PHYSICS

Q.1

Q.2

Sol.[D]

Q.3

Q.4

Q5

An unnumbered wall clock shows time 04 : 25 : 37,
where 1% term represents hours, 2" represents
minutes & the last term represents seconds.
What time will its image in a plane mirror show
(A)08:35:23 (B)07:35:23

(C)07:34:23 (D) None of these  [C]

Two vertical plane mirrors are inclined at an
angle of 60° with each other. A ray of light
traveling horizontally is reflected first from one
mirror and then from the other. The resultant
deviation is -

(A) 60° (B) 120°
(C) 180° (D) 240°
6=2n_20=2n_2 % =437

3 3

When a plane mirror is placed horizontally on
level ground at a distance of 60 m from the foot
of a tower, the top of the tower and its image in
the mirror subtend an angle of 90° at the eye,
placed at the mirror itself. The height of the
tower is :
(A) 30m
(C) 90 m

(B) 60 m
(D) 120h [B]

An object is initially at & distanee of 100 cm
from a plane mirror. Ifythe\mirror approaches
the object at a speed of 5 e¢m/s. Then after 6 s
the distance between the object and its image
will be :
(A) 60.em
(C) 170

(B) 140 cm
(D) 150 cm [B]

A ‘virtual image is formed by a plane mirror,
when the pencil of light is incident on the
mirror, then the incident pencil on the mirror is.
(A) diverging

(B) parallel

(C) converging

(D) all of the above [A]

Q.6

Sol.[A]

Q7

A ray of light is incident on a glass slab (u =
1.5), thickness t, in such a manner that the angle
of refraction is 60°. If the speed of light in
vacuum is ¢, then the time taken to cross the
slab will be -

(A) 3t/c (B)3t/l2c (C)2tlc (D)tlc
I
i :60
=c_-C
p 15
Distance travel byray to cross the slab
_ t L
~ cos60
Timertaken to cross slab = 2t = ﬁ
c/ll5 ¢

Axyray of light making an angle 30° with
horizontal is incident on a plane mirror making
an angle 6 with horizontal. what should be the
value of 6 so that reflected ray goes vertically
upwards -
(A) 20° (B) 25°

(C)30° (D) 35°

Sol. [€] 30° Q 56%0300

Q8

Sol.[C]

The reflected ray is to be rotated by 60° so
mirror is to rotate by % =30°
.. Mirror will make 30° with horizontal

Time taken by the sunlight to pass through a
window of thickness 4 mm whose refractive
index is 1.5 is

(A) 2 x 108 sec
(C)2x 10" sec

(B) 2 x 108 sec
(D) 2 x 10% sec

o4 d_duy
Vm Co/Mm Co
3
= —4Xl'5X180 =2 x 10 sec
3x10
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Q.9

Sol. [A]

Q.10

Sol. [B]

Q.11

Q.12

Q.13

Q.14

Two plane mirrors are inclined at 120° to each-
other. A ray of light is incident on either mirror
at an angle of 50° is double reflected. The
mirrors deviate the incident ray through an
angle of -

(A) 1200 (B) 100°
8=360-20;0=120°
. 8=360-2x%120

s 8=120°

(C)80° (D) 60°

A clock hung on a wall shows time as 7 : 10 on

the adjoining wall, there is a plane mirror then

time shown by image of clock in mirror is -

(A)5:40 (B)4:50 (C)7:10 (D) 5
50

12:00-7:10=4:50

An object is placed between two plane mirrors
set at 60° to each other. The maximum number
of images seen will be :

(A) 2 (B) 3 €)5 (D) 6

[C]

A light ray is incident on a plane mirror at‘an
angle of 30° with the horizontal. At what angte
with horizontal must a plane mirror'ke placed in
its path so that it becomes veértically» upwards
after reflection ?

(A)30°  (B)60°

€ 70° (D) 90°

[B]

Find the angle between two plane mirrors such
that a«fay of light is incident on the first mirror
andvparallel to the second is reflected from the
second mirror, parallel to the first mirror.
(A) 30° (B)60°  (C)70° (D) 90°

[B]
Two plane mirrors are parallel to each other and
spaced 20 cm apart. An object is kept in between
them 15cm from A. Out of the following at which
point is an image not formed in mirror A (distance

measured from the mirror A).

