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Selina 10th Physics Chapter 4, Class 10 Physics Chapter 4 solutions
Exercise 4(A)
Solution 1.

The change in the direction of the path of light, when it passes from one transparent medium to
another transparent medium, is called refraction of light.

Solution 2.
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Diagram showing the refraction of light from Air to glass

Air (rarer)

Glass (denser)

]
o,
=

%

Glass (denser)

Alr {rarer)

Solution 3.

The ray of light which is incident normally on a plane glass slab passes undeviated. That is such
a ray suffers no bending at the surface because here the angle of incidence is 0°. Thus if angle
of incidence Zi = 0°, then the angle of refraction Zr = 0°. And the angle of deviation of the ray
will also be 0°.

Solution 5.

The refraction of light (or change in the direction of path of light in other medium) occurs
because light travels with different speeds in different media. When a ray of light passes from
one medium to another, its direction (except for Zi = 0°) changes because of change in its
speed.

Solution 6.
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Air is a rarer medium while water is denser than air with refractive index of 1.33. Therefore when
light ray will travel from air to water it will bend towards the normal.

Air (rarer)

Water {denser)

Solution 7.
Speed, intensity and wavelength
Solution 8.
The Snell’s laws of refraction are:

1. The incident ray, the refracted ray and the normal at the point of incidence, all lie in the
same plane.
2. The ratio of the sine of the angle of incidence to the sine of the angle of refraction is
constant for the pair of the given media.
sini

sinr 2

where , L, is known as the refractive index of the second medium with respect to the first medium.

Solution 9.

The refractive index of second medium with respect to first medium is defined as the ratio of the
sine of angle of incidence in the first medium to the sine of the angle of refraction in the second
medium.
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Refractive index of a medium is always greater than 1 (it cannot be less than 1) because the
speed of light in any medium is always less than that in vacuum.
Solution 10.

Denser medium has a higher refractive index and therefore the speed of light in such medium is
lower in comparison to the speed of light in a medium which has a lower refractive index.

Solution 11.

Refractive index of water,u,, = 1.33
Refractive index of air, w, = 1.0003
Refractive index of glass, Hy = 1.5

Thisimpliesthat )L < L. < My

The speed of light decreases when it enters from a rarer medium to denser medium and
increases when it enters from a denser medium to rarer medium.

Therefore, the speed of light increases when light ray passes from water to air and the speed of
light decreases when light ray passes from water to glass.

Solution 12.

(a) Air (its refractive index is less than that of water)

(b) Glass (its refractive index is more than that of water)
Solution 13.

The refractive index of glass is 1.5 for white light means white light travels in air 1.5 times faster
than in glass.

Solution 14.
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(a) The relation between speed of light in air c and in glass v is given by
C
—=p or c=1.5v
L)

(b} The wavelength of lightinglass (3, )

A A
F=2 715
Solution 16.
(a) The least for red colour and (b) the most for violet colour.
Solution 17.
The two factors on which the refractive index of a medium depends are:

1. Nature of a medium i.e. its optical density (e.g. yg= 1.5, p,, = 1.33) — Smaller the speed
of light in a medium relative to air, higher is the refractive index of that medium.

2. Physical condition such as temperature — with increase in temperature, the speed of light
in medium increases, so the refractive index of medium decreases.

Solution 18.
Refractive index of a medium decreases with increase in wavelength of light.

Refractive index of a medium for violet light (least wavelength) is greater than that for red light
(greatest wavelength).

Solution 19.
Refractive index of a medium decreases with the increase in temperature.

With increase in temperature, the speed of light in that medium increases; thus, the refractive
index (= velocity of light in vacuum/velocity of light in medium) decreases.

Solution 21.
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{ay iy angle of incidence is the angle which the inadent ray
tnakes with the narmal.

SoLh=890% -30° = a0°

{iv Angle of refraction is the angle which the refracted ray
makes with the narmal.

o Zr =90 - 45 = 45°

{by According to Snell's law,

- _ sin 607
anbbigad = LT T T e
(\Efzjl f 1.22
OFy o e — =, ,—=1.
STV

Solution 22.

Refractive index of glass with respect to water w |J‘g is given by

al‘Lg
alw

=
—
w

1l

Solution 24.
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Case (i) when angle of incidence is 07,

A
Alr [Rarer) Jr Incident ray
<f=0° | g0
Refracted ray
GLASSBLOCK ),
{Denser)
L r = 0°
L
B Emergent ray
Case (ii) When angle of incidence is 457,
A N
i
i
.
Incident ray 45" |
i
i
i
i Refracted ray
:
GLASS BLOCK '
B
]
: -
' b Emergent ray
L C

Solution 25.
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(2)The complete path of incident ray in glass block is drawn in figure below.

