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Exercise – 4(A) Refraction of light at Plane Surfaces ICSE Class-10

Question 1
What do you understand by refraction of light?
Answer 1
[bookmark: _GoBack]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.
Question 2
Draw diagrams to show the refraction of light from (i) air to glass, (ii) glass to air. In each diagram, label the incident ray, refracted ray, the angle of incidence (i) and the angle of refraction (r).
Answer 2
Diagram showing the refraction of light from Air to glass
[image: refraction of light from Air to glass]
Diagram showing the refraction of light from Glass to Air
[image: refraction of light from Glass to Air]
Question 3
A ray of light is incident normally on a plane glass slab. What will be (i) the angle of refraction and (ii) the angle of deviation for the ray?
Answer 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 [image: 0 degree] . Thus if angle of incidence [image: https://images.topperlearning.com/topper/bookquestions/188754_image006.gif]  , then the angle of refraction  [image: https://images.topperlearning.com/topper/bookquestions/188754_image008.gif]   . And the angle of deviation of the ray will also be [image: 0 degree]  .
Question 4
An obliquely incident light ray bends at the surface due to change in speed, when passing from one medium to other. The ray does not bend when it is incident normally. Will the ray have different speed in the other medium?
Answer 4
Yes it will. When the medium changes, the speed of light changes.
Question 5
What is the cause of refraction of light when it passes from one medium to another?
Answer 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  [image: https://images.topperlearning.com/topper/bookquestions/188755_image006.gif]) changes because of change in its speed.
Question 6
A light ray suffers reflection and refraction at the boundary in passing from air to water. Draw a neat labelled diagram to show it.
Answer 6
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.
[image: A light ray suffers reflection and refraction at the boundary in passing from air to water.]
Question 7
A ray of light passes from medium 1 to medium 2. Which of the following quantities of the refracted ray will differ from that of incident ray: speed, intensity, frequency, wavelength?
Answer 7
Speed, intensity and wavelength
Question 8
State the Snell’s laws of refraction of light.
Answer 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.
[image: https://images.topperlearning.com/topper/bookquestions/188758_image012.gif]
where [image: https://images.topperlearning.com/topper/bookquestions/188758_image014.gif]is known as the refractive index of the second medium with respect to the first medium.
Question 9
Define the term refractive index of a medium. Can it be less than 1?
Answer 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.
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
Question 10
(a) Compare the speeds of light of wavelength 4000 [image: begin mathsize 12px style straight A with straight o on top end style]  (i.e. violet light) and 8000  [image: begin mathsize 12px style straight A with straight o on top end style]  (i.e. red light) in vacuum.
(b) How is the refractive index of a medium related to the speed of light in it and in vacuum or air?
Answer 10
(a) Speed of light depends on medium not on wavelength hence speed will be same for both.
(b) 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.
Question 11
A light ray passes from water to (i) air, and (ii) glass. In each case, state how does the speed of light change.
Answer 11
Refractive index of water,[image: https://images.topperlearning.com/topper/bookquestions/188761_image020.gif]
Refractive index of air, [image: https://images.topperlearning.com/topper/bookquestions/188761_image022.gif]
Refractive index of glass,[image: https://images.topperlearning.com/topper/bookquestions/188761_image024.gif]
This implies that[image: https://images.topperlearning.com/topper/bookquestions/188761_image026.gif]
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.
Question 12
A light ray in passing from water to a medium (a) speeds up (b) slows down. In each case, (i) give one example of the medium, (ii) State whether the refractive index of medium is equal to, less than or greater than the refractive index of water.
Answer 12
When the speed increases it means that the refractive index of the medium is less than that of water.
When the speed decreases it means that the refractive index of the medium is greater than that of water.
Question 13
What do you understand by the statement ‘the refractive index of the glass is 1.5 for white light’?
Answer 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.
Question 14
A monochromatic ray of light passes form air to glass. The wavelength of light in air is [image: https://images.topperlearning.com/topper/bookquestions/188765_image028.gif]  , the speed of light in air is c and in glass is v. If the refractive index of glass is 1.5, write down (a) the relationship between c and v, (b) the wavelength of light in glass.
