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) Plane Mirror, Spherical Mirror  [JEgR
and Reflection of Light =7

When an object is kept at a distance of 30 cm from a concave
mirror, the image is formed at a distance of 10 cm from the
mirror. If the object is moved with a speed of 9
cms!, the speed (in cms!) with which image moves at

that instant is . [NA Sep. 03, 2020 (ID]
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A spherical mirror is obtained as shown in the figure from
a hollow glass sphere. If an object is positioned in front of
the mirror, what will be the nature and magnification of the
image of the object? (Figure drawn as schematic and not
to scale) [Sep. 02,2020 ()]
(@) Inverted, real and magnified

(b) Erect, virtual and magnified

(c) Erect, virtual and unmagnified

(d) Inverted, real and unmagnified

A concave mirror for face viewing has focal length of 0.4 m.
The distance at which you hold the mirror from your face
in order to see your image upright with a magnification of
Sis: [9 April 2019 1]
(@) 024m (b) 1.60m (c) 0.32m (d 0.16m
A point source of light, S is placed at a distance L in front
of the centre of plane mirror of width d which is hanging
vertically on a wall. A man walks in front of the mirror
along a line parallel to the mirror, at a distance 2L as shown

below. The distance over which the man can see the image
of'the light source in the mirror is: [12 Jan. 2019 I]

— 2 —>

@ d (b) 2d

d
@ 5
Two plane mirrors are inclined to each other such that a
ray of light incident on the first mirror (M) and parallel to
the second mirror (M,) is finally reflected from the second
mirror (M,) parallel to the first mirror (M,). The angle
between the two mirrors will be: [9 Jan. 2019 IT]
(@) 45° (b) 60°
(c) 75° d) 90°
An object is gradually moving away from the focal point
of a concave mirror along the axis of the mirror. The
graphical representation of the magnitude of linear
magnification (m) versus distance of the object from the
mirror (x) is correctly given by

© 3d

(Graphs are drawn schematically and are not to scale)
[8 Jan. 2020 II]
(a) m

A
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(b) m

(C) m

(d) X

A particle is oscillating on the X-axis with an amplitude
2 cm about the point x;,= 10 cm with a frequency w. A concave
mirror of focal length 5 cm is placed at the origin (see figure)
Identify the correct statements: [Online April 15,2018]
(A) Theimage executes periodic motion

(B) Theimage executes non-periodic motion

(©) The turning points of the image are asymmetric w.r.t

the image of the point at x = 10 cm
(D) The distance between the turning points of the

I . . 100 Xo=10cm
oscillation of the image is 5 =0
@ (B).[D) (b) B).,(O)
© (A)(©),(D) (d) (A),(D)

You are asked to design a shaving mirror assuming that a
person keeps it 10 cm from his face and views the magnified
image of the face at the closest comfortable distance of 25
cm. The radius of curvature of the mirror would then be :

[Online April 10, 2015]
(@) 60cm (b) —24cm
(c) —60cm (d 24cm

A car is fitted with a convex side-view mirror of focal length
20 cm. A second car 2.8 m behind the first car is overtaking
the first car at a relative speed of 15 m/s. The speed of the
image of the second car as seen in the mirror of the first
oneis: [2011]

(a) %m/s (b) 10m/s (c) 15m/s (d) %m/s

10. To get three images of a single object, one should have
two plane mirrors at an angle of [2003]
(a) o0° (b) 90° (c) 120° (d) 30°

11. Iftwo plane mirrors are kept at 60° to each other, then the
number of images formed by them is [2002]
@ 5 (b) 6 (c) 7 d 8

Refraction of Light at Plane
TOPIC 4 Surface and Total Internal
Reflection

12. An observer can see through a small hole on the side of a
jar (radius 15 cm) at a point at height of 15 cm from the
bottom (see figure). The hole is at a height 0of 45 cm. When
the jar is filled with a liquid up to a height of 30 cm the same
observer can see the edge at the bottom of the jar. If the
refractive index ofthe liquid is /100, where N is an integer,

the value of NV is . [NASep. 03,2020 (D]

15 cm

13. A lightray enters a solid glass sphere of refractive index
u= /3 at an angle of incidence 60°. The ray is both
reflected and refracted at the farther surface of the sphere.

The angle (in degrees) between the reflected and refracted
rays at this surface is

[NA Sep. 02,2020 (II)]
14. A vessel of depth 2h is half filled with a liquid of refractive
index 2./2 and the upper half with another liquid of
refractive index /2. The liquids are immiscible. The
apparent depth of the inner surface of the bottom of vessel

will be: [9 Jan. 2020 I]
h h

@ 7 ® 5 2+
h 3

© 35 @ 2

15. There is a small source of light at some depth below the

4
surface of water (refractive index = 5) in a tank of large

cross sectional surface area. Neglecting any reflection from
the bottom and absorption by water, percentage of light
that emerges out of surface is (nearly):

[Use the fact that surface area of a spherical cap of height
h and radius of curvature r is 27rh] [9 Jan. 2020 II]
@@ 21% (b) 34% (c) 17% (d) 50%
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The critical angle of a medium for a specific wavelength, if
the medium has relative permittivity 3 and relative

4
permeability 3 for this wavelength, will be: [8 Jan. 2020 I]

(@ 15° (b) 30°

(c) 45° (d) 60°

A concave mirror has radius of curvature of 40 cm. It is at
the bottom of a glass that has water filled up to 5 cm (see
figure). If a small partricle is floating on the surface of
water, its image as seen, from directly above the glass, is at
a distance d from the surface of water. The value of d is
close to : [12 Apr. 2019 1]
(Refractive index of water = 1.33)

particle

(@) 6.7cm (b) 134cm (c¢) 88cm (d) 1l.7cm
A transparent cube of side d, made of a material of refractive
index p,, is immersed in a liquid of refractive index
u; (< u,). Aray is incident on the face AB at an angle O
(shown in the figure). Total internal reflection takes place

at point E on the face BC.
B E C
0
)
Hy
A D

Then 6 must satisfy : [12 Apr. 2019 IT]

2
(@ O<sinFL (b) 0> sin”’ /“_g 1
H2 Ly
2
() 6<sin™! “—; -1 (d 6>sin”! B
Ky H2

Aray of light AO in vacuum is incident on a glass slab at
angle 60° and refracted at angle 30° along OB as shown in
the figure. The optical path length of light ray from A to B
is: [10 Apr. 2019 1]

60°
\\C' o Vacuum

glass

20.

21.

22,

23.

P-391
@ 22 ®) 2+
a 3
2b
(c) 2a+—= (d) 2a+2b

NE)

In figure, the optical fiber is /=2 m long and has a diameter
of d=20 pm. Ifa ray of light is incident on one end of the
fiber at angle 0, = 40°, the number of reflections it makes
before emerging from the other end is close to :

(refractive index of fiber is 1.31 and sin 40° = 0.64)

[8 April 2019 I
d™
0, N
40¢ T
(@) 55000  (b) 66000 (c) 45000  (d) 57000

A light wave is incident normally on a glass slab of
refractive index 1.5. If 4% of light gets reflected and the
amplitude of the electric field of the incident light is 30 V/
m, then the amplitude of the electric field for the wave
propogating in the glass medium will be:[12 Jan. 2019 I]
(@ 30V/m (b) 10 V/m
() 24V/m (d 6V/m
Let the refractive index of a denser medium with respect to
ararer medium be n |, and its critical angle be 6. At an
angle of incidence A when light is travelling from denser
medium to rarer medium, a part of the light is reflected and
the rest is refracted and the angle between reflected and
refracted rays is 90°. Angle A is given by :

[Online April 8,2017]

1 1

@) PN (b) PRSP

cos” (sinB¢) tan” (sinO¢)

(d) tan~!(sin 0c)
A diver looking up through the water sees the outside
world contained in a circular horizon. The refractive index

(c) cos ! (sin 0c)

4
of water is =, and the diver’s eyes are 15 cm below the

3 2
surface of water. Then the radius of the circle is:
[Online April 9, 2014]
@ 15x3x+/5 ecm (b) 15x347 cm
15x~/7 15x3
© zf em @ 7 em
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A printed page is pressed by a glass of water. The refractive
index of the glass and water is 1.5 and 1.33, respectively. If
the thickness of the bottom of glass is 1 cm and depth of
water is 5 cm, how much the page will appear to be shifted

if viewed from the top ? [Online April 25, 2013]
(@ 1.033cm (b) 3.581cm
(c) 1.3533cm (d 1.90cm

