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EXERCISE-1

SECTION (A) : PLANE MIRROR
A

1. Find the angle of deviation (both clockwise and anticlockwise) suffered by a ray
incident on a plane mirror, at an angle of incidence 30°.
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10°
Figure shows a plane mirror onto which a light ray is incident. If the incident ﬁ : Reflected ray

light ray is turned by 102 and the mirror by 202, as shown, find the angle
turned by the reflected ray.

>
N

>
i

Alight ray is incident on a plane mirror, which after getting reflected strikes
another plane mirror, as shown in figure. The angle between the two mirrors is
60°. Find the angle ‘0’ shown in figure.

>
b

There are two plane-mirror inclined at 40°, as shown. A ray-of light is
incident of mirror M,. What should be the value of angle of incidence ‘i’ so
that the light ray retraces its path-after striking the mirror M,,.

///////////////////////////////‘// M,

>
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Sun'rays are incident at an angle of 24°to the horizon. How can they be directed parallel to the horizon ;
using a plane mirror?

>
o

A parallel beam propagates horizontally from a projector. How should a plane mirror be arranged so that

the image of a slide is formed on the ceiling?
2,4)

2,3)

>
~

Two plane mirrors are placed as shown in the figure
(a) How many images will be formed. A, 1 25)
(b) Find the position(s) of image(s).

(c) Will the ray passing through (1, 1.25) take part in image formation.

|
ZE -
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Object (2,0)
0,0
A 8. Anobjectis placed at (0, 0) and a plane mirror is placed, inclined y axis
302 with the x axis.
(a) Find the position of image. M
(b) If the object starts moving with velocity 1 i m/s and the mirror is
fixed find the velocity of image. .
¢ 30 > X axis
Object (1,0

0,0

>
©

A point object is placed at (0, 0, 0) and a plane mirror is placed
parallel to YZ plane at x = 2. Find the coordinate of image
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SECTION (B) : SPHERICAL MIRROR
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A rod of length 10 cm lies along the principal axis of a concave mirror of focal length 10 cm in such a
way that the end farther from the pole is 20 cm away from it. Find the length of the image.

A point source is at a distance 35 cm on the optical axis from a spherical concave mirror having a
focal length 25 cm. At what distance along the optical axis from the concave mirror should a plane
mirror be placed (perpendicular to the principal axis) for the image it forms (due to rays falling on it after
reflection from the concave mirror) to coincide with the point source?
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A concave spherical mirror forms a threefold magnified real image of a real object. The distance from
the object to the image is 2.6 m. What is the radius of curvature of the mirror?

Find the diameter of the image of the moon formed by a spherical concave mirror of focal length 11.4 m. '
The diameter of the moon in 3450 km and the distance between the earth and the moon is 3.8 x 10°
km.

A candle flame 1 cm high is imaged in a ball bearing of diameter 0.4 cm. If the ball bearing is 20 cm
away from the flame, find the location and the height of the image.

A U-shaped wire is placed before a concave mirror
having radius of curvature 20 cm as shown in figure. 2cm-[ | |
Find the total length of the image. ¢
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5cm 15cm

The radius of curvature of a convex spherical mirror is 1.2 m-"How far away from the mirror.is an object
of height12 cm ifthe distance between its virtual image & the mirror.is 0.35 m? What is the height of
the image?

A converging beam of solar rays/is incident on a concave spherical mirror whose radius of curvature is

0.8 m. Determine the position of the point on the optical axis of the mirror where the reflected rays
intersect, if the extensions of the incident rays intersect the optical axis 40 cm from.the mirror’s pole.

1 1
Draw the graph between v and m for a concave mirror.

In the above question, in which of the four quadrants no part of the graph lies.

In the above question the graph does not pass through a particular

;
quadrant.ltimplies that a concave mirror does not form (Real/ !
virtual) image of a (Real/virtual) object. \A\
What does point Aindicate ? (f is magnitude of focal length, uand v are \C\ -
coordinates) (1721,-1726) E{
(i) Point Arepresents that the object is (Real/Virtual)
and theimage is (Real/Virtual).
(i) Point Arepresentsthat |u|is (larger,/smaller) than |v| and hence image sizeis
(larger/smaller) than the size of object.
Point B represents that the object is (Real/Virtual) and the image is (Real/
Virtual).
Point Brepresentsthat |u| is (larger,/smaller) than |v| and hence image size is (larger/

smaller) than the size of object.
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As we move from point C to D in the graph , the (real/virtual) object moves from to .and
the (real/virtual) image moves from to .Show this movement in a diagram.

A point object is placed on the principal axis at 60 cm infront of a concave mirror of focal length 40 cm on the
principal axis.|f the object is moved with a velocity of 10 cm/s (a) along the principal axis,find the velocity of
image (b) perpendicular to the principal axis, find the velocity of image at that moment.

A man uses a concave mirror for shaving. He keeps his face at a distance of 20 cm from the mirror and
gets animage which is 1.5 times enlarged. Find the focal length of the mirror.

SECTION (C) : REFRACTION IN GENERAL , REFRACTION AT PLANE SURFACE AND T.I.R.
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A light ray falling at an angle of 60° with the surface of a clean slab of ice of thickness 1.00 m is
refracted into it at an angle of 15°. Calculate the time taken by the light rays to cross the slab. Speed
of light in vacuum =3 x 108 m/s.

A light ray is incident at 45°on a glass slab. The slab is 3 cm thick, and the refractive index of the glass
is 1.5. What will the displacement of the ray be as a result of its passage through the slab? At what
angle will the ray emerge from the slab?

* observer

An observer in air (n = 1) sees the bottom of a beaker filled with water (n = 4/3) upto

a height of 40 cm.What will be the depth felt by this observer. 40em

Rays incidenton an interface would converge 10 cm below the interface if they
continuedto movein straight lines without bending. But due to refraction, the \
rays will bend and meet some whereelse:-Find the distance of meeting point of

refracted rays below the interface, assuming the rays to be making small angles n=>5/2
with the normal to the interface.

Findthe apparent distance between the observer and the object shown A ¢
in the figure and shift in the position of object. u=t w=1
observer p=2 object
. (]
. , _ 10cm | 10cm 20cm
Find the apparent depth of the object seen by obsever A ? N i
Air(n=1) B b
n=1.5( 25cm 1
. n=2.5 15cm 1 /éx
object _
"=2] 4ocm I
[ p=1.4 Jt=1.4cm
Locate the image of the point P as seen by the eye 2.0ch
in the figure. [ =13 [t=1.3cm
2.0ch
I p=12 Jt=1.2cm
2.0ch
oP

A small object is placed at the centre of the bottom of a cylindrical vessel of radius 3 cm and height 4
cm filled completely with water. Consider the ray leaving the vessel through a corner. Suppose this ray
and the ray along the axis of the vessel are used to trace the image. Find the apparent depth of the
image.Refractive index of water = 4/3.
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SECTION (D) : REFRACTION BY PRISM

A concave mirror of radius R is kept on a horizontal table (figure).
Water (refractive index = p) is poured into it upto a height h. Where
should an object be placed (its distance from the water surface) so
that its final image is formed on itself. Consider two cases
(h—>0 (i) in terms of h

A point source is placed at a depth h below the surface of water (refractive index = p). The medium
above the surface of water is air (u =1).Find the area on the surface of water through which light comes

in air from water.
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3
Light attempts to go from glass (u = > ) to air. Find the angle of incidence for which

A
the angle of deviation is
At what values of the refractive index of a rectangular prism can aray travel
as shown in figure. The section of the prism is an isosceles triangle & the ray
is normally incident onto the face AC.
B

A rectangular glass wedge is lowered into water (u =4/3). The refractive
index of glassis p_= 1.5. Atwhat angle a will.the beam of light normally
incident on AB reach AC entirely?
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A prism (n =2) of apex angle 90°is placed.inair (n = 1). What should be the angle of incidence so that light
ray strikes the second surface at an angle of 60°.

Ref. index of a prism(A = 60°) placed inair (n =1) is n = 1.5 Light ray is incident on this prism at an angle
of 60°. Find the angle of deviation. State whether this is a minimum deviation.

S. R. K. Sir), Bhopal Phone : 0903 903 7779, 0 98930 58881.

1
Given : sin™ E =352, sin' 0.4 =259, sin”' 0.6 = 374

Kariya (

The cross section of a glass prism has the form of an equilateral triangle. A ray is incident onto one of <
the faces perpendicular to it. Find the angle 6 between the incident ray and the ray that leaves the
prism. The refractive index of glassis u=1.5.

The angle of refraction of a prism is 60°. Alight ray emerges from the prism at the same angle asitis -
incident on it. The refractive index of the prism is 1.5. Determine the angle by which the ray is deflected

from its initial direction as a result of its passage through the prism.

Find the angle of deviation suffered by the light ray shown in figure. The refractive index for the prism

material is p = 3/2.
2

(i) When the prism is placed in air (u = 1)

(i) When the prism is placed in water (u = 4/3) ]

Teko Classes, Maths : Suhag
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SECTION (E) : REFRACTION BY SPHERICAL SURFACE

m
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A spherical surface of radius 30 cm separates two transparent media A and B with refractive indices 4/
3 and 3/2 respectively. The medium Ais on the convex side of the surface. Where should a point object
be placed in medium A so that the paraxial rays become parallel after refraction at the surface?