Sol.

Q.15

Q.16

Q.17

(A) 15cm (B) 25 cm
(C) 45cm (D) 55 cm
[C]
A and B are two plane mirror

A B

P

7 o F

p " Sem ¥
b 15cm f
20cm

distance of images
from A mirror

distance of images
from B mirror

15cm +20 5cm
25 em——" 20— 35cm
55cm +20 45¢cm

65 cm 75 cm

Option (€)%is correct
A point sotrce has been placed as shown in the
figure. What is the length on the screen that will

receive reflected light from the mirror ?

SOURCE
L) Z
L
O
w
"H  H  2H
(A)2H (B)3H (C)H (D) None

[A]
A boy of height H is standing in front of mirror,
which has been fixed on the ground as shown in
figure. What length of his body can the man
see in the mirror ? The length of the mirror is

(H/2)-
gmb

(A)H (B) HZ(H? + L?)12

(C) Zero (D) 2H?/L [C]

A person’s eye level is 1.5 m. He stands in front of
0.3 m long plane mirror which is 0.8m above the
ground. The length of the image he sees of himself
is—

(A)15m
(C)0.8m

(B)1.0m
(D) 0.6 m [D]
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Q.18

Q.19

Q.20

Q.21

A particle is moving in front of a plane mirror
as shown in figure. The velocity of image with
respect to object is —

(A)vsin©
(C)2vsino

(B) vcos 0
(D)2vcos O [C]

A boy is walking under an inclined mirror at a
constant velocity V m/s along the x-axis as
shown in figure. If the mirror is inclined at an
angle 6 with the horizontal then what is the
velocity of the image?

Y

\ e & X

(A) V sin 6i + V cos 0j

(B) V cos 6i + V sin 6j

(C) V sin 26i + V cos 20j

(D) V cos 20i + V sin 20j [D]

An object is approaching ‘&, plane mirror at
5 cm per second. A statienary observer sees the
image. At what speed will the image approach
the stationary observer ?

(A) 5 cmiseeond (B) 20 cm/second

(C) 10{cm/second (D) 15 cm/second

[B]

Al ‘plane mirror is moving with velocity
47 + 5] +8k. A point object in front of the
mirror moves with a velocity 30+ 4] +5k.

Here Kk is along the normal to the plane mirror
and facing towards the object. The velocity of
the image is —

Q.22

Q.23

Q.24

Q.25

(A)-3i —4]j +5k (B)3i +4] +11k

(C)-3i —4j +11k (D)7i +9]j +11k

[B]

A point object is kept in front of a plane mirror.
The plane mirror is doing SHM of amplitude
2 cm. The plane mirror moves along the%x-axis
and x-axis is normal to the gmirrer.) The
amplitude of the mirror is such that the object is
always infront of the mirror. The amplitude of
SHM of the image is —
(A) zero

(C)4cm

(BN2.cm

(D) 1cm [C]
Figure belowr shows two plane mirrors and an
object O\placed between them. What will be
distance-of the first three images from the mirror
M, -

(0]
<—8CM—e<«-8cm—

M, M,

(A)2cm,8cm, 14 cm

(B)2cm, 12 cm, 18 cm

(C)2cm, 18 cm, 22 cm

(D) 2 cm, 24 cm, 38 cm [C]

A point object is placed midway between two
plane mirrors distance 'a' apart. The plane
mirrors form an infinite number of images due
to multiple reflections. The distance between

n' order image formed in the two mirrors is -

(A)na  (B)2na (0)% (D)n2a

[B]

Number of images of an object kept

symmetrically between two mirrors inclined at
angle 72°, would be-
(A) two (B) three

(C) six (D) four

(D]
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Q.26

Q.27

Q.28

Q.29

Two plane mirrors are inclined to one another at
an angle of 400, A point object is placed
symmetrically in between them. The number of
images formed due to reflection at both mirrors
is -
(A) Infinite (B) 9 (C)8 (D) 6

[C]

If an object is placed unsymmetrically between
two plane mirrors, inclined at an angle of 72°,
then the total number of images formed is -
(A)5 (B) 4 €2 (D)

[A]