A light ray falls on a square glass slab as shown in the
diagram. The index of refraction of the glass, if total internal
reflection is to occur at the vertical face, is equal to :

[Online April 23,2013]

45/ Incident ray

(2 +1) F 3 ﬁ
@ 200 5 © 5 @

Light is incident from a medium into air at two possible
angles of incidence (A) 20° and (B) 40°. In the medium
light travels 3.0 cm in 0.2 ns. The ray will :

[Online April 9,2013]
(a) suffer total internal reflection in both cases (A) and

B)

(b) suffer total internal reflection in case (B) only
(c) havepartial reflection and partial transmission in case

B)

(d) have 100% transmission in case (A)

Let the x-z plane be the boundary between two transparent
media. Medium 1 in z > 0 has a refractive index of ¥2 and
medium 2 with z < 0 has a refractive index of V3 . Arayof
light in medium 1 given by the vector 4= 637 + 837 -10
is incident on the plane of separation. The angle of
refraction in medium 2 is: [2011]
(@) 45° (b) 60° (c) 75° (d) 30°

A beaker contains water up to a height /2, and kerosene
of height 4, above water so that the total height of
(water + kerosene) is (; + h,). Refractive index of water is
w,and that of kerosene is p,. The apparent shift in the
position of the bottom of the beaker when viewed from
above is [2011 RS]

1 1

(a) (1+H—1Jl’ll—(l+u—2Jk2
1 1

1-— |h 1—— |k

®) [ MJ IJ{ Hz} ?

29.

30.

31.

32.

1 1
1+—|h,—| 1+— |h
© [Jrﬂl)z (Jrﬂzjl
(d) (1—LJI’!2 +(1—LJI’!1
M 29

A transparent solid cylindrical rod has a refractive index of

2
ﬁ - It is surrounded by air. A light ray is incident at the

mid-point of one end of the rod as shown in the figure.

The incident angle 6 for which the light ray grazes along
the wall of the rod is : [2009]

(a) sin~! (\/5/ 2)

(©) sin”! [L]
NE)

A fish looking up through the water sees the outside world

(b) sin”! [ij
N&

@ sin"'(1/2)

contained in a circular horizon. If the refractive index of

. 4 .
water is — and the fish is 12 ¢cm below the surface, the

radius of this circle in cm is [2005]
36
@ = 0 367 © 45 (@ 3645

Consider telecommunication through optical fibres. Which

of the following statements is not true? [2003]

(@) Optical fibres can be of graded refractive index

(b) Optical fibres are subject to electromagnetic
interference from outside

(c) Optical fibres have extremely low transmission loss

(d) Optical fibres may have homogeneous core with a
suitable cladding.

Which of the following is used in optical fibres? [2002]

(@) total internal reflection (b) scattering

(c) diffraction (d) refraction.

>
A point like object is placed at a distance of 1 m in front of
a convex lens of focal length 0.5 m. A plane mirror is placed
at a distance of 2 m behind the lens. The position and
nature of the final image formed by the system is :

[Sep. 06, 2020 ()]
(@) 2.6m from the mirror, real
(b) 1m from the mirror, virtual

(c) 1mfrom themirror, real

(d) 2.6 m from the mirror, virtual
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A double convex lens has power P and same radii of cur-
vature R of both the surfaces. The radius of curvature of a
surface of a plano-convex lens made of the same material

with power 1.5 Pis: [Sep. 06,2020 (ID)]
O N .
@ ® 5 © @ 3

For a concave lens of focal length f, the relation between
object and image distances u and v, respectively, from its pole

can best be represented by (u = v is the reference line) :
[Sep. 05, 2020 (I)]

©

¢y ST
[=A 4

(d)

The distance between an object and a screen is 100 cm. A
lens can produce real image of the object on the screen for
two different positions between the screen and the object.
The distance between these two positions is 40 cm. If the

power of the lens is close to (%)D where N is an

integer, the value of N is .
[NA Sep. 04,2020 (ID)]

A point object in air is in front of the curved surface of a
plano-convex lens. The radius of curvature of the curved
surface is 30 cm and the refractive index of the lens material
is 1.5, then the focal length of the lens (in cm)
is . [NA 8 Jan. 2020 1]

A thin lens made of glass (refractive index = 1.5) of focal
length /=16 cm is immersed in a liquid of refractive index
1.42. If its focal length in liquid is f;,then the ratio f; /f is
closest to the integer: [7 Jan. 2020 II]

@) 1 ®) 9 © 5 @ 17

39.

40.

41.

42,

One plano-convex and one plano-concave lens of same
radius of curvature ‘R’ but of different materials are joined
side by side as shown in the figure. If the refractive index
of the material of 1 is p, and that of 2 is ,, then the focal

length ofthe combination is : [10 Apr. 2019 1]
1 1
W/ s

a b

@ Hi =Ky ®) M=Ky

© @ 5

) ————

2(u — 1) 2- (1 —1y)

The graph shows how the magnification m produced by a
thin lens varies with image distance v. What is the focal

length of the lens used ? [10 Apr. 2019 IT]
m
A
t
c
|
>V
<—a—>4—b—>
2 2
bc a b
@ — b — © 7 @ -
ac a c c

A convex lens of focal length 20 cm produces images of
the same magnification 2 when an object is kept at two
distances x; and x, (x; > x,) from the lens. The ratio of x,
and x, is: [9 Apr. 2019 IT]
@ 2:1 d 4:3

(b)y 3:1 (c) 5:3

A thin convex lens L (refractive index = 1.5) is placed on a
plane mirror M. When a pin is placed at A, such that OA =
18 cm, its real inverted image is formed at A itself, as shown
in figure. When a liquid of refractive index y, is put between
the lens and the mirror, the pin has to be moved to A’, such
that OA’= 27 cm, to get its inverted real image at A’ itself.
The value of u; will be: [9 Apr. 2019 IT]

4 3
(a) 3 @)'5 © 3 d 2
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An upright object is placed at a distance 0f40 cm in front
of a convergent lens of focal length 20 cm. A convergent
mirror of focal length 10 cm is placed at a distance of 60 cm
on the other side of the lens. The position and size of the
final image will be : [8 April 2019 I]
(@) 20 cm from the convergent mirror, same size as the object
(b) 40 cm from the convergent mirror, same size as the object
(c) 40 cm from the convergent lens, twice the size of the
object
(d) 20cm from the convergent mirror, twice the size of the
object
A convex lens (of focal length 20 cm) and a concave mirror,
having their principal axes along the same lines, are kept
80 cm apart from each other. The concave mirror is to the
right of the convex lens. When an object is kept at a
distance of 30 cm to the left of the convex lens, its image
remains at the same position even if the concave mirror is
removed. The maximum distance of the object for which
this concave mirror, by itself would produce a virtual image
would be : [8 Apr. 2019 II]

(@ 30cm (b) 25cm (c) 10cm (d 20cm
What is the position and nature of image formed by lens

combination shown in figure? (f}, f, are focal lengths)
[12 Jan. 2019 1]

<+—>»2 cme—>

P D Vs
il

f,=—5cm

(@) 70 cm from point B at left; virtual
(b) 40 cm from point B at right; real

20
(© 5 om from point B at right, real

(d) 70 cm from point B at right; real
Formation of real image using a biconvex lens is shown
below : [12 Jan. 2019 IT]

. |
& ]
: ’ \ N | Screen
] ] 2!f !
B f N

Ifthe whole set up is immersed in water without disturbing
the object and the screen positions, what will one observe
on the screen ?
(@) Image disappears (b) Magnified image
(¢) Erectreal image (d) No change
A plano-convex lens (focal length £,, refractive index p,,
radius of curvature R) fits exactly into a plano-concave
lens (focal length f|, refractive index u,, radius of
curvature R). Their plane surfaces are parallel to each other.
Then, the focal length of the combination will be :

[12 Jan. 2019 1]

48.

49.

50.

51.

52.