A, N
%, ab“'ﬁ
’, o
% oF
. ®
Ajr
(rarer) o
Glass (denser)
Heﬁ'actedﬂal’r_ r -')#.', (f...-'%' LﬂtEfﬁtDEPl‘!ﬂEm&nt
Fil
B * 3
M [
e

C
@@Q{%
(biAngle of incidence (i) and angle of refraction (r) are marked in part (a).
Refractive index { LL) of glass is related to the angles as

sini
sinr
[clAngle of emergence (g) is marked in part (a)
The two angles are related to each other by the relation
L= Le

(d)Incident ray and emergent ray are parallel to each other,
(e)Lateral displacement is indicated in the figure by XY.

Solution 26.
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[a) Refractive index of the liquid =

Sir i
A T =
sinr
sin 45% 1/ -\,I"_
= = 1.414
st sin 207 1/2 - -
(b)
(] E D
457457 452
Air .
Liguid A s / =
= 3
B —Plane mirror
Iessrcreccrscec BN
(c)
Rare medium

Denser medium

@'\ﬁ*
Here the 'Principle of Reversibility is used.
Solution 27.

(i) The glass piece is not seen when the refractive index of liquid becomes equal to the
refractive index of glass.

(i) Light of a single colour is used because the refractive index of a medium (glass or liquid) is
different for the light of different colours.
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Solution 28.

When a ray of light from lighted candle fall on the surface of a thick plane glass mirror, a small
part of light (nearly 4%) is reflected forming first image which is faint virtual image, while a large
part of light (nearly 96%) is refracted inside the glass. This ray is now strongly reflected back by
the silvered surface inside the glass. This ray is then partially refracted in air and this refracted
ray forms another virtual image. This image is the brightest image because it is due to the light
suffering a strong reflection at the silver surface.

Solution 29.
(a) When light travels from a rarer to a denser medium, its speed decreases
(b) When light travels from a denser to a rarer medium, its speed increases

(c) The refractive index of glass with respect to air is 3/2. The refractive index of air with respect
to glass will be 2/3

Solution 1 (MCQ).

The ray of light bends towards the normal.

Reason: As the speed of light decreases in the denser medium, it bends towards the normal.
Solution 2 (MCQ).

(a) 0°

Reason: A ray of light which is incident normally (i.e. at angle of incidence = 0°) on the surface
separating the two media, passes undeviated.

Solution 3 (MCQ).

Diamond

Reason: As the speed of light in diamond is the least, diamond has the highest refractive index.
Numericals

Solution 1.
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Civen,

Speed of light in air, c =32 %108 m/s

Fefractive index of glass, p = 1.5

Speed of light in glass, v=7¢

We lknow that,

C_

o H

_3x10%m/s
1.5

v=2x10%m/s

W

Solution 2.

GCiven,

Speed of light in diamond, v=125 x 10°m/s
speed of light in air,c=3 x10%m/s
Refractive index of diamond, pg =7

We knowthat,

T=H

g
= 3x10°m/s _o4

125 x10%° m/s

Solution 3.

Given, refractive index of water w.r.t. air,

4
dil{“mw = E
o refractive index of air w.r.t, water is:
watmt Hair = ; = E =075
an r'“nuber 4
Solution 4.
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Given, refractive index of glass w.r.t, air,

_ 3
dl'l:-‘g' 2
Wavelength of light in air
Also, Lp, = d 4

Wawelength of light in glass
_ 3 _ Wavelength of light in air
"2 wavelength of light in glass

3 5400 A
2 Wawvelength of light in glass

= Wavelength of light in glass = * 5400 A = 3600 A

] ma

Exercise 4(B)

Solution 1.

A prism is a transparent refracting medium bounded by five plane surfaces inclined at some angle.
Refracting Edge

Refracting surface

Refracting surface

Solution 2.
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(a)

'3’5,. Lateral

%}D displacement
&%

Solution 3.

The angle between the direction of incident ray and the emergent ray, is called the angle of
deviation.

Solution 4.

Angle of deviation is the angle which the emergent ray makes with the direction of incident ray.

httDS'//WWW indcareer.com/schools/selina-class-10-icse-solutions-physics-chapter-4-refraction-of

ight-at-plane-surfaces/

EIndCareer



https://www.indcareer.com/schools/selina-class-10-icse-solutions-physics-chapter-4-refraction-of-light-at-plane-surfaces/
https://www.indcareer.com/schools/selina-class-10-icse-solutions-physics-chapter-4-refraction-of-light-at-plane-surfaces/

@II 1wl GOl

Solution 5.

