PHYSICS

Q.1

Sol.

Q.2

Sol.

Q.3

Q4

Q5

If the critical angle for total internal reflection
from a medium to vacuum is 30°, the velocity
of light in the medium is -
(A) 3 x 108 m/s

(C) 6 x 108 m/s

(B) 1.5 x 108 m/s
(D)3 x 108 m/s

[B]
Sinje= — =Hr = Y4
r Hd Mg Vr
H o — Vd — 8
sin 30° = 5 =Vvg=15x10°m/s
3x10

A piece of glass is placed on a wood having
letters of different colours. The letters of which
colour will appear maximum raised

(A) Red (B) Green
(C) yellow (D) violet [D]
Raise = hyc (1—£j
il
For Raise to be maximum, u has to maximum
poc z
A

Light travels through a glass of thickness“(and
refractive index n. If ¢ is the velocity oflight in
vacuum, the time taken by  light\to” travel
through the plate is :
(A) t/nc (B) ntc

(G)\ntfe._”" (D) tc/n

[C]
The velocity of lighttin.air is 3x1010 cm /sec. If
the refractive index of glass with respect to air
is 1.5, then velocity of light in glass is :
(A) 21010 cm/sec
(B)4.5 x'4010 cm /sec
(€) 3,x 1010 cm/sec
(D) 1 x 1010 ¢cm /sec [A]

The refractive index of water is (4/3) and that of
glass is (3/2) .If the speed of light in glass is
2x10 8 m/s. The speed of light in water will be :
(A) 1 x 108 m/s (B) (9/4) x 108 m/s
(C) (8/3) x 108m/s (D) 4 x108 m/s

[B]

Q.6

Sol.

Q7

Sol.

Q.38

Critical angle for total internal reflection of light
of a certain frequency at a denser-rarer
boundary is 30°. At what angle should the same
light be incident on the boundary from the side
of denser medium that the reflected, and the
refracted rays are mutually perpendieular’?

(A
(B) tan? (5)

(C) cost (%J (D) cos* [%} [C]

=sin30¢8 = l
2

(A) tant (2)

=Ccosi=

2 2 :H_wsl(i]
V12422 VB V5

Green light of wavelength 5460 A is incident on
an air glass interface. If the refractive index of
the glass is 1.5, the wavelength of the light in
the glass would -

(A) decreases to 3640 A

(B) remain the same 5460A

(C) decreases to 4861 A

(D) increase to 8190 A [A]

A _ Xair
glass — —

5460

Aglass c 3640 A

A beam of light composed of red and green rays

is incident obliquely at a point on the face of

rectangular glass slab. When coming out on the

opposite parallel face, the red and green rays

emerge from -

(A) Two points propagating in two different non
parallel direction

(B) Two points propagating in two different
parallel directions

(C) One point propagating in two different
directions

(D) One point propagating in the same directions

[B]
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Sol.

Q9

Sol.

Q.10

Red and green light will emerge in two different
points propagating in two different parallel
directions

A fish is a little away below the surface of a
lake. If the critical angle is 49°, then the fish
could see things above the water surface within

an angular range of 6° where

“_~ Water |-

(A) 6 = 49°

(B) 6 = 90°

10

(C) 0 = 98° (D) 6=24 = [C]

According to figure in question
0 =2C=2 x 49°=098°

A cylindrical vessel of diamieter,12)cm contains
800m cm?3 of water. A cylindrical glass piece of
diameter 8.0 cm and-height 8:0 cm is placed in
the vessel. If the bottom of’the vessel under the
glass piece is seen by~ the paraxial rays (see
figure), locate its‘image. The index of refraction
of glass is’k50 and'that of water is 1.33.

O
Water
80|m
F8cm4
—12cm —
(A)2.1cm (B)7.1cm
(©)9.1cm (D) 11.1cm [B]

Q.11

Sol.