@ fi=h ®) Hy — 1y
21112
(© it d fi+h

An object is at a distance of 20 m from a convex lens of
focal length 0.3 m. The lens forms an image of the object. If
the object moves away from the lens at a speed of Sm/s,
the speed and direction of the image will be :

[11 Jan. 2019 I]
(@) 2.26 x 1073 m/s away from the lens
(b) 0.92 x 1073 m/s away from the lens
(¢) 3.22 x 1073 m/s towards the lens
(d) 1.16 x 1073 m/s towards the lens
A plano convex lens of refractive index W, and focal
length f| is kept in contact with another plano concave
lens of refractive index W, and focal length f, If the
radius of curvature of their spherical faces is R each
and f| = 2f,, then U, and W, are related as:

[10 Jan. 2019 1]
@ u;+tp,=3 (b) 2p -, =1

© 3u,-2u=1 (d 2u,—p, =1

The eye can be regarded as a single refracting surface.
The radius of curvature of this surface is equal to that
of cornea (7.8 mm). This surface separates two media of
refractive indices 1 and 1.34. Calculate the distance from
the refracting surface at which a parallel beam of light
will come to focus. [10 Jan. 2019 II]
(@ lcm (b) 2cm

(c) 4.0cm (d 3.l1cm

A convex lens is put 10 cm from a light source and it
makes a sharp image on a screen, kept 10 cm from the lens.
Now a glass block (refractive index 1.5) of 1.5 cm thickness
is placed in contact with the light source. To get the sharp
image again, the screem is shifted by a distance d. Then d

is: [9 Jan. 2019 1]
(@) 1.1 cmaway from the lens
(b) 0

(c) 0.55cm towards the lens

(d) 0.55cm away from the lens

A planoconvex lens becomes an optical system of 28 cm
focal length when its plane surface is silvered and
illuminated from left to right as shown in Fig-A. If the same
lens is instead silvered on the curved surface and
illuminated from other side as in Fig. B, it acts like an optical
system of focal length 10 cm. The refractive index of the

material of lens if: [Online April 15, 2018]
—_— B —

Fig. A Fig. B
(@ 150 (b) 155 (¢ L75 (d 151

@ www.studentbro.in



Ray Optics and Optical Instruments

53.

54.

5S.

56.

57.

Get More Learning Materials Here : I

P-395

A convergent doublet of separated lenses, corrected for
spherical aberration, has resultant focal length of 10cm.
The separation between the two lenses is 2cm. The focal
lengths of the component lenses [Online April 15, 2018]
(@ 18cm,20cm (b) 10cm, 12cm
(¢) 12cm, 14cm (d) lé6cm, 18cm

In an experiment a convex lens of focal length 15 cmis  sg

placed coaxially on an optical bench in front of a convex
mirror at a distance of 5 cm from it. It is found that an
object and its image coincide, if the object is placed at a
distance of 20 cm from the lens. The focal length of the
convex mirror is : [Online April 9,2017]
(@ 275cm (b) 20.0cm (¢) 25.0cm (d) 30.5cm

A hemispherical glass body of radius 10 cm and refractive
index 1.5 is silvered on its curved surface. A small air bubble
is 6 cm below the flat surface inside it along the axis. The
position of the iamge of the air bubble made by the mirror
is seen : [Online April 10, 2016]

10 cm

Silvered

(@ 14 cmbelow flat surface
(b) 20 cm below flat surface
(c) 16 cmbelow flat surface

(d) 30cm below flat surface 59,

A convex lens, of focal length 30 cm, a concave lens of
focal length 120 cm, and a plane mirror are arranged as
shown. For an object kept at a distance of 60 cm from the
convex lens, the final image, formed by the combination, is
areal image, at a distance of : [Online April 9,2016]

oAy
VRIS

|[Focal length| |[Focal length|
=30cm =120 cm

| 60cm | 20cm | 60.
|

h 70 cm 'l
(@ 60cm from the convex lens

(b) 60 cm from the concave lens

(¢) 70 cm from the convex lens

(d) 70 cm from the concave lens

To find the focal length of a convex mirror, a student records

the following data : [Online April 9, 2016]
Object Pin | Convex Lens | Convex Mirror | Image Pin

22.2cm 32.2cm 45.8cm 71.2cm

The focal length of the convex lens is f; and that of mirror
is f,. Then taking index correction to be negligibly small,

f; and f; are close to :

(@ f;=7.8cm f,=12.7cm
(b) f;=12.7cm f,=7.8 cm
(¢) f;=15.6cm f,=25.4 cm
(d f;=7.8cm f,=25.4cm

A thin convex lens of focal length ‘f” is put on a plane
mirror as shown in the figure. When an object is kept at
a distance ‘a’ from the lens - mirror combination, its

a
- in front of the

image is formed at a distance 3

combination. The value of ‘a’ is :
[Online April 11, 2015]

d 2f

@ 3 (b %f © f

3
A thin convex lens made from crown glass [H = E) has

focal length f. When it is measured in two different

4 5
liquids having refractive indices 3 and 3 it has the focal

lengths f; and f, respectively. The correct relation between
the focal lengths is: [2014]

(@ f=f<f

(b) f, > fand f, becomes negative
() f,>fand f, becomes negative
(d) f, and f, both become negative

The refractive index of the material of a concave lens is L.
Itis immersed in a medium of refractive index ;. A parallel
beam of light is incident on the lens. The path of the
emergent rays when 1, > pis:

[Online April 12, 2014]

My

(@)
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/

An object is located in a fixed position in front of a screen.
Sharp image is obtained on the screen for two positions of
a thin lens separated by 10 cm. The size of the images in
two situations are in the ratio 3 : 3. What is the distance
between the screen and the object?

[Online April 11,2014]
(@ 124.5cm (b) 144.5cm
(c) 65.0cm (d 99.0cm

Diameter of a plano-convex lens is 6 cm and thickness at
the centre is 3 mm. If speed of light in material of lens is
2x 108 m/s, the focal length of the lens is [2013]
(@ 15ecm  (b) 20cm  (¢) 30cm (d) 10cm
The image of an illuminated square is obtained on a screen
with the help of a converging lens. The distance of the
square from the lens is 40 cm. The area of the image is 9
times that of the square. The focal length of the lens is :
[Online April 22,2013]
(@ 36ecm (b) 27cm () 60cm (d) 30cm
An object at 2.4 m in front of a lens forms a sharp image on
a film 12 cm behind the lens. A glass plate 1 cm thick, of
refractive index 1.50 is interposed between lens and film
with its plane faces parallel to film. At what distance
(from lens) should object shifted to be in sharp focus of
film? [2012]
@ 72m (b) 24m () 32m (d) S56m
When monochromatic red light is used instead of blue
light in a convex lens, its focal length will [2011 RS]
(@) increase
(b) decrease

66.

67.

68.

69.

70.

.
4
{
.
(T
y
]
~

71.

(c) remainsame

(d) does not depend on colour of light

In an optics experiment, with the position of the object
fixed, a student varies the position of a convex lens and
for each position, the screen is adjusted to get a clear
image of the object. A graph between the object distance u
and the image distance v, from the lens, is plotted using
the same scale for the two axes. A straight line passing
through the origin and making an angle of 45° with the x-
axis meets the experimental curve at P. The coordinates of
Pwill be [2009]

@) (éé} ®) (£
© (4 4f) @ (2£.2/)

A student measures the focal length of a convex lens by
putting an object pin at a distance ‘u’ from the lens and
measuring the distance ‘v’ of the image pin. The graph
between ‘u’ and ‘v’ plotted by the student should look

like [2008]
v(cm) v(em)
@ / (b) K
O|  u(cm) Ol u(cm)
v(cm)
v(cm)
c d
© O u(cm) @ Ol u(cm)

Two lenses of power —15 D and +5 D are in contact with
each other. The focal length of the combination is [2007]
(@ +10cm (b) —20cm

(c) —10cm (d +20cm

A thin glass (refractive index 1.5) lens has optical power of
— 5 D in air. Its optical power in a liquid medium with
refractive index 1.6 will be [2005]

@ -1 () 1D (¢ -25D () 25D

A plano convex lens of refractive index 1.5 and radius of
curvature 30 cm. Is silvered at the curved surface. Now this
lens has been used to form the image of an object. At what
distance from this lens an object be placed in order to have
areal image of size of the object [2004]

(@ 60cm (b) 30cm (¢) 20cm (d) 80cm

The surface of a metal is illuminated alternately with
photons of energies £, =4 eV and £, = 2.5 €V respectively.
Theratio of maximum speeds of the photoelectrons emitted
in the two cases is 2. The work function of the metal in (eV)
is . [NA Sep. 05, 2020 (ID)]
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The variation of refractive index of a crown glass thin prism
with wavelength of the incident light is shown. Which of
the following graphs is the correct one, if D_ is the angle

of minimum deviation ? [11 Jan. 2019, 1]
1.535 1
1,
1.530 +
1.525 +
1.520 +
1.515 +
1.510 I I I I A (nm)
400 500 600 700
Dm
a) \
400 500 600 700+ (om)
Dm
(b)
200 500 600 700+ (nm)
Dm
(©) \/
} } } } > )\ (nm)
400 500 600 700
Dm
(d)
— » A (nm)
400 500 600 700

74.