Two plane mirrors M, and M, each have length
1 m and are separated by 1 cm. A ray of light is
incident on one end of mirror M, at angle 45°.
How many reflections the ray will have before

going from the other end ?
M,

M;
(D) 101

[D]
Figure shows a cubical\room 'ABCD with the
wall CD as a plane mirror. Each side of the
room is 3m. We place a camera at the mid-point
of the wall AB. At what distance should the
camera=be foeussed to photograph an object

(A)50 (B)51  (C) 100

placed at A™
A Camera B
L1
3m
D C
(A)15m (B)3m
(C)6m (D) more than 6 m

(O]

Q.30

Q.31

Q.32

Q.33

It is necessary to illuminate the bottom of a well
by reflected solar beam when the light is
incident at an angle of o = 40° to the vertical. At
what angle B to the horizontal should a plane
mirror be placed ?

(A) 70° (B) 20°

(C)50° (D) 40°

[A]

Mark the correct options -

(A) If the incident rays are converging; we have
a real object

(B) If the reflected rays dre converging, we have
a real image

(C) The image of awvirtual object is called a
virtual image

(D) If the/image I8 virtual, the corresponding
object'is called a virtual object [B]

A“point source of light is placed in front of a

planemirror -

(A) All the reflected rays meet at a point when
produced backward

(B) Only the reflected rays close to the normal
meet at a point when produced backward

(C) Only the reflected rays making a small
angle with the mirror, meet at a point when
produced backward

(D) Light of different colours make different
images [A]

A point object is moving with velocity

Vo = 10i m/s along x-axis as shown in figure.
Relative velocity of its image in mirror My with
respect to mirror image velocity in My is :

(Take sin 37° = 0.6)

y4

(A) 9 mis (B) 10 m/s
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(C) 12 m/s (D) 15 m/s [C]

Sol.

V,j =(6 c0s53° —8¢0s 37°)i + (6sin 53°+8sin37°)]
=(3.6-6.4) i +(48+48)]

= _28i+96]
Vyp=—721-96 ]
vi2 = 7.2% +9.6°

=24 3% +4?
=12 m/s

Q.34  On reflection from a plane surface, \the
following gets changed -
(A) wavelength (B) freguency
(C) speed (D)y‘amplitude [D]

Q.35 A wave or a pulse is reflectednormally from the
surface of a densermedium back into the rarer
medium. The phase “Change caused by the
reflection-

(A)O B)2 (©O)=n (D) 3n/2
[C]
Q.36 A number of images of a candle flame can be
seen in a thick mirror. The brightest image is -
(A) The first one (B) The second one
(C) The third one (D) The last one [B]

Q.37 The mirror of length 2 ¢ makes 10 revolutions
per minute about the axis crossing its mid point
O and perpendicular to the plane of the figure.
There are a light source in point A and an
observer in point B of the circle of radius R
drawn around centre O (ZAOB = 90°). What is

Sol.

Q.38

Sol.

the proportion %if the observer B first sees the

light source when the angle of mirror with OA,
y=15°?

A
10\,
A) V2 ®) L
2
1
(©) 242 ®)-7 [A]
A

AW,
45°
120°
2 SN 0T~
O R
sine rule
R
sin45°  sin30°
R _ sin45° _
¢ sin30°

A point object starts moving along x-axis with
constant velocity 0.5 m/s in positive x-direction
from origin. A plane mirror of length 2 m is
placed parallel to x axis at a distance 3 m from
x-axis and at a distance 10 m from y-axis as
shown in figure. Time for which an observer
positioned at (11, —1) m will see image of point
object in the mirror will be —

)
'y

10m 2m
l—> <—>

: > X
0 (11,-1)
(A) 7 sec (B) 8sec
(C) 12 sec (D) 6 sec [A]
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Q.39

Sol.

water

-
~
~

| \\4_)(_>I/

X Y

AN

e g

TR !

"_I \\ :II v > X

0 \‘ll 1'1

Observer
x_7
2 4
x=35m
t= 1 = E =7 sec
% 5
Given two identical watch glasses glued
together, the rear one silvered. Using
autocollimation as sketched (Fig.), sharp focus
is obtained for L = 20 cm. Find L for sharp
focus when the space between the glasses is
subsequently filled with water, n :% .
Fig.