Answer 14
(a) The relation between speed of light in air c and in glass v is given by
[image: https://images.topperlearning.com/topper/bookquestions/188765_image030.gif]
(b) The wavelength of light in glass ([image: https://images.topperlearning.com/topper/bookquestions/188765_image032.gif] )
[image: https://images.topperlearning.com/topper/bookquestions/188765_image034.gif]
Question 15
In an experiment of finding the refractive index of glass, if blue light is replaced by the red light, how will the refractive index of glass change? Give reason in support of your answer.
Answer 15
In glass, the speed of blue light is less than that of the red light. Now, the refractive index is μ = c/v. Hence, the refractive index of glass for red light will decrease as compared to that for blue light.
Question 16
(a) For which colour of white light, is the refractive index of a transparent medium (i) the least (ii) the most?
(b)  Which colour of light travels fastest in any medium except air?
Answer 16
(a)  (i) The least for red colour and (ii) the most for violet colour.
(b)  Red colour travels the fastest as its wavelength is the highest.
Question 17
Name two factors on which the refractive index of a medium depends? State how does it depends on the factor state by you.
Answer 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.[image: https://images.topperlearning.com/topper/bookquestions/188767_image036.gif] =1.5, [image: https://images.topperlearning.com/topper/bookquestions/188767_image038.gif]=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.
Question 18
How does the refractive index of a medium depend on the wavelength of light used?
Answer 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).
Question 19
How does the refractive index of a medium depend on its temperature?
Answer 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.
Question 20
Light of a single colour is passed through a liquid having a piece of glass suspended in it. On changing the temperature of liquid, at a particular temperature, the glass piece is not seen.
(i) When is the glass piece not seen?
(ii) Why is the light of a single colour used?
Answer 20
(i) The glass piece is not seen when the refractive index of liquid becomes equal to the refractive index of glass.
(ii) 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.
Question 21
In the figure below 4.18 , a ray of light A incident from air suffers partial reflection and refraction at the boundary of water.
[image:  ]
Complete the diagram showing (i) the reflected ray B and (ii) the refracted ray C.
How are the angles of incidence i and refraction r related?
Answer 21
[image:  ]
1. The angles of incidence and refraction are related to each other by Snell’s law relation sin i/sin r = μw.
Question 22
The diagram alongside shows the refraction of a ray of light from air to liquid.
(a) Write the values of (i) angle of incidence, and (ii) angle of refraction.
(b) Use Snell’s law to find the refractive index of liquid with respect to air.
[image:  ]
Answer 22
[image:  ]
Question 23
The refractive index of water with respect to air is [image: https://images.topperlearning.com/topper/bookquestions/188770_image042.gif]  and of glass with respect to air is[image: https://images.topperlearning.com/topper/bookquestions/188770_image044.gif]  .Express the refractive index of glass with respect to water.
Answer 23
Refractive index of glass with respect to water    [image: https://images.topperlearning.com/topper/bookquestions/188770_image046.gif]    is given by
[image: https://images.topperlearning.com/topper/bookquestions/188770_image048.gif]
Question 24
What is lateral displacement? Draw a ray diagram showing the lateral displacement of a ray of light when it passes through a parallel sided glass slab.
Answer 24
The perpendicular distance between the path of emergent ray and the direction of the incident ray is called the lateral displacement.
[image:  ]
In the figure above, XY is the perpendicular distance or the lateral displacement.
Question 25
A ray of light strikes the surface at a rectangular glass slab such that the angle of incidence is (i) 0o, (ii) 45o. In each case, draw diagram to show the path taken by the ray as it passes through the glass slab and emerges from it.
Answer 25
Case (i) when angle of incidence is 0o.
[image: https://images.topperlearning.com/topper/bookquestions/188773_image061.jpg]
Case (ii) When angle of incidence is 45o.
[image: https://images.topperlearning.com/topper/bookquestions/188773_image062.jpg]
Question 26
In the adjacent diagram, AO is a ray of light incident on a rectangular glass slab.
[image: https://images.topperlearning.com/topper/bookquestions/188774_image064.jpg]
(a) Complete the path of the ray till it emerges out of the slab.
(b) In the ray diagram, mark the angle of incidence (i) and the angle of refraction (r) at the first
interface. How is the refractive index of glass related to angles i and r ?
(c) Mark angle of emergence by the letter e. How are the angles i and e related?
(d) Which two rays are parallel to each other? Name them.
(e) Indicate in the diagram the lateral displacement between the emergent ray and the incident ray.