E2 A narrow parallel beam of light is incident paraxially on a solid transparent sphere of radius r. What
should be the refractive index if the beam is to be focused (a) At the surface of the sphere, (b) at the o
centre of the sphere. g
(@]
E3 An extended object of size 2 cm is placed at a distance of 10 cm in air (n=1) Zch n=1 n=2 g
from pole, on the principal axis of a spherical curved surface.The medium on
the other side of refracting surface has refractive index n = 2. Find the position, 10em 7| -
nature and size of image formed after single refraction through the curved surface. ROC=20om &3
[c0}
Te]

m
b

A point object lies inside a transparent solid sphere of radius 20 cm and of refractive index n=2. When the o
object is viewed from air through the nearest surface it is seen at a distance 5 cm from the surface.Find the &3
distance of object when it is seen through the farthest curved surface.

098

20cm

An object is placed 10 cm away from a glass piece (n = 1.5) of length ~ air /—\" air
B

20 cm bound by spherical surfaces of radii of curvature 10 cm.Find the
position of final image formed after twice refractions. object A n=15

m
o

—> =
0cm ROC=10cm ~ ROC=10em

observer

m
o

There is a small air bubble inside a glass sphere (1 = 1.5) of radius 5 cm. The
bubble is 7.5 cm below the surface of the glass.The sphere is placed-inside

4
water (p= 5) such that the top surface of glassis 10 cm below the surface of

water. The bubble is viewed normally from air. Find the apparent depth of the
bubble.

, Bhopal Phone : 0 903 903 7779,

A paper weight of n = 3/2 inthe form of a hemisphere of radius 3.0 cm is used to hold down a =
printed page. An observer looks at the page vertically through the paperweight. At what helght
above the page will the printed letters' near the centre appear to the observer?

(i) Solve the previous problem if the paperweight is inverted at its place so that the spherical 0’—'
surface touches the paper.

m
o

m
©

A small object Q of length 1 mm lies along the principal axis of a spherical
glass of radius R = 10 cm and refractive index is 3/2. The object is seen

from air along the principal axis from left. The distance of object from the @

centre P is 5 cm. Find the size of the image. Is it real, inverted?

SECTION (F) : LENS

A double convex lens has focal length 50 cm. The radius of curvature of one of the surfaces is double
of the other. Find the radii, if the refractive index of the material of the lens is 2.

-
—h

-n
N

Lenses are constructed by a material of refractive index 1.50. The magnitude of the radii of curvature
are 20 cm and 30 cm. Find the focal lengths of the possible lenses with the above specifications.

-n
L

Find the focal length of lens shown in the figure. Solve for three cases n_=1.5,n =2.0, n_= 2.5.

n=2
nS nS
/ﬂR.o.c.=40cm

R.0.C.=60cm
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Given an optical axis MN, a converging lens, its foci & a point
source S on the optical axis. Construct the image of the point source,
using the ray diagram. " i E F, N
What will the paths of the rays be after refraction in the lenses. l
[F, — First focus, F,— Second focus]
<
~ P
&
F, F, o
*— —
@ F " (b) \ -
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Given an optical axis MN & the positions of a real object AB andits |, B o
image A' B', determine diagramatically the position of the lens (its optical B N A
centre O) and its foci. Is it a converging or diverging lens? Is the image @
real or virtual? Ny
A ™

A thinlens made of a material of refractive index i, has a medium of refractive index p, on one side and S
a medium of refractive index L, on the other side. The'lens is biconvex and the two radii of curvature has 9
equal magnitude R. A beam of light travelling parallel to'the principal axis is incident onthe-lens. Where &
will the image beformed if the beam is incident from (a) the medium p, and (b).from the medium p,? <

An object-of height 6 cm is set at right angles to the optical axis of a-double convex lens of optical
power5 D & 25'cm away from the-lens. Determine the focal length of the lens, the position of the
image, the linear magnification of the lens;.and the height of the image formed by it.

A lens placed between a candle and-ascreen forms a real triply magnified image of the'candle on the
screen. When the lens is moved away from the candle by 0.8 m without changing the position of the
candle, a real image one-third the size of the candle is formed on the screen. Determine the focal
length of the lens.

Two glasses with refractive indices of 1.5.& 1.7 are used to make two identical double-convex lenses.

(i) Find the ratio between their focal lengths.

(i) How will-each of these lenses act on a ray parallel to its optical axis if the lenses are
submerged into a transparent liquid with a refractive index of 1.6?

A lens with a focal length of 16 cm produces a sharp image of a real object in two positions of lens
which are 60 cm apart. Find the distance (fixed) from the object to the screen.

A convex lens produces a double size real image when an object is placed at a distance of 18 cm from
it. Where should the object be placed to produce a triple size real image?

A pin of length 2.0 cm lies along the principal axis of a converging lens, the centre being at a distance
of 11 cm from the lens. The focal length of the lens is 6 cm. Find the size of the image.

The diameter of the sunis 1.4 x 10° m and its distance from the earth is 1.5 x 10" m. Find the diameter
of the image of the sun formed by a lens of focal length 40 cm.

A 5.0 diopter lens forms a virtual image which is 4 times the object placed perpendicularly on the
principal axis of the lens. Find the distance of the object from the lens.

Teko Classes, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone

A diverging lens of focal length 20 cm and a converging mirror of focal length 10 cm are placed coaxially
at a separation of 5 cm. Where should an object be placed so that a real image is formed at the object
itself?
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SECTION (G) : COMBINATION OF LENSES/LENS & MIRRORS.
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A converging lens of focal length 12 cm and a diverging mirror of focal length 7.5 cm are placed 5.0 cm
apart with their principal axes coinciding. Where should an object be placed so that its image falls on
itself?

A converging lens and a diverging mirror are placed at a separation of 15 cm. The focal length of the
lens is 25 cm and that of the mirror is 40 cm. Where should a point source be placed between the lens
and the mirror so that the light, after getting reflected by the mirror and then getting transmitted by the
lens, comes out parallel to the principal axis?

age 51

A converging lens of focal length 15 cm and a converging mirror of length 10 cm are placed 50 cm apart.
If a object of length 2.0 cm is placed 30 cm from the lens farther away from the mirror, where will the
final image form and what will be the size of the final image?

A point object is placed on the principal axis of a convex lens (f = 15 cm) at a distance of ©
30 cm from it. A glass plate (u = 1.50) of thickness 1 cm is placed on the other side of the lens ©
perpendicular to the axis. Locate the image of the point object.

930 588

A convex lens of focal length 20 cm and a concave lens of focal length 10 cm are placed 10 cm apart &
with their principal axes coinciding. A beam of light travelling parallel to the principal axis and havinga o
beam diameter 5.0 mm, is incident on the combination. Show that the emergent beam is parallel to the
incident one. Find the beam diameter of the emergent beam.

7779

A diverging lens of focal length 20 cm and a converging lens of focal length 30 cm are placed 15 cm a
apart with their principal axes coinciding. Where should an object be placed on the principal axis so &
that its image is formed-atinfinity?

2 identical thin converging lenses brought in contact so that their axes coincide are placed 12.5¢cm
from.an object. What is the optical power of the system & each lens, if the real image formed by the
system of lenses is four times as large as the object?

Bhopal Phone : 0 903

A point object is placed at a distance of 15 cm from a convexlens. Theiimage is formed on the.other ©
side at a distance of 30 cm from the lens. When a concave lensiis placed in contact with the convex .
lens, the image shifts away further by 30 cm. Calculate the focal lengths of the two lenses.

. Sir

A convex & aconcave lens are brought in close contact along their optical axes. The focal length of the K
convex lens is 10 cm. When the.system is placed at 40 cm from an object, a sharp image of the ’I
object is formed on a screen on the other side of the system. Determine the optical power of the concave ¥
lens if the distance ¢ between the object & the screenis 1.6m.

A thin concavo-concave lens is surrounded by two different liquids A
and B as shown in figure. The system is supported by a plane mirror
at the bottom. Refractive index of A, lens and B are 9/5, 3/2 and 4/3
respectively. The radius of curvature of the surfaces of the lens are
same and equal to 10 cm. Where should an object be placed infront of
this system so that final image is formed on the object itself.

The convex surface of a thin concavo-convex lens of glass of refractive
index 1.5 has a radius of curvature 20 cm. the concave surface has a
radius of curvature 60 cm. The convex side is silvered and placed on a
horizontal surface as shown in figure. (a) Where should a pin be placed
on the axis so that its image is formed at the same place? (b) If the
concave part is filled with water (4 = 4.3), find the distance through
which the pin should be moved so that the image of the pin again
coincides with the pin.

Teko Classes, Maths : Suhag R. Kariya
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SECTION (H) : DISPERSION OF LIGHT
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SECTION (A) : PLANE MIRROR

A certain material has refractive indices 1.56, 1.60 and 1.68 for red, yellow and violet light respectively. (a)
Calculate the dispersive power. (b) Find the angular dispersion produced by a thin prism of angle 6° made of
this material.

A flint glass prism and a crown glass prism are to be combined in such a way that the deviation of the mean
ray is zero. The refractive index of flint and crown glasses for the mean ray are 1.620 and 1.518 respectively.
If the refracting angle of the flint prism is 6.0°, what would be the refracting angle of crown prism?
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Three thin prisms are combined as shown in figure. The refractive indices
of the crown glass for red, yellow and violet rays are y, p, and
respectively and those for the flint glass are i, W,” and i, respectively.
Find the ratio A" /A for which (a) there is no net angular dispersion, and (b)
there is no net deviation in the yellow ray.