In a prism the ray of light suffers refraction at two faces. The prism produces a deviation at the
first surface and another deviation at the second surface. Thus a prism produces a deviation in
the path of light.

The value of the angle of deviation (or the deviation produced by a prism) depends on the
following four factors:

(a) the angle of incidence (i),

(b) the material of prism(i.e., on refractive index p.),
(c) the angle of prism (A),

(d) The colour or wavelength (A) of light used.
Solution 6.

As the angle of incidence increases, the angle of deviation decreases first and reaches to a
minimum value (3,,) for a certain angle of incidence. By further increasing the angle of
incidence, the angle of deviation is found to increase.

Variation of angle of deviation () with angle of incidence (i):
Solution 7.
False.

With the increase in the angle of incidence, the deviation produced by a prism first decreases
and then increases.

A given prism deviates the violet light most and the red light least.
Solution 8.

Solution 9.

Changes in the angle of deviation as we increase

1. The wavelength of incident light
As we increase the wavelength, angle of deviation decreases.
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2. The refracting angle of the prism
The angle of deviation increases with the increase in the angle of prism.
Solution 10.

The relation between the angle of incident (i), angle of emergence (e), angle of prism (A) and
angle of deviation (&) for a ray of light passing through an equilateral prismis & = (i+ e) — A

Solution 11.
(i) ip =iy
(ii) Angle of deviation is minimum

Explanation: In minimum deviation position, the refracted ray inside the prism travels parallel to
it if the prism is equilateral and the angle of incidence is equal to the angle of emergence.

Solution 12.

In case of an equilateral prism, when the prism is in the position of minimum deviation & = &,,,,
the angle of incidence i, is equal to the angle of emergence i,.

=1, =1

Solution 13.
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(i} As the ray is suffering minimum deviation in an eguilateral glass prism so
I1 IE
L = 48"
(i) If the angle of incidence is changed to
(a) 307, the angle of deviation will be more than 3467,
(b} 60°, the angle of deviation will be more than 36°.

Solution 14.

(i) Violet colour will deviate the most and (ii) Red colour will deviate the least.
Solution 15.

B made of flint glass. Because it has higher refractive index.

Solution 16.

The angle of deviation (&) increases with the increase in the angle of prism (A).
Solution 17.

Let two rays OA and OL from a source O are incident on the prism. They are refracted along AB
and LM from first face of the prism. These two rays again refract from the second face of the
prism emerge out along BC and MN respectively such that they appear to come from I.

Thus, observer sees the object O raised to the position [

Solution 18.

(a) If the incident ray normal to prism then angle of incidence is 0°.
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(b) In this case the angle of refraction from the first face r,;= 0°.

(c) As the prism is equilateral so A=60° and r,=0°. So at the second face of the prism, the angle
of incidence will be 60°.

(d) No the light will not suffer minimum deviation.

Solution 19.

Solution 1 (MCQ).

The light ray bends at both the surfaces of prism towards its base.
Solution 2 (MCQ).

The deviation produced by the prism does not depend on the size of prism.
Numericals

Solution 1.
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Siven,

Angle ofincidence,i = 42°
Refracting angle, & = 60°
Angle of minimum deviation, &
As B =A-A

5. = X48) - 60

B = 56"

min

Solution 2.

Given,

Angle of prism, & = 60°

Angle of minimum deviation, &, = 36°
Angle ofincidence,i= 7

As 8. =2A-A

35" = 2i-60

i = 48°

Exercise 4(C)

Solution 1.

Relation of refractive index KL with real and apparent depths
Real Depth
Apparent Depth

W=

Solution 2.
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P ! Q

= Water or Glass

Real “E’,‘;?,’tﬁ“‘ i (Denser medium)
depth # !
I I
O M’

Consider a ray of light incident normally along OA. It passes straight along OAA'. Consider
another ray from O (the object) incident at an angle i along OB. This ray gets refracted and
passes along BC. On producing this ray BC backwards, it appears to come from the point |, and
hence, Al represents the apparent depth, which is less than the real depth AO.

Since A0 and BM' are parallel and CBis the transversal,
ZACB = ZOBM' {Alternate angles)

LZBIA' = ZCBN {Corresponding angles)
In ABAD, sini = E

OB
In AlABR, sinr = Ba

IB

We know that refractive index of air w.r.t. the medium,
_sind BAJOB 1B
m7e Ginr BA/IBE OB
Refractive index of medium w.r.t, air is,
1 08

miy 1B

afim =

Since the point B is very close to point A, i.e. the object is viewed from a point vertically above the object,

LB =14 and OB = 04,
oL Feal depth

Hence, = =
a#im 4 Apparent depth

Solution 3.
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The depth of the tank appears to be lesser than its real depth. This happens due to the
refraction of light from a denser medium (water) to a rarer medium.