75.

76.

77.

A monochromatic light is incident at a certain angle on an
equilateral triangular prism and suffers minimum deviation.

If the refractive index of the material of the prismis /3,

then the angle ofincidence is : [11 Jan. 2019 IT]
(@ 90 (b) 30°
(c) 60° (d) 45°

A ray of light is incident at an angle of 60° on one face of
a prism of angle 30°. The emergent ray of light makes an
angle of 30° with incident ray. The angle made by the
emergent ray with second face of prism will be:
[Online April 16, 2018]
(@ 30° (b) 90° (c) @ (d) 45°
In an experiment for determination of refractive index of
glass of a prism by i —, plot it was found thata ray incident
atangle 35°, suffers a deviation of 40° and that it emerges
at angle 79°. In that case which of the following is closest
to the maximum possible value of the refractive index?
[2016]
@ L7 (b) 18 (c) 15 d) 16
Monochromatic light is incident on a glass prism of angle
A. Ifthe refractive index of the material of the prism is ,
a ray, incident at an angle 0, on the face AB would get
transmitted through the face AC of the prism provided :
[2015]

1

1
p

(b) B<cos " |psin

(a) 0>cos” {usm{A+sm
{ {A+sm 1 l }
u
(c) 0> sin~! {u sin{A _sin”! (iﬂ
d o< sin~! {p sin{A—sjn_l (lj:|
u

The graph between angle of deviation (8) and angle of
incidence (i) for a triangular prism is represented by[2013]

3
@ 1

o

A

v
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4 80. Which of the following processes play a part in the
formation of a rainbow? [Online May 7,2012]

(1 Refraction (i) Total internal reflection
(iii) Dispersion (iv) Interference
(@ (i), (1) and (iii) (b) (i)and (i1)
(c) (1), () and (iv) (d) (iii) and (iv)
81. The refractive index of a glass is 1.520 for red light and

i
3 1.525 for blue light. Let D, and D, be angles of minimum
© T deviation for red and blue light respectively in a prism of
this glass. Then, [2006]
i
i—»

v

A

(@ D,<D,
(b) D,=D,
(©) D, can be less than or greater than D, depending
upon the angle of prism
(d D,>D,
82. Alight rayis incident perpendicularly to one face of a 90°

prism and is totally internally reflected at the glass-air
interface. If the angle of reflection is 45°, we conclude that

78. A beam of light consisting of red, green and blue colours the refractive index » [2004]

v

A

d
(d) T

o

»

is incident on a right-angled prism on face 4B. The
refractive indices of the material for the above red, green
and blue colours are 1.39, 1.44 and 1.47 respectively. A —
person looking on surface AC of the prism will see \ 45°
[Online May 26, 2012] 45 <
A
—
45°
—
— 1
. @ n>7 b) n>~2
— sl © n<g @ n<\2
; c 72 "

(@) nolight e
(b) green and blue colours {TOPIC E Optical Instruments o

(c) red and green colours O il
(d) red colour only 83. A compound microscope consists of an objective lens of
79. A glass prism of refractive index 1.5 is immersed in water focal length 1 cm and an eye piece of focal length 5 cm with

a separation of 10 cm.

(refractive index 5) as shown in figure. A light beam The distance between an object and the objective lens, at

incident normally on the face AB is totally reflected to n

reach the face BC, if [Online May 19, 2012] which the strain on the eye is minimum is 4—0 cm.

The value of n is . [NA Sep. 05,2020 (D]
84. In acompound microscope, the magnified virtual image is
formed at a distance of 25 cm from the eye-piece. The focal
length of its objective lens is 1 cm. If the magnification is
100 and the tube length of the microscope is 20 cm, then the
focal length of the eye-piece lens (in cm) is .
[NA Sep. 04,2020 (I)
85. The magnifying power of a telescope with tube length 60

§in0 > 5 §in0 > 2 cm is 5. What is the focal length of'its eye piece?
(a) 9 (b) 3 [8 Jan. 2020 I]
. 8 , 1 (@) 20cm (b) 40cm
(c) sin6> 5 (d) sin6> 3 () 30cm (d) 10em
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86.

87.

88.

89.

90.

91.

92.
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If we need a magnification of 375 from a compound
microscope of tube length 150 mm and an objective of
focal length 5 mm, the focal length of the eye-piece, should

be close to: [7 Jan. 2020 1]
(@ 22mm (b) 12mm
() 2mm (d) 33mm

An observer looks at a distant tree of height 10 m with a
telescope of magnifying power of 20. To the observer the
tree appears : [2016]
(@) 20times taller (b) 20 times nearer

(¢) 10times taller (d) 10 times nearer

To determine refractive index of glass slab using a
travelling microscope, minimum number of readings
required are : [Online April 10,2016]
(@) Two (b) Four (c) Three (d) Five
A telescope has an objective lens of focal length 150 cm
and an eyepiece of focal length 5 cm. Ifa 50 m tall tower at
a distance of 1 km is observed through this telescope in
normal setting, the angle formed by the image of the tower
is 0, then 0 is close to : [Online April 10, 2015]
(@ 30° (b) 15° (c) 60° d 1°

In a compound microscope, the focal length of objective
lens is 1.2 cm and focal length of eye piece is 3.0 cm. When
object is kept at 1.25 cm in front of objective, final image is
formed at infinity. Magnifying power of the compound

microscope should be: [Online April 11,2014]
(@) 200 (b) 100
(c) 400 (d) 150

The focal lengths of objective lens and eye lens of a
Galilean telescope are respectively 30 cm and 3.0 cm.
telescope produces virtual, erect image of an object
situated far away from it at least distance of distinct vision
from the eye lens. In this condition, the magnifying power
of the Galilean telescope should be:
[Online April 9, 2014]

(@ +11.2 () -112 (¢) -838 (d) +8.38
This question has Statement-1 and Statement-2. Of the
four choices given after the Statements, choose the one
that best describes the two Statements.
Statement 1: Very large size telescopes are reflecting
telescopes instead of refracting telescopes.
Statement 2: It is easier to provide mechanical support to
large size mirrors than large size lenses.

[Online April 23,2013]
(a) Statement-1 is true and Statement-2 is false.
(b) Statement-1 is false and Statement-2 is true.

93.

94.

9s.

96.

97.

98.

