SINGLE CORRECT CHOICE TYPE
Each of these questions has 4 choices (a), (b), (c) and (d) for its answer, out of which ONLY ONE is correct.

1. A fish looking up through the water sees the outside world 4.  » and ' denote the angles inside an equilateral prism, as
contained in a circular horizon. If the refractive index of usual, in degrees.
water is 4/3 and the fish is 12 ¢cm below the surface, the
radius of this circle (in cm) is —

@) 3645 ®) 45
© 3637 ) 36/7

2. A mango tree is at the bank of river and one of the branch of
tree extends over the river. A tortoise lives in river. A mango
falls just above the tortoise. The acceleration of the mango
falling from tree appearing to the tortoise is (Refractive index
of water is 4/3 and the tortoise is stationary)

!

Consider that during some time interval from r=0tot=¢r
varies with time as 7= 10 + 2. During this time r will vary as

@ g (b) 3g4 o
© 4g/3 (d) None of these (assume that  and 7" are in degree)
3.  The given lens is broken into four parts and rearranged as (a) 50—# (b) 50+¢

shown. Ifthe initial focal length is fthen after rearrangement

2 2
the equivalent focal length is — (€ 60-1¢ (d) 60+¢

5. A triangular prism of glass is inside water. A ray, incident

normally, on one of the faces, is totally reflected from face
BC. Then the minimum refractive index of glass is —
112
314 R
in air
5
@@ f (b) f/2 (@ ® 3
(c) 174 (d 4f
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A ray of light is incident on a thick slab of glass (thickness
f) as shown below. The emergent ray is parallel to the incident
ray but displaced sideways by a distance d. If the angles are
small then d is:

@) t(1-ilr)

) it (1_1_)
1

An object is moving with speed v, towards a spherical mirror
with radius of curvature R, along the central axis of the
mirror. The speed of the image with respect to the mirror is
(U s the distance of the object from mirror at any given time

?):
R )\, R Y
® +(U—2R)v0 ®) _(R—2U) Y0

R Y R\,
© _(2U—2R) o @ +(2U—2)v0

A point source of light is placed at a depth of / below the
surface of water of refractive index L. A floating opaque disc
is placed on the surface of water so that light from the
sources is not visible from the surface. The minimum diameter
of the disc is

@ 2h/(W-1)" (b) 2h (-1

© WRE-1" (@ he-1)"

A ray of light PQ is incident at angle i on a prism face. (See
figure) After 2 refractions it leaves the prism at a grazing
angle.

(b) rt(1-i/r)

(d) r(l—f.)
1

If W is the refractive index and B is the refractive index and B
is the refracting angle of the prism, the refracting index (L)
is:

10.

1

@ |y, [siniteosB]” | ) DB
[+ ——m—F—
sin B cosB
o leosieosh)” sinicos B
~ sinB sin B

On the earth a child focuses the sun light on a screen, using
a convex lens of focal length f'and radius of aperture ». What
is the intensity of light at the focus point (S = solar constant)

<

<

»
>

focus

Srd?
(a) ZRZfZ
Srid?
(©) szz

point

Srid?
(b) 4R2f2

25r%d?
(d) o

11.

In a thick glass slab of thickness £ and refractive index n; a
cuboidal cavity of thickness m is carved as shown in the
figure and is filled with liquid of R.1. 1, (n, > n,). The ratio of
¢/m , so that shift produced by this slab is zero when an

observer 4 observes an object B with paraxial rays is

Y
air H
m 1) T
ny 2) pm~4
air 3
n—nm n—n
@ - ® Sy -1
m—n nm—n
© T 1 @ S, —1)

#
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12. A pendulum of length / is free to oscillate in vertical plane
above point O. An observer is viewing the bob of the
pendulum directly from above. The pendulum is performing
small oscillations in water (refractive index is p) about its () A X
equilibrium position. The equation of trajectory of bob as 2f/ f o
seen by observer is
A
0id X-axis /\
(b) /ﬂ \\
o T \/ 2f
22,2 ;2 2 2
@ wpx"ty =y b X ,V _
/2 M2 /2
(C) /ﬂ /ﬂ
oY 2, o I o
2, .2 C -
) x"+y =[— d —+ =1
©) Y (H] (d) /2 (Z/u)z
13. A planoconcave lens is placed on a paper on which a flower
is drawn.
Radius of
curvature =20cm. « 1S
(d) —=7 A\
\ air 2f f 2f
’\m—» =32
N

Paper 15. Choose the correct ray diagram of a thin equi-convex lens
which is cut as shown in the figure.
How far above its actual position does the flower appear to

be ?
(a 10cm. (b) 15cm.
(¢) 50cm. (d) None of these

14. The figure shows a straight small object kept in front of a
convex lens as shown in the figure. Which among the given
options shows the right image of the object?

o f 2f

5
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16.

17.

18.

A biconvex thin lens of radius of curvature R is made up of

|yl

variable refractive index pu = 2(1 + 7) .Assume 2d << R.

There are infinite images of the point object O (which is
placed at a distance R on the principal axis from the lens as
shown in the figure) spreaded over the length

Y
d
(0] P X

R R d
R b 2R
@ (O
3R o AR
© @ —

The plane surface of a plano-convex lens of focal length 20
cm is silvered. It will behave as

(a) plane mirror

(b) convex mirror of focal length 40 cm

(c) concave mirror of focal length 10 cm

(d) None of these

A rectangular glass slab ABCD of refractive index n, is
immersed in water of refractive index n,(n, > n,). A ray of
light is incident at the surface 4B of the slab as shown. The
maximum value of the angle of incidence o such that the
ray comes out only from the other surface CD is given by

NENNNNNNAN
\ R

sin

=
~
|
—_
1
| S

n . 1|
—ICOS Sin 1 —2
m n

_ (1
! n cos[sm 1(—)J
m

(b)

sin

(¢) sin”! ﬂ)

m

(d) sin”!

19.

21.

22,

A plano convex lens fits exactly into a plano concave lens.
Their plane surface are parallel to each other. If the lenses
are made of different materials of refractive indices 1, & u,
and R is the radius of curvature of the curved surface of the
lenses, then focal length of combination is

(@) b 2R
M — M =M
2(u — ) 2~ +12)

A glass prism of refractive index 1.5 is immersed in water
(refractive index 4/3). A light beam incident normally on the
face AB is totally reflected to reach the face BC, if

(a) sin©=>8/9
(c) sin6<2/3

(b) 2/3<sin0<8/9
(d) sin®<8/9

Principal axis
of concave lens

Principal axis
of convex lens

30 cm

If the optic axis of convex and concave lenses are separated
by a distance 5 mm as shown in the figure. Find the coordinate
of'the final image formed by the combination if parallel beam
of light is incident on lens origin is at the optical centre of
convex lens.

(@ (25cm,0.5cm) (b) (25cm,0.25cm)

() (25cm,—0.5cm) (d (25cm,—0.25cm
Convex surface of thin concavo — convex lens of refractive
index 1.5 is silvered as shown. A small object is kept in air at
30 cm left of the lens on its principal axis. The distance of
the final image is

r;=60 cm&
E;ﬂz: 20 cm

m
n

(a 20cm
(c) 10cm

(b) 30cm

()

15cm
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23.

24,

25.

26.

A concave lens of glass, refractive index 1.5 has both
surfaces of same radius of curvature R. On immersion in a
medium of refractive index 1.75, it will behave as a

(a) convergent lens of focal length 3.5 R

(b) convergent lens of focal length 3.0 R

(c) divergent lens of focal length 3.5 R

(d) divergent lens of focal length 3.0 R

A equilateral prism is made of a transparent material of

refractive index /2. A ray of light AB is incident at 45° as
shown. The net deviation in the path of ray when it comes
out of prism is

Silvered

S,
S
~,
~

@ 135°
© 30°

120°
150°

(b)
(d)

Two lenses of focal length f; = 10 cm and f, = - 20 cmare 29,
kept as shown. The resultant power of combination will be
/2
N Silvered
(@) —-10D (b) 5D
© 0 (d 10D

A plane mirror is kept parallel to y-axis. A point object is

approaching the mirror with velocity 4 = (1 0i+ 103) m/s. The

magnitude of relative velocity of objective w.r.t image is
equal to

27.

28.

¢~

The maximum deviation produced by a prism of material of

refractive index p is
(b) ©-— ! sin‘l(lJ
2 p

@) g— 2sin”! G)
d m—2sin”! (1]
v

() 2 sin”! (l)
M

A ray of light travelling along the positive z-axis is reflected
twice :
(i) for the first time, by a mirror whose normal is along

(i+k)

(i) for the second time, by a mirror whose normal is along
(§+ k +]), where the symbols have their usual
meanings. The final ray is along

@ jrk ®) ki

© 2j+2k-i @ (+k-20).

A composite glass slab is manufactured so that its refractive
index varies along its thickness according to the relation :

ey =(1+%),

where ¢ is the thickness of the slab.

The optical path, introduced, by the slab when it is placed
in the path of light passing normally through it, is given by
)

Ay @ (1+a) (b) (1+%)t
Plane t t
mirror (© +a (d) aln(l +0)

___________ »X 30. A point object is moving with velocity # = 27 + j —k m/s
in front of a stationary plane mirror. The magnitude of relative
velocity of the image with respect to object is maximum if
the normal of the plane mirror will be along

(@ 2042m/s (b) 20m/s (a) 2f+}+l€ (b) —25+}—1€
© 10y2m/s (d) 10m/s © 20+j—k d 2-j-k
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31.