EXERCISE-2

Note : * Marked questions are MCQ.

0 98930 58881.

Two plane mirrors are inclined to each other at an angle 60°. If a ray of light incident on the first mirror is
parallel to the second.mirror, it is reflected from the second mirror

(A) Perpendicular to the first mirror (B) Parallel to the first mirror

(C) Parallel to the second mirror (D) Perpendicular to the.second-mirror

Two mirrors are inclined at an angle 6 as shown in the figure. Light ray‘is incident
parallel to one of the mirrors. Theray will'start retracing its path after third reflection if

&A)e=45° (B)O=30° (C)0=60° . (D)allthree
0

, Bhopal Phone : 0 903 903 7779,

Two plane mirrors are parallel to each otherand spaced 20 cm apart. An object P
is kept in between them at 15 cm from A..Out-of the following at which.point(s) image(s) is/are not'(,:)
formed in mirror A (distance measured-from mirror A): ;
(A)15cm (B) 25.cm (C)45cm (D)55cm

Apoint objectis kept in front of a plane mirror. The plane mirror is doing SHM of amplitude 2cm. The plane 4
mirror moves alongthe x-axis and x- axis is normal to the mirror. The amplitude of the mirror is such that the 7
object is always infront of the mirror. The amplitude of SHM of the image is

(A) zero (B)2cm (C)dcm (D)1cm

A person’s eye level is 1.5 m. He stands in front of a 0.3m long plane mirror which is 0.8 m above the ground.
The length of the image he sees of himself is:
(A) 1.5m (B) 1.0m (C)0.8m (D) 0.6m

A person is standing in a room of width 200 cm. A plane mirror of vertical length 10 cm is fixed on a wall
in front of the person. The person looks into the mirror from distance 50 cm. How much width (height)
of the wall behind him will he be able to see:

(A) 30 cm (B) 40 cm (C)50cm (D) none of these

An unnumbered wall clock shows time 04: 25: 37, where 1st term represents hours, 2nd represents
minutes & the last term represents seconds. What time will its image in a plane mirror show.
(A) 08: 35: 23 (B) 07: 35: 23 (C)07:34:23 (D) none of these

S.R.K

Suhag R. Kariya
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A plane mirror is moving with velocity4i + 5] +8k.A point object in front of the mirror moves with a %

velocity 3i + 4] + 5k . Herek is along the normal to the plane mirror and facing towards the object.
The velocity of the image is:

(M) -8i-4j+5k  (B)3i+4]+11k  (O-3i-4]+11k (O 7i+9]+11k

Images of an object placed between two plane mirrors whose reflecting surfaces make an angle of 90° with
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one another lieona:
(A) straight line (B) zig-zag curve (C) circle (D) ellipse

SECTION (B) : SPHERICAL MIRROR
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A concave mirror of radius of curvature 20 cm forms image of the sun. The diameter of the sun subtends
an angle 12 on the earth. Then the diameter of the image is (in cm):

(A) 2 /9 (B) /9 (C) 20 (D) /18

The image (of a real object) formed by a concave mirror is twice the size of the object. The focal length of the
mirror is 20 cm. The distance of the object from the mirror is (are)
(A)10cm (B)30cm (C)25cm (D)15¢cm

page 53

A candle is kept at a distance equal to double the focal length from the pole of a convex mirror. Its
magnification will be:

(A)—1/3 (B)1/3 (C)2/3 (D) —2/3

An object is kept perpendicular to the principal axis of a convex mirror of radius of curvature 20 cm. If
the distance of the object from the mirror is 20 cm then its magnification will be:

(A) + 1/3 (B)—1/3 (C)—1 (D) none of these

An object of height 1 cm is kept perpendicular to the principal axis of a convex mirror of radius of i~
curvature 20 cm. If the distance of the object from the mirror is 20 cm then the distance between tips &
of the image and the object will be:

6404 6414 40
(A) 9 (B) 9 (C) &=+ (D) none'of these

An object is keptibetween a plane mirror and a concave mirror facing each other. The distance between
the.mirrors is 22.5 cm. The radius of curvature of the concave mirror is 20 cm. What should be the
distance of the object from/the concave mirror so that after two successive reflections the final image
is formed on the object itself: [Consider first reflection from concave mirror]

(A) 5cm (B)15¢cm (C)10cm (D)-7.5cm

A'square ABCD of side 1mm is kept at distance 15 cmrinfront of the concave mirror as
shown in the figure. The focallength of the mirroris 10 cm. Thelength of the perimeter g ¢
of its image will be :

(A) 8 mm (B)2mm (C)12mm (D) 6 mm A D
15cm
In the figure shown find the total magnification after two successive reflections first = 10cm —20cm
on M, & thenon M,
(A) +1 (B)—2 C)+2 (D) -1
A luminous point object is moving along the principal axis of a concave mirror of §
focal length 12 cm towards it. When its distance from the mirror is 20 cm its
velocity is 4 cm/s. The velocity of the image in cm/s at that instant is 10cm 30Cm
(A) 6, towards the mirror (B) 6, away from the mirror
(C) 9, away from the mirror (D) 9, towards the mirror.

In the figure shown consider the first reflection at the plane mirror and second at the convex mirror. AB
is object.
(A) the second image is real, inverted of 1/51

Teko Classes, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone : 0 903 903 7779, 0 98930 58881.

magnification velocity
(B) the second image is virtual and erect with AT B c
magnification 1/5 ot *10Cm >
(C) the second image moves towards the convex mirror 3 120cm
. 50cm
(D) the second image moves away from the convex
mirror.

A particle is moving towards a fixed spherical mirror. The image:

Successful People Replace the words like; "wish", "try" & "should” with "I Will". Ineffective People don't.



FREE Download Study Package from website: www.TekoClasses.com & www.MathsBySuhag.com

Get Solution of These Packages & Learn by Video Tutorials on www.MathsBySuhag.com

w
-t
n

w
-t
w

B 14.

Sol.

(A) must move away from the mirror

(B) must move towards the mirror

(C) may move towards the mirror

(D) will move towards the mirror, only if the mirror is convex.

A point object on the principal axis at a distance 15 cm in front of a concave mirror of radius of curvature
20 cm has velocity 2 mm/s perpendicular to the principal axis. The velocity of image at that instant will
be:

(A) 2 mm/s (B) 4 mm/s (C) 8 mm/s (D) none of these

A point object at 15 cm from a concave mirror of radius of curvature 20 cm is made to oscillate along
the principal axis with amplitude 2 mm. The amplitude of its image will be
(A) 2 mm (B) 4 mm (C)8mm (D) none of these

The distance of an object from the focus of a convex mirror of radius of curvature'a'is
"b'. Then the distance of the image from the focus is:

(A) b2/ 4a (B) a/b? (C) a2/ 4b (D) none of these
2
= v—f| =2 = |v—f|=%

B 15. A concave mirror cannot form:

B 16.

B 17.

B 18.

o]
—h
©

[vs)
n
o

B 21.

(A) virtual image of virtual object (B) virtual image of a real object
(C) real image of a real object (D) real image of a virtual object

The largest distance.of-the image of a real object from a convex mirror of focal length 20 cm can be:
(A) 20 cm (B) infinite (C)10cm (D) depends on the position-of the-object

* Which one of the following statements are incorrect for spherical mirrors.
(A) a concave mirror forms only virtual images for any position of real object
(B) a.convex mirrar forms only.virtual images for any position of a real object
(C) a concave mirror forms only a virtual diminished image of an object placed between its pole and
the focus
(D) arconvex mirror forms'a virtual'magnified image of an object placed between.its pole and the focus.

Which of the following can form erect, virtual, diminished image?
(A) plane mirror (B) concave mirror
(C) convex mirror (D) none of these

Iis the image of a point object O formed by spherical mirror, then which of the following statement is incorrect
(A) If O and I are on same side of the principal axis, then they have to be on opposite sides of the mirror.
(B) If O and I are on opposite sides of the principal axis, then they have to be on same side of the mirror.
(C) If O and I are on opposite side of the principal axis, then they can be on opposite side of the mirror as well.
(D) If O is on principal axis then I has to lie on principal axis only.

An object is placed at a distance ufrom a concave mirror and its real image is received on a screen

placed at a distance of vfrom the mirror. If fis the focal length of the mirror, then the graph between
1/vversus 1/uis

1Iv 1V 1Iv v
(A) % (B) ‘ z (C) (D) / \
1/u 1/u 1/u 1/u

Areal inverted image in a concave mirror is represented by (u, v, f are coordinates)

v/f v/f v/f

®) J] (C)ﬂ” ©) [
=3 > u/f ‘ > u/f |\+:1 > u/f
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SECTION (C) : LAWS OF REFRACTION, REFRACTION AT PLANE SURFACE AND T.l.R.

C1. Whenawaveisrefracted:
(A) its path must change (B) its amplitude must change
(C) its velocity must change (D) its frequency must change
C2 The wavelength of light in vacuum is 6000 °A and in a medium it is 4000 °A. The refractive index of the medium
is:
(A)2.4 (B)1.5 G)1.2 (D) 0.67

(9]
©

A ray of light passes from vacuum into a medium of refractive index n. If the angle of incidence is twice the
angle of refraction, then the angle of incidence is:
(A) cos™' (n/2) (B) sin'(n/2) (C)2cos™" (n/2)(D) 2sin~' (n/2)

(9]
b

A ray of lightis incident on a parallel slab of thickness t and refractive index n. If the angle of incidence
0 is small, than the displacement in the incident and emergent ray will be:

A) t0 (n—1) B) E ©) tO n

n n n—1

(D) none

(9]
o

Aray of light travelling in air is incident at grazing angle on a slab with variable refractive index, n (y) =
[ky®2 + 1]"2 where k = 1 m 2 and follows path as shown. What is the total deviation produced by slab
when the ray comes out.