Answer 26
  (a)The complete path of incident ray in glass block is drawn in figure below.
[image: https://images.topperlearning.com/topper/bookquestions/188774_image066.jpg]
(b)Angle of incidence (i) and angle of refraction (r) are marked in part (a).
Refractive index ( [image: https://images.topperlearning.com/topper/bookquestions/188774_image068.gif]) of glass is related to the angles as
[image: https://images.topperlearning.com/topper/bookquestions/188774_image070.gif]
(c)Angle of emergence (e) is marked in part (a)
The two angles are related to each other by the relation
[image: https://images.topperlearning.com/topper/bookquestions/188774_image072.gif]
(d)Incident ray and emergent ray are parallel to each other.
(e)Lateral displacement is indicated in the figure by XY.
Question 27
A ray of green light enters a liquid from air, as shown in the figure. The angle 1 is 45o and angle 2 is 30o.
[image:  ]
(a) Find the refractive index of liquid.
(b) Show in the diagram the path of the ray after it strikes the mirror and re-enters in air. Mark in the diagram the angles wherever necessary.
(c) Redraw the diagram if plane mirror becomes normal to the refracted ray inside the liquid. State the principal used.
Answer 27
(a) Refractive index of the liquid =
[image:  ]
(b)
[image:  ]
(c)
[image:  ]
Here the ‘Principle of Reversibility’ is used.
Question 28
When an illuminated object is held in front of a thick plane glass mirror, several images are seen, out of which the second image is the brightest. Give reason.
Answer 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.
Question 29
Fill in the blanks to complete the following sentences:
(a) When light travels from a rarer to a denser medium, its speed ………………….
(b) When light travels from a denser to a rarer medium, its speed ………………….
(c) The refractive index of glass with respect to air is 3/2. The refractive index of air with respect to glass will be ………………….
Answer 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
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Question 1
When a ray of light from air enters a denser medium, it:
(a) Bends away from the normal
(b) Bends towards the normal
(c) Goes undeviated
(d) Is reflected back
Answer 1
The ray of light bends towards the normal.
Reason: As the speed of light decreases in the denser medium, it bends towards the normal.
Question 2
A light ray does not bend at the boundary in passing from one medium to the other medium if the angle of incidence is:
(a) 0°
(b) 45°
(c) 60°
(d) 90°
Answer 2
(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.
Question 3
The highest refractive index is of:
(a) Glass
(b) Water
(c) Diamond
(d) Ruby
Answer 3
Diamond
Reason: As the speed of light in diamond is the least, diamond has the highest refractive index.

Numericals 4(A) Selina Solution – Refraction of light at Plane Surface
Question 1
The speed of light in air is 3 x 108 m s-1. Calculate the speed of light in glass. The refractive index of glass is 1.5.
Answer 1
[image: Syntax error from line 1 column 49 to line 1 column 73. Unexpected '<mstyle '.]
Question 2
The speed of light in diamond is 125,000 km s-1. What is the refractive index? (speed of light in air = 3 x 108 m s-1).
Answer 2
[image: Given comma Speed space of space light space in space diamond comma space straight v equals 125 space straight x space 10 to the power of 6 space straight m divided by straight s Speed space of space light space in space air comma space straight c equals 3 space straight x 10 to the power of 8 space straight m divided by straight s Refractive space index space of space diamond comma space straight mu subscript straight D equals ? We space know space that comma straight c over straight v equals straight mu therefore straight mu equals fraction numerator 3 space straight x 10 to the power of 8 space straight m divided by straight s over denominator 125 space straight x 10 to the power of 6 space straight m divided by straight s end fraction equals 2.4]
Question 3
The refractive index of water with respect to air is 4/3. What is the refractive index of air with respect to water?
Answer 3
[image:  ]
Question 4
A ray of light of wavelength 5400 [image:  ] suffers refraction from air to glass. Taking = [image:  ]=3/2, find the wavelength of light in glass.
Answer 4
[image:  ]

Selina Solution “Refraction of light at plane surface”
Exercise 4 (B)
Question 1
What is a prism?
With the help of a diagram of a prism, indicate its refracting surfaces, refracting edges and base.
Answer 1
A prism is a transparent refracting medium bounded by five plane surfaces inclined at some angle.
[image: Prism 3]
Question 2
The diagrams (a) and (b) in Fig. below show the refraction of a monochromatic ray of light through a parallel sided glass block and prism, respectively.