32.

33.

34.

A stationary observer O looking at a fish F' in water
(n,, =4/3) through a converging lens of focal length 90.0cm.
The lens is allowed to fall freely from a height 62.0cm with
its axis vertical. The fish and the observer are on the principal
axis of the lens. The fish moves up with constant velocity
100 cm/s. Initially it was at a depth of 44.0cm. Find the
velocity (in cm/s) with which the fish appears to move with
respect to lens to the observer at t = 0.2 sec.

(take g =10 m/s?)

o0

v

Lens <

air 62cm

I44cm

(@) 1475cm/s (b) 2615cm/s

() 2475cm/s (d) 2271 cm/s

A point object P moves towards a stationary convex mirror

with a constant speed v, along the optical axis. The speed of

the image

(a) is always less than v

(b) may be greater than, equal to or less than v, depending
upon the position of P

(c) is always greater than v

(d) none of these

A hollow double concave lens is made of very thin

transparent material. It can be filled with air or either of two

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

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

beam of light if it is filled with

(a) airand placed in air (b) airand immersedin L,

(©) L,andimmersedinL, (d) L,andimmersedinlZ,

A thin convex lens of focal length 10 cm and refractive index

1.5 is cut vertically into two equal pieces. They are placed

as shown with a liquid of refractive index 3 between them.

What is the focal length of the combination ?

water

(a) —10cm. : (b)
(c) —-10/3cm. (d)

—10/4 cm.
None

3s.

36.

37.

38.

39.

The following data are given for a crown glass prism ;
refractive index for violet light n, = 1.521

refractive index for red light n,= 1.510

refractive index for yellow lightn, =1.515

Then the dispersive power of a parallel glass slab made of
the same material is

(@) 001 (b) 003 c 0 (d 002

The inner surface of a cone coated by a reflecting layer
forms a conical mirror. A thin incandescent filament is
stretched in the cone along its axis.

Determine the minimum angle o of the cone for which the
rays emitted by the filament will be reflected from the conical
surface not more than once

(@) 120° (b) 90° (c) 150° (d) 135°
Two identical thin planoconvex lenses of refractive index n
are silvered, one on the plane side and the other on the
convex side. The ratio of their focal lengths is

n n—1 n+l

@ — b — (©
n—1 n

Two converging lenses are mounted at the ends of a tube
with a blackened inner lateral surface. The diameters of the
lenses are equal to the diameter of the tube. The focal length
of one lens is twice that of the other lens. The lenses are at
such a distance from each other that parallel light rays
incident along the axis of the tube on one lens emerge from
the other lens in a parallel beam. When a wide light beam is
incident on the lens with the larger focal length, a bright
spot of illuminance £, is formed on the screen. When the
tube is turned through 180°, the bright spot formed on the
screen has an illuminance E,. Determine the ratio of
illuminances on the screen.
(@ 14 by 12 (c) 18 d 116
In the case of minimum deviation for an equilateral flint glass
prism, the angle of refraction is 30° as shown in figure. What
should be the angle of refraction of light (for ray incident on
surface AB) satisfying the condition of minimum deviation
in case of an equilateral crown glass prism?

@ n

[Given lJ’ﬂim‘ = ucrown]
A
30°
B C
(a >30° (b) <30°
(c) 30° (d) information insufficient
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40. A convex lens is in contact with concave lens. The magnitude

41.

42.

43.

44.

45.

of the ratio of their focal length is 2/3. Their equivalent focal
length is 30 cm. What are their individual focal lengths?
(@ -15,10 (b) -10,15

(¢) 75,50 (d) -75,50

A ray of light is incident at an angle o. on the boundary
separating two transparent media and it refracts. When angle
o is increased very slightly, the ray suffers a total internal
reflection. The difference between the angles of deviation
in two cases is nearly

(&) 90°—a (b) 180°—a

(c) 180°-20 (d) 2o

The image of a point source S’ lying at a distance b from a
transparent sphere is formed by a small diaphragm only by
rays close to the optical axis (figure).

A
\ 4

Where will the image be after the sphere is cut into two
parts perpendicular to the horizontal axis, and the plane
surface of the left halfis silvered ?

(a) At adistance b from the sphere

(b) Ata distance b/2 from the sphere.

(c) Atadistance b/3 from the sphere.

(d) None of these

Two rays are incident on a spherical mirror of radius R =5
cm. parallel to its optical axis at distances /#; = 0.5 cm. and
hy = 3 cm. Determine the distance Ax (approximately)
between the points at which these rays intersect the optical
axis after being reflected at the mirror.

(a) 0.2cm. (b) 1.5cm.

(c) 0.6cm. (d 1.0cm.

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

(@ x<f (b) f<x<2f

() x=2f (d) x>2f

Behind a thin converging lens having both the surfaces of
the same radius 10cm, a plane mirror has been placed. The
image of an object at a distance 40cm. from the lens is formed
at the same position. What is the refractive index of the
lens?

46.

47.

48.

49.

(@ 15 (b) 573

() 958 (d) None of these

A glass porthole is made at the bottom of a ship for
observing sea-life. The hole diameter D = 40 cm. is much
larger than the thickness of the glass. Determine the area S
(approximately) of the field of vision at the sea bottom for
the porthole if the refractive index of water is n,, = 1.4, and
the sea depth is 2= 5Sm.

(a) 4lm? (b) 55m?  (¢) 82m?  (d) 164m?

A point object is located at a distance 15c¢m. from the pole of
a concave mirror of focal length 10cm on its principal axis is

moving with a velocity (8 +117) cm/s and velocity of
mirror is (47 +2 ) cm/s as shown. If i is the velocity of

image. Then find the value of |V | in (cm/s).

y
4
A A l
@+1lj)ems &= 0 G > X
o i— (4/1'\+ 2?) cm/s
15cm
(@ 20 (b) 30 (c) 10 (d) 40

Iis the image of a point object O formed by spherical mirror,

then which of the following statement is incorrect? (Take

real or virtual objects at finite distances from pole)

(a) If O and I are on the 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

(¢) If O and I are on opposite sides of the principal axis,
then they have to be on opposite sides of the mirror as
well

(d) If O is on principal axis, then 7 has to lie on principal
axis only

A person walks at a velocity v in a straight line forming an

angle o with the plane of a mirror. Determine the velocity

v,,; at which he approaches his image, assuming that the

object and its image are symmetric relative to the plane of

the mirror.

(a) 2vsina

() vsina

(b) 2vcosa
(d) vcosa
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50.

51.

52.

53.

A point light source S is outside a cylinder on its axis near
the end face (base). Determine the minimum refractive index
n of the cylinder material for which none of the rays entering
the base will emerge from the lateral surface.

@ 1/42 ) V2 (© 12 @ 1

A transparent sphere of radius R has a cavity of radius R/2
as shown in figure. Find the refractive index of the sphere if
a parallel beam of light falling on left surface focuses at
point P.

3+«/§

@ w=" 0 w=12
© u=34+5 @ u=”f

A point light source is moving with a constant velocity v
inside a transparent thin spherical shell of radius R, which is
filled with a transparent liquid. If at =0 light source is at the
centre of the sphere, then at what time a thin dark ring will
be visible for an observer outside the sphere. The refractive

index of liquid with respect to that of shell is V2.

R R R R
@ oy ® 3 @35 @5
A ray of light incident from air on a glass plate of refractive

index n is partly reflected and partly refracted at the two
surfaces of the glass. The displacement y,, in the figure is

VYA

54.

55.

56.

2d sin© 2d sin©
(@ NN b)) ——
Vn“ —sin“ 0 sinze—%
\ n
2d\n* —sin” 0
(c) ~aNn —Sm T (d) None of these

sin©

Rays of light from Sun falls on a biconvex lens of focal
length fand the circular image of Sun of radius r is formed
on the focal plane of the lens. Then
(a) area of image is Tr? and area is directly proportional of /
(b) area of image is Ttr” and area is directly proportional to />
(c) intensity of image increases if f is increased
(d) iflower half of the lens is covered with black paper area

will become half
A parallel beam of light falls on two coaxial lens system
consisting of a thin converging lens of focal length 10cm.
and a thin diverging lens of focal length Scm. as shown in
figure. The beam is also parallel to the principal axis and all
the rays in the beam are paraxial. Both lenses are surrounded
by air. The intensity of incident light is /. If the complete
light is transmitted through each lens (that is, there is no
absorption of light and neglecting partial reflection at any
surface of lens), the intensity of light emergent from diverging
lens is

/i=10cm. f,=10cm.

\f
A

<—5cm——>
(@ 41, b) I, © 21, (d 1y2
A glass hemisphere of radius R and material having refractive
index 1.5 is silvered on its flat face as shown in the figure. A
small object of height % is located at a distance 2R from
surface of hemisphere. The final image will form

[T

(a) ata distance of R from silvered surface, on right side
(b) on the object itself

(c) at the hemispherical surface

(d) atadistance of 2R from the silvered surface on left side
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57.

58.

59.