Q.12

Sok

Critical angle for light going from medium (1)
to (2) is 60°. The speed of light in medium (1) is
v ; then speed of light in medium (2) is -

5

(A2 (B)2v/3 (C) 73\/ (D) 2v

[B]
sinic= *2=Y1 . gingoo= L
H vy \Z

S V2 = V/sin 60° = 2vi/3

A capillary tube is madé‘ef glass with the index
of refraction 3, outer radius of the tube is 30 cm.
The tube is filled with a liquid with the index of
refraction 2.~ What” should be the minimum
internal radius_of the tube r so that any ray that

hitsthetube would enter the liquid -
(B) 10 cm
(D) 45 cm

(A) 15%cm
(C)20 cm
[Al

0<0.

sSinB < sinB

sin€)<ﬂ

Mo

sind < Z
3

when i is maximum 0 is also max and if

SiNBmax < % light will enter in liquid.

i = — sing = 1.1
max 2 uz 3
. sing _ sin(r—6) _ sin®
Apply sine rule = =
pply . = =
sing _ sin®
r R
— =sind
R 2
< =
3r 3
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Q.13

Q.14

Q.15

Q.16

Q.17

R
r>—

30
r>—
2

r>15cm

minimum radius = 15 cm

The critical angle for total internal reflection of
light going from medium I to medium II is

given by the relation tan i = 5/9. The refractive

index of the I medium with respect to the

medium II is -
(A)18 (B) 1.6
(C) +/156/5 (D) +106/5 [D]

Two media | and Il are separated by a plane
surface having speeds of light 2 x 108 m/s and
2.4 x108 m/s respectively .What is the critical
angle for a ray going from | medium to Il ?

int[ 1 in1[2
(A) sin (2) (B) sin ((J
(C)sint (1—52j (D) sin"1 (%J [B]

If refractive index for.4avater and glass are 4/3
and 5/3 respectively and ight is tending to go
from glass to water \the-critical angle is:

(A) sin1 (4/3) (B) sin"1 (5/3)

(C) sin"1 (418) (D) sin1 (5/4) [C]

If the critical angle for total internal reflection
from{a medium to vacuum is 30° the velocity of
light'in the medium is :
(A) 3 x 108 m/s
(C) 6 x 108 m/s

(B) 1.5 x 108 m/s
(D) x 108 m/s [B]

A cube of side a made of a material of refractive
index p, is immersed in a liquid of refractive

index pq. A ray is incident on face A B at an

angle 6 as shown. Total internal reflection just

Qi18

Q.19

takes place at point P on face BC. Then find the
value of 6.

M1 M2
D
(A) sino= 2
Hq

2
(D)sin 6 = (ﬁj -1 [D]
M1

A ray of light from a denser medium strikes a
rarer medium at an angle of incidence i. If the
reflected and refracted rays are mutually
perpendicular to each other, what is the value of
critical angle?

(A) sin* (cot i)
(C) cos* (cot i)

(B) sin? (tan i)
(D) cos® (tan i) [B]

A transparent solid cylindrical rod has a

2
refractive index of —. It is surrounded by air.

J3

A light ray is incident at the midpoint of one
end of the rod as shown in the figure.
[AIEEE-2009]

A S }---

The incident angle 6 for which the light ray
grazes along the wall of the rod is -

e o
(A) sin (2) (B) sin ( 5 ]
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[D]
Sol.

From Snell's law

Mair sin@ = Meylider- sin (90 — 90)

. 2
= 1.sin 6 = — .cosOc
V3
= sin® = —2 cos |sint_L
J3 Hey
= icos sin‘l—3
J3 2
2 1
= —c0s60°= —
J3 J3
1
= 0 =sinl—.
V3

Q.20  Critical angle for light going from medium (i) to
(i) is ©. The speed of light in medium (i) is\y,
then speed in medium (ii) is -

(A) v (1-cos 6) (B)v/sin @
(C)v/cos 6 (D) v (1™sin0)” [B]
SOI ZMlz_L:ﬁ:V—ZSVZZY—l
sind  u, v Sino
v =V
2 sing

Q.21 A microscope is focused on a mark on a piece
of paperyand then a slab of glass of thickness
3 c¢cm and refractive index 1.5 is placed over the
marKpkow should the microscope be moved to
get the mark again in focus ?
(A)2 cm upwards
(B) 1 cm upwards
(C) 4.5 cm upwards

(D) 1 cm downwards [B]

Q.22 A bird in air looks at a fish vertically below it
and inside water in a tank. If the distances of the
fish as estimated by the bird is S; and that of

bird as estimated by the fish is S, then the
refractive index of liquid p is -

Q.23

Q.24

Q.25

Sol.