T =1 Water or Glass

Real ‘“‘Ftﬁiﬁ”l (Denser medium)
depth !
Solution 4.

'‘Refraction of light' is responsible for this property.

When light coming from denser medium enters rarer medium, it is bent away from the normal.

Let any object B is at the bottom of a pond. Consider a light ray BC from the object that moves
from water to air. After refraction from the water surface, the ray moves away from the normal N
along the path CD. The produce of CD appears from the point B’ and a virtual image of the
object at B appears at B’.

Real depth
Apparent depth

Fefractive index of water =

Solution 5.
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A stick partially immersed in water in a glass container appears bent or raised as shown in
figure above. This happens because the rays appear to come from P’ (which is the virtual image
of the tip P of the stick) due to refraction from denser medium (water) to rarer medium (air) at
the surface separating two media.

Solution 6.

The plant will look taller than its actual height.

O
Eye of fish

N

Let the fish is looking from the point O. As the ray OP emerges out from water to air, it will bend
away from the normal MN because air is a rarer medium in comparison of water. But if we
extend ray OP then it will meet at Q due to which the plant AB will look taller than its actual
height.

Solution 7.

(i) Part of the pencil which is immersed in water will look short and raised up.
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(i) The phenomena which is responsible for the above observation is refraction of light.

(iii) The required figure is

Solution 8.
The factors on which the magnitude of shift depends are:

1. The refractive index of the medium,
2. The thickness of the denser medium and
3. The colour (or wavelength) of incident light.

The shift increase with the increase in the refractive index of medium. It also increases with the
increase in thickness of denser medium but the shift decreases with the increases in the
wavelength of light used.

Solution 1 (MCQ).

Refraction of light

Hint: When a ray of light travels from denser to rarer medium, it moves away from the normal.
Solution 2 (MCQ).

The shift is maximum for violet light.

Hint: The shift is maximum for violet light because the refractive index of glass is the most for
the violet light and apparent = (real depth)/(refractive index)

Numericals

Solution 1.
https://www.indcareer.com/schools/selina-class-10-icse-solutions-physics-chapter-4-refraction-of
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Apparent depth = 2.7 m

Hw = 3
Feal depth = apparent depth = p,

=2.?xi=3.6m
3

Solution 2.

Fefractive index ofthe water, 4, =4/ 3
Eeal depth at which the coin1s placed =12 cm
Shiftin the image= 7

Shift = Real depthx [1 - 1—]
M

_ 3
Sizzﬁ=12x[1—z]

E= E= Iom
4

Solution 3.

Refractive index of the glassblock, u =15

Shiftin the image = Fmm or 0.7 cin
Thickness of glass block or real depth =7

Shift = Real depth x [1 . l]

M
07=Ffx|l-—
15

Ao 0.7x1.5 a5
0.5

2.1lem

Exercise 4(D)

Solution 1.
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Critical angle: The angle of incidence in the denser medium corresponding to which the angle of
refraction in the rarer medium is 90° is called the critical angle.

Air Dh =903 Refracted ray

Solution 2.

The critical angle is related to the refractive index of 3 medium by the relation

H=——=cosect,
sini,

Solution 3.

(a) The critical angle for glass-air surface is

. 3
For glass, refractiveineds |\ = —

2

Losinl, = ——=—ori, =42°
3
ﬂ.l-Lg

(b} The critical angle for water-air surface is
For water, refractive index ju, = ey
Sesin, = L. % ori,=49"

Hay

Solution 4.
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The critical angle for diamond is 24°. This implies that at an incident angle of 24° within the
diamond the angle of refraction in the air will be 90°. And if incident angle will be more than this
angle then the ray will suffer Total internal reflection without any refraction.

Solution 5.

When a ray is incident from a denser medium to a rarer medium at angle equal to critical angle
(i=1i,), the angle of refraction becomes 90°.

Solution 6.
The factors which affect the critical angle are:

1. The colour (or wavelength) of light, and
2. The temperature

Effect of colour of light: The critical angle for a pair of media is less for the violet light and more
for the red light. Thus critical angle increases with increase in wavelength of light.

Effect of temperature: The critical angle increases with increase in temperature because on
increasing the temperature of medium, its refractive index decreases.

Solution 7.

As the wavelength decreases (or increases) refractive index becomes more (or less) and critical
angle becomes less (or more).

1. For red light the critical angle will be more than 45° and
2. For blue light the critical angle will be less than 45°.

Solution 8.