60.

A ray is incident normally on a right angle prism whose

refractive index is /3 and prism angle o.=30°, after crossing
prism ray passes through glass sphere. It strikes the glass

R o . .
sphere at — distance from principal axis, as shown in
V3

figure sphere is half polished. Find the net angle of deviation
of incident ray.

(a) 120° (b) 150°

(c) 90° (d) 180°

A prism placed in air made up of flint glass is such that any
incident ray on one surface does not emerge from the second
surface. Critical angle for flint glass is 36° in air. Then,
refracting angle A may be

(@ 37° (b) 54°

() 71° (@ 73°

A small straight rod is placed at an inclination with the optical
axis of a thin lens as shown in the figure. The base of the rod
is on the optical axis and at a distance 2/ (f= focal length of
the lens) from the lens. The image of the rod would be

N,
v

(a) a straight line leaning towards the lens

(b) a straight line leaning away from the lens

(c) acurve leaning towards the lens

(d) acurve leaning away from the lens

Half part of the rear surface of a thin equiconvex lens of
focal length 40cm and refractive index 1.5 is silvered. If parallel
rays are incident on this lens, then the distance between the
two focii is

(a) 40cm (b) 160/3cm
(c) 200/3cm (d) none of these

61. A fish sees the smiling face of a scuba diver through a
bubble of air between them, as shown. Compared to the
face of the diver, the image seen by the fish will be

SE=

. Fish
Diver Bubble
(a) smaller and erect (b) smaller and inverted
(c) larger and erect (d) Ilarger and inverted

62. The width of man’s face is 10cm. The distance between the
eyes of the man is 4cm. Then the minimum width of plane
mirror to see his full face, is
(a Scm (b) 4cm
(©) 3cm (d) 10cm

63. Five spheres are lined up in front of a plane mirror as shown.
The observer will be able to see the reflection of

Observer @ @
© o0 o0

Mirror

(a) 1only (b) 5Sonly
(¢) 1and3 only (d) 1,2,3and4 only

64. A scuba diver in an empty swimming pool uses a magnifier
(n=1.25) to enlarge the print on a plastic instruction sheet.
Ifthe pool is filled with water (r» = 1.33), what happens to the
magnification of the print ?
(a) It increases and is greater than one.
(b) It stays the same.
(c) It decreases, but is still greater than one.
(d) It decreases and is less than one

&
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COMPREHENSION TYPE
This section contains groups of questions. Each group is followed by some multiple choice questions

based on a paragraph. Each question has 4 choices (a), (b), (¢) and (d) for its answer, out of which ONLY
ONE is correct.

PASSAGE-1 6.  The length of the cylindrical tube is
— (a) l6cm (b) 18cm
A point object is situated in front of a spherical glass surface (¢ 20cm (d) 22cm

as shown in the figure.

=15 %q PASSAGE-3
5
__________________________________________ [¢)]
%. A curved surface of radius R separates two media of
S refractive indices p, and p, as shown in figures (A) and (B)
+«—100 cm —> T
cm respectively.
1.  The position of image from P whenx =70 cm
(@ 70cmrightto P (b) 80cmleftto P . Hi ‘ Ho
(c) 90cmleftto P (d) 90 cmrightto P 0] P‘
2. Position of image from P when x = 80 cm X
(@) 80cmrightto P (b) 80cmleftto P Figure (A) Figure (B)
(¢) 90cmleftto P (d) 70 cmrightto P For a real object a image is virtual if the light rays diverge
3. ;H)le pgoosnwn. oiflirtna]%e from P ‘(ﬁ;en ;60: 20 le ftto P after refraction and real if they converge or become parallel
a cmright to cm cm left to .
(¢c) 90cmrightto P (d) 70 cmrightto P after refraction.

7. A point object is kept at point O in figure (A) then

(a) real image is formed for all position of object if

By = 1y
(b) real image is formed only when x > R

PASSAGE-2

(c) real image will form irrespective of u, and .,

MR
My — 1y

(d) real image is formed if x> for p, >p,;.

8.  If the point object is kept at O at a distance x in figure (A)
then
(a) virtual image is formed for any position of O for u, <p,
A cylindrical tube filled with water (1 = 4/3) is closed at its (b) virtual image can be formed only if x > R and p, <p,
both ends by two silvered plano convex lenses as shown in (c) virtual image can be formed only if x <R and p, <p,
the figure. Refractive index of lenses L, and L, are 2.0 and (d) virtual image can never be formed.
1.5 while their radii of curvature are 5 cm and 9 cm 9.
respectively. A point object is placed somewhere at a point

If an object is kept at O at distance x from pole of figure B

O on the axis of cylindrical tube. It is found that the object then ) ) )

and image coincide each other. (@) Ifp, <p, then virtual image is formed for any value of x
4.  The position of object w.r.t lens L, is W R

(@) 8cm (b) 10cm (b) Ifu,<p, thenvirtual image is formed for x < L

(c) 12cm (d) 14cm [ %)
5. ;H)le %osmon of object w.r.t 1(?35 L1201$ (¢) Ifp,<p, thenreal image is formed for any value of x

(2) 1 2C rcnm d) 14 22 (d) Ifp,<p, thenreal image is always formed.
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PASSAGE-4 PASSAGE-5
A concave mirror M is mounted on an optical bench. Two A concave mirror of radius of curvature 20cm is shown in
pins 4 and B are placed on bench such that their tips also lie the figure. A circular disc of diameter (1.0 +0.2¢) cm s placed
on the principal axis of the mirror as shown. The image of tip on the principal axis of mirror with its plane perpendicular to
of one tip is formed on the tip of the other pin. Now if pin B the principal axis at a distance 15c¢cm from the pole of the
is moved 80cm. towards left and pin A is moved 80cm. Mmirror.
towards right, image of tip of one pin is again on the tip of
the other pin. The magnitude of transverse magnification of
the larger image is three. [All the images are formed by m
paraxial rays]. U E
L \
4 B N\ 20cm N

13. The image formed by the mirror will be in the shape of a
(a) circular disc

10. The focal length of the mirror is (b) elliptical disc with major axis horizontal
(@) 30cm. (b) 60cm. (c) elliptical disc with major axis vertical
(c) 40cm. (d) 15cm. (d) distorted disc
11. The distance of the nearest pin from pole initially is 14. Inthe above question, the area of the image of the disc at
(@ 20cm. (b) 60cm. t=1 second is
(©) 80cm. ) 40cm. (@ 12mem? (b) 1.44mem?
12. The magnification of the image of the pin B in second case () 152m cm? (d) None of these
is 15. What will be the rate at which the horizontal radius of image
(@ 3 (b) 45 will be changing ?
(c) 1/45 d 13 (a) 0.2 m/sincreasing (b) 0.2 cm/s decreasing

(c) 0.4 cm/sincreasing (d) 0.4 cm/s decreasing

&

MARK YOUR 10. @®O@ 11.@OOO | 2.@®OO B.@OOO | 14 @®OO
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REASONING TYPE

In the following questions two Statements (1 and 2) are provided. Each question has 4 choices (a), (b), () and
(d) forits answer, out of which ONLY ONE is correct. Mark your responses from the following options:
(a)  BothStatement-1and Statement-2 are true and Statement-2is the correct explanation of Statement-1.
(b)  BothStatement-1and Statement-2 are true and Statement-2is not the correct explanation of Statement-1.
(©)  Statement-1istruebutStatement-2is false.
(d)  Statement-lisfalsebutStatement-2is true.

1. Statement-1: When light travels from denser to rarer Statement-2: In case ofa plane mirror, distance of object
medium the critical angle of incidence have and its image is equal from any point on
different values for different wavelengths the mirror.
of light. 3. Statement-1: It is not possible to see a virtual image by

Statement-2: Refractive index of a medium varies with eye.
wavelength of light. Statement-2: The rays that seem to emanate from a

2. Statement-1: Keeping a point object fixed, if a plane virtual image do not in fact emanate from

mirror is moved, the image will also move. the image.

£
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5.

Statement-1: Position of image approaches focus of a
lens, only when object approaches infinity.
Paraxial rays incident parallel to principal
axis intersect at the focus after refraction
from lens.

A lens L (shown in the figure), kept in
surrounding medium X, has a power +10D.
If the same lens is kept in a surrounding
medium Y, its power is found to be +12.5D.
Also if the same lens is placed in a
surrounding medium Z, its power is now
measured to be -3.5D, thenp, > p, > By

L

Statement -2 :

Statement -1 :

Statement - 2:

6. Statement-1:

In different surroundings, power of a given
lens has different values but the same sign.
As the distance x of a parallel ray from axis
increases, angle of incidence decreases.

Statement -2 :

As x increases, the distance of point of
intersection of the reflected ray with axis
from pole decreases.

MARK YOUR
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©000
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MULTIPLE CORRECT CHOICE TYPE

Each of these questions has 4 choices (a), (b), (c) and (d) for its answer, out of which ONE OR MORE is/are correct.

A certain mirror placed at the origin has i as the normal

vector to its reflecting surface. The mirror begins to translate

with a velocity it } +% att=0, at the same time an object
which was initially at ;+} starts moving with a velocity
G+ }‘) m/s. Now choose the correct options.