(A) 60° (B) 53¢

(C) sin~1(4/9) (D) no deviation-at all

(9]
o

Aray incidentat a point at an angle of incidence of 60° enters a.glass sphere of |[L= V3 anditisreflected and
refractedat the farther surface of the sphere. The angle between reflectedand

refracted rays at this surface is y
(A)’50° (B) 90° (C).0°
(D) 40° 1m %Slab
How much water should be filled'in"a container of 21 .cm in height, so that it

appears half filled (of total height of the container) when viewed from the top
of the container ?

(Assume near normal incidence and.j, =4/3)

(A) 8.0cm (B) 10.5cm (C)12.0cm (D)14.0cm

air

air X

(9]
®

A beam ofilight is converging towards a point. A plane parallel plate of glass of thickness t-
refractive index L is introduced in the path of the beam. The convergent point is shifted by (assume
near normal incidence):

1 1
A)t 1——) awa B) t (1+—) awa
(A) ( M y (B) m y

(- ()

(C) t| 1-=—] nearer (D) t| 1+— | nearer

n n

M
C9. Given that, velocity of light in quartz = 1.5 x 108 m/s and velocity of light in ol o

g [ y c e r i n e L
= (9/4) x 108 m/s. Now a slab made of quartz is placed in glycerine as shown. -7
The shift of the object produced by slab is -
(A)6cm (B)3.55cm (C)9cm (D)2cm t

C10. Anobjectisseenthrough a glass slab of thickness 36 cm and refractive index 3/2. The observer, object
and the slab are dipped in water (n = 4/3). The shift produced in the position of the object is:
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(A) 12cm (B) 4 cm gem_
(C) cannot be calculated (D) 9/2cm Giycerine E——] Giycerine
Observer Object

4

(@)
—
—
"

A ray of monochromatic light is incident on the plane surface of separation be-
tween two media x & y with angle of incidence ‘/ in the medium x and angle of
refraction ‘r’inthe medium y. The graph shows the relation between sinrandsini. Sjn r f
(A) the speed of light in the medium y is (3)'2 times then in medium x. Quartz
(B) the speed of light in the medium y is (1/3)2 times then in medium x.

(C) the total internal reflection can take place when the incidence is in x.

(D) the total internal reflection can take place when the incidence isin y. 30° Sini

1 20cm

page 56

C12. The critical angle of light going from medium A to medium B is 0. The speed of light in medium Ais v.
The speed of light in medium B is:

(A) —

- (B) v sin® (C)vcotH (D)vtan®
sin @

SECTION (D) : REFRACTION BY PRISM

A ray of monochromatic light is incident on one refracting face of a prism of angle 75°. It passes through the
prism and is incident on the other face at the critical angle. If the refractive index of the material of the prism
is \/2, the angle of incidence on the first face of the prism is

(A) 300 (B) 45° (C) 600 (D) 0°

=)
-

A prism having refractive index V2 and refracting angle 30%, has one of the refracting surfaces polished.
A beam of light incident on the other refracting-surface will retrace its path if the angle of incidence is:
(A) 0° (B) 30° (C) 45° (D) 60°

Aray of lightiis incident at angle i on a surface of a prism of small angle A & emerges normally from the
opposite'surface« If the refractive index of the material of the prismqs L, the angle of incidence'jis
nearly equal to:

O
N

O
@
. K. Slr), Bhopal Phone : 0 903 903 7779, 0 98930 58881.

(A) A/l (B)A/(2W) (C)pA (D) WA/2
D 4.*_For the refraction of light through a prism
(A) For'every angle of deviation there are two angles of incidence.
(B) The light travellingiinside an isosceles prism is necessarily parallel to the base whenprism is set for .
minimum deviation.
©) There are two angles of incidence for maximum-deviation.
(D) Angle of minimum deviation will increase if refractive index of prism is increased keeping the outside

medium unchanged.

O
($)]
"

An equilateral prism deviates a ray through 40° for two angles of incidence differing by 20°. The pOSS|bIe
angles of incidences are:
(A) 400 (B) 500 (C) 200 (D) 600

A beam of monochromatic light is incident at i = 50° on one face of an equilateral prism, the angle of
emergence is 40°, then the angle of minimum deviationis:

(A) 300 (B) < 30° (C) <300 (D) > 300

O
(o2}

O
N
*

For refraction through a small angled prism, the angle of minimum deviation (n,<n)
(A) increases with the increase in R.1. of the prism

(B) will be 2D for aray of R.I. 2.4 if itis D foraray of R.I. 1.2

© is directly proportional to the angle of the prism

(D) will decrease with the increase in R.IL. of a prism.

A prism of refractive index J2 has refracting angle 60°. In order that a ray suffers minimum deviation it should
be incident at an angle :
(A) 45° (B) 90° (C) 30° (D) none

o
Ll
Teko Classes, Maths : Suhag R. Kariya (S. R
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©

For aglass prism ( U= ,/2 ) the angle of minimum deviation is equal to the refracting angle of the prism. The

angle of the prism is:
(A) 80° (B) 450 (C)600° (D) 900
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The maximum refractive index of a material of a prism of apex angle 90° for which light will be transmitted is:
(A) 3 (B)1.5 ©) 2 (D) None of these

A prism having an apex angle of 4° and refractive index of 1.50 is located in front of a vertical plane mirror as
shown. A horizontal ray of light is incident on the prism. The total angle through which the ray is deviated is

m
—y

(A) 4% clockwise (B) 178°clockwise
(C) 2%clockwise (D) 8°clockwise
SECTION (E) : REFRACTION BY SPHERICAL SURFACE
There is a small black dot at the centre C of a solid glass sphere of refractive P
index L. When seen from outside, the dot will appear to be located:
(A) away from C for all values of L (B) at C for all values of
n
(C) at Cfor W= 1.5, but away from C for L # 1.5 (D) at C only for\/E <u M
<1.5.

m
N

m
w

m
b

m
o

E 6*.

SECTION (F) : LENS

Afish is near the centre of a spherical water filled fish bowl . A child stands in air at a distance 2R (R
is radius of curvature of the sphere) from the centre of the bowl! . At what distance from the centre
would the child's nose appear to the fish situated at the centre (R.l. of water = 4/3)

(A) 4R (B) 2R (C) 3R (D)R

The image for the'converging beam after refraction through the curved surface isformed at:

40
(A) x = 40cm (B) =? cm
40 180
(C) x=—==—ocm (Dyx'=—¢cm
3 7
n=1
A planoconcave lens is placed on a paper on which a flower is drawn. ne3/2 <
How far above its actual position does the flower appear to be? S~
(A) 10 cm (B) 15c¢m o __--P «x
(C)50cm (D) none of these 55—
A beam of diameter “d“isincident on a glass hemisphere as shown. If R=20cm
the radius of curvature of the hemisphere is very large in comparison to
d, then the diameter of the beam at the base of the hemisphere will Radius of
be: curvature = 20cm
3 d _ar_—
= = — u=3/2
(A7 d (B)d © 3 ,\ t=20cm
D 2 d
D)3

Two refracting media are separated by a spherical interface as shown in the figure.
P P’ isthe principal axis, i, and |, are the refractive indices of medium of incidence
and medium of refraction respectively. Then:

(A) if W, > U , then there cannot be a real image of real object

(B) if W, > W, then there cannot be a real image of virtual object

©) if W, > 1L, then there cannot be a virtual image of virtual object

(D) if L, > W,, then there cannot be a real image of real object P

F1.

The power (in diopters) of an equi convex lens with radii of curvature of 10 cm & refractive
index 1.6 is:
(A) +12 (B)y —12 (C)+1.2 (D)—1.2
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F2. Aconvexo-concave diverging lens is made of glass of refractive index 1.5 and focal length 24 cm. Radius of
curvature for one surface is double that of the other. Then radii of curvature for the two surfaces are (in cm):

(A) 6,12 (B) 12, 24 (C)3,6 (D) 18, 36
F3.  Twosymmetric double convex lenses Aand B have same focal length, but the radii of curvature differ so that
R,=0.9R,.1fn,=1.63, find n,.
(A)1.7 (B)1.6 (C)1.5 (D) 4/3 ®
w
[
F4 When alens of power P (in air) made of material of refractive index WL is immersed in liquid of refractive
index W,. Then the power of lens is: o
-1 - - P
AL p Bt p bt = (D) none of these
1=K -1 p=1 " Ho

F 5. Alensbehaves as a converging lens in air and a diverging lens in water. The refractive index of the
material is (refractive index of water = 1.33)
(A) equal to unity (B) equal to 1.33
(C) between unity and 1.33 (D) greater than 1.33

F 6. The diameter of the sun subtends an angle of 0.5° at the surface of the earth. Aconverging lens of focal N
length 100 cm is used to provide an image of the sun on to a screen. The diameter in mm of the image formed
is about
(A)1 (B)3 (C)5 (D)9

F7. Athinlens of focal'length f and its aperture diameter d, forms a real image of intensity’l. Now the central part
of the aperture'upto diameter (d/2) is blocked by an opaque paper. The-focal lengthand image intensity would

changeto
(A) fr2,172 (B)f, /4 (C) 3f/4,1/2 (D)f, 3l/4
F 8./ Athin symmetrical double convexlens of power P is cut into three parts, as shown in the figure. Power
of Ais:
P P
(A)2P (B) = ©) < (D) P
2 3
F9. Inthefigure given below, there are two convex lens L, and L, having focal length of f, and f,

respectively. The distance between L, and L, will be

<E3
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(AT, (B)f, (©)f, +1, (D) f, -,

F 10.* Which of the following cannot form real image of a real object ?