(c) Statement-1 and statement-2 are true and Statement-
2 is correct explanation for statement-1.
(d) Statements-1 and statement-2 are true and Statement-
2 is not the correct explanation for statement-1.
The focal length of the objective and the eyepiece of a
telescope are 50 cm and 5 cm respectively. If the telescope
is focussed for distinct vision on a scale distant 2 m from
its objective, then its magnifying power will be:
[Online April 22,2013]
(@ -4 (b) -8 (c) +8 d -2
A telescope of aperture 3 x 10~2 m diameter is focused on
awindow at 80 m distance fitted with a wire mesh of spacing
2% 103 m. Given: 1 =5.5 x 10~7 m, which of the following
is true for observing the mesh through the telescope?
[Online May 26, 2012]
(@) Yes, itis possible with the same aperture size.
(b) Possible also with an aperture half the present
diameter.
(c) No, it is not possible.
(d) Given data is not sufficient.
We wish to make a microscope with the help of two positive
lenses both with a focal length of 20 mm each and the
object is positioned 25 mm from the objective lens. How
far apart the lenses should be so that the final image is

formed at infinity? [Online May 12, 2012]
(@ 20mm (b) 100mm
() 120mm (d) 80mm

An experment is performed to find the refractive index of
glass using a travelling microscope. In this experiment
distances are measured by [2008]
(@) a vernier scale provided on the microscope

(b) a standard laboratory scale

() ameter scale provided on the microscope

(d) a screw gauge provided on the microscope

The image formed by an objective of a compound
microscope is [2003]
(@) virtual and diminished

(b) real and diminished

(c) realand enlarged

(d) wvirtual and enlarged

An astronomical telescope has a large aperture to [2002]
(@) reduce spherical aberration

(b) have high resolution

(c) increase span of observation

(d) have low dispersion
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Hints & Solutions

. @ Let angle between the two mirrors be 0.
Distance of object, u=—30 cm Ray PQ |l mirror M, and Rs || mirror M,
Distance of image, v= 10 cm - M;Rs=~Z0RQ=2M,0OM,=0

o —v (-10) 1 Similarly, /M,QP=Z0QR = 2M,0M,=0
Magnification, m = — = ——F==— 180°
w =30 3 ©. InAORQ,30=180°=6=——=60°
Speed of image = m? x speed of object = 1 x9 =1cms! 6. (¢) Using mirror formula, magnification is given by
9

2. (d) Object is placed beyond radius of curvature (R) of m= f = -1
concave mirror hence image formed is real, inverted and u—f 14
diminished or unmagnified. f

At focus magnification is o

And at  =2f, magnification is 1.

Hence graph (d) correctly depicts ‘m’ versus distance of

object ‘x’ graph.
m :

3. -
0,0) fo2f x
7.  (¢) When object is at 8 cm
Image V; :f><u :5><8:_ﬂc
u—-f 8-5 3
When object is at 12 cm
A Image szfﬁzwz_@ cm
u-— 12-5 7
3d
2 Separation = |V} - V,|= 40_60 _100
37 21
4 il So A, C and D are correct statements.
) 4+ 8. (¢) Convex morror is used as a shaving mirror.
3d
2
(T)
v
10 cm 15 cm
Total distance = 3d + 3d =3d
2 2
5.
From question : v=15cm, u =— 10 cm
Radius of curvature, R = 2f = ?
Using mirror formula, 1 + ! = 1
v u f
! + ! ! = f 30
—t—=— =—-30 cm
15 (-10) f

Therefore radius of curvature,
R=2f=-60cm
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9.

10.

11.

12.
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(a) From mirror formula 13.

1 1 1

v u f
Differentiating the above equation, we get

dv_ _ﬁ(@j
dt 2 \dt

Also,
v__f
u u—f
z[ s ]d
d \u-f)
2
dv ( 0.2
—=|———] xI15
Tdt \2.8-02
v 1
= 1™
(b) The number of images formed is given by
_360_,
0
360
—-1=3
~ 0
= 9=360 =90°

(a) When two plane mirrors are inclined at each other at
an angle 0 then the number of the images (n) of a point
object kept between the plane mirrors is
360°
. -1,
0

o

n

f 360

is even integer)

o

60°

.. Number of images formed = -1=5

(158) 14.

15

ﬁ and gin r = sin 45°
157 +30

From Snell's law, p xsini =1xsinr

From figure, sini =

15 . 1
=S ux—F———==1xsn45°=—
J15% 4302 V2
%’/\ 15.
A
]: - 450 150m450m
30 cm 1
P
15 cm
Vv
1 30 cm
2 ) N
L= =158x10"" =—
H=0s 100
1125

Hence, value of N =158.

(90.00)

In the figure, OR is the reflected ray and QS is refracted
ray. CQis normal.

.+" reflected\ray

.

C

Apply Snell's law at P
1sin60° = \/gsinr

. 1
:s1nr=52r=30°

From geometry, CP = CQ
Sor'=30°

Again apply snell's law at O,
\/gsinr' =1sine

3 .
:>7=sme:>e=60°
From geometry
r'+0+e=180°
= 30°+60+60°=180°= 0 =90°.
(d) Apparent depth,

(As angles lies on a straight line)

h$ le\/z
H2:2ﬁ$h
p_h b hh o 3h 32

NN RN

[ )
(¢) Given,

4
Refractive index, M = 3

_C o~
%sinezlsin%O 0 0
= sinf = 3
sin 1
cos=—
4

Solid angle, Q =2n(1—cos6) = 2r(1—/7 /4)

Fraction of energy transmitted
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19. (d) From the given figure

=2n(l—cos6)=l—\ﬁ/4=0.17 As sin 60°= p sin 30°
47 2
Percentage of light emerges out of surface o S—
=0.17x100=17%
16. (b) Here, from question, relative permittivity 60° a

8r=i=328=380 TO

€

b 30°
no 4 4 l
Relative permeability b =~ =7 =H=7Hl VL) B
Mo 3 3
ooue =4p,E, sin 60°
SU="T = 3
sin 30°
“080_"_1{..0_ 1 ] a
/_ A B o ~
ue c 2 /“080 A—O—00860 = AO=2a
/ /4 chos30°:>BO=2—b
1 Optical path length =AO + uBO
And "=
sin 6
¢ :2a+(\/§)£:2a+2b

. 11 NE]

=sinf, =—=— . .
n 2 20. (d) Using Snell’s law of refraction,

Critical angle, 6= 30° 1 xsin40°=1.31sin 0

17. (¢) Ifvisthe distance of image formed by mirror, then — sin0= 0.64 _ 0.49 ~ 0.5
1 1 1
—_t =
v u f
rir_r
Ty s 220
v= —cm x=20pum x cot 0
2
Distance of this image from water surface . Number of reflections = m
20 35 p
=—+5=—cm 2x10
3 3 = =57735~ 57000
20x~/3
Using RD =pu 21. (c) As4% oflight gets reflected, so only (100 —4 = 96%)
> AD of light comes after refraction so,
RD (35/3) _9%
AD=d=~~="73>" =88cm Prefracted = 100 P
2 = K,AZ = %KIAf
18. (¢) Usingsin® = pJud—p? =4 271
1 2 96 2
= I'zAt = _rlAi
| H2 100
.- 2
or@ = sin == -1
max [Th = A% :EXLX(?)O)z
100 3

2 2

. 1| M2
For T,R,0< S0 | /5 ~1 64 )
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22. (d) Incidentray i
denser AiA
(Hp) 90°
rarer :
(1g)
From Snell's law, R _ 3121 (i)
up sinr
- Zi=A and Zr=(90°-A)
We also know that, sinf¢ = HR
_Hp
From eq" (i), sin 6 = &
sin(90° - A)
Sin ec = sin A
cosA
sinB¢ =tan A
or A=tan"! (sin 0c)
4
23. (d) Given, p= 5 <R —>
h=15cm I
R=?
‘]
sin 90° h I
sinC
= sinC= 1__R 3
BoyRZ+n2 4
= 16R?=9R?+9h? 0
or, 7R2=9h?
or,
24. (o)

1 2
Apparent depth= —t— *...
PP p [ )

5 1
=t —
1.33 1.5
=38 +0.7 =45cm
o Shiti=6cm—-4.5cm =~ 1.5¢cm
25. (d) Atpoint Aby Snell’s law
—Sin4502sinr— 1 )
M sinr H\/E ...

Atpoint B, for total internal reflection,

o1
sini; =—
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26.

27.

P-403
459
Air
LA
L
7900 i M
s e
B

From figure, i} =90° —r

. |
- (sin90°—r1) =—
n

1
= CcosT=— ... (1)
v
Now cosr =+/1—sin’r = 1—%
2p
_ |2l
= " ... (1)
n
From eqs (i) and (iii)

1 [2p -1
i 2u?

Squaring both sides and then solving, we get

-2
"2

(b) Velocity of light in medium

~3em_ 3x107m
med 02ns  0.2x107%s
Refractive index of the medium

\Y =1.5m/s

8
_ Var _3x100
Vied 1.5
A 1
S Gne
sinC=l=l=30°
poo2

Condition of TIR is angle of incidence i must be greater
than critical angle. Hence ray will suffer TIR in case of (B)
(1=40°>30°) only.

(a) Asrefractive index for z> 0 and z < 0 is different xy
plane should be the boundry between two media.