(a) Initial position of the image will be it }

(b) The velocity of the image will be i+ j

(c) The velocity of the image relative to the object will be
Zero

(d) The velocity of the image relative to the mirror will be
k-

A lens of focal length °/” is placed in between an object and

screen at a distance ‘D’ apart. The lens forms two real images

of the object on the screen for two of its different positions,

adistance ‘x’ apart. The two real images have magnifications
m, and m, respectively (m,>m,).

D

@ f=—2> ®) mm,=1
my —my
2 2

© St @ D=4y,

3. Two thin convex lenses are separated as shown. The focal

length of lens L, is 15 cm and that of lens L, is 30 cm. An
object s placed at distance 30 cm from lens L. The location
of image formed finally will be at

o NN
Y

E<—300m—><—300m—>

(a) infinity

(b) 15 cmbehind the lens L,
(c) optical centre of lens L,
(d) 60 cmaway from object

Which of the following quantities related to a lens depend
on the colour/wavelength of the incident light ?

(a) Focal length (b) Power

(¢) Image distance (d) Chromatic aberration
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5.

A

Remote objects are viewed through a converging lens with
a focal length F' =9 cm. placed at a distance a = 36cm. in
front of the eye. Assume that the radius » of the pupil is
approximately 1.5 mm. Choose the correct options

(a) The minimum radius of the screen that should be placed
behind the lens so that the entire field of view is covered
is 0.5mm.

(b) The minimum radius of the screen that should be placed
behind the lens so that the entire field of view is covered
is 1.0 mm.

(c) The screen must be placed in the plane S with its centre
at point B.

(d) The screen must be placed perpendicular to the plane
S with its centre at point B.

Let us suppose that a person seating opposite to you at the

table wears glasses. Choose the correct options if you wish

to determine whether he is short sighted or long-sighted ?

Naturally, being a polite person, you would not ask him to

let you try his glasses and in general would make no mention

of them.

(2) Behind a diverging lens, the eye will look smaller.

(b) Relative to other parts of the face : if visible contour of
the face is displaced inwards, the lenses are diverging,
and your companion is short-sighted.

(c) Relative to other parts of the face : if visible contour of
the face is displaced outwards, the lenses are
converging, and the person is long-sighted.

(d) Behind a converging lens, the eye will look larger.

A glass prism is immersed in a hypothetical liquid. The

curves showing the refractive index n as a function of

wavelength A for glass and liquid are as shown in the figure.

When a ray of white light is incident on the prism parallel to

the base

Liquid

A yellow

(a) yellow ray travels without deviation

(b) blue ray is deviated towards the vertex

(c) red rays is deviated towards the base

(d) there is no dispersion

A concave lens is placed in the path of a uniform parallel
beam of light falling on a screen as shown. Then

4
a

YVY
—t—]
1

% O

4

oy
)

Screen —»

(a) intensity of light will be the same everywhere on the
screen

(b) intensity in region 4B will be smaller than what it would
be in the absence of the lens

(c) in the region AC and BD, the intensity will be smaller
than what it would be in the absence of the lens

(d) in the region AC and BD, the intensity will be greater
than what it would be in the absence of the lens

P and P, are identical prisms arranged as shown in figure.
A ray of white light incident on face of P; undergoes
dispersion and falls on one face of P,. The facing surfaces
of the prisms are parallel to each other. Then

(@) light emerging from P, will be white
(b) inthe light emerging from P, dispersion will be greater

(c) the direction of light emerging from P, will be parallel
to the direction of ray incident on P;

(d) the ray emerging from P, will be white even if prisms
P| and P, have identical geometry but different material

A right-angled prism is made up of a material of refractive
index . It is desired that a light ray incident normally on PQ
emerges parallel to the incident direction after suffering two
total internal reflections. In which of the following conditions
is this possible ?

P
R 0
@ n=+2 b wn=2/3
(c) p=13 (d) never possible.
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MATRIX-MATCH TYPE
Each question contains statements given in two columns, which have to be matched. The PqQr s t

statements in Column-I are labeled A, B, C and D, while the statements in Column-II are

labelled p, q, r, s and t. Any given statement in Column -1 can have correct matching with ONE A ®@® @ @
OR MORE statement(s) in Column-II. The appropriate bubbles corresponding to the B 00010]0)
answers to these questions have to be darkened as illustrated in the following example: C @@@ @ @
If the correct matches are A—p, s and t; B—q and r; C—p and q; and D-s and t; then the correct D @ @ @ @ @
darkening of bubbles will look like the given.

1. Aconvex lens of refractive index [, is kept in a medium of refractive index W, as shown.

)
| 1 ’
5 ACTTITT T pRPRNRYIIY SRR R X
fy'
Column I Column IT
(A) Onincreasing value of W, lens will be (p) |f|increases and converging
B) Ifu,>u, (@) |f|may decrease or increase and lens will be diverging
(C) When lens is cut into two parts along ', then (r) |f]increases and nature of lens remains unchanged
for any one part
(D) W, is increased buty, <, (s) |f]increases then decreases
2. Refractive index of lenses is 3/2. Then the final position of
the image from the pole is
Column-I Column -1T —
% (r) 40/3 cm,rightto P
(p) 40/7 cm,leftto P —
_ N =
R =20cm R=20cm —
— (s) 40cm,lefttoP
1) J— (q) 40/9 cm, right to P —
O 40 cm —
AS
R =20cm
P qr s 2. P qQr s

OO
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OO0

MARK YOUR
RESPONSE

oo w >
@
©
©,
O

oo w >




R4y OrrICS

3.
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A mirror faces the negative x-axis. (Normal to its reflecting surfaces is —i ), while a particle starts moving such that its image is

formed in the mirror. At a certain instant the velocity of the particle is 3i+ 4;’ +5k and that of the mirror is 7 — } +k . Now match

the following :
Column I

(A) Magnitude of relative velocity of the image

W.L.t. mirror
(B) Magnitude of relative velocity of image w.r.t. object
(C) Magnitude of relative velocity of object w.r.t. mirror.

(D) Absolute velocity of the image w.r.t. ground

()

(@
)

(s)

Column IT

N
N

4

NS

A ray of light strikes at the boundary separating two media at angle § . i, and ., are refractive indices of media with (n, > p,).

Column I

(A) When 6< sin”! (ﬁJ then deviation in the
K
path of ray is

(B) Maximum deviation in the path of ray for refraction

at boundary
(©) Maximum deviation in the path of ray for reflection
at the boundary

(D) Deviation in the path at grazing angle of incidence

Column I
(A) Rainbow
(B) Mirage
(©) Twinkling of stars
(D) Blue sky

1y
Mo
Column I1
® - -sin”! (ﬂj
12

@

()

(s)

()
(@
®
(s)

sin”! (“—2 sin e) s
1y
Column IT

Refraction

Dispersion

Scattering

Total internal reflection

In column I, some optical instruments are mentioned, while in column II, the description about nature of image they can form for
real objects are given. Match the entries of column I with the entries of column II.

Column I
(A) Concave mirror
(B) Convex mirror
(C) Diverging lens
(D) Converging lens

()
(@
®)
(s)

Column IT

Real, erect

Virtual, magnified
Real, diminished
Virtual, diminished
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7.  Abird in air is diving vertically over a tank with speed 6 cm/s. Base of the tank is silvered. A fish in the tank is rising upward along
the same line with speed 4 cm/s [Take . = 4/3]

Column I Column II
(A) Speed of the image of fish formed after reflection (p) 12
from the mirror as seen by the bird
(B) Speed of image of bird relative to the fish looking (@ 4
upwards
(C) Speed of image of bird relative to the fish looking ® 9

downwards in the mirror.
(D) Speed of image of bird relative to fish looking upwards (s) 3
in the mirror.
8.  Match the following for light ray.

Column I Column II
(A) Inreflection from denser medium (p) Amplitude may change
(B) Inrefraction into denser medium (@) Phase changes
(C) Inreflection from rarer medium () No phase change
(D) Inrefraction into rarer medium (s) Velocity decreases
9.  Match the columns :
Column I Column II
(A) Object is between optic centre and 15 principal (p) Image is inverted

focus in a diverging lens
(B) Object is between optic centre and 15 principal (@) Imageis erect
focus of a converging lens
(C) Object is between optic centre and 2" principal (r) Image is of greater size than the object
focus of a diverging lens
(D) Object is between optic centre and 2" principal (s) Image is of smaller size than the object
focus of a converging lens
(t) Imageisreal

#£70
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10. Match the entries of column I with the entries of column II, which describes the angle of deviation of ray with angle of incidence.

Column I Column I1
)
(A) Aray is falling on a plane smooth mirror ()
i
)
(B) Aray is going from a rarer to denser medium )] )
1
)
(C) Aray is going from a denser to rarer medium (r) ;
)
(D) Arayis falling on a prism (s) ;

11. Light rays are incident on devices which may cause either reflection or refraction or both. The natures of the incident light and
the devices are described in column I. Some possible results of this on the rays are given in column II. Match the columnd

correctly.
Column I Column II

(A) A ray of white light is incident on one face of an (p) Divergent beam
equilateral glass prism

(B) A ray of white light is incident at an angle on a thick (@) Total internal reflection
glass sheet

(©) A ray of white light passes from an optically denser (r) Lateral shift
medium to an optically rarer medium

(D) A parallel beam of monochromatic light passes (s) Dispersion
symmetrically through a glass lens. (t) Refraction

&
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12. Match the columns correctly.