(A) concave mirror (B) convex mirror

(C) plane mirror (D) diverging lens \/
F11. An object is placed at a distance u from a converging lens and its real image is

. . 1 L, L
received on a screen placed at a distance of vfrom the lens. If fis the focal length of the '

lens, then the graph between 1/vversus 1/uis:

W W I 1

u S 1 1u

-n
—r
N

Avirtual erectimage by a diverging lens is represented by (u, v, f are coordinates)
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vif
{k we (B) ‘ o (©) \ (D) M

v/f v/f v/f
+1 |--mmmmmommmee

F 13. What should be the value of distance d so that final image is formed on the t0em 206 @
object itself. (focal lengths of the lenses are written on the lenses). oy
(A) 10 cm (B) 20 cm o /\ W S
(C)5cm (D) none of these ¢
)

F 14.* Thevalues of d, & d, for final rays to be parallel to the principle axis are:
focal lengths of the lenses are written above the respective lenses) 10cm  20cm _—5cm

(

(A)d; =10cm,d,=15cm A /\
(B)d, =20cm, d,=15cm

(C)d,=30cm,d,=15cm \/ \/
(D) None of these

 Yo)

4
(=]
I+1
3

o

o

F 15.* Anobject O is kept infront of a converging lens of focal length 30 cm
behind which there is a
plane mirror at 15 cm from the lens.
(A) the final image is formed at 60 cm from the lens‘towards right of it
(B) the final image is at 60.cm from lens towards left of it
(C) the final image is real
(D) the final image is virtual.

w
3O
»5

3

O

N
I7777rrrryrriiiirir
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“T5em =:15cm

F16. Athinlinear object of size 1 mm.is'kept-along the principal axis of a convex lens of focal length 10 cm.
The object is at 15 cm from the lens. The length of the image is:
(A) 1 mm (By4 mm (C)2mm (D) 8 mm

F17. Abiconvex lens is used to project a slide-on screen. The slide'is 2 cm high and 10 cm from the lens. The
image is 18 ¢cm high. What is the focal length.of.the lens?

(AY9cm (B).18 cm (C)4.5cm (D)20 cm

F18. The minimum distance between areal objectand its real image formed by a thin convex lens of focal
length fis
(A) 4f (B) 2f O)f (D) f2

SECTION (G) : COMBINATION OF THIN LENS/LENS AND MIRRORS.

G 1. Theradius of curvature of the left & right surface of the concave lens are 10cm & 15 cm respectively.
The radius of curvature of the mirroris 15cm.

(A) equivalent focal length of the combination is-18 cm ar
(B) equivalent focal length of the combination is +36 cm wa_ter
(C) the system behaves like a concave mirror (n=4/3)
(D) the system behaves like a convex mirror. Glass

(n=3/2)

G2 A plano-convex lens, when silvered at its plane surface is equivalent to a concave mirror of focal Iength
28 cm. When its curved surface is silvered and the plane surface not silvered, it is equivalent to a &
concave mirror of focal length 10 cm, then the refractive index of the material of the lensiis:

(A)9/14 (B) 14/9 (C)17/9 (D) none
G3 In the above question the radius of curvature of the curved surface of plano-convex lensiis :
280 180 39 280
(A) g ©m (B) ~ cm (C) 5 cm (D) 1 cm
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3
G 4. Two plano-convex lenses each of focal length 10 cm & refractive indexz are placed

4
as shown. In the space left, water(R-I;gj is filled. The whole arrangement is in

air. The optical power of the system is (in diopters):

(A) 6.67 (B) - 6.67 (C) 33.3 (D) 20
S
o
G5 The focal length of a plano-concave lens is — 10 cm, then its focal length when its plane surface is &,
polished is: <
(A)20 cm (B) —5cm (C)5cm (D) none of these

(0]
o
*

If a symmetrical biconcave thin lens is cut into two
identical halves. They are placed in different ways as
shown:

(A) three images will be formed in case (i)

(B) two images will be formed in the case (i)

(C) the ratio of focal lengths in (ii) & (iii) is 1 Fig(i) Fig(ii) Fig(iii)
(D) the ratio of focal lengths in (ii) & (iii) is 2

________

(0]
N

A convex lens of focal length 25 cm and a concave lens of focal length 20 cm are mounted coaxially
separated by a distance d cm. If the power of the combination is zero, dis equal to
(A) 45 (B) 30 (C)15 (D)5

SECTION (H) : DISPERSION OF LIGHT

H1.  Thedispersion of lightina medium implies that :
(A) lights of different wavelengths travel with different speeds in the medium
(B) lights of different frequencies travelwith different speeds in the medium
©) the refractive index of mediumiis different for different wavelengths
(D) all of the above.
H2. Critical angle of light passing from glasstoair is minimum for
(A).red (B) green (C) yellow (D).violet
H3 A plane glass slab is placed.over various coloured letters. The letter which appears to be raised
the least is:
(A) violet (B) yellow (C) red (D) green
H4. A medium hasn, =1.56, n, = 1.44. Then its dispersive power is:
(A) 3/50 (B) 6/25 (C)o0.03 (D) none of these
H5.  Allthe listed things below are made of flint glass. Which one of these have greatest dispersive power
(0)).
(A) prism (B) glass slab (C) biconvex lens (D) all have same ®

I
o

A thin prism P, with angle 4° made of glass of refractive index 1.54 is combined with another thin prism P,
made of glass of refractive index 1.72 to produce dispersion without deviation. The angle of the prism P, is :
(A)3° (B)2.6° (C)4° (D)5.33°

I
N

Light of wavelength 4000 Aisincident at small angle on a prism of apex angle 4°. The prism has
n,= 1.5 &n, = 1.48. The angle of dispersion produced by the prism in this light is:
(A)0.2° (B) 0.08° (C)0.192¢° (D) none of these
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A norrow beam of white light goes through a slab having parallel faces
(A)  Thelight never splits in different colours

(B)  The emergent beam is white

(C)  Thelightinside the slab is split into different colours

(D)  The lightinside the slab is white
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H9.”

By properly combining two prisms made of different materials, it is possibel to
(A) have dispersion without average deviation

(B) have deviation without dispersion

(C) have both dispersion and average deviation

(D) have neither dispersion nor average deviation

H10.* Which of the following quantities increases when wavelength is increased? Consider only the magnitudes

—r
"%

N

w

&

o
*

o

N

(A) The power of a converging lens (B) The focal length of a converging lens
(C) The power of a diverging lens (D) The focal length of a diverging lens

EXERCISE-3

Note : * marked questions are MCQ.

SELECT THE CORRECT ALTERNATIVE(S
A flat mirror M is arranged parallel to a wall W at a distance /from it. The light

produced by a point source S kept on the wall is reflected by the mirror and produces ~ wall
a light patch on the wall. The mirror moves with velocity v towards the wall. S : o
(A) The patch of light will move with the speed v on the wall. Ll + Vv
(B) The patch of light will not move on the wall. Y |>7777l77M
©) As the mirror comes closer the patch of light will become larger and shift

away from the wall with speed larger then v.
(D) The size of the light patch on the wall remainsthe same.

An object is placed 30 cm (from the reflecting surface) in front of a block of glass10 cm thick having its
farther side silvered. The image is found to be at 23.2 cm behindthe silvered face, by an observer
infront of the block«The refractive index of glassiis :

(A)1.41 (B) 1.46 (C) 200/ 1382 (D) 1.61

A'ray of light strikes a plane mirror at'an angle of incidence 45° as shown in the
figuresAfter reflection, the ray passes-through a prism of refractive index 1.50,
whose apex angle is 4°. The angle through-which the mirror should be rotated if
the total deviation of the ray is to be 90%is :

(A) 1% clockwise (B) 19 anticlockwise

(C) 20 clockwise (D) 20 anticlockwise

When the object is at distances u; & u, the images formed by the same
lens are real andvirtual respectively and of the same size. Then focal length of the lens is:

1
(A) 5w, B) “o ©) Ju, (D) 2(u, + u,)

A man wishing to get a picture of a Zebra photographed as white donkey after fitting a glass with black
streaks onto the lens of his camera.

(A) The image will look like a white donkey on the photograph.

(B) The image will look like a Zebra on the photograph

(C) The image will be more intense compared to the case in which no such glass is used.

(D) The image will be less intense compared to the case in which no such glass is used.

A beam of white light is incident on hollow prism of glass. Then :

(A) the light emerging from prism gives no dispersion

(B) the light emerging from prism gives spectrum but the bending
of all colours is away from base.

© the light emerging from prism gives spectrum, all the colours
bend towards base, the violet the most and red the least.

(D) the light emerging from prism gives spectrum, all the colours

bend towards base, the violet the least and red the most.

