light will
suffer total internal reflection.

(d) e— f.When the ray enters from the rectangular block
to prism then angle of incidence > angle of refraction, so
H, > p,. The ray then moves away from the normal when it
emerges out of the rectangular block. Therefore 1, > p..
e —» g. As there is no deviation of the ray as it emerges out
of the prism, .. =

e — h. As the ray emerges out of prism, it moves away
from the normal. .". p, <, . And the ray moves away from
the normal as it emerges out of the rectangular block, .. p,
> Hy

e—>i. At the prism surface, total internal reflection has
taken place.

.. Critical angle 45° > C = sin45°>sin C
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19.

20.

21,

1 Hp

—_— D —

2wy

A
(a) At minimum deviation, 1 = = 3 =30

By Snell's law

&>

sinj, sin i aF. :
p= lo3= : =>51nl|=7:~»1]=60°

sin sin 30°

(b) In the position shown,
net deviation suffered by the ray of light should be

minimum. Therefore, the second prism should be rotated

by 60° (ACW)

B,D E

A C

(a) sini =p sin #
or sin60°=+/3siny

; 1
sinpy = 5w = 30°

Now, r, +r,=4 ;
A=y =l ~30° =0

Therefore, ray of light falls normally on the face AC and
angle of emergence i, = 0°

(b) Multiple reflection occur between surface of film.
Intensity will be maximum if constructive interference take
place in transmitted wave.

For maximum thickness, Ax=2ut=4

,_ A _ 6600
Top 2x22

(a) The rays incident at any angle on the interface BC
pass through without bending at this surface if n, = n

=1500 A

2

10.8x107* 1.80x10~*
1204 —— =145+ —
2 2
Lo Ao
(where A 1s in nm)

(9.0x10*)"
or k= l_OES_J =600 nm
(b) For light of wavelength A, = 600 nm, the combination
of prism acts as a single prism shaped like an isosceles
triangle ABE as shown in figure. At the minimum deviation,
the ray inside the prism will be parallel to the base.
A 60°

r=o=—=30°

2 2
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22.

Bl193

sini B .
n = =— =>sini=n sinr
sin 7
o 120+10.8x104 ol
= sini= (600)2 9 (* ;=600 nm)

mi=(3)
or, sini= |7

3
Angle of incidence, i = sin™! (‘)
(i) At face AC

n

1
it Lkt

Critical angle, Bc = 51 ( )

L | A
n

Now, it is given that r, = 0
e (45° - Br}
Applying Snell's law at

or sin Uc =

fact 4B,
sin
"~ sing

or sini =nsinr,
H= sin~!(n sin ")

Substituting value of r,, we get

i, = sin”! {n sin (45° - 0 )}

= sin' {n(sin 45° cos O_— cos 45° sin 6 )}

- sin‘l{i( ]—Sinz 0, —sin Bc)}*—- sin

V2

This is the required angle of incidence (i,) at face 4B for
which the ray strikes at the diagonal face AC at critical
angle is

= sirr‘{%(\.“"—’2 _”IE "”l}}

(i) Here n, # n (because n, < n is given) so for ray to
pass undeviated through 4
r,=0°

. (Ray L on face AC)
ar, LT A=F, =4S = 48"

sini
Now applying Snell's law at face AB, we have n = —sinl;
1352= sin
Dow 2 GagEe
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23.

. Physics

1

sin i, = (1 .352)[—\5") sin i, = 0.956

&= sin1(0.956) = 73°
i.e., the required angle of incidence i = 73°
The situation can be shown as in the figure.
Here, i =60°, 4=30°,
§=30°¢e="
And, A+8=i+e
= e=A+d-i

=30°+30°-60°=0
Hence the emergent ray is
normal to the face from
which it emerges. B 3]
Whene=0,r=0

F4+r=A4=r=30°
From Snell's law, refractive index of prism,

sini _sin60° /3/2
sinr  sin30° 1/2

3 =1.732

M:

C'Eﬁ Topic-5: Optical Instruments

=)

Get More Learning Materials Here : &

(¢) The intermediate image in compound microscope is
real, inverted and magnified.