Column I Column II
(A) Concave mirror, real object (p) Realimage
(B) Convex mirror, real object (qQ) Virtual image
(C) Concave lens, real object (r) Magnified image
(D) Convex lens, real object (s) Diminished image

(t) Samesize
13. Areal object is kept in front of a lens. The object is a linear extended object with its length perpendicular to the optic axis of lens.
With reference to different cases of image formation by lenses, match the columns correctly.

ColumnI Column II
(A) The image has a magnification —2.5 (p) Image is virtual
(B) Magnification of the image is +0.5 (q) Imageisreal
(C) Length of image is the same as that of object (r) Power of lens is positive
(D) Length of image is four times the length of the object (s) Power of lens is negative

#

j2. Pdrst g3 PA°LS

®OOOO®® OO
®OO®O® ®OOG
®OOO® 0060,
®OOOO OO0

MARK YOUR

RESPONSE

o Ow >
O ow»

NUMERIC/INTEGER ANSWER TYPE

The answer to each of the questions is either numeric (eg. 304, 40, 3010, 3 etc.) @X@ @Y@ @Z@
or afraction (2/3,23/7) or a decimal (2.35,0.546). (0101010, } (OXCI0I0) } (OX010X0)
. . . . [6][0)(0)(c) §(0)[0](0] 0§ (GGl [0)(G)
The appropriate bubbles below the respective question numbers in the [D[OIO[D] [DIDIDID] IOIDIDID
response grid have to be darkened. %88 8 88 %% %%%%
For example, if the correct answers to question X, Y & Z are 6092, 5/4 & 6.36 [Q[OIO[D] [DIDIDI@] [DD[D[@
respectively then the correct darkening of bubbles will look like the %ggg ggg% %g%%
following. OIOIOIO] [OIOIOIO] [OIOIOIO)
Forsingle digitinteger answer darken the extremeright bubble only.
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1. A ray of light is incident at an angle of 60° on one face of 6.

prism which has an angle of 30°. The ray emerging out of
the prism makes an angle of 30° with the incident ray.
Calculate the refractive index of the material of the prism.
An object is placed 21 cm in front of a concave mirror of
radius of curvature 10 cm. A glass slab of thickness 3 cm
and refractive index 1.5 is then placed close to the mirror in
the space between the object and the mirror.

Find the image distance (in cm) of the final image formed.
(You may take the distance of the near surface of the slab
from the mirror to be 1 cm).

A telescope has an objective of focal length 50 cm and an

eye piece of focal length 5 cm. The least distance of distinct 7.

vision is 25 cm. The telescope is focussed for distinct vision
on a scale 200 cm away from the objective. Calculate the
separation (in cm) between the objective and the eye-piece.
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.

At what distance (in metre) should a pin be placed on the
optic axis such that its image is formed at the same place?
Calculate your answer in cm.

A plano convex lens has a thickness of 4 cm . When placed
on a horizontal table, with the curved surface in contact
with it, the apparent depth of the bottom most point of the
lens is found to be 3 cm. If the lens is inverted such that the
plane face is in contact with the table, the apparent depth of
the centre of the plane face is found to be 25/8 cm. Find the
focal length (in cm) of the lens.

¢~

Light is incident at an angle o on one planar end of a
transparent cylindrical rod of refractive index p. Determine
the least value of p so that the light entering the rod does
not emerge from the curved surface of rod irrespective of
the value of o .

A thin plano-convex lens of focal length f'is split into two
halves: one of the halves is shifted along the optical axis .
The separation between object and image planes is 1.8 m.
The magnification of the image formed by one of the half-
lenses is 2. Find the focal-length of the lens (in m).

< 1.8 m >

Two plane mirrors A and B are aligned parallel to each other,
as shown in the figure. A light ray is incident at an angle of
30° ata point just inside one end of A. The plane of incidence
coincides with plane of the figure. Find the maximum number
of times the ray undergoes reflections (including the first
one) before it emerges out.

2\/§m
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SINGLE CORRECT CHOICE TYPE
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COMPREHENSION TYPE
1

Ol3]@]s5J@l7]@los[®[ula@[B]a@]l15] @
2@ 4|6 || s|@l0[l@|[2]@]14]w®

REASONING TYPE

[t@]2]@]3|@]4]@]5]@]6]@]

IEIE MULTIPLE CORRECT CHOICE TYPE

1 [(a,b,c,d)| 3 (c,d) 5 (a, ¢) 7 |(a,b,c)| 9 (a, ¢)
2 |(ab,c,d)| 4 |(a,b,c,d)| 6 |(a,b,c,d) 8 | (b,d) | 10 |(a,b,¢)

IEIE MATRIX-MATCH TYPE

A-s; B-q; C-r; D-p

2 A-q; B-p; C-s; D-r
A-q; B-r; C-q; D-p 4.  A-s; B-p; C-q; D-r
A-p, q,s; B-p,s; C-p; D-r 6. A-q,r; B-s; C-s; D-q,r
A-1,B-s; C-p; D-q 8

A-q,1,t; B-q,r; C-q,s; D-q,s,t 10. A-s; B-q; C-p; D-r

A-p,q; B-p,1,s; C-p,r; D-p,r

N ow =

11. A-p,q,s,t; B-r,t; C-p,q,s,t; D-p,q,t 12. A-p,q,r1,s,t; B-q,s; C-q,s; D-p,q,r,s,t
13. A-q,r; B-p,s; C-q,r; D-p,q,r

IEIE NUMERIC/INTEGER ANSWER TYPE

|1|1.73|2 |7.67|3 |70.8|4 |15|5 |75|6 |1.41|7 |0.4|8 |30|
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SINGLE CORRECT CHOICE TYPE

1 r
d smi.=—=

" 2+
Using h=12cm, p=4/3

| r

36
We get —=cm.

NG

X X,
() T:er:”‘rel:WC

dzxrel 2 d2x
= W =4,y =Ug
dr* ar
(b) Cutting a lens in transverse direction doubles their
focal lengthi.e. 2f.

Using the formula of equivalent focal length,
1 1 1 1 1

— =t —t—+—

S h Lo s

We get equivalent focal length as f/2.

@ Inaprism: r+r'=4 = r=A4-r'
r=60°—(10+2)=50—7

45

@
45°

ForTIR. 45°>C

».sin45°>sin C

1 _4/3
>_

B
W2
"y

(¢) The lateral displacement is given by

t ..
d= sin(i—r)
cosr

b)

@

@)

For small angle i, angle  is also small, and so
d=t(i-r)=ti(1-r/i)

For concave mirror
2_1.1
R v u
2 1 1

or ——=—+—
— v —Uu
11 2 R
v U R UR

[ RU ]
or v= R—ZU

In spherical mirror, image velocity

12, __[ RU ]2V_o
Vi~ uz 0 R-2U U2

=k
R-2U| °

The figure shows incidence from water at critical angle
0, for the limiting case.

disc

light
source

Now, sinf, = 1/u so that tan 6, =1/ (u? —1)/2 which is
also equal to 7/h where r is the radius of the disc.
Therefore, diameter of the disc is

2r=2htan 0.

A ray of light incident on face 4B will just suffer
internal reflection at the other face BC. If it gets
incident on face BC at critical C angle for the material
of the prism. If critical angle for material is C, then

: 1
smC=E ()




Now, for prism we have

rtrn=8 orr,+C=B
r=B-C
sini
Atface AB, L=
sin7
sini sini

- sin(B - C) ~ sinBcosC —cos Bsin C

sin i

M:
sinB\/lfsinzC —cosBsinC

Using relation (i) , we get

sin i

sinB [1- 12 cosB.(l]
u n
i I ]. 1
sini =L 1——2 sin B—cos B| —
n 2
. } 1 ].
s1nz+cosB:u[ 1——2]smB
1)

s1nz +cosB’ /

sin B

L. 2
2 sini+cos B
or W =l+(.—)
sin B

1/2
w=|1+ sini+cos B |
sin B

R
Image radius (7)) = Lk

d
Power collected by rays = (S) 2

(S)mr’ _Srzd2

2 Rz 2

(2] T
d

Shift = (¢ —m) (l—iJ+m (l—iJz 0
n ny

For a small oscillations the eye is almost vertically
above the bob.
They y co-ordinate of bob as seen by eye

Intensity at focus =

_Ecose
u

A
()
0 X-axis _
iy oon
AR
X

The x-co-ordinate of bob as seen by eye

=x=/sin0
y2
The equation of trajectory is —- =
q jectory fz (WH)Z
Considering refraction at the curved surface,
u=-20, My =1
n =32, R=+20
Applying ﬁ _ Hl I'LZ g
vV ou R
o 1 32 1232 0
v =20 20

i.e., 10 cm below the curved surface or 10 cm above
the actual position of flower.

Firstly the image has to be inverted. Secondly as the
object point moves from 2fto fimages moves from 2f'
to infinity on the other side very fast.