Q.26

St S1+Sp
A) — B
(A) s, (B) 5.,
Sy S+
C) = D) ——= C
©) ) (D) ) [C]

A layer of benzene (n; = 1.5) 6 cm deep floats
on water (u, = 1.33) 4 cm deep. When viewed

vertically through air the apparent diStance,of
the bottom of the vessel below the surfaee of the
benzene will be -
(A) 14 cm
(C)21cm

(B) "cm
(D) 3.5¢cm [B]

A mark is made on‘the bottom of a vessel, over
this mark, a glasseslab of thickness 3.5 cm and
refractive lindex 7/4 is placed. Now water
(refractive=index 4/3) is poured into the vessel
S0 ‘thatythe surface of water is 8 cm above the
upper surface of the slab. Looking down
normally through the water, the apparent depth
of the mark below the surface of water will be -
(A) 6.33cm (B) 7.5cm

(C)8cm (D) 10 cm [C]

The refractive index of water is 4/3 and that of
glass is 5/3. What will be the critical angle for
the ray of light entering water from the glass ?

. .4 . .5
A) sint= B) sint=
(A) si : (B) si 2
© sin*lé (D) sin*l% [A]
_ 420
Hw 3’ Ug 3

Ray of light moves from glass to water
1 _py_4/3_4

w Mg ug 5/3 5

C:sin‘l(fJ
5

Consider the situation shown in figure. Water

sinC=

(p.w =gj is filled in a beaker upto a height of

10 cm. A plane mirror is fixed at a height of 5
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Sol.

Q.27

Q.28

cm from the surface of water. Distance of image
from the mirror after reflection from it of an
object O at the bottom of the beaker is -

5cm

(A) 15cm (B) 12.5¢cm

(C) 7.5¢cm (D) 10 cm [B]
Distance of first image (l.) formed after
refraction from the plane surface of water is

d
from water surface (d app = _actualJ
n

Now distance of image is 5 + 7.5 = 12,5 cm

from the plane mirror.

A beam of light is converging towards a point 1
on an screen. A parallel plane plate of glass
whose thickness in the direction of the beam #1;
refractive index = y, is introduced in the gath of

the beam. The convergence point is shifted by -

(At (1— lJ away
p

Ot (l—lj nearer
il

(B)t (1+1j away
n

(D)t £1+ 1) nearer
p

[A]
Two transparent slabs are of equal thickness,
one is(made of material A of refractive index
1.5vnd the other is made of two materials B and
G\ the ratio of their thickness being 1:2. The
refractive index of C is 1.6 .If monochromatic
parallel beams passing through the slabs have
the same number of waves; the refractive index
of Bis -

Q.29

Sol.

Q.30

Q31

A R
! p=15 !
J.B c R
n=16 !
(A)14 (B)1.3
(C)11 (D) 1.5 [B]

If the critical angle for a medidm is 60°, then the
refractive index of the medium iss

(A) 2//3 (B) V8/2
(©) V3 (D) V2 13 [A]
1 1
SINIc= — U= —
sini,
AN . _ 2
HS=sin60° Y

A film of air is enclosed between a pair of thin
microscope slides and the combination is then
inserted in water. A ray of white light is
projected through water and the light reflected
by the film of air sandwiched between the two
slides is received on a screen. If the angle of
incidence of the ray on the film is gradually
decreased; from 90°, the reflected light -

(A) will turn red and then vanish

(B) will remain white and then vanish

(C) will remain white at all angle of incidence
(D) will turn blue and then vanish [D]

A bird in air looks at a fish vertically below it
and inside water. x is the height of the bird
above the surface of water and y the depth of
the fish below the surface of water. If refractive
index of water with respect to air is p. The
distance of the bird as observed by the fish is -

(A)x+y (B)X+X
n

C)ux+y (D) ux + py [C]
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Q.32

Q.33

Sol.

Q.34

Q.35

A fish rising vertically with speed 3 ms~1L to the

surface of water sees a bird diving vertically

towards it with speed 9 ms—1 ?