Angle of incidence is given by

(6737 +843] - 10k ) &

20

cos (m—i) =
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1 Applying Snell’s Law for air and medium inside the cylinder
—cosi:—E f at P we get
= £i=60° _ sin®
\ . sina,
Fr'onll Snell's law, u= /2 i
sini _ up = sinO=nxsino = ; [from (1)]
sinr > X 2
=3 - sin@ = =,/z-1
sini ﬁ h=3 \J 3
= sinr V2 ! ( j
or O=sin | —
= /2sini =+[3sinr \/g
2 sin60°= /3 30. (a) From the figureitis clear that
\/’ tan0, = AB
3 T 0A
2 x— =+/3si
8 2 \/_smr = R=0Atan 0,
=L r=45° N RzOAsineC
28. (b) cosO,
- Ro OAsin6,
25 Kerosene h, [1 _ sin2 0,
My Water h, — tan ec = E = ﬂ
J1-sin? 0,
Apparent shift of the bottom due to water, 1 3
sinf, =—=—
1 Cn o4
Ahy= | 1-—
Hy 3 3 R
. = tan6, = =——=—
Apparent shift of the bottom due to kerosene, Ah, 16-9 7 12

i)

Thus, total apparent shift :
= Ahy + Ah,

(1Y) (1
:hILI_EJ+h2L1_r2

29. (c)

Applying Snell’s law
for medium inside the cylinder and air at Q we get

_sin90° 1

sin(90°-a) cosa
- cosa=—
n

[ 2

. -1 .

" sino=v1-cos? o = l—iz: " ..(1)
n n
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12 cm

6
= R=—F= cm
7

31. (b) Optical fibres form a dielectric wave guide and are free
from electromagnetic interference or radio frequency
interference. There is extremely low transmission loss in
optical fibre.

32. (a) In an optical fibre, light is sent through the fibre
without any loss by the phenomenon of total internal
reflection. Total internal reflection of light waves confine
the light rays inside the optical fiber.

33. (d) Focallength ofthe convex lens, f=0.5m
Object is at 2f'so, image (/) will also be at 2f.
Image of /, i.e., I, will be 1 m behind mirror.
Now 7, will be object for lens.
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34.

3s.

36.

Im Im Im Im
2 IS

Object v 1, JA

f=0.5m Mirror

cu=(D+(=D+(-)=-3m

Using lens formula, L = 1

v u f
l=i+l=L+L or v=§=0.6 m
v f u 405 3 5
Hence, distance of image from mirror
=2+0.6=2.6 m andreal.

(d) Given, using lens maker's formula

1 (1 1)
7R R,

Here, R, = R, = R (For double convex lens)

Aoy

1 2

=>P=—=qu-1)— i
G (n—1) R ()

For plano convex lens,

R =R,R,=

Using lens maker's formula again, we have

1 1

1.5P=(p-1 (———) ii
(H ) R o .(if)

= EP — H__l

2 R'
From (i) and (ii),

R' R
3 R

—=—=
2 2R 3
(d) Fromlens formula,
I 1 1 uf

vou f 0 utf
Case-l:Ifv=u= f+u=f=>u=0
Case-IL: If 4 = 0 thenv =f.

Hence, correct u versus v graph, that satisfies this

condition is (a).
(476.19)
Given,

Distance between an object and screen, D =100 cm

Distance between the two position of lens, d =40 cm

Focal length of lens,

_ D*—d” 100 —40% (100 +40)(100—40) _

4D 4(100) 4(100)
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21 cm

37.

38.

39.

1 100N
Power, _f_ 21100
.. N =476.19.

(60) Given : u=1.5; R yrved =30cm
Using, Lens-maker formula

1 1 1
oza)

For plano-convex lens
R, — wothen R, =-R
R 30

o f=——=

=—= =60 cm
p—1 1.5-1

(b) Using lens maker’s formula

e
S\ R Ry

P-405

Here, Ho and p,, are the refractive index of glass and air

respectively
1 1 1

= —=(1.5—1)(———J (1)
A R Ry

When immersed in liquid

e
V/ERRY R R

[Here, ;= refractive index of liquid]

1 (15 11
e e (ii)
£, 42 )R R
Dividing (i) by (ii)
Si_(5-D142 142 142
f 0.08 0.16 16

(a) Focal length of plano-convex lens-

1 T
S PR Y [P S, B o S
f (y )[oo —Rj R

= fl = R
(Hl - 1)
Focal length of plano-concave lens -

%:(Hz_l)[L_ljz“z_‘l

2 -R -R

= f :i
)

For the combination of two lens-

I -1 -l

f, R R
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- when liquid is put between, then
TR r_2.2
R Lo o f
= foq =
Hi—H2 2.2
40. (d) From theequation ofline or 27/2) 18 f
m=k;v+k, (-y=mx+c) or f=—54cm
v v 1 1
=>—=kv+k [':mz—j = (=) x—
u u Now ~% (=D I
1 ky - . 1
= o ky +7 (Dividing both sides by v) =(u —1)x s
ky 1 1 4
=>-—=—-—-k W =—+1l=—
v u 1 .. Hl 3 +1 3
Comparing with lens formula 1l = ia we get v = M: 40 cm
v f 43. (Bouns) ' (40_20) =20 . =10
1 u,=60-40=20 cm '
ky = 7 andk,=1
20x10
"y =————==20cm
_ 1 _ b (20-10)
slope of m—vgraph ¢ .. Image traces back to object itself as image formed by
lens is a centre of curvature of mirror.
41. (b) Using, M = 5 44. (c) Forlens
or *2:ﬁ:>"1:*2x1 /)/IAN %
A
I 1 1
We have ; - ; = ? (0] \/ I\"\%
o oy x 20 111
x;=30cm vou f
1 1 1
_ 1 1 1
And 5 T T 54 o4 1
2 xn 20 T30 20
Orx2:—100m v=+60cm
x 30 According to the condition, image formed by lens
So, = = E =3 should be the centre of curvature of the mirror, and so
le ) 2'=200rf'=10cm
2. @ = ; 1 1.1
(@) i f 45. (d) Bylens’s formula, vy
Here 2f; = 18 cmor f; =9 cm For first lens, [u; =-20]
12 1oL 1.2
SO,9_f( orf,=18cm vV, =20 5 3

1 2
Using, 7/ =(u-1 [Ej

1 2

—=(1.5-1)| —
or Tg ( )[Rj
S R=18cm

Get More Learning Materials Here : I

Image formed by first lense will behave as an object for
second lens

w220, 14
50, 72773 3
111
= =V, =70cm
v, 14 5

3

@g www.studentbro.in



Ray Optics and Optical Instruments

46.

47.

48.
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p-407

(a) According to lens maker's formula,

1 1 1
2 - —-——
e (Mrel )(RI sz
Focal length of lens will change due to change in refrective

index . So, image will be formed at new position. Hence
image disappears

o ()

1 (-1)
— (-1
p R
Now when combined the focal length is given by
I 1 1
—_—=— 4 —
f fi £
(-1) +1
=(u, 1)< -N=
(m )R (Hz )R
1
=E[H2—X—H1+/{J
_H27H
R
= f= R
K2~y
(d) Bylens formula
i1
v u f
1110
v (-20) 3
110 1
v 3 20
1 197 60
v 60 197

Magnification of lens (m) is given by

[153)
_ (1] _\97)
u 20

velocity of image wrt. to lens is given by

— m2
VL T MVorL
direction of velocity of image is same as that of object
Vo =35 m/s

2

60><1)
(22X ) 5
ViL (197><20 ©®)

=1.16 x 103 m/s towards the lens

49.

50.

51.

(b) From lens maker’s formula,
1 1 1

— = (u — 1) -

f Ry R,

1 1o1Y 1
B (RS | (NI P
f (k )[oo —Rj 21,

1 1
Dividing T by g we get,
1

(=1 _(k2-1)

R 2R

or, 2l —p, =1

My, By

@ using, 2 =y

u R

R=7.8mm

> /

I~
VN

Y

u=1p,=1.34

134 1 1.34-1

14 1 [ru=oo]
V o 7.8

5. V=30.7mm=3.07cm=3.1cm

)

'S \,/

10 cm

10 cm
Screen

Using lens formula

1 1 1 1 1 1
=—=>————=—=f=5m
10 -10 f

v ou f

1
Shift due to slab, = t(l _;] in the direction of incident

ray

or, d= I.S(I—EJ =0.5
3

Now,u=-9.5

111

Again using lens formulas v 05 3
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1 1 2 9 The image I gets formed at 60 cm to the right of the lens
S—=———=— and it will be inverted.

v 1909 The rays from the image (I) formed further falls on the

95 convex mirror forms another image. This image should

oL V=T 10.55cm formed in such a way that it coincide with object at the

same point due to reflection takes place by convex mirror.