(@) Heref = 2cmandf, =3 cm.
Using lens formula for eye piece

-1 1

[+ final image formed by the eyepiece at «]
Given distance between objective and eye piece = 15 cm
Distance of image formed by the objective
V,=15-3=12cm.
Let uqﬂbc the object distance from objective, then for
objective lens

RAEV-E =B oA

— e gy —t—=—

w v fo M 12 2

= u,

The resolving power of a microscope
1

X used

The resolving power of an electron microscope is higher
than that of an optical microscope because the wavelength
of electrons is smaller than the wavelength of visible light.
(a, b, ¢, d) In an astronomical telescope the distance
between the objective lens and eyepiece lens
L=f,+f,=16+0.02=16.02m

- o

Angular magnification = i . oop -800
eye piece

The image seen by the astronomical telescope is inverted.
Also the objective 1s larger than eye piece.

5. (d) In an astronomical telescope when the final image is

formed at infinity:
Angular magnification

M= Lo =5 = f,=5f,

And the sepfaration between the objectives and eye-piece.
L=fo+f,=36 =5f,+f, =36 or f=6cm
£,=5,=5x6=30cm

C—Eﬁ Topic-6: Miscellaneous (Mixed Concepts)
=) Problems

1. () When thelightis incident on glass - an interface travelling
from glass at an angle less than critical angle a small part of
light will be reflected and most part will be transmitted,
When the light is incident greater than the critical angle, it
gets completed reflected (total internal reflection) so 0%
transmission and 100% reflection.

These characteristics are depicted in option (c).

2. (b) For refraction at parallel interfaces

From Snell's law,

; g . Dg Ny |
e =—— =—"sinf} =— sin 9O
ns 2 sin o =~¢ B 3

The angle of refraction in the region IV must be 90° as the
beam just misses entering the region IV.

sinf = g

1
or, 0 =sin"' [g)

3. (¢) The image I' for first refraction (i.c., when the ray
comes out of liquid) is at a depth of

= ﬂ =25¢cm [ Apparent depth = E?M}

1.33 H
Now, reflection will occur at concave mirror. For this /'

behaves as an object. Distance of object from mirror,
==(15+25)=-40cm

25
Where 133 is the real depth of the image.

Using mirror formula
St e (S| 1 1

—_——=—— —_—— e o

f v u f =338 -40
S=-1831cm
4. (a) Distance of virtual image from surface = 6 em
The rays coming from the point object fall on the glass-air
interface normally and hence pass undeviated. Therefore
if we retrace the path of the refracted rays backwards, the
image will be formed at the centre only.
5. (c) Frequency does not change with change of medium,

Frequency of sound in water = Frequency heard in
air=600 Hz
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6.

10.

11.

12.

13.

Get More Learning Materials Here : &

1 1
sin@- =— and poc—
(c) c L p x

sinB , och
For higher value of A, the critical angle BC also increases

A increases

]
. Air i
se=taeas Tt (Green light) |
B 5 ¥ QR

el
c

Glass 1
Hence yellow, orange and red colours of light for which
6, > incidence angle will come out to air.
(c) Since both surfaces have same radius of curvature
R, = R, = R on the same side, no dispersion will occur.
For no dispersim f= (p—l){—l-—i} =0

f Ry Ry

(130.00)
Let D be the initial area covered by light and d be the final
area covered by light at 22 cm.
From figure, A4FB and ACFD are similar

R 0 A
D 20 10
; g
Ratio of area =—=——
p? 100

As there is no energy loss . I.D? = Id*
Average intensity of light at a distance 22 cm
DZ
I= ?fo =1.3 % 100 =130.00 kWm™
1

Koo

Velocity of light in vacuum ¢ =

‘ =

Velocity of light in a medium v =

&‘

WE
Uugeo _ Jhe
Ve Juogo

¢
Refractive index, p = 5 =

- For refraction at APB

K2 +ﬂ=u1—l-t2

u v R

-2 - 1 1-2
e L S
Therefor the image of O will be formed at 30 cm to the right
of P.