Given guyy = g . The actual velocity of dive of Q.36

the bird is -

(A)6 ms—1 (B) 4 ms—1

(C)8.4ms1 (D)45ms1 [D]
The refractive index of glass is 1.9. If a light
through a glass slab of thickness d in time t and
takes the same time to travel through a
transparent beaker filled with water upto a
thickness 1.5d, then the refractive index of
water is -
(A)1.27 (B)1.33 (C)1.20 (D) 1.50
[A]

Vglass _ M water

\ Hglass

water
Time = Distance
speed
d 1.5d Vylass
= =

\'% \'%

0.47

L
v water 15

glass water

“water _ 1

1
. Hglass 15 19 15
= Uwater = 1.27

M water __

Just before the time of sun Set or shine the sun Q38

appears to be oval beeause -

(A) the sun_ehanggs its shape at that time
(B) of the scattering of light

(C)af theyeffects of refraction

(D) of the effects of diffraction [C]

The twinkling of stars is due to -

(A) the fact that star do not emit light Q.39
continuously

(B) frequent absorption of star light by their

own atmosphere

(C) the fact that refractive index of the earth’s
atmosphere fluctuates

(D) intermittent absorption of star light by earth
atmosphere [C]

Which statement is correct ?

(A) When light proceeds from denser.to rarer
medium and the angle of dncidence is
greater than critical angle total internal
reflection of light takes place

(B) When light procegéds\from rarer to denser
medium total internal reflection of light
takes place

(C) Whenj,lighty proceeds from denser to rarer
meditm; total internal reflection always takes
place

(D)~ None of the above [A]

When the surface of the lake is calm, a fish,
submerged in water will see the entire outside
world within an inverted cone whose apex is
situated at the eye of the fish and the cone
subtends an angle of : (uw = 4/3)
(A) 10° (B)60° (C)98° (D) 30°

[C]
A ray of light from a denser medium strikes a
rarer medium at an angle of incidence i. The
reflected and refracted rays make an angle of

90° with each other. The angles of reflection
and refraction are r and r'. The critical angle is —
(A) sinL (tanr) (B)sinL (tanr')
(D) tan~L (sini)

[A]

(C) tan~L (sinr)

Mirages are observed in deserts due to phenomenon
of -

(A) Interference of light

(B) Total internal reflection

(C) Scattering of light

(D) Double reflection of light

[B]

REFRATION AT PLANE SURFACE



Q.40

Q.41

Q.42

Q.43

Q.44

We see the sun a little before it rises on the
horizon and a little after it sets below the horizon.
This is a consequence of the phenomenon of —
(A) Total internal reflection (B) Refraction
(C) Dispersion (D) Scattering of
light

[A]

A cut diamond (or air bubble in water ) shines
brilliantly due to -

(A) Its molecular structure

(B) Absorption of light

(C) Total internal reflection

(D) Some inherent property [C]

A man, standing on a platform, is aiming at the
fish with the help of a bow and an arrow. The
arrow will -

(A) hit the fish if he aims it above the fish

(B) hit the fish if he aims at the fish

(C) not be able to hit the fish

(D) hit the fish if he aims it below the fish [D]

A beaker containing liquid is placed on a table,
underneath a microscope which can be moved
along a vertical scale. The microscope is
focused, through the liquid onto a mark on the
table when the reading on the scale is a.

B

1|42
Il é 6 ]
3 ——NI'—
(Mark)

It is next focused'en, the*upper surface of the liquid
and the reading i§’b.”More liquid is added and
the observations are repeated, the corresponding
readings+are cland d. The refractive index of the
liquid 15

d=b b-d
A) \e—F—— B ——MM—
@ d-c—b+a ®) d-c-b+a
d-c-b+a d-b
C) ———— D) ———— A
© d-b ( )a+b—c—d (Al

The critical angle of light going from medium A
to medium B is 6. The speed of light in medium

Ais V, the speed of light in medium B is:

(A) i (B) Vsino
sin®
(C) Vcoto (D)Vtan 6
Sol. [A]
A medium is denser then B medium
BHA=£=—.1 ;VB=—\_/A =—_V
V, sin® sin® sing

Q.45  Adiverging beam of light from a*poiqt source S
having divergence angle «, falls symmetrically
on a glass slab as shHown. The angles of
incidence of the two ‘&xtreme rays are equal. If
the thickness of«thé™glass slab is t and the
refractive index nythen the divergence angle of
the emergent beam is — [HT-JEE -2000]

(A) Zero B) a
(C) sin™t (1/n) (D) 2 sin™t (1/n) [B]

Q.46 A 90° corner is made from a transparent optical
material with a refractive index such that A
cannot see B when he is standing behind the
corner. Minimum value of refractive index is-

.B
/-*
Corner
A
(A) V3 (B) V2
©) V5 D) V7
Sol.  [B]
v |

Tl
A
Imin > O¢
r=90-B
r is minimum when B is maximum.
Maximum value of B is 6.