Thus, screen is shifted by a distance

d=10.55—10= 0.55 cm away from the lens. Dist.':.lnce bet\yeen lens and mir.ror will be

d = image distance (v) — radius of curvature of convex
52. Case-1 - mitror.

® (] * E } 5=60-2f

2f=60 -5
i_(u—l) f=—28 55
A U R f =—=27.5 cm (convex mirror)
55. (b) Given, radius of hemispherical glassR=10 cm
1 p—1
P=2P,+P, = —=2| ——
172 28 R 10
.. Focal length f= 5= —Scm
1
(* Power, P = ? &fplane mirror o) u= (1.0 - 6).: —4cm.

By using mirror formula,

N L S TS O S
v u f v -4 —5:>V7 e

I (n -t = . p 1
i (R) f = 5 10cm Apparent height, &, = h, i =30 o 20 cm below

flat surface.

P=2P, +P, =10 [ j 56. (a) Len'sformula is given by

L_1,2 2 1 2 18 111
or, PN + . — _—= f
10 28 R R 10 28 280 vou
280 For convex lens,

o, R=——-
g ™ 11 11

— =t —= — ==
30 v 60 60 v

1 (u-1 5
oL He 2 280 9 = p-1= 9 Similarly for concave lens
1 1 1 1 1
5 14 S . S N
u=lrg=7 =155 —120 v 40 v 60
53. (a) For minimum spherical aberration separation, Virtual object 10 cm behind plane mirror.
d=f,—f,=2cm Hence real image 10 cm infront of mirror or, 60 cm from
Resultant focal length=F=10cm convex lens.
1 1 1 57. (a) Takingf,=12.07
Using —=—+—- and solving, we get f, f, 18 Using Mirror's formula
Fof T 2 Nih L1
cm and 20 cm respectively. i - + o
54. (a) Given, focal length oflens (f)=15 cm
- . o 1 o1 1 11
object is placed at a distance (u) =—20 cm N - +— = - =
By lens formula, 127 254 u 12.7 254 u
f=15cm u=254=v’

1 = 1.1 Now using Len's formula

f v u 1 1 1 1 1 1

1 1 1 1 1 \/ % f v u f 254+13.6 10
e =

f 15 20

.o vV d=5cm & L N LA
1 _4-3 fi 39 10 49

v 60 The closest answers is (a) as option (c) and (d) are not
v=60cm possible.
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58. (d) When object is kept at a distance ‘a’ from thin
covex lens

0]
""" @@ [P
I, v
«—>Ve— >
—> a
1 1 1
By lens formula : ——— =
“/ 61.
vt 1
Vo (a) f
1 11 |
% foa (D)

3. 1_1
a V f
62.
311 1 .
B _? +; = ? [From eqn. (i)]
Hence, a = 2f
59. (b) ByLensmaker's formula for convex lens
1 (L . 1) [z)
VANV R
~2 f=4r

fOl', HLI - 3 5fi - 63.

5

for Uz, :E,fz =-5R

= =) ve

60. (a) Ifalensofrefractive index p is immersed in a medium
of refractive index p,, then its focal length in medium is
given by

1 1 1
L 1) =
fm (b )[Rl sz

Iff, is the focal length of lens in air, then

Get More Learning Materials Here : I

1 1 1
- D=
f, (at )[RI Rz]

fa ( mH — 1)
If p; > p, then £ and f, have opposite signs and the
nature of lens changes i.e. a convex lens diverges the light
rays and concave lens converges the light rays. Thus given
option (a) is correct.
(d) Given: Separation of lens for two of its position,
d=10cm
Ratio of size of the images in two positions

43
L, 2
Distance of object from the screen, D =?
Applying formula,
5 _(D+d)’
I, (D-d)
3 (D+10)
- -7
2 (D-10)
3 D*+100+20D
= 57
2 D"+100-20D

= 3D?+300-60D=2D?+200+40D

= D?-100D+100=0

On solving, we get D=99 cm

Hence the distance between the screen and the object is 99 cm.

ne Velocity of light in vacuum

C =
© Velocity of light in medium
S = 2 R= 3cn'i'\
32+ (R-3mm)*=R?
= 32+ R?-2R(Gmm)+(3mm)>=R?  fleeennees 3mm
= R=15cm
: - (é - 1] (Lj =f=30cm _"_x"'
f \2 15

(d) Ifside of object square = /¢
and side of image square = /'

Y 2
From question, 7 =9

/€’
or 3

i.e., magnificationm =3
u=-40cm
v=3x40=120cm
f=2?
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1 1 1 - Experimental
From formula, ——— = T 66. (@ : curve
111 :
120 -40 f ! Straight
: line
1 1 1 1+3 !
e S - —d_-_X (2f,2
or, ¢ 120 20 120 f=30cm : :P( f)
64. (d) The focal length of the lens - = 415: - r —————————
1 B 1 1 | | S
7w lul
For the graph to intersect y =x line. The value of | v | and |
1.1 u | must be equal.
12240 From lens formula
_20+1_ 21 11
240 240 v ou f
f:&cm When u=-2f,v=2f
21
When glass plate is interposed between lens and film, so Also v= u 7
shift produced will be 1+ w
Shift= ¢ (1 _ l\ As |u| increases, v decreases for |u| > f. The graph between
L u [v| and |u| is shown in the figure. A straight line passing
1( | 1 ) 1 1 through the origin and making an angle of 45°with the
3/2) x 3 x-axis meets the experimental curve at P (2f, 2f).
Now image should be form at 1 1 1
67. (¢) Fromthelens formula — = ———
V':12—l—£cm v.u
3 3 This graph suggest that when
Eoyv tllle obfject distanc'e u. u=—fy=+cc
sing lens formula again
g g When uisat— oc,v=f.
1 — 1.1 A v (cm)
f v ou
1 1 1
:> p— —_— —
u v
l_i_ﬁ_l[i_ﬂ}
T u 35 240 5|7 48 ;
1_1148-49 >
~u 5[ 7x16 el u (cm)
= u=-7%x16x5=-560cm=-5.6m o
65. (a) From the Cauchy When the object is moved further away from the lens, v
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B C

Formula, u= A + ? +F

S —

A
As, }\‘blue < }\‘red

}\‘blue > Hred
From lens maker's formula

1 (1 1)
d—(u—-1| —_——
an T (n I)LR1 A

= L>L
B R

= fr> /5

68.

decreases but remains positive.
(¢) When two thin lenses are in contact coaxially, power
of combination is given by

P=P+P,
=(15+5)D
=—10D.

1
f= —(— X 100) cm=-10 cm.
10
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69.

70.
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(b) According to lens maker's formula in air

1 (1 1)
T S

Using lens maker's formula in liquid medium,

T
S \ B R Ry

:Lz[ﬁ_lj (L_LJ .. (i)
716 )R R

Dividing (i) by (ii),
Jm | 151
fa g_l
1.6
1
P=-5-—
Ja
1
= fa__g
1 8
= fm:—8><fa=—8><—§=§
p o _L6 s 1p
" w8

(¢) The focal length(F) of the final mirror is

1 2 1

—_— = —

F f, f,

Using lens maker's formula

Here fi = (ﬂ—l)(i—LJ

v R Ry
Here, Ry =0
R,=30cm
1 1 1
=15-)|———|=—
( )|:oo —30:| 60
1 1 1 1
L—=2X—t——=—
F 60 30/2 10
. F=10cm

Real image will be equal to the size of the object if the
object distance

u=2F=20cm

71.

72.

73.

74.

75.

2

From the Einstein's photoelectric equation

Energy of photon

= Kinetic energy of photoelectrons + Work function

= Kinetic energy = Energy of Photon — Work Function
Let ¢, be the work function of metal and v, and v, be the
velocity of photoelectrons. Using Einstein's photoelectric
equation we have

1
S =4=4 D)
15 .
Emv2 =25-9, .(if)

L 5

2™ 4y

1 _

4—
= (2) =5—¢°: 10 -4y = 4~y
— Yo

Oy = 2eV

(a) When angle of prism is small, then angle of deviation
isgivenby D = (n—1)A
So, if wavelength of incident light is increased, p decreases
and hence D, decreases.