(A) 6cm (B) 8tm
(C)10cm (D) 12cm [D]
With air between the glasses, only the silvered

watch glass reflects,and converges the rays to
form an image, i.€}, the system acts as a concave
mirror. The fermula for a concave mirror

4+ =

uovor
givesforu=v=20cm, r=20cm.
With”water between the glasses, the incident
light is refracted twice at A and reflected once at
B before forming the final image. Note that the
first image formed by A falls behind the mirror
B and becomes a virtual object to B. Similarly
the image formed by B is a virtual object to A.
We therefore have

1 n_n-1

—_—t—_=

L x 20

Q.40

Sol.

Q.41

Sol.

1,11
X y 10
n,i_nt
y L 20

which yield L =12 cm.

Thus, a sharp image will be formed at L = 12
cm.

Two vertical plane mirrors are ‘inclined at an
angle of 60° with each othérnA ray of light
traveling horizontally is geflected first from one
mirror and then from, theNother. The resultant
deviation is -

(A) 60° (B) 120°

(C) 180° (D) 240°

Dl 227 20=27-2 & = 2%
33

The-index of refraction of glass can be increased
by diffusing in impurities. It is then possible to
make a lens of constant thickness. Given a disk
of radius a and thickness d, find the radial
variation of the index of refraction n(r) which
will produce a lens with focal length F. You
may assume a thin lens (d << a).

) n(®) = no -4

rF
A =Np———
(A n(r) = o~ =

d2

2

(C) n(r) =no fﬁ (D) n(r) = no 7#

[C]

Let the refractive index of the material of the
disk be n and the radial distribution of the
refractive index of the impurity-diffused disk be
represented by n(r), with n(0) = no.

— A

-

Y
Y
T

_)_
—{d |—
Fig.
Incident plane waves entering the lens refract
and converge at the focus F as shown in Fig. We

have
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Q.42

Q.43

Q.44

Sol.

[n(r) —ng]d = 7\/@ +F,

2, .2
ie., n(r):no_w_
d
For F >> r, we obtain
r2
n(r) =nog———.
(=Moo dF

Rays of light strike a horizontal plane mirror at
an angle of 45° A second plane mirror is
arranged at an angle 6 with it. If the ray after
reflection from the second mirror goes
horizontally parallel to the first mirror then 0 is-
(A) 45° (B)60° (C)67.5° (D) 135°
[C]

Images formed by an object placed between two
plane mirrors whose reflecting surfaces make an
angle of 90° with one another lie on a -

(A) Straight line
(C) Circle

(B) Zig-Zag curve
(D) Ellipse [C]

A beaded screen (Fig.) returns light back to the
source if light focuses on its back surface. For
use by skindivers in water (n :%), of what

index material should the beads bed made

ideally?

Y

Fig.
3 4
Ok ®) 3
5 8
© ©) 3 []

Let the required index of refraction be 'n', (see
Fig. (b)).

Q.45

Sol.

Q.46

Fig. (b)
If a pencil of paraxial rays whieh are parallel to
the axis, OP, strikes at P,.the reflected rays will
return back parallel 40N\OP.s Snell's law of
refraction n* sin iz = n\sin ir for small angles ix
and iz becomes Nz =Ai1. As i3 = iy, i3 = 2ip, we

have iy = 2iyaTherefore, n'=2n = g

A line objeect 5 mm long is located 50 c¢cm in
front of @camera lens. The image is focused on
the-film pfate and is 1 mm long. If the film plate
Is_moved back 1 cm the width of the image
blufs to 1 mm wide. What is the F-number of
the lens?

(A) 7.33 (B) 8.33

(©) 10 (D) 12 [B]

Substituting u = 50 cm and X:% in the
u

Gaussian lens formula

«—1lcm
Fig.
gives f = 8.33 cm, v = 10 cm. From the similar
triangles in Fig. we have
D_o1
v 1
or D=0.1v=1cm. Therefore, F = f/D = 8.33.

A ray of light from a denser medium strikes a
rarer medium at an angle of incidence i as
shown in figure. Refracted and reflected rays
make an angle of 90° with each other. Angle of
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Sol.