(a) Total internal reflection: It is the phenomenon when a ray of light travelling in a denser
medium, is incident at the surface of a rarer medium such that the angle of incidence is greater
than the critical angle for the pair of media, the ray is totally reflected back into the denser
medium.

(b) The two necessary conditions for total internal reflection are:

1. The light must travel from a denser medium to a rarer medium.
2. The angle of incidence must be greater than the critical angle for the pair of media.

https://www.indcareer.com/schools/selina-class-10-icse-solutions-physics-chapter-4-refraction-of
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(c) When incidence angle is more than critical angle i.e., in case of total internal reflection.

AlR (RARER)
GLASS (DEMSER)

Solution 9.

(a) Total internal reflection occurs when a ray of light passes from a denser medium to a rarer
medium.

(b) Critical angle is the angle of incidence in denser medium for which the angle of refraction in
rarer medium is 90°.

Solution 10.
True

Solution 11.

sInr

(8) My = ——
51111

(b) If refractive angle, r = 90°, the corresponding angle of incidence, i will be equal to critical

angle.

(c) If the angle of incidenceexceeds the value of i obtained in part (b) (i.e., critical angle), total
internal reflection will occur.

Solution 12.
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(a)

P

(b} Rays & and B exhibit the phenomenon of 'refraction of light'

Rays C exhibits the phenomenon of 'total internal reflection’.

Solution 13.
(a) Critical angle

Hint: The angle of incidence in the denser medium for which the angle of refraction in rarer
medium is 90° is called the critical angle.

(b) 90°
(c) Total internal reflection.

Hint: When the angle of incidence is greater than the critical angle, the phenomenon of total
internal reflection occurs due to which the ray of light is not refracted but is reflected back in the
same medium.

(d) For the ray PR, the angle of incidence is less than the critical angle (i.e. ZPQS ); hence, at
the interface of two media as per the laws of reflection, ray PR suffers partial reflection and
refraction.
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Solution 14.
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M’ M’ o

ap® /‘/C
42° 60" | 60°
/‘f

GLASS BLOCK

P .
¥ N o

(b}
&5 angle of incidence inside glass block is 42°
sinr

Sini g

SiNr = Jpg x sind2®

takesin 42° = E and |, = E
3 T2

2

. 3

Sinr==x=-=1
23

=r = a0°

This also follows from the fact that the ray PB
is incident at the critical angle.

Solution 15.
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D

The angle of refraction will be 0% because the ray is incident on the glass at its critical angle.

Solution 16.

A prism having an angle of 90° between its two refracting surfaces and the other two angles
each equal to 45°, is called a total reflecting prism. The light incident normally on any of its
faces, suffers total internal reflection inside the prism.

Due to this behavior, a total reflecting prism is used to produce following three actions:

1. To deviate a ray of light through 90°,
2. To deviate a ray of light through 180°, and
3. To erect the inverted image without producing deviation in its path.

omiECT A C  Imace
It is an erecting prism which is used to erect the inverted image without producing deviation in its path.

Solution 17.
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As shown in diagram, a beam of light is incident on face AB of the prism normally so it passes
undeviated and strikes the face AC where it makes an angle of 45° with the normal to AC.
Because here the incident angle is more than critical angle so rays suffer total internal reflection
and reflect at angle of 45°. The beam then strikes face BC, where it is incident normally and so
passes undeviated. As a result the incident beam gets deviated through 90°.

Such a prism is used in periscope.

Solution 18.

(a) The angle of incidence at the face AC is 45° and angle of incidence at the face BC is 0°.
(b) The ray suffers total internal reflection at the face AC.

Solution 19.

https://www.indcareer.com/schools/selina-class-10-icse-solutions-physics-chapter-4-refraction-of
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(a)

(b) Angle of deviation = 180°

(c) Prism binocular

Solution 20.

(a)At the face AB,j = (° and at theface AC, | = 60°.

(b)At the face AB - refraction.
At the face AB - total internal reflection,
At the face BC - refraction.

Solution 21.
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Solution 22.

Solution 23.

A total reflecting prism can be used to turn a ray of light by 180°. The following diagram can
make it further clear.
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This action of prism is used in binocular.

Solution 24.

When total internal reflection occurs from a prism, the entire incident light (100%) is reflected
back into the denser medium. Whereas in ordinary reflection from a plane mirror, some light is
refracted and absorbed so the reflection is partial.

Solution 25.

A total reflecting prism gives us an image much brighter than that obtained by using a plane
mirror.

Solution 1 (MCQ).
42°

Solution 2 (MCQ).
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Solution 3 (MCQ)
&0°
Hint

C
Emergent
ray
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