(Take three points on the object, find their images,
see if they are in a straight line)

Fory =0,p=2
1 1 22-1) B
— R =>v=R
Fory=d,p =4
I 1 24-
1 1 _ 4-1 N ,:E
v' —-R R 5

. Spreading =v—v'= 4?R

F=-0( =)= ()

When one surface is silvered

N

N
N

/77777777,

2D
Jeq R

= concave mirror of focal length=10 cm

Sog =112



.

18. (a) See figure. The ray will come out from CD if it suffers 15 1
total internal reflection at surface AD, i.e., it strikes the N — =
surface 4D at critical angle C ( the limiting case).

oW 4/3 sinC

. 8 )
or sin C=§ =sinO >8/9

21. (b) Refraction at convex lens
vi=20cm
Refraction at concave lensu=-10 cm
1 1 1
B C ;*7—10=*7—10:>v275cm
Applying Snell's law at P Smm
n = height =—— =2.5mm=0.25cm
n, sin C=n, or sinC=-2 2
m Hence co-ordinate of the final image
Applying Snell's law at O =(25cm,0.25cm)
n, sin o= n, cos C 22. (¢) Power of combinations
1 1 -1
ol EATER
sino=—cosqsin” | —= p-1) +
= ) { ( n J} -60 —20) \=20/2

2 -1

. - P=1=
or O/ =sin 1|:ﬂcos{sm l(n—zJH 15 f
ny n .

. Resultant focal length

9. @ %=fi+fi p _1?5
1 2
> *. From mirror formula
LI
1 =30 v f
Solving v=—10 cm.
Alternatively

Let x be the distance at which object and image
coincide, then

1 1 1 1 1 U —u
—=(#11)(—+—)+(ﬂ21)(——)=—1 : 15 1 15-1
20 -x —60
R
F= . 15
Uy — iy feq(ofthem1rror):7:7.5 cm

20. (@) Sinceray MN isincident normally on face 4B,

Now, from mirror formula
hence ZMNQ=06=C

y=—10cm.

M ! k
° F

23. (a) Use lens maker's formula

sin © = sin C



24,

25.

26.

27.

28.

@

@

b)

@

©

For concave lens as shown in figure in this case
R=-RandR,=+R

0.25x2
1.75R

1 (1.5 )(1 1)
=== |=+
175 R R

= f=+35R
The positive sign shows that the lens behaves as
convergent lens.
8=(45°-30°)+(180°—60°) + (45°—30°)
=150° clockwise.

P=2 m+m+0
10 =20

P =10 dioptre.
Velocity of image in mirror

v=—-10i+10;

;re] = 1; - \: =20i.
For maximum deviation
i =i =90°

A=ty = 20,

S=n—-A=m-2 sin‘l(l].
n

When an incident ray [ is reflected by a mirror whose

normal is N, the reflected ray is given by the

following

R =N
(N.N)

Using this expression twice, we get the result.
— 2j+2k-i
R= ; .

3

29. (b) The optical path of light passing through the slab is
given by
t t ox o
A= _[ dx = j (1+— dx = t(l+—)
0u * 0 t * 2
30. (¢) The magnitude of the velocity of the image will be
same as that of the object. The difference will be
maximum when the velocity of the image is opposite
to that of object. The velocity must be along normal
to the mirror.
31. (¢) Atr=0.2sec,
velocity of lens v| = gt = 2 m/s (downwards)
.. For lens the fish appears to approach with a speed
of
3) 11
IX—=|[=—m/s
2+ ( 4) 1
. 24
At a distance |42+ =60cm.
(4/3)
. Image of fish from lens,
-60
= 20099 _1g0em,
—60+90
. Velocity of image w.r.t. lens
(7 d_U_(—lso)z il
U? | dt —60 4
= %m/s = 2475 cm/s
32 I d= - ﬁ du
. (a) Image spee 2 ar
For convex mirror || <1
u
-. Image speed is always less than v.
w @ - [u_z_lj[L_L]
’ S 1 R R W, My

If u, > u,, the concave lens

maintains its nature otherwise the

nature of the lens will be

reversed.

So, the lens should be filled with L, and immerse in L.
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11

4. (0 %z(”_l)[ze R—];R—IOCm.

35.

36.

@

@

1 2

20 o £20

1 1 1 , 10
—=6-1 (———),f --=

f -10 10 4

1 1 4 1 2 4 10

Jeg 20 10 20 20 10 3
Dispersive power (®)

_mymn 1.521-1.510 ~0.02

n, -1 1.515-1

Let us consider a certain luminous point 4 of the

filament and an arbitrary ray 4B emerging from it. We
draw a plane through the ray and the filament. It
follows from geometrical considerations that with all
possible reflections, the given ray will remain in the
constructed plane (figure).

After the first reflection at the conical surface, the ray
AB will propagate as if it emerged from point 4, viz.
the virtual image of point 4. The necessary condition
so that none of the rays emerging from 4 ever gets on
the mirror is that point 4" must not be higher than the
straight line OC, viz. the second generator of the cone,
lying in the plane of the ray (point O is the vertex of
the conical surface). This will be observed if

Z A’OD+ / AOD+ / AOC:3%2 180°

Consequently, o, =120°

38.

@

1 2 2
_— =t —
VAR PR

R
fm E
fm:()
i_n—l
f. R

n—1
=R

R
h=o

R

Ji:

2(n-1)

. h_ n
Ratio fz_n—l

By hypothesis, the foci of the two lenses are made to
coincide, i.e., the separation between the lenses is 3f,
where fis the focal length of a lens with a lower focal
power.

In the former case, all the rays entering the tube will
emerge from it and form a circular spot of radius 7/2,
where 7 is the radius of the tube (figure). In the latter
case, only the rays which enter the tube at a distance
smaller than /2 from the tube axis will emerge from
the tube. Such rays will form a circular spot of radius
r on the screen (figure).

Thus, if J is the luminous intensity of the light
entering the tube, the ratio of the illuminances of the
spots before and after the reversal of the tube is
__J _J/4
Cne? T

W

»
' o

E_1
E 16



39. (¢) Forminimum deviation, the ray must be symmetric to and

the prism. The angle of refraction is 30°. It is £ BOC = Z ABO as the alternate-interior angles.
independent of refractive index. Hence
OD = DB = R/2. From the triangle ODC, we obtain
R R?

 2cosa WR2 -2
(C is the point of intersection of the ray reflected by
the mirror and the optical axis).
For a ray propagating at a distance /, the distance

x; = R/2, with an error of about 0.5% since hl2 << R?.

|RI_2 _f 2 . . .
4. @ —=7 = === .(3) For a ray propagation at a distance /,, the distance
[Pl 3 3 2
2 h X, =3.125cm. Finally, we obtain Ax =x, —x,
Focal length of their combination Ax=0.6cm.
1 1 1 11 1x3 44. () {?S showr;7 in t(lilec ﬁfiur.e, wher(l I;he ;)bjectd (bO) is Izilzic?efi
—_ = = "5 from (i) etween F and C, the image (/) is formed beyond C. It
f h f 2 30 fo 24 is in this condition that when the student shifts his
. 11 |: 3:| 1 x( 1 ) e}t/)e.:s tov&.fards left, the image appears to the right of the
30 1 ) J7 ) object pin

fi=—15cm
Movement towards left

f2:—><f1:—><15—10cm 7
Y.

41. (a) Forrefracted ray, angle of refraction = 90° and g } %
hence 8, =90 — o, I C g

For reflected ray, deviation 6, =t — 20t

6 81 = 5 bl 0

42.  (a) Itfollows from symmetry considerations thatthe image 45, (¢) “O” act as focal point.
of the point source S will also be at a distance b from
the sphere but on the opposite side (figure). —=(u-1 (———

f R Ry
s
i b L=(u )(
40 10 10

43. (¢) Let O be the centre of the spherical surface of the
mirror, ABC is the ray incident at a distance BE from L =u-1) (i) =Su= 2
the mirror axis, and OB = R (figure). 3
46. (c) An observer on the ship can see only the rays for

which sinat<1/n, (if sino.>1/n, , such a ray

g1’
undergoes total internal reflection and cannot be seen
by the observer, figure). For the angle B, we have the
relation

From the right triangle OBE, we find that sin a.= //R.
The triangle OBC is isosceles since
£ ABO = £ OBC according to the law of reflection,
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47. (a)
48. (¢)
49. (@)

%
Il

n
. _ . . _ g .
n,sinf=ng sina, sinp=—"sina

ny,

where 7g, is the refractive index of glass. Since
[sinot|[<1/ng , |sinf|<1/n,,.

Therefore, the observer can see only the objects
emitting light to the porthole at an angle of incidence

B< sin”! (1/n,,) - Figure shows that the radius of a
circle at the sea bottom which is accessible to
observation is R = htan[f}, and the sought areca

2

(htanB>>D/2) is S = TR zfszzgzmz
ny, —1
vobj, mirror — 4; + 9]A
dx_, b _y .
dt  dt ’ w=-x
1 1 1 _
=t — .y = 10x
10 V —x x—10
(5 ()
7 \e=10) ar ) a7
A T
m=—-———nz= ==
-x x-10 'y
L F=)i7
=0 ar vy 18
Vimage, mirror = —161 18] 3 V00, =—120 =16
[v|=20 cm/s

Use the concepts related to image formation by
spherical mirrors.

We resolve the velocity vector v of the person into

two components, one parallel to the mirror, V) and
the other perpendicular to the mirror, v, , i.e.
V=V V) (figure).