Q.47

reflection and refraction are r and r’. Then
critical angle is —

N
Incident :
ray |

Reflected
Denser ray

medium

Rarer
medium

90°

Refracted

(A) sin™t (sin i)
(C) sin't (tan i)
From fig.,

(B) sint (sinr)
(D)sint (tanr) [D]
r+r =90°
o rr=90°—r=90°—i
When light travels from denser medium to rarer
medium,

1 _sini _ sini  _ sini

W osinr' sin(@0°—i)  cosi

=tani

I |
Also, Sinic=—

(if angle of incidence = critical angle)
sosinig=tani=tanr

soie=sin™ (tan i)

=sin™ (tanr)

A white light is incident at"20%0n a material of
silicate flint glass skab assshown. pvoilet = 1.66
and ur = 1.6. ForWwhat value of d will the
separation be 1 mmwin red and violet rays.

20°

air R

\Y

R
«—d —>|>

Imm
o 10
()3cm

20
(d) 5 cm [B]

5
@ 3cm

(c)5cm

sin70 _ .9397
= = = 34°30"'
Sol. sinry 166 - 166 or ry = 34°30
sin70 9397
i = = = 3/°
sinry 16 16 or r, = 36
tsini —
Using _ sin(i—r)
cosr
sinfi—nr) sin(i—ry)
yi=¥2=d| Teor, cosr,
_ {sin35°30' B sin34°J
=d €0s34°30" cos36°
r01=d| 20T DS |_ 71 0.68
or0.1=d| 5 e2a1 " 0gogo | 0L~ 068l
ord——o'1 -Ecm
7003 3
Q.48 A child is standing,in front of a straight plane
mirror. His, father is standing behind him, as
shown 0 the fig.
[¢—H—>le—H—>
The height of the father is double the height of
the child. What is the minimum length of the
mirror required so that the child can completely
see his own image and his father's image in the
mirror? Given that the height of father is 2H.
(A) H/2 (B) 5H/6
(C) 3H/2 (D) None (B)
Sol.
gD
A—*"/
2H R LEEEEPCREEEEE E
H
\\\ K
G M -

AB is the required size of mirror
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AAFC & CDE similar triangle particle velocity and image velocity are

DE _CE AF = CFxDE_HxH _H identical and hence the path of light is straight
AF CF CE 3H 3 line perpendicular to mirror
ACKG & BMK similar A
. CG_BM BM

GK MK
_CGxMK _HxH _H

GK 2H 2

size of mirror = AB
= AF + FB
- %+ (FM—BM)
= E+ Hfﬂ = H £+1 :ﬁ

3 2 2 3] 6
Ans

Q.49 Two plane mirrors are inclined at an angle of
50°. Then what is the number of images formed
for an object placed in between the mirrors —
(A)7
(B) 8
€6
(D) question is absured [A]

Sol. Here 6 =50°

therefore n = @ =7.2
50

The closest integer value of 72 <4, Thus
number of images formed,is %

Q.50 A plane mirror is inclined atanangle 6 with the
horizontal surface. /A particle is projected with
velocity v at angle~e. Image of the particle is
observed ¢/from the frame of the particle
projeeted path of the image as seen by the

partiele is—

5 fa

(A) parabolic path (B) straight line
(C) circular path (D) helical path [C]
Sol. At any instant velocity of particle can be

resolved in two components, one parallel and
other perpendicular to it. Parallel components of
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PHYSICS

Q.1

Sol. [6]

Q.2

Sol.[3]

A burning candle is placed in front of a concave
spherical mirror on its principal axis at a distance
of (4/3) f from the pole of the mirror (here f is the
focal length of the mirror). The candle is arranged
at right angles to the axis. The image of the
candle in the concave mirror impinges upon a
convex mirror of focal length 2f. The distance
between the mirrors is 3f and their axis coincide.
The image of the candle in the first mirror plays
the part of a virtual object with respect to the
second mirror and gives a real image arranged
between the two mirror. Then the total linear
magnification of the system is (only magnitude )

i; 1 4/31}:%

[e——3f—i
.1 1 1 1 3 1
Ist reflection =+ —-== = =4+ —=—"—
v u f v —-4f —f
lzi—ﬁyvz_zﬁi
v 4f fx4
m:—ﬂx3:—3
—4f
2M reflection 1 + 1 = 1
v f 2f
1 1 1x2
v 2f fx2
v=-2f
mZ:,(_fﬂ:.‘.z

mm;=-3 x2=6

Two plane mirrors are inclined at an angle of 20°.
A point_objeet is placed at mirror AB. Light ray
OQ is‘ipcident on mirror AC at angle 'i ' such that
thistray after third reflection becomes parallel to
mirrar AB can be written as 10 x°. Find x.