True; Intensity of a line source of power (P) at a distance

r from the source

= v=-30cm

True; This is due to atmospheric refraction. The light
coming from sun bends towards the normal. As we go
higher in the atmosphere density by decreases. Therefore,
sun appears higher.

real depth

(b, d) As weknow, k=0 denth

14.

15.

8195
Hye 38
> H=—=—=2
Case-1 Yoty Ocm
-y Dy D~y
= M A e
Case-11 = R
- —1.5+ =l
3 _30 _H2 _300 b H2:20.68Cm
—1.5+ L., 1=15
Case - 111 -3 —Hj 300
I 5
o, 600 20 H3=19.35cm
1 2 R
—=n-1)—=f=
(a,b,¢) f( )R f 2n-1)
1 _(n—1)+(n+An-l)_2(n—l)+An
f+Af R R R
R
L fHAf=—m—m——
J+AS 2(n—1)+ An
o LS o R X[Z(n—l)l= [2(x-D]

T 2m-D+dn. R [2m-D+an]

_Af _2n-2-2n+2-An
T f T [2-D+an]
— _An — _-M -
Sh—2+8r Zn-D) s
[ An<<(n-1)]
From equation (i) if iﬂ~-a'€l, thenz—si:»ﬂ.
n ;
A
Also, %FTR

An

4 and —— remains unchanged,

if convex surface are réplaced bynconcave surface of the
same radius of curvature.

Forn=1.5, An= 10~ and f = 20 cm then eq. (i)
Af ___107
20 2(1.5-1)

or |Af]|=0.02cm

(b) For refraction in S,

The relation between

= Af =-0.02cm

T T TS T o
u v R -50 ¥V -10
= v=>50cm.

Again for refraction in S,
M P L
u v R
- 1 SISy iS5l
—d—-50) e 10
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L2 folfi—d)
—  =—=d-50=20 .. d=T0cm. dEL Lo
d-50 20 Wy hrh-d4 S 5
16 Uk b w  fi~d fith-d

(a) Applying Snell’s law at P _ e[
n, sin i = n, sin » '
= n sin60°=n, sinf
=  sin60° =+/35in0
= 0=30=r

In quadrilateral BCQP,

60°+(90° + 30°)+ 135° + £ZPQC= 360°
= ZPQC=45° = i=45°
The critical angle for prism - air pair of media

il
C= sin '[TS—) which is less than 45°. 20.

Therefore total internal reflection takes place at face CD.
(b) InAQDM, £ZQMD = 180°—(45° + 75°) = 60°
Therefore the angle of incidence of ray QM on AD is 30°.
This angle is less than the critical angle. Hence the
ray emerges out of face AD.
(c) From the figure, angle between the incident ray OP
and the emergent ray MR is 90°.
17. (d) The ray diagram is shown in figure. Therefore, the
image will be real and between C and O. When the mirror is
filled with water.

[7] 0
(¢) Theimage {, of parallel rays formed by lens L, will act
as virtual object for second lens L,
L,

18.

Applying lens formula for lens L,

A=l E 21 _HLUi-d)
VO A0 T T ld

Horizontal distance of the image 7 from O
Hhi-d) _fify+d(fi-d)

x=d+ -

St fi-d h+fr—d
To find the y-coordinate, we use magnification formula for
lens L,
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19,

21.