Alight ray Lis incident on a plane mirror M. The mirror is rotated in the direction as shown in the figure by an
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arrow at frequency 9/r rps. The light reflected by the mirror is received

on the wall W at a distance 10 m from the axis of rotation. When the
angle of incidence becomes 37° the speed of the spot (a point) on the

wall is:

(A) 10 m/s (B) 1000 m/s

(C) 500 m/s (D) none of these M

Two plane mirrors are inclined to each other with their reflecting faces
making acute angle. A light ray is incident on one plane mirror. The
total deviation after two successive reflections is:

(A) independent of the initial angle of incidence

(B) independent of the angle between the mirrors

(C) dependent on the initial angle of incidence
(D)

dependent on the angle between the mirrors.

An equiconvex lens of refractive index n, is placed such that the refractive
index of the surrounding media is as shown. Then the lens:
(A) must be diverging if n, is less than the arithmetic mean of n, and n,

B) must be converging if n, is greater than the arithmetic mean of n, and n,

(
EC) may be diverging if n,is less than the arithmetic mean of n, and n,

1
|
|
|
|
37°

o 10m

n, /1\ n,

D) will neither be diverging nor converging if n, is equal to arithmetic mean of n, and n,

In a thick glass slab of thickness / and refractive index n, a cuboidal
cavity of thickness ‘m’ is carved as shown in the figure & is filled

?A

with liquid of R. 1.0, (n, > n,)- The ratio of //m, sothat shift produced

air
n

1/;/(1)

by this slab is zero when an observer A observes an object B with
paraxial raysis:

n,

I
1 (2) 'm

n; =n ny—n
1 2 B 1 2

(A)

f————

)

n, -1 1’12(111—1)

C) Y ] g L)

n; -1 n;(ng=1)
Two plane mirrors of length L are separated by distance L and a man M, is
standing at distance L from'the connectingline of mirrors as shown in
figure. A man M, is walking in a-straight line at distance 2 L parallel to
mirrors at speed u, then-man M, at O will be able to see image of M, for
time:

4L 3L 6L 9L

u u u u

In the figure shown a point object O is placed in air. A spherical boundary of
radius of curvature 1.0 m separates two media. AB is principal axis. Th
refractive index above AB is 1.6 and below AB is 2.0. The separation betwee
the images formed due to refraction at spherical surface is:

(A)12m (B)20 m (C)14m (D)10m

In the figure shown a point object O is placed in air on the principal
axis. The radius of curvature of the spherical surface is 60 cm. | is
the final image formed after all the refractions and reflections.

(A) Ifd, =120 cm, then the ‘|, ‘ is formed on ‘O ‘ for any value of d,. _@

e
n

B

(@)
o
5
|
|

If d, = 240 cm, thenthe ‘I, “isformed on “O‘ only if d, = 360 cm.

;

(B)

(C) If d1 =240 cm, then the ‘I.* isformed on ‘O ‘ for all values of d.,.
1 f 2

(D) If d, = 240 cm, then the ‘I, cannot be formed on ‘O *. d,

In the figure shown a thin parallel beam of light is incident on a plane
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mirror m, at small angle ‘0’. m, is a concave mirror of focal length ‘f’. After
three successive reflections of this beam the x and y coordinates of the im-
age is :

Ay

(A)x=f—d,y="fo (B)x=d+f,y=10
(C)x=f—d,y=—"f0 (D)x=d—f,y=—10

The distance between an object and its doubly magnified image by a concave mirror is:

en

[ Assume f = focal length ] :
(A)3f/2 (B) 21/3 (C)3f >
(D) depends on whether the image is real or virtual. o
In the figure shown, the image of a real object is formed at point I. AB is the principal axis of the mirror. _-
The mirror must be: O. 3
(A) concave & placed towards right of I Id1 @
(B) concave & placed towards left of Iy B o
(C) convex & placed towards right of I ey
(D) convex & placed towards left of 1. Id2>d1 X
o] o

9,

An object is kept on the principal axis of a convex mirror of focal length 10 cm at a distance of 10 cm K
from the pole. The object starts moving at a velocity 20 mm/sec towards the mirror at angle 302 with the ]S
principal axis. What will be the speed of its image & direction with the principal axis at that instant.

7
(A) speed = 5% mm/sec (B) speed = 5\/7 mm/sec
27 N . :
(C)tan 1 E with the principal axis (D) none of these

My & M, are two concave mirrors of the same focal length 10cm. AB
& CD are their principal axes respectively. A point'object O is kept
on the line AB at distance 15 cm'from M,. The distance between the
mirrors 20 cm. Considering two successive reflections first on M,
andthen on'M,. The distance of final image from the line ABis:

(A) 3cm (B)\1.5¢cm

(C)4.5cm (D) t.cm

A parallel beam of light isincident on the upper part of a prism of angle _)_): R = 20cm
1.82 & R.I. 3/2:The light coming out of the prism falls on a concave ->—o

mirror of radius of curvature 20 cm. The distance of the point (where =]

the rays are focused after reflection from the mirror) from the principal

axis is:

(A) 9 cm (B)1.57 mm

(C)3.14 mm (D) none of these

A symmetrical converging convex lens of focal length 10 cm & diverging
concave symmetrical lens of focal length — 20 cm are cut from the
middle & perpendicularly and symmetrically to their principal axis. The

parts thus obtained are arranged as shown in the figure. The focal \ ‘ \

length of this arrangement will be:

Teko Classes, Maths : Suhag R. Kariya (S. R. K. Sir), Bhopal Phone : 0 903 903

(A) (B) 20 cm

(C)40cm (D) 80 cm 20 cm
An object ' O ' is kept in air in front of a thin plano convex lens of X

radius of curvature 10 cm. It's refractive index is 3/2 and the medium ‘ y

towards right of plane surface is water of refractive index 4/3. What _Q n,=4/3

parallel finally.
(A) 5cm (B) 10 cm 9
(C)20cm (D) none of these

should be the distance ' x ' of the object so that the rays become )\
n,=3/2
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For a prism of apex angle 459, it is found that the angle of emergence is 45° for grazing incidence.
Calculate the refractive index of the prism.
(A) ()12 (B) (3)"2 (©)2 (D) (5)"2

The angle of minimum deviation from a prism is 30°. If the prism angle is 90°, if the refractive index of
the material of the prism is u and the angle of incidence required for minimum deviation is i, then

(A== (B) i =60° (C)u=15  (D)i=90°

The angular dispersion produced by a small angle prism placed in air :

(A) increases if the average refractive index of the prism increases

(B) increases if the average refractive index decreases

(C) remains constant whether the average refractive index increases or decreases
(D) has no relation with average refractive index

page 64

Which of the following quantities related to a lens depend on the wavelength of the incident light?
(A) power (B) focal length
(C) chromatic aberration (D) radii of curvature

EXERCISE-4

Aright angle prism (45°-90°-45°) of refractive index n has a plate of refractive index n, (n, < n)
cemented to its diagonal face. The assembly isin air. aray is incident on AB (see the figure).

(i) Calculate the angle of incidence at AB for which the ray strikes the diagonal-face atthe 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:
[JEE *96, 3/100]

A thin plano—convex. Lens of focal length F is splitinto two.halves, one
ofithe halvesiis shifted along the optical axis. The separation between object
and image planesis'1.8 m. The magnification.of the image formed by one /
of the half lenses is 2.-Find the focal length of the lens and separation © /
between thetwo halves. Draw the ray diagram for image formation. l

[ JEE "96, 5/100 ]

1.8m

Which of the following form(s) a virtual and erect image for all positions of the object?
(A) Convex lens (B) Concave lens (C) Convex mirror (D) Concave mirror
[ JEE 96, 2/100]

A small fish, 0.4 m below the surface of a lake, is viewed through a simple converging lens of focal 5
length 3m. The lens is kept at 0.2 m above the water surface such that the fish lies on the optical axis ¢
of the lens. Find the image of the fish seen by the observer. The refractive index of the water is 4/3.

[ REE 96, 5]

ag R. Kariya"(S. R. K. Sir), Bhopal Phone : 0 903 903 7779, 0 98930 58881.
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A thin equiconvex lens of glass of refractive index u =3/2 & of focal length 0.3 m in airis sealed into
an opening at one end of atank filled with water (u = 4/3). On the opposite . oom 08m
side of the lens, a mirror is placed inside the tank on the tank wall -
perpendicular to the lens axis, as shown in figure. The separation between

the lens and the mirror is 0.8 m. A small object is placed outside the tankin =~ & -----
front of the lens at a distance of 0.9 m from the lens along its axis. Find the

position (relative to the lens) of the image of the object formed by the system.