[image:  ]
(a) In each diagram, label the incident, refracted, emergent rays and the
(b) In what way the direction of emergent ray in the two cases differ with respect to the incident ray? Explain your answer.
Answer 2
(a)
[image:  angle of deviation.]
(b) For the prism, the emergent ray is not parallel to the incident ray but for the glass block it is parallel. This is because, in a prism, refraction takes place at two inclined surfaces while in a glass block refraction takes place at two parallel surfaces.
Question 3
Define the term angle of deviation.
Answer 3
The angle between the direction of incident ray and the emergent ray, is called the angle of deviation.
Question 4
Complete the following sentence:
Angle of deviation is the angle which the ________ ray makes with the direction of ________ ray.
Answer 4
Angle of deviation is the angle which the emergent ray makes with the direction of incident ray.
Question 5
What do you understand by the deviation produced by a prism? Why is it caused? State three factors on which angle of deviation depends.
Answer 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 [image: Syntax error from line 1 column 49 to line 1 column 73. Unexpected '<mstyle '.] ),
(c)the angle of prism (A),
(d)The colour or wavelength ([image: https://images.topperlearning.com/topper/bookquestions/188790_image107.gif] ) of light used.
Question 6
(a) How does the angle of deviation produced by a prism change with increase in the angle of incidence. Draw a curve showing the variation in the angle of deviation with the angle of incidence at a prism surface.
(b) Using the curve in part (a) above, how do you infer that for given prism, the angle of minimum deviation δmin is unique for the given light.
Answer 6
(a) As the angle of incidence increases, the angle of deviation decreases first and reaches to a minimum value ([image:  ] ) 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 ([image:  ]) with angle of incidence(i):
[image:  ]
(b) For a given prism and given colour of light, angle of minimum deviation is unique since only one horizontal line can be drawn parallel to the i-axis at the lowest point of i-δ curve.
Question 7
State whether the following statement is ‘true’ or ‘false’.
The deviation produced by a prism is independent of the angle of incidence and is same for all the colours of light.
Answer 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.
Question 8
How does the deviation produced by a prism depend on (i) the refraction index of its material, and
(ii) the wavelength of incident light
Answer 8
(i) For a given angle of incidence, the prism with a higher refractive index produces a greater deviation than a prism with a lower refractive index.
(ii) The refractive index of a medium is different for light of different colours. It increases with decrease in wavelength. Thus, the refractive index of the material of prism is maximum for violet and least for red light. Hence, the prism deviates violet light the most and red light the least, i.e., δviolet > δred.
Question 9
How does the angle of minimum deviation produced by a prism change with increase in (i) the wavelength of incident light and (ii) the refracting angle of the prism?
Answer 9
Changes in the angle of deviation as we increase
(i) The wavelength of incident light
As we increase the wavelength, angle of deviation decreases.
(ii) The refracting angle of the prism
The angle of deviation increases with the increase in the angle of prism.
Question 10
Write a relation for the angle of deviation() for a ray of light passing through an equilateral prism in terms of angle of incident (i), angle of emergence (e), angle of prism (A).
Answer 10
The relation between the angle of incident (i), angle of emergence (e), angle of prism (A) and angle of deviation ([image: https://images.topperlearning.com/topper/bookquestions/188794_image111.gif] ) for a ray of light passing through an equilateral prism is
[image: https://images.topperlearning.com/topper/bookquestions/188794_image114.gif]
Question 11
A ray of light incident at an angle of incidence i1 passes through an equilateral glass prism such that the refracted ray inside the prism is parallel to its base and emerges at an angle of emergence i2.
How is the angle of emergence ‘i2‘ related to the angle of incidence ‘i1‘.
What can you say about the angle of deviation in such a situation?
Answer 11
(i) i2 = i1
(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.
Question 12
Draw a ray diagram to show the refraction of a monochromatic ray through a prism when it suffers minimum deviation. How is the angle of emergence related to the angle of incidence in this position.
Answer 12
In case of an equilateral prism, when the prism is in the position of minimum [image: https://images.topperlearning.com/topper/bookquestions/188796_image118.gif]deviation, the angle of incidence i1 is equal to the angle of emergence i2.