22

cnrene €

h Axfy
Also m=— = hy=——=_
A “oeteelo f5od
y-coordinate y = A — h,
% Afy A/ -d)

=A-— =
W=  hAtls-d
(¢) Let n= refractive index of air and
n, = refractive index of meta material which is negative

in@
From Snell's law, %2 S—,m——l
n  sin,
n, negative .", 8, is also negative hence graph (¢) is correct.
C
(b) Speed of light in a medium, V= ;
n for meta-material = | n |
C
Speed of light in the meta-material I'= —

[n|
Applying Snell's law on face 45,

(Dsin45° = (\/2)sin r
et f

nr=-— or r=30°
smr 2 r

i.e., ray becomes parallel to AD inside the block.
Now applying,
Bz _Bi_H27W o face €D,
v u R
1514 V2 _1514-42
OE o 0.4
Solving this equation, we get OP = 6.06 m
For refraction at first surface,

;r“j;;= e I R S 6]
For refraction at second surface,

o R SO ) "

vy T e . S o S (11)

Adding Egs. (i) and (ii), we get

L) R M3 =My
Therefore, focal length of the given lens system is
MR
H3 = H
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23.

24.

Let R be the radius of curvature of both the surfaces of the
equi-convex lens. In the first case :

3
H|=‘2‘

—

|~'-2=§

Let f, be the focal length of equi-convex lens of refractive
index p, and f, the focal length of plano-concave lens of
refractive index p,. The focal length of the combined lens
system will be given by

bl et )|

et

R
ool

CRIERER 6
=|==1{|=[+]|==1]| ==
2 R 3 R

| B B 3R

R 3 TP
Now, image coincides with the object when ray of light
retraces its path or it falls normally on the plane mirror.
This is possible only when object is at focus of the lens
system.
Hence, F= 15 cm

or %:lScm or R=10cm

In the second case, let p be the refractive index of the
liquid filled between lens and mirror and let F' be the focal
length of new lens system. Then, ;

Hy
e

ool

— == =—st—Dl——

== - z=—grl-hl o -

= 1 -1 (2-

S R R R R
P -
2-p 2-p
Now, the image coincides with object when it is placed at
25 cm distance.

(- R=10cm)

Hence, F' = 25
or __1.0_=25
2-p
or 50-25p=10
or 25u=40
40

=—=16
e
or p=1.6

(a) When angle of prism is small and angle of incidence
is also small, the deviation is given by & = (u — 1)4.
Net deviation by the two prisms is zero. So,

Get More Learning Materials Here : &

25.
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(=

—

Y

or {nl—1}41+(p2—1}42=0 ..... (i)
Here, p and p, are the refractive indices for crown and
flint glasses respectively.

1.51+1.49
Hence, pp=——=15
2
1.77+1.73
and ) =——2——=l.?5

4, = Angle of prism for crown glass = 6°

Substituting the values in Eq. (i), we get
(1.5-1)(6°)+(1.75~1)4,=0

This gives 4, = 4°

Hence, angle of flint glass prism is 4° (Negative sign shows

that flint glass prism is inverted with respect to the crown

glass prism.)

(b) Net dispersion due to the two prisms is

= (Hpy =By 4 +(Hp, — 1y )4

=(1.51-1.49)(6°)+ (1.77 —1.73)(—4°) = -0.04°
.. Net dispersion is —0.04°
(a) A ray of light travelling in air is incident at grazing
angle (incident angle = 90°) on a slab. The point of
incidence is the origin 4(0, 0).

y
4 Pl y) A Air

£

S

L B(x,y)

(]
h B {4 Medium .

—>— 4(0,0) Air

Refractive index of medium = p
Ho) = [*2 + 1717 (1)

where k= 1.0 (metre)2. The refractive index of air is 1.
The ray travels from air to denser medium. It continuously
bends towards normal.

Slope at B is tan 0. Angle of incidence = i at B.

jx—y =tan @ According to geometry, i + 6 = 90°
Sl ) (e
or B—E—t. & slope[de tan 6
dy _ E—i} dy _ 5 s
or i —tan[z or b =cot i (i)

(b) Equation for trajectory y(x) of ray in medium:
Applying Snell's law at points 4 and B.
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26.