[JEE'97,5]

Teko Classes

[ JEE '98 3/200 Each ]
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(i) A concave mirror is placed on a horizontal table, with its axis directed vertically upwards. Let O be
the pole of the mirror and C its centre of curvature. A point object is placed at C. It has a real image,
also located at C. If the mirror is now filled with water, the image will be:

(A) real, & will remain at C

(B) real, & located at a point between C and «
(C) virtual, & located at a point between C and O
(D) real, & located at a point between C and O

—_
~—

Aray of light travelling in a transparent medium falls on a surface separating the medium from air at \8
an angle of incidence of 45°. The ray undergoes total internal reflection. If nis the refractive index of @
the medium with respect to air, select the possible value(s) of n from the following:
(A) 1.3 (B) 1.4 (C) 1.5 (D) 1.6

(i) 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 foundto have a
real image Q in the glass. The line PQ cuts the surface at a point O and PO = OQ. The distance PO
is equal to:

(A) 5R (B) 3R (C) 2R (D) 1.5R

A prism of refractive index n, and another prism of refractive index n, are
stuck together without a gap as shown in the figure. The angles of the
prisms are as shown. n, and n, depend on A, the wavelength of light according

pag

N

10.8x10* 1.80x10% -
ton,=120+ — 5 and n,=1.45+ ——5—— where Lisinnm.
N N
(i) Calculate the wavelength A for which rays.incident at any angle on
the interface BC pass through without bending at that interface.
(i) For light of wavelength A, find the angle of incidence i on.the face AC such that the deviation
produced by the combination of prisms is minimum. [JEE '98, (2 + 6)/200]

semi

A-rod made of glass (u = 1:5) and.of square cross-section'is bent into the shape il

shown in figure. A parallel beam of light falls perpendicularly on the plane flat surface

A. Referring to the diagram, d is the width of a side and Ris the radius of inner 3
semicircle. Find the maximum value of ratio d/R so that all light entering the glass
through surface A emerge from the glass through surface B. ' [ REE '98, 5] d

A B

©

A concave lens of glass;refractive index 1.5, has both surfaces of same radius of
curvature R. Onimmersion in a medium of refractive index 1.75, it will behave as a
(A) convergent lens of focal length 3.5R (B) convergent lens of focal length 3.0 R.
(C) divergent lens of focal length 3.5 R (D) divergent lens of focal length 3.0 R
[ JEE 99, 2/100]

R. Kariya (S. R. K. Sir), Bhopal Phone : 0 903 903 7779, 0 98930 58881.

10. The x-y plane is the boundary between two transparent media. Medium-1 with z > 0 has refractive >
index /2 and medium -2 with z < 0 has a refractive index /3 . Aray of light in medium-1 given by the(%
vector A = 6\/5 f + 8\/5 3 - 1012 is incident on the plane of separation. Find the unit vector in the ¢,
direction of refracted ray in medium — 2. [ JEE’99,10/100] %

=

11. A quarter cylinder of radius R and refractive index 1.5 is placed on a table. A qw;
point object P is kept at a distance of mR from it. Find the value of m for which @
aray from P will emerge parallel to the table as shown in the figure. ©

[ JEE '99, 5/100 ] P O
2
)
|_

le————le———!
mR . R .

—r
N

Two symmetric double-convex lenses L, & L, with their radii of curvature 0.2 m
each are made from glasses with refractive index 1.2 & 1.6 respectively. The lenses with a separation
of 0.345 m are submerged in a transparent liquid medium with a refractive index of 1.4. Find the focal
lengths of lens L, & L,. An object is placed at a distance of 1.3 m from L., find the location of its image
while the whole system remains inside the liquid. [ REE '99, 5]
[JEE '2000 (Screening) 3/105 Each]
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(a) A diverging beam of light from a point source S having divergence angle a,
falls symmetrically on a glass slab as shown. The angles of incidence of
the two extreme rays are equal. If the thickness of the glass slab is t and
the refractive index n, then the divergence angle of the emergent beam is
(A) zero (B) a (C) sin"'(1/n) (D) 2sin7'(1/n)

(b) A rectangular glass slab ABCD, of refractive index n,, isimmersed in

water of refractive index n (n.>n,). Aray of lightisincidentat - // //
the surface AB of the slabzas1sh02wn. The maximum value of // A//////////
the angle of incidence o _,, such that the ray comes out only ~ /

/ a’max

Z

/-

n,

T
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IS

from the other surface CD is given by

N . Np .14 1
(A) sin~ {ECOS [sm n—1ﬂ (B) sin {m cos (sm EH
(C) sin! (:_;J (D) sin- (:—ﬂ

(c) A point source of light B is placed at a distance L in front of the centre T
of a mirror of width d hung vertically on a wall. A man walks in front of d By
the mirror along a line parallel to the mirror at a distance 2L from it as _L :
shown. The greatest distance over which he can see the image of the |
light source in the mirror is 1
(A)d/2 (B)d (C)2d (D) 3d —
T —
(d) A hollow double concave lens is made of very thin transparent material. 2

It can befilled with air or either of two liquids L, or L, having refractive indices n, and n, respectively
(n, >N, > 1). The lens will diverge a parallel beam of-light if it is filled with

(A) airandplacedin air. (B) airand immersed in L,.

(C) L, and immersed in.L,. (D)L, and immersed in L.

—r
>

A convex lens of focal length 15 ¢cm and a concave mirror of focal length
30 cm are kept with their optic axes’ PQ and RS parallel but separated in
vertical direction by 0.6 cm as shown..The distance between the lens and
mirror is 30 cm. An upright object AB of height 1.2 cm is placed on the
optic axis PQ of the lens at a distance 0of 20 cm from the lens. IfA“B’is
the image after refraction from the lens and reflection from the mirror, find
the distance A’B’ from the poleof the mirror and obtain its magnification.
Also locate positions of A” and B with respect to the optic axis RS. [ JEE 2000
Mains 6/100]

15. [ JEE 2001 (Screening 3/105 Each ]
(i) A given ray of light suffers minimum deviation in an equilateral
prism P Additional prisms Q and R of identical shape and of the
same material as P are now added as shown in the figure. The p R
ray will now suffer.
(A) greater deviation (B) nodeviation
(C) same deviation as before (D) total internal reflection
(i) A ray of light passes through four transparent media with refractive X ::

X A X

X X X X
CX X X X
X X X X X
X X X X X
X X X X X

indices u, w, 1, &y, as shown in the figure. The surfaces of all media
are parallel. If the emergent ray CD is parallel to the incident ray AB,
we must have:
(A) u,=u, (B) u,=u, C) uy=mn, (D) n,=n,

[ JEE 2001 (Mains) 5/100 Each ]

(i) The refractive indices of the crown glass for blue and red lights are 1.51 & 1.49 respectively
and those of the flint glass are 1.77 & 1.73 respectively. An isosceles prism of angle 62 is made
of crown glass. A beam of white light is incident at a 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. Determine the angle of the flint glass prism. Calculate the net dispersion
of the combined system.

>
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(i) 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 W
is then filled with water of refractive index 4/3. It is 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.

[ JEE Screening 2002, 3/105 Each ]
Two plane mirrors A & B are aligned parallel to each other, as shown in 2/3m ﬁB .
the figure. A light ray is incident to an angle of 302 at a point just inside
one end of A. The plane of incidence coincides with the plane of the o.ZmI 0
figure. The maximum number of times the ray undergoes reflections WWWWV
(including the first one) before it emerges out is: A
(A) 28 (B) 30 (C) 32 (D) 34

—_
~—
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(i) An observer can see through a pinhole the top end of a thin rod of height h,
placed as shown in the figure. The beaker height is 3h and its radius h.
When the beaker is filled with a liquid up to a height 2h, he can see the s,

=\

lower end of the rod. Then the refractive index of the liquid is: hI
5 5 3 3 o
(A 5 B) 3 © 3 (D) 3

(iii) Which one of the following spherical lenses does not exhibit dispersion? The radii of curvature
of the surface of the lenses are as given in the diagrams.

(A) @ (B) R<:|w (C) @ (D) ﬂ

[ JEE 2003 (Screening) 3/90 Each ] air
(i) In ray ofllight (CH) is incidenton the glass-water interface DC at anangle 'i'. ¢ el
It emerges in air along the water-airinterface EF (see figure). If the refractive

index of water p is 4/3, the refractive index of glass i is :

rs
e
& 0
58
O m

K. Sir), Bhopal Phone : 0903 903 7779, 0 98930 58881.

H
A 3 B 1 c 4sin i D 4 gla:% ’3'\\
(A 2sini - B Tinj ©) — (D) 3 sini RER AR
(i) Athin convex lens of focal length 30 cm forms an image 2 cm high, of an object at infinity. A
thin concavelens of focal length 20 em is placed 26 cm from the convex lens on the side of the o
image. The height of the image now is : .
(A)'1.0cm__(B) 1.25cm (C) 2cm (D) 2.5¢cm Q@
A meniscus lens is made of a material of refractive index p,. Both its surfaces have H, b .g
radii of curvature R. It has two diffrent media of refractive indices p, and ., respectively, fxﬁ
on its two sides (shown in the figure). Calculate its focal length for u, < u, < p,, when .
light is incident on it as shown [ JEE 2003 (Mains) 2/60 ] Dc";)
©
A point object is situated at the centre of a solid glass sphere of radius 6¢cm and refractive index 1.5 . The 5§
distance of its virtual image from the surface of the sphereis. [ JEE 2004 (Scr.) 3/84 ] UJ
(A)4cm (B) 6cm (C)9cm (D)12cm 0
©
An equilaterial prism is kept on a horizontal surface. A typical ray of light PQRS is o/~ < =
shown in the figure. For minimum deviation [ JEE 2004 (Scr.), 3/84 ] . q"’;
(A) the ray PQ must be horizontal (B) the ray RS must be horizontal ¢
©
(C) the ray QR must be horizontal (D) any one of them can be horizontal )
o
A ray of white light is incident on an interface between glass and air from glass towards air. The angle of E}
incidence is such that the green light just suffers total internal reflection. The ray of light emerging from glass
to air contains: [ JEE 2004 (Scr.), 3/84 ]
(A) red, orange and yellow colours (B) violet, indigo and blue colour
(C) all colours (D) all colours except green
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23. Aray of light in air is incident on face AB of an irregular block made of material
with refractive index /2 , as shown in figure. The face CD opposite to AB is a A—¢

spherical surface of radius of curvature 0.4 m. From this face the refracted ray
enters a medium of refractive index 1.514 and meets the axis PQ at pointE. » 5 —a
Determine the distance OE correct to two decimal places. n<t oo 1514

[ JEE 2004 (Mains) 2/60 ] s —"

An object is placed at a distance of 0.4 m from a lens having focal length 0.3 m. The object is moving towards €
the lens at a speed of 0.01 m/s. Find the rates of change of position of image and lateral magnification of o
image. [ JEE 2004 (Mains) 4/60 ]

N
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o

Figure shows object O. Final image Iis formed after two refractions and one
reflection is also shown in figure. Find the focal length of mirror. (incm) : T
[ JEE 2005 (Scr) 3/60 ]

15cm

25cm
33.25cm

(A) 10 (B) 15 (C) 20 (D) 25

26. In the figure two triangular prisms are shown each of refractive index V3.
[ JEE 2005 (Mains) 4/60 ]
(@) Find the angle of incidence on the face AB for minimum deviation from the

prism ABC?
(b) Find the angle through which the prism DCE should be rotated about the edge passingthrough point
C so that there should be minimum deviation from the system?