[image: angle of emergence]
Question 13
A light ray of yellow colour is incident on an equilateral glass prism at an angle of incidence equal to 48o and suffers minimum deviation by an angle of 36o. (i) What will be the angle of emergence? (ii) If the angle of incidence is changed to (a) 30o, (b) 60o, state whether the angle of deviation will be equal to less than or more than 36o.
Answer 13
(i) As the ray is suffering minimum deviation in an equilateral glass prism so
[image: https://images.topperlearning.com/topper/bookquestions/188797_image124.gif]
[image: https://images.topperlearning.com/topper/bookquestions/188797_image126.gif]
(ii) If the angle of incidence is changed to
(a) 30o, the angle of deviation will be more than 36o.
(b) 60o, the angle of deviation will be more than 36o.
Question 14
Name the colour of white light which is deviated (i) the most, (ii) the least, on passing through a prism.
Answer 14
(i) Violet colour will deviate the most and (ii) Red colour will deviate the least.
Question 15
Which of the two prisms, A made of crown glass and B made of flint glass, deviate a ray of light more?
Answer 15
B made of flint glass. Because it has higher refractive index.
Question 16
How does the angle of deviation depend on refracting angle of the prism?
Answer 16
The angle of deviation () increases with the increase in the angle of prism (A).
Question 17
An object is viewed through a glass prism with its vertex pointing upwards. Draw a ray diagram to show the formation of its image seen by the observer.
Answer 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.
[image: https://images.topperlearning.com/topper/bookquestions/188801_image129.jpg]
Thus, observer sees the object O raised to the position I.
Question 18
A ray of light is normally incident on one face of an equilateral glass prism. Answer the following:
(a)What is the angle of incidence on the first face of the prism?
(b)What is the angle of refraction from the first face of the prism?
(c)What will be the angle of incidence at the second face of the prism?
(d)Will the light ray suffer minimum deviation by the prism?
Answer 18
(a)If the incident ray normal to prism then angle of incidence is 0o.
(b)In this case the angle of refraction from the first face r1= 0o.
(c)As the prism is equilateral so A=60o and r1=0o. So at the second face of the prism, the angle of incidence will be 60o.
(d)No the light will not suffer minimum deviation.
Question 19
The diagram below 4.35 shows two identical prisms A and B placed with their faces parallel to each other. A ray of light of single colour PQ is incident at the face of the prism A. Complete the diagram to show the path of the ray till it emerges out of the prism B.
[image: https://images.topperlearning.com/topper/bookquestions/188803_image131.jpg]
[Hint: The emergent ray out of the prism B will be parallel to the incident ray PQ]
Answer 19
[image: https://images.topperlearning.com/topper/bookquestions/188803_image132.jpg]

Refraction of Light at Plane Surfaces “Selina Solution
Multiple Choice Type 4(B)
Question 1
In refraction of light through a prism, the light ray:
(a) Suffers refraction only at one face of the prism
(b) Emerges out from the prism in a direction parallel to the incident ray
(c) Bends at both the surfaces of prism towards its base
(d) Bends at both the surfaces of prism opposite to its base.
Answer 1
The light ray bends at both the surfaces of prism towards its base.
Question 2
A ray of light suffers refraction through an equilateral prism. The deviation produced by the prism does not depend on the:
(a) Angle of incidence
(b) Colour of light
(c) Material of prism
(d) Size of prism
Answer 2
The deviation produced by the prism does not depend on the size of prism.

Refraction of Light at Plane Surfaces “Selina Solution
Numericals 4(B)
Question 1
A ray of light incident at an angle 48o on a prism of refracting angle 60o suffers minimum deviation. Calculate the angle of minimum deviation.
[Hint: δmin = 2i – A]
Answer 1
[image: https://images.topperlearning.com/topper/bookquestions/188805_image136.gif]
Question 2
What should be the angle of incidence for a ray of light which suffers a minimum deviation of 36o through an equilateral prism?
[Hint: A = 60°, i = (A + δmin)/2]
Answer 2
[image: https://images.topperlearning.com/topper/bookquestions/188806_image138.gif]

Exercise –  4(C) Selina Solutions ICSE Class-10  Refraction of Light at Plane Surfaces
Question 1
How is the refractive index of a medium related to the real and apparent depths of an object in that medium?
Answer 1
Relation of refractive index[image: https://images.topperlearning.com/topper/bookquestions/188807_image140.gif] with real and apparent