Get More Learning Materials Here:

w, sin(i ) =, sin(ip) .- {(iii)
p,=1 from (i) because y = 0
i, = 90°, because of grazing incidence. i, =i
ug =l +1] where k=10 m
or . =p%+1]
From (iii) and (iv), we get
(1)(1) = p*2 + siniz)
| (v

-(iv)

39’2 +1)

ar SifRd= T ep—
(y3r’2+1)

. / j
or coti= y?’z :

or coti= )" 3/2

o _dl = ¥4 or y 34 dy = dx

or [J 7 dy=[ldx or dyi=x =y = (uiay

Equation of trajectory of ray in medium is y = (x/4)*.

(a) For TIR to take place, 6 should be greater than C. For
smaller values of C, the values of u should be high or in
other words the value of A should be small.

From the given expression of

b
pM)=120+ ;5
Total internal reflection will be given by A = 4000 A

Here, sin8 = 0.8 (given) = §=153.1°
_E el

=—=125
B~ sin6 08
b
=124 ——————= =125

- (4000 x 107102
o b=08x10"m?
(b) Applying Snell's law at N for wavelength 1, = 5000A

sinr 08x1074
p= wherep=1.2 + =1.232

S (5000 x1071)?

sinr
= 1232=——= r=803°
08

From the figure it is clear that the deviation,
d=r—-1=80.3°-53.1°=27.2°

(c) The intensities of transmitted beams are 4 and [
respectively.

27,

28,

cnrene €

Path difference, Ax = u(MB)— AN

= E"'ﬂli(AB‘suu) ABsin® = ¢
sin

Phase d]ff&l’BﬂCC between rays P and Q is zero. Hence
maximum intensity will be obtained from their interference.
Resultant Intensity

o =(VI +VT ) =(VAT +T) = GVIR =t

Intensity at point P, I, =1, + I, + I

C
i (Illumination power) x cos 8 20W
=
4nr?
90xcos0° 10 P 607 -
=———— =——walt/m
4nx3®  4n A 90W
Similarly, 60
/ =180Xc0560 l_(l it i
dnx(1.5?% n B 180W
1.=20cos 60° =10
I =l—0+]—0+10—139WIm
4n =

The rays originating from the point object at 4 suffers
refraction due to glass slab before striking the concave mirror.
For the mirror the rays are coming from A4'

<3cm»
S
i B U AT
“lcm~>
<« 2lem -
; : 1 1
Apparent shift A4'=1| 1—— =3(]—-—-J 1 cm
1] 1.5
Therefore the object distance
u=0A'"=04A-A44'=21-1=20cm

The apparent object at 4' as a virtual object for concave
mirror. .
; T |
Now from mirror formula, —+— = —
Vv U

o _20x5_20

P o i R
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29.

The reflected rays again pass through the glass slab
suffering a further shift of 1 cm. The image should have
formed at B in the absence of glass slab. But due to its
presence the image is formed at B'.

. T
=~
-

B B’

Therefore image distance, OB = OB + BB’
=6.67+1=7.67cm

For a grazing incident ray at BD for which i = 90° the angle
of refraction (90° — C) is maximum. For this C is least. Let C
is greater than the critical angle.

A €
Vertical
side

K
B D
M — 1K

Get More Learning Materials Here : &

ST l‘”
Applying Snell's law at M
1 .= 5in90° 1 1
=S = py=— i
2" sin(90°-C) s e (i)
e o i
Also Jp=— i)
When C is the critical angle.
1
F i ii), ——= = 45°
rom (i) and (ii). cosC s =C=45
1 1
= =+2 =141
2*= gigse = V2
Therefore, the minimum value of p . = 1.41 for which
letters on the page are not visible any of the vertical
faces of the block.
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