90° — 0:> O
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Q.47

Q.48

Q.49

150> 6, —> -
V2o
= u>x/§

An observer can see through a pin-hole the top
end of the thin rod of height h, placed as shown
in the figure. The beaker height is 3h and its
radius h. When the beaker is filled with a liquid
up to a height 2h, he can see the lower end
of the rod. Then the refractive index of the
liquid is — [IIT-JEE 2002]

3h

e

2h

5 5
A) 5 (B) \/;

©) \E ©) [B]

In the given figure, at water-air interface, light
ray incident at critical angle then.the alueof Hg

is — [WT-JEE 2003]

) o (B) —
sini sini
© i (D) none of these  [B]
3sini

White light is incident normally on a glass
surface (n = 1.52) that is coated with a film of
mg F, (n = 1.38). For what minimum thickness

of the film will yellow light of wavelength

Sol.

Q50

Sol.

550 nm (in air) be missing in the reflected
light ?

mgF,
glass
(A) 99.6 nm (B) 49.8 nm
(C)19.6 nm (D) 10.6 nm
[A]
ot = [2m +1} s
2 |n

I
t n mgF;
{

A _ 55x107'

— = =99.6 nm
4n 4x1.38

Lmin =

A small girl of height 1 m can just see her
image in a vertical plane mirror 4m away from
her. Her eyes are 0.92 m from the floor. In order
that she sees her full image in the mirror, the
shortest vertical dimension of the mirror is -

(A) 0.50m (B)0.70 m

(C)0.46 m (D) 0.56 m [A]
The minimum size of plane mirror required to
see the full image of anyone is half of the height

required.
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PHYSICS

Q.1 In a lake 2m deep, a measuring post of height 3m
is fixed vertically. For an angle of incidence of
45° of Sun’s radiations, find the length of the
shadow of the post at the bottom surface ?
I:p_w :ﬂ} [in metre]
3
Sol.[2] Try yourself.
Q.2 A beam of light propagates through a medium 1
and falls onto another medium 2 at an angle 45°.
After that it propagates in medium 2 at an angle
30°. The light's wavelength in medium 1 is
141.4 A. Wavelength has the light in medium
2...x100A.
Sol. [1]
Q4
Ha
30°
1 Ho
1
1
. ! Sol.[7]
1 Sind5° = pp = sin30°
M2
V22
b1
He V2 Q5
by 1
MooW2
A
Ao = — Sol.[0
N [0]
Q.6
= —100‘/5 =100 A
2
Q.3 Acircular beam of light of diameter d = 2cm falls
en “a plane surface of glass. The angle of
incidence is 60° and refractive index of glass is Sol.[6]
sl :g . Find the diameter of the refracted beam in
cm.
Sol.[3] d;=PQ cos 60°
d2=PQcosr
d _ 1
d, 2cosr

d,=2d;cosr

Ixsini=psinr

sinr= M—i:cosr-\/z
m J3 3

d,=2%x2x \/g =3.26cm

A light ray in medium (RI = 5/3) enters another
medium at an angle 30°. The angle in other
medium is sin? (5/6). How many minimum
degrees the incident angle must be increased such
that the ray is completely reflected.

Esin30°:n.E =n=1
3 6

sin O = g = 0,=37°
andso 37-30=7

There is a point object on the left of an oscillating
slab with amplitude 4 cm. The observer is on the
right. If RI of slab material is 2 then find
oscillating amplitude of image.

Slab movement doesn't displace object.

The distance between two point source of light is
24 cm. What distance from any of the source a
convex lens of focal length 9 cm be placed such
that images of both source are formed at the same
point. Answer that distance which is less than 10.

E IS S PRV S S
y —-(24-x) 9 -y -x 9
adding and solving x = 6 cm
| y
l11, Sy /\ Sy
V)
ToX (24 —x) :
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Q.7 A thin plate of transparent plastic is embedded in
a thick slab of glass. The index of refraction of
glass is n = 1.5; the index of refraction of the
plate changes as shown. A beam of light passing
through the glass and strikes the surface of the
plastic plate. The maximum angle of incidence
Omax enables the beam to pass through the plate is

n

glass Plastic glass
15+1

141
1.3+
1.24--1--

Sol. 6 =53°
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