(¢) For minimum deviation:

A_ o0
ro=r, = 5 30
by Snell’s law p sini= p,sinr

Ve

o 1 .
1x 51n1:x/§><527 =1=60
(¢) Angleofprism, A=30°,1=60°,
angle of deviation, 5=30°
Using formula, d=i+e—A
=e=0+A-i

=30°+30°-60°=0°

Emergent ray will be perpendicular to the face

So it will make angle 90° with the force through which it
emerges.
(¢) Weknowthati+e—A=39

35°+79°-A=40° S A=T74°
sin[A+26mj sin[mzsmj
But p= - =
SinA /2 .
sin—
2
=§sin 37°+8—m
3 2
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1
= U<
sin O sin45°

5 ) ) 5
Hmax €an be 3 That is p,, is less than 3 =1.67 or Mu<

But 6, will be less than 40° so N M<\/§ = u<l4l4

79. (¢) For total internal reflection on face AC

p<§sin57°<§sin60° = u=L5 o
3 3 0 > critical angle (C)

76. (¢) Whenr,=C, ZN,RC=90° and sind > sinC
Where C = critical angle sin 0 > 1

1. Wig
As sinC= —=8117, 4
" n 3
sin @ > — = sin 6 > &
n 3

4
2

sin 6 > 2 .
9

80. (a) Rainbow is formed due to the dispersion of light
suffering refraction and total internal reflection (TIR) in
the droplets present in the atmosphere.

81. (a) When angle of prism is small,
Angle of deviation, D=(n—1) 4

Applying snell's law at ‘R’ Since A, <,

psinr, = 1sin90° (1) =p.<py =D,<D,
?El)slii’llrégjielsli; 1ralW at ?,(ﬁ) 82. (b . For total int[ernal'r'eﬂection .
Butr, =A-r, Incident angle (7) > critical angle (i,),
So,sin 0= p sin (A —r,) c.sin > sind,

sin 0= p sin A cosr, —cos A ...(iii) [using (1)]

From(1)

=sin45°>sini, = sini,=—
] n
=Jl-sin’t, = [1-— : . 1
COS T, 2 H2 ..(iv) c.sin45°> —
n

Byeq. (iii) and (iv) N 1 N 1 i
= =>n>

. 1 2 n
sin @ = USINA [1———cos A 2
n 83. (50)

on further solving we can show for ray not to transmitted Given : Length of compound microscope, L = 10 cm

through face AC Focal length of objective f; = 1 cm and of eye-piece,
f,=5cm

0= sin-! {p sin(A —sin~! (lﬂ Uuy=f,=5cm
u Final image formed at infinity (0 ), v,= o

So, for transmission through face AC vy=10-5=5

. .1 . 1 1 1

0> sin~! | usin(A—sin"| — Using lens formula, — —— = —

n vV u f
77. (c) For the prism as the angle of incidence (i) increases, 1 1 1 1 1 1 5
the angle of deviation (8) first decreases goes to minimum T s =T S P = om

value and then increases.

78. (d) For light to come out through face 'AC', total 5
internal reflection must not take place. or, 440
e, 0 <c=sind <sinc
N=—=50cm.

1
= sin < —
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84. (4.48)

According to question, final image i.e., v, =25 cm,

Jo=1 cm, magnification, m = m,m,= 100

X O— object
Jo=lem 25cm !
(0] I, I
<>
X Vl
Objective Eye-piece
20 cm

Using lens formula,

1

o 1
For first lens or objective =———=-= vy =——

v —x 1

. v
Also magnification | m, |= |-

1
u| x-1

For 2nd lens or eye-piece, this is acting as object

oty =—(20—v;) = —[20—%) and v,=—25cm

xX—

D

U

25

Angular magnification | m 4 |= = ]
Uy

Total magnification m =m;m, =100

[Lj _ 2 =100
x—1 X

20-——
x—1
:L=100:1=80(x—1)—4x
20(x—-1)—x

z76x=81zx=£
76

81
76 -19

Sy =—| 20— |=—=
8L 4| 5
76

Again using lens formula for eye-piece

L 259

25 19 106
5

85. (d) For telescope
Tube length (L) =f, +f,= 60

~4.48cm

and magnification (m) = & =5= f,=5f,
Jo=50cmandf,=10cm
Hence focal length of eye-piece, f,=10 cm
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1, — image formed by 1st lens
L,— image formed by 2nd lens

86.

87.

88.

89.

90.

(a) According question, M =375
L=150mm, f,=5mmandf,=?

L D
Using, magnification, ¥ = 70 1+ 76

150 250
=375 =?(1+7J (- D=25cm=250 mm)

e

:12.5=1+@
e
250
= f, =—11.5 =21.7~=22mm

(b) A telescope magnifies by making the object appearing
closer.

(¢) Reading one = without slab

Reading two = with slab

Reading three = with saw dust

Minimum three readings are required to determine refractive
index of glass slab using a travelling microscope.

(¢) Magnifying power of telescope,

_ P (angle subtended by image at eye piece)

MP
o (angle subtended by object on objective)
150
Also, MP=&=— =30
f. 5
50 1
=——=—ra
1000 20

1
B=6=MPx a =30x2—0=%=1.5rad

180°

o, B=15x =84°
n

(@) Given: fy=12cm;f,=3.0cm
uy=125cm; M_=?

From —=i—i
o Yo U
1 1 1
:> —_— —_—

= v5=30cm
Magnification at infinity,

M, D
L) e

30 2

1.25 3
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91.

92.

93.

94.

Get More Learning Materials Here : I

(* D=25cm least distance of distinct vision) =200
Hence the magnifying power of the compound microscope
is 200

(d Given, Focal length of objective, f =30 cm

focal length of eye lens, f,= 3.0 cm

Magnifying power, M =?

Magnifying power of the Galilean telescope,

21-k)
Mp =-2|1--¢
b=y D

S

= ﬂ[l—ij [-- D=25cm]
3 25

= 10><2 =8.8cm
25

(¢) One side of mirror is opaque and another side is
reflecting this is not in case of lens hence, it is easier to
provide mechanical support to large size mirrors than large
size lenses. Reflecting telescopes are based on the same
principle except that the formation of images takes place
by reflection instead of refraction.

(d) Given: f; =50 cm, f, =5cm

d=25cm, u,=-200cm
Magnification M = ?

1 1 1 1 1 4-1 3
> =t =
vo f, u, 50 200 200 200

or Vy=——cm

Now v, =d =-25cm

From, 1 _i =i

v u

€ €

L

Ly
5 25 25

=25
or, Ve =—2am

Magnification M= M, x M,

_-200/3 25

Vo Vv
— X— X
200 -25/6

— €

Up Ue

=—l><6=—2
3

(@) Given:d=3x102m
A=55x10"7m

9s.

96.
97.

98.

o ] 1.221
Limit of resolution, AO = —

 1.22x5.5x10”

3x1072
At a distance of 80 m , the telescope is able to resolve

between two points which are separated by 2.23 x 107>
x 80 m

=223 x 107 rad.

=1.78x 103 m

Eye-Piece

Objective :

1

1 1

1 1

1 1

(©) T £y ! , :

0: 20 mm : 1 1

1 ! !

€25 mm: : v, =< [ :

1

1

To obtain final image at infinity, object which is the image
formed by objective should be at focal distance of eye-

piece.
By lens formula (for objective)
11 1
v uw fo
1 1 1

oL Yy 25 20

1t 1 s-4 1
= v 20 257 100 100
Vo= 100mm

Therefore the distance between the lenses

=V, £, =100 mm+20 mm =120 mm

(a) To find the refractive index of glass using a travelling
microscope, a vernier scale is provided on the microscope
(¢) A real, inverted and enlarged image of the object is
formed by the objective lens of a compound microscope.
(b) The resolving power of a telescope is

D
1220

where D = diameter of the objective lens
A =wavelength of light.

D
Clearly, R.P « -

Resolving power of telescope resolution will be high if'its
objective is of large aperture.
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