A%
Il

<N

L

VL
The velocity of the image will obviously be
V= \7“ =V, . Therefore, the velocity at which the
person approaches his image is defined as his velocity
relative to the image. From the formula

V1 =2V =2vsino.

50.

51.

52.

®)

@

@

¢~

None of the rays will emerge from the lateral surface
of the cylinder if for a ray with an angle of incidence

T
Y= 5 (figure), the angle of incidence o on the inner

surface will satisfy the relation sin o > 1/n. In this
case, the ray will undergo total internal reflection on
the lateral surface.

S
It follows from geometrical considerations that

1
sina=+/1-sin’B, sinf=—
n

ThllS, Nmin = \/5
Let refractive index of glass be .
Let after first refraction, image distance be v then

Bl _p-l_ o uR
Vv oo R n—1

Now second refraction will take place.
So distance of first image from O is

and image is formed at R

Ll op@-h_20-w
"R R R

R R
ul_u_ R

3+\/§
2

This dark ring will be visible if ray from source gets
total internal reflection from the spherical shell.
O
)

= pn?-3u+1=0 So, u=

Let the source at any instant be at point P then at
point O ray will be totally reflected if 0 is equal to or
greater than critical angle. If QP is equal to x, then

R? +x =22
2Rx

z=cos0=



For 0 to be minimum

dz _2x 2Rx)=2R (R* +x* —V'F)

=0
dx 4R*x?
= x=VR* -
2 (R2 =22 R _ 22
So, cos8 = ( Vi) v
2RR? -2 R
For no light come out, sin6 > = or 9>45°
g bl - ﬁ =
R? -2/ 1 ‘= R
R 2
Yo sin 6
—=dtanr; |—|=n
3. @ (Sinr)
Vo =2d sin 6 ]
n* —sin’0
AR SR
N
\é}f\ A
%
7 Yo
r
0
I~ VYTV
>
d
. AB
54. () From the figure in A ABC, tanP = “c
= AB=ACtanp
2r=ftanf3
= Areaof image = ntr%o< f2
Parallel
Focal Ra3l;§ fron} d
lane ! object place
P at infinity
A y g d /

o
S
a

Biconvex lens

Image formed
on focaédplane

55. (@ The diameter of emergent rays is half of the incident

one. Hence the intensity will be 4-times.

56.

57.

58.

b)

@

N

Scm: >
< 10cm.

Here, three optical phenomena take place-first
refraction, then reflection, and finally refraction.
For refraction at 15t

15 1 15-1

v —2R R

1.
:>—5=O:>v=oo
v

wsin 30° =sin

@

«/3.%=sin[3:>[3=60°,6=30°

Point P where it strikes is i
3

R
tan30°= —==>x=R
3
= Ray strikes normal to the spherical surface. It
retraces the path.
. Angle of deviation = 180°

For ray to not emerge from second surface, r, > C
=752 C

=4- >C

71 max

butr, = Cwheni=90°

=A22C=4272°
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59. (¢) The top portion ofthe rod is at a distance > 2f. So v is For the unsilvered part :
less than 2f for this portion. So the image would lean F,,, =*40cm.
towards the lens. The image would not be a straight 40 160
line as the lateral magnification is not the same as the So, distance between focii =40 + ERE
longituQinal magnification. 61. (a) The bubble behaves like a diverging lens, since the
60. (b Forequiconvex lens index of refraction of the air in the bubble is less than
1 2@u-0 X the index of refraction of the water. Thus the image
—=———";u=15=R=f . .
f R will be smaller and inverted.
A thin silvered lens is equivalent to a spherical mirror ~ 62-  (¢)  Min. width of plane mirror to see full face
of equivalent focal length : D—d 10-4
1_1 2 Ty T
Foy Fn Iy 63. (a) Use the first law of reflection. Only sphere 1 is in a
where F, = focal length of the silvered surface . position such that light leaving it can reflect from the
F, = focal length of the unsilvered lens. mirror to the observer.
Here, for the silvered half, 64. (d) Since the water has a greater index of refraction than
the lens, the magnifier now acts like a diverging lens,
1 _1 2 =F =_40/3 resulting in an image that is smaller than the object.

COMPREHENSION TYPE

1. (0);2.(a);3.(d) and for x=90 cm
v=70cm
R § 4. (b) For lens L, ray must move parallel to the axis after
............. > SEan— refraction
O ------- = = Ttteen
AP o” R G [— Prommmmmmmmm e m e S mmmmmm e mmm e m———— L . _
1 — A He _ A7 o o 10em
70 cm \ oo X R
5. (@ Forlens L,, image must form at centre of curvature of

700 cm—»i 100 em 700 em the curved surface after refraction through plane part

2 A _B M whenx=70 cm X
vV oou R =x'=8cm
15 12 15-12 6. () Lengthoftube=x+x"=18cm
v =70 20 7. @ L I B e |
20x70%1.5 —x v R
Sv=
-1.2x20+0.3x70 Mo Mo~ M
=v=-700cm v R X
B Wi For real image v>0
V.o R or P27 W
12 15 12-15 Rx
v 900 —20
ifu, >p, thenx> to form real image.
b 900x200x1.2 Ha 1
1.5x200-900x%3 1 —1)
=v=-90cm 8. (a ”_2=_|:M+ﬂ:|
Similarly, for x=80 cm v R x

v=_80cm if w, < p, then, vis—ve for any value of x.



Th b BT

12.

@

The pin are interchanged and so will be object.

9. M - R Image distances
me_| 20 )21
“_2=_[M+&} “120) 773
v R X
1
Thus . . ' = magnification= —
(a) for p,> p, virtual image is always formed 3
(b) for p, <, virtual image is formed ifx < . _uf
MR s @ mvn v u-f =f
10. (@) As the magnification is three hy u 1y u u u—f
x+ 80
So only dimension of image changes and not the shape.
) J (v is same for every part)
—(x+80) ! 0
—-——=-3= x=40cm. ro—y v oS
—x 4. O ‘=—=r=-r—=-— 0 —1.2¢m.
From mirror formula h U u u-
LI VO HE E SO rea o y o )
T T T . rea of image = 7” = n(1.2)° =1.44mcm
80+ dr;
1. @ m=——=-3=-"—"= x=40cm 15. @ —-=+02
u X dt
REASONING TYPE
B 4. (d) For lens two focus can be considered.
1. (@ p=4+ —~ Statement-1 is false, Statement-2 is true.
A
(1 5. (0 Poc(”—L—J :
and 0, =sin"" | —[. L%
n
2.  (d If the mirror is shifted parallel to itself such that the PTuy du y <My
velocity of the mirror is parallel to its surface, the image If S lens nature chanees
shall not shift. Hence statement-1 is false. Hy ~He ges.
3. (@@ Using a plane mirror we see our virtual image, hence . p’z.> Hy = Ky o )
statement-1 is false. 6. (d) Asxincreases angle of incidence increases.
@E MULTIPLE CORRECT CHOICE TYPE
1. (a,b,c, d) Motion of mirror perpendicular to its areanormal 3. (¢, d) From first lens,
will not made any difference to the velocity of its 11 1
image. ——=
2. (a,b,c,d) vou f
v+tu=Dandv—-u=x 1 1 1
D+x  D-x v =30 +15
= vy= U=
2 2 11
22 1_15 30 _1!
D —x = — === > —=_
d [
and f D v 30 30
= vy=+30cm
D+x D—x Thus the first lens will form image at optical centre
m, = N my = . . . .
I D—x D+x of'lens L, and lens L, will form image at its optical

itself because object distance is close to zero.



R4y OrrICS

4.

5.

6.

(a, b, ¢, d) n depends on wavelength hence focal length,

(a,0)

power, image distance and chromatic aberration
depends on the colour/wavelength of the incident
light.

Let us first neglect the size of the pupil, assuming
that it is point-like. Obviously, only those of the
beams passing through the lens will get into the
eye which have passed through point B before
they fall on the lens (figure). This point is
conjugate to the point at which the pupil is located.

A

Y

The distance b from the lens to point B can be
calculated by using the formula for a thin lens :

I 1 1 aF

a—

=12cm.

It is clear now that the screen must coincide with
the real image of the pupil in the plane S, figure
shows that the minimum radius of the screen is

R= ér ~ (.5 mm , and the screen must be placed
a

in the plane S with its centre at point B.

(a, b, ¢, d) Short-sighted persons use concave (diverging)

glasses which reduce the focal power of their eyes,
while long-sighted persons use convex
(converging) glasses. It is clear that behind a
diverging lens, the eye will look smaller, and
behind a converging lens the eye will look larger.
If, however you have never seen your companion
without glasses, it is very difficult to say whether
his eyes are magnified or reduced, especially if
the glasses are not very strong. The easiest way
is to determine the displacement of the visible

7.

8.

9.

10.

(a,b,¢)

(b,d)

(a,0)

(a,b,0)

<0~

contour of the face behind the glasses relative to
other parts of the face : if it is displaced inwards,
the lenses are diverging, and your companion is
short-sighted, if its is displaced outwards, the
lenses are converging, and the person is long-
sighted.

n for liquid = n for Glass/yellow light but » for
liquid < n for glass (red light) deviated toward
base

The intensity of light in the region 4B (when the
lens is absent) now gets distributed over the region
CD. In the regions AC and BD light intensity is
due to both the direct beam and the diverged light
from the lens.