27. A point object is placed at distance of 20 cm from a thin planoconvex lens of focal length S
15 cm. The plane surface of the lens.is-now silvered. The image created by the system is . S
at ;[ JEE 2006 ] . S
(A) 60 cm to the left of the system. (B)'60 cm to the right of the system. 20
(C) 12cm to the left of the system. (D) 12 cm to the right of.the system.
Vv
28. The graph between object distance u and image-distance v for a lens is given
below. The focal length of the lens is: [ JEE 2006]
(A)5 £0.1 (B) 5 + 0.05 o
(C)0.5+0.1 (D) 0.5+ 0.05 o
+9

29, A biconvex lens of focal lengthf forms a circular image of radius r of sun in focal plane. Then which option is
correct: [ JEE 2006 ]
(A) mur? o f

(B) mur? o< f2
(C) If lower half part is convered by black sheet, then area of the image is equal to ©r?/2
(D) if f is doubled, intensity will increase
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ANSWER

com

EXERCISE - 1
5 SECTION (A) :

1209 anticlockwise and 2402 clockwise.

> >
M o~

302 clockwise.
60° A4, 40°

> >
o W

Mirror should be placed on the path of the rays
at an £ of 782 or 12°to the horizontal

A 6. Mirror should be placed at an £ of 45° to the
horizontal with mirror surface facing upwards

A7. (a)1;(b)(4,0);(c)No

A 8. Position of image = (1 cos 602, — 1 sin 60°)
Velocity of image = 1 cos 60° i, + 1 sin 60° ]m/s.
A9. (4,0,0)

SECTION (B) :

B 1. infinitely large. B'2. 61.25cm

B3. 1.95m B4. 10.35cm

B 5. approx 0.1cm inside the ball bearing 5x10-%cm.
16 cm B7.784cm, 0.05m

0.2 m from the mirror

AN

B 9. \ 1
B10. 1. \

11. virtual, virtual

12. (i) Real object, Virtual image,
(ii)  smaller, larger

. Virtual object, Real image

o W
- -
H W

. larger, smaller

tow-----<¢
) Movement Movement E
of Object of image

v0)
-
[$)]

real, 2f, infinity :real,2f, f

v0)
-
(<]

. (a) 40 cm/s opposite to the velocity object.,

(b) 20 cm/s opposite along the velocity of object.
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B17. 60cm

SECTION (C) :
C1. 2/3 x10°%sec C2. 9.9mm
C3. 30cm C4. 25cm.
C5. 35cm, Shift=5cm.
68
C6. ?cm C7. 0.9cmaboveP
R (R-h)
C8. 2.25cm, 1.78 C9. () (i) —
u u
nth?
C10. — C11. 45°
pne =1
8
C12.u>\/§ C13.0c>sin"§
SECTION (D) :
D1. 90¢

D 2. 379 Thisdeviationis not minimum.
D3. 0=60°

D4. 38°=0 =2sin"(3/4)-60°

D5. (i) 1.5° (ii) e

SECTION (E) .

E1. 240 cm away from the separating surface

E2. (a)2, (b)notpossible, it will focus close to the

centre if the refractive index is large

E 3. 40cm from pole inthe medium of refrative index 1,

virtual, erect and 4 cm in size.
E4. 80cm E5. 50cm
E6. 13.5cm below the surface of water
E 7. (i) No shiftisobserved (ii) 1cm

E 8. 8/3mm, virtual at v =-20, noinvertion

SECTION (F) :

F1. 75cm, 150 cm F2. +24cm,+120cm

F3. 360cm; «; —600cm
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EXERCISE - 2
> SECTION (A) :
£ / . A1 B A2. B A3* C
gr> @ Fy " A4. C A5. D A6. C
S A7. C A8. B A9. C
e
S ! SECTION (B) :
h
;% inT B1. D B2.* AB B3. B
n (b) : B4. A B5 A B6. D
£ i
< i B7. C B8. C B9. C
= F6. Converging B 10.*BC B11. C B12. B
HsR R
% F7 (a) 2o — g (b) ZYPTI—S B13. C B14. C B15. A
oy F8 20cm, 1m, -4, 24cm F9. 03m B16. A B17.°ACD B18. C
£ F10. (i)F1/F2=1.4 B19. C B20. B B21. A
8 (ii) In this liquid the 1%t lens will be diverging & SECTION (C) :
o the 2" a converging one Cci1. C cC2. B c3. C
o
% F11. 1 m F12. 16 cm C4. A C5 D C6. B
Q‘_)“ F13. 3cm F 14. 28/75 = 0.37 cm C7. D cs. A €9 A
O F15. 15¢cm C10. B C11.*BD Ci12. A
X
Ii) F 16. 60 cm from the lensfurther away from the mirror SECTION D :
> F17. 30 cm from the lens further away from the mirror p1, B D2. C D3. ' C
F 18. 1.67 cm.from the lens D4* CD D5* AD D6. B
S F 19. Atthe objectiitself, of the same size D7.* AC D8. A D9. D
:'5') F 20. 30.33 cm from the lens D10. C D11: B
QO F21. 1.0 cm if the light is incident from the side of .
o SECTION (E) :
= concave lens.and 2.5 mmiif it is incident from
c the side of the convex.lens. E1. B E2. C E3. A
9 F 22. 60 cm from the diverging lens or 210 cm from E4. A E5. D E6" AC
HCI_J the converging lens. SECTION (F) :
3 SECTION (G) : F1. A F2. A F3. A
% G1. 10D, Optical power of each lens =5 D. F4. C F5 C F6. D
Q“_S G 2. 10 cm for convex lens and 60 cm for concave F7. D F8 D F9. C
lens
5 F10.BCD F11. B F12. D
35 G3. -6.7D
5 F13. A F14*ABC F15.*BC
G4. 75cm
© F16. B F17. A F18. A
8 G 5. (a) 15cm from the lens on the axis
( ) :
- (b) 1.14 cm towards the lens SECTION (G
< SECTION (H) : G1.* AC G2. B G3. A
] H1. (a)0.2°(b)0.72° G4 A G5. C G6* AC
HJJ H2. 7.2° G7. D
T Hs (0 20y — ) o 2y -1
w W=k Ty T
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SECTION (H) :

H1. D H2. D H3. C

H4. B H5. D H6. A

H7. D H8.* BC H9.* ABC

H10.*B D

EXERCISE - 3

QNo.[ 1| 2| 3|4 (5|6 |7]|8]|9](10
Ans |[BD| C | B (B |BD| A | B | AD|ABD| B
Q.No.[{ 11| 12| 13|14 (15| 16| 17| 18 | 19 | 20
Ans | C| A|/AB[D|A|B|C|B|B]|D
Q.No.[ 21| 22| 23| 24| 25
Ans | C | D |AB[ABC|ABC

EXERCISE - 4

N o g 0 DN
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(i) sin [% (H—nlﬂ

(ii) r, =sin™ (nsin 45°%) = 72.94°
f=0.4m, separation=0.6m

B, C

On the object itself

90 cm.from the lens towards right
(1) D (i) C,D (iii) A

(i) A, =600nm, n=1.5

(ii) i ='sin"'(0.75) = 48.59°

(r/R) _=1/2

max

9.

10.

11.
12.

13.
14.

15.
16.
17.

19.

20.

23.

24,

25,
27.

A

3. 22, 1
T=—F1i+—3i-—F7
s\ 5 V2
(angle of incidence = 60°, r = 45°)
m = 4/3
f,=-70cm, f,=70cm,
V =560 cm to theright of L,
(@)B (b)A (¢)D (d)D

A’B” at 15 cm to the right of mirror. B” is 0.3 cm
above RS &A’is 1.5 cm below RS. Magnification

is 1.5
(i) C (i) D
(i) A=4° 6=0.04 (iijn=8/5=1.6
()B (ii)B (iii)C 18. (i)B (ii)D
L
(L3 — H4)
B 21. C 2. A
OE =6.06 m
av dm
i 0.09'm/s; e 2 0.3 sec™!
C 26. (@ i=60°b) ' 60°
C 28. B 29. 'B
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