Q.3

Sol.[6]

Q.4

Sol.[4]

Q.5

Sol.[3]

Two plane mirrors are placed parallel to each
other at a separation of 1 cm. A point object O is
placed at a distance 0.4 cm from mirror M as
shown.

<+«—I1lcm —>

()

0.4m

Find distance betweeh 5 and 6™ image formed
by both mirroes closest to system.

An\object shaped as 'L' is placed between two
parallel plane mirrors as shown. In first seven
closest image. How many images are formed as
laterally inverted.

L

Conceptual

A plane mirror of length 9m is kept along the line

= —x as shown. An insect having velocity of

~3J2 1 misec is moving along x-axis. Find the
time (in sec) for which insect can see his image.

ry
|

-=-»X
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A Light ray is incident on a prism with p = J2
from air at angle 45°. After first retraction it
incidents on surface AB. Find value of n to the
nearest integer such while entering in slab it
makes an angle 45° with boundary CD.

B
30° p=+2 150°

Q.6

A
45°

-

30°
D u:n C

slab

sol[2] X% .

30°

At AD

sin45°
sinr

. . 1
ic=sint| — | = 45°
‘ [«/5 j
sin60° _ n_
sind5° 2

n:ﬁx?x\/_:\@

=2 =r=30°

At CD

Q.7 Two plane mirrogs Ma&/M; are inclined at 30°. A
light ray strikes M1 “and it is parallel to M,. How
many total¢reflections it will under go with both
mirrors.

a Ml
_<_
30°
o MZ
Sol.[5] The ray will retrace its path after third reflection

& repeat 4" and 5™ at the place of of 2™ & 1%
so total five reflections.

Q.8

Sol.[4]

Q.9

Sol.[3]

Q.10

Sol.[6]

Q.11

Sol.[8]

Q.12

Sol.[4]

If in the given figure, image | is not moving. Find

the velocity of object for this.

2m/s

—_—
0 I
[ ] [ ]
4m/s 4m/s

due to object due to mirrer

Two vectors in the directign of incident and
reflected ray are givenas & = 2i — 3j + k and
€, = 2i + ajat+ k,\Consider reflection from xz

plane, find the value of ‘a'.
obvious

Fipd..total no. of image up to a distance of
30 cm from object O.

e O

5cm

T T e e e e R R

—
10 cm

Draw & count

If I1 & I, are the image of O respectively by

M: & My Then find relative velocity of
I, w.r.to |,.
M,
0
4m/s

obvious

If total width of face is 20 cm and distance
between eyes is 12 cm. Find the minimum width
of mirror to see full width of face himself.

a-b
use w= ——
2

REFL. AT PLANE SURFACE



Q.13

Sol.

Q.14

Sol.

An elevator at rest which is at 10" floor of a building
is having plane mirror fixed to its floor. A particle is

projected with a speed V2 m/sec and at 45° with the
horizontal. At the instant of projection the cable of
elevator breaks and elevator starts falling freely. What
will be the separation between the particle and its

image 0.5 sec. after the projection.
|

u=+v2mhkec

45°

[1]

As shown in figure, pole PQ of height 3h is
standing on the shining surface RT at a distance
9h from the screen RS. The sunrays are incident
from left of the figure making an angle 6 with
ground. There will be in general, two shadows of
PQ, one directly on ground, second indirectly on
screen —
S

>

N
N

p
é%‘ Q

T R
(A) If both PQ and RS are perpendicular to
ground RT, express the length ofsshadow of PQ
on RS in terms of h
(B) What should be minimum Wwatue of 6 to the
entire indirect shadow t@, falhon'the screen.
(a) 6h (b) tan™(1/3
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