O

L\
N

Deviation, 6 =i+e—A4

dispersion, 8= (8,,—83) = (n,—ny) 4
8, =-9,

8,+6,=0

.. Final ray will be parallel to initial ray.

Butf, %6, =6,+6, %0

90°: 6,

§

sin@; =1/
sin@, =21/, 0; +06, =90° = cos6; =21/

Remember it is not given that 6; =0, =45°



EE MATRIX-MATCH TYPE

1.

AU o

A-s; B-q; C-r; D-p

)
AN R Ry)

A-q; B-p; C-s; D-r

A-q; B-r; C-q; D-p

A-s; B-p; C-q; D-r

A-p, q,s; B-p,s; C-p; D-r
A-q,r; B-s; C-s; D-q,r

Concave mirror can form virtual, magnified and real,
diminished image like convex (converging) lens. Convex
mirror form virtual diminshed image like concave
(diverging) lens.

A-1,B-s; C-p; D-q

(A) Velocity of the image of fish in air= 4 x% =3em/ss T,

Velocity of image of fish w.r.t bird=3+6=9 cm/s T 10.

(B) Velocity of image of fish after reflection from mirror in
. 3
air= 4><Z =3m/k

wrtbird=—3+6=3m/s T

. . L 4
(C) Velocity of the image of bird in water = 6 X 3 =8cm/si

wrtfish=8+4=12cm/s !

(D) Velocity of the image of bird in water after reflection
from mirror=8 T

wrtfish=8—-4=4cm/s T

11.

A-p,q; B-p,r,s; C-p,r; D-p,r
In refraction phase remains same.
In denser medium speed decreases.

A-q, 1, t; B-q,r; C-q,s; D-q,s,t

Image (real
enlarged, erect)

Virtual 7
object

(4)
]\

Image (erect |

®) enlarged)

3
\}

Image (erect
diminished)

] Dl A
©) Pl

Vertual object

Image (real, diminished, erect)

A-s; B-q; Cp; D-r
(A) §=180°-2i

sini i )
B) §=i—r ; —— =MW ;Increasing i increases d.

sinr

sini 1 5
C =i—r ; ..~ ;lIncreasing i increases 0 upto
© é=i-r; snr Qo g p

i<i,;i>i, TIR occurand § = 180° —2i

(D) For Prism 8 =(j; +iy)— A, on increasing i, & first
decreases attain minimum value and then increases.

A-p,q,s, t; B-r,t; C-p,q,s,t; D-p,q, t

(A) When a ray of white light is incident on one face of an
equilateral glass prism it will disperse, a divergent beam

is obtained after refraction and if angle of incidence is
greater then critical angle then TIR occurs.

(B) When a ray of white light is incident at an angle on a
thick glass sheet, a lateral shift occurs after refraction.

(C) When a ray of white light passes from an optically
denser medium to an optically rarer medium, it will dis-
perse, a divergent beam is obtained after refraction and
if angle of incidence is greater than critical angle then
TIR occurs.
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12.

1.

(D) When a parallel beam of monochromatic light passes
symmetrically through a glass lens, a divergent beam
is obtained after refraction and if angle of incidence is
greater than critical angle then TIR occurs.

A-p,q,1,, t; B-q,s; C-q,s; D-p,q, 1,8, t
For real object, concave mirror & convex lens can form
real , virtual , magnified , diminished or of same size
image. For real object, convex mirror & concave lens
can form virtual and diminished image.

<~

Convex lens (power positive) can form enlarged (or of

13. A'qs r; B'ps S5 C'q’ r; D'P’ q,r

same size) real, inverted image.

Concave lens (power negative) can form virtual, erect,
diminished image.

Convex lens (power positive) can form enlarged, vir-

tual, erect image.

NUMERIC/INTEGER ANSWER TYPE

1.73
The situation can be shown as in the figure.

Here, i=60°, 4=30°,86=30°,i'=?

We know that, 4 + 6 =i+ i’ ()
Also,A=r+r' ...(2)
From (1),

iI'=A+38-i=30°+30°-60°=0
As the angle of emergence (i') is 0, hence the emergent ray
is normal to the face from which it emerges.
Wheni'=0,7'=0

From (2), A=r=30°.
From Snell's law, R.I. of prism,

sini  sin 60° x/§/2 NE)
= = = =+/3=1.73.
# sint  sin30° 1/2
7.67
The rays originating from A4 (the point object) suffer

refraction before striking the concave mirror.

For the mirror the rays are coming from A' Such that

AA' = shift = t(l—l)
n

Therefore, the object distance

uzOA':OA—AA'zzl—t(l—l)
n

= 21—3(1—L)= 20cm
1.5

W 20x5 20
u=f

cm
20-5 3

The reflected rays again through the glass slab the image
should have formed at B is the absence of glass slab. But.
due to its presence the image is formed at B'.

>
~<%
~
S
~
- ~

0 > > 3 >

Therefore, image distance = OB + BB’

20 1
it -—
3 ( u)

§+1=§= 7.67 cm
3 3



70.8 Alternatively :
Jo=*50cm; f,=+5cm; D=25cm;u; =-200cm

B o WS o O |
For objective lens -

u v R
1 1 1 1 1 4-1 3
vo fo ug S0 200 200 200 20 _ep T X em
5. 175
200
= Vo= 3 € Here R =< i.e., plane surface is the refracting surface
For eyepiece lens

111 1 6 S /

111116 RN e
u, v, f, 255 25 , T

O///

25
= u,=—cm
6 I e Y

[v, is take negative because the image is virtual] u v R

Separation between objective and eyepiece
_ﬂ + M_z =0

=[vp|+1u,| S

2 25 4 25 42
_200,25_400+25_425_ o4 gem o3 -
3 6 6 6 e — = Z (l)

!

15
Again applying
This silvered concavo-convex lens behaves like a mirror

whose focal length can be calculated by the formula B M2 _ M7

u % R

N LA U Y Tt

u v R
1 3/4 3/4-1
= ——+———=
-4 -25/8 R
|
NS4S
121 I X7
Soh S '

Jf; = focal length of concave surface.

J,= focal length of concave mirror On solving we get R =—25cm.

Applying Len's maker formula,

12,1 _ 4
f =30 -10 30 1 11
7:(“_1)(R__R_J
f=—75cm 1 =2
Using mirror formula
e
11 1 1 1 f \3 25 o<

1
f v u -75 —x —x



<~

6. 1.41 The magnification of lens (i) is 2

The light entering the rod does not emerge from the curved

surface of the rod when the angle 90 — r is greater than the _ht d .. (if)

critical angle. uy—d

i i iti 1.8—uy+d

Le,p< e where Cis the critical angle. = 9= 2 = 2uy-2d=18-u,+d

Uy — d
Here C=90—-r
= 3u,=1.8+3d
~ sin(90-r) ~ cosr
= v»,=18-0.6-d
v,=12-d
As a limiti = .. (@
5@ Himiting case i cosr ® Applying lens formula for lens (1)
Applying Snell's law at 4 1 1 1
+ == ....(ili)  forlens (2
sin. . sino, , v+d w-d [ i @
= — = sinr= ... (i)
sinr p
L . 1 1 1
The smallest angle of incident on the curved surface is when . + - = 7 . (iv)
2 2
i

o= 2 This can be taken as a limiting case for angle of From (iii) and (iv)

incidence on plane surface. 1 111

From (11)5 V) +d Uy — d V) Uy

. sinm/2 1 i)
sinr " =u Sinr .. (1 . 1 1 1 1

+ = +
1.2-d+d 06+d-d 12-d 0.6+d
From (i) and (ii) sin #=cos

= r=45° 1 1 0.6+d+12-d

= —4——=—"""- """ =
1.2 0.6 (1.2-d)(0.6+d)
1 1
= U= S
cos45°  1/4/2
2 3 1.8
= ——=———"——
= u=42=141 1.2 (1.2-d)(0.6+4d)
This is the least value of the refractive index of rod for light = (12-d)(0.6+d)=0.6x12

entering the rod and not leaving it from the curved surface. o (12%0.6+12d-06d—d*=06x 12)

7. 04
= d(d-0.6)=0 = d=0.6m
Substituting this value in (iv)
<—u2—d—®}<—v2+d >
1 1 1 1
+ =—
0 1.2-0.6 0.6+0.6 f
Dt —d > 11 _12+06_ 18
! \ Image = 06 12 [ 06x12 0.6x1.2
P " 9 v, y plane

0.6x1.2
. ) = f: =
Given u,+v,=18m () 1.

0.4m




30
._ DE 0.2
A's ACE and DCE are congruent, therefore, DE = AE In CDE, tan 30° = CE or ﬁ =DE

- AD=2DE
~2x0.2

B

= AD

2\/5[1’1 R

C B
LLLLLLLLLLLLLLLLLLLLLLLL LY
243 24/3X+/3
23 _23x3

S No. of reflection on one face =
| AN AD 2x%x0.2
0.2m e
~ Total number of reflections on two faces is
TITTETEEET IR TRTETER TR TR T _ _
=15+15=
D B A 15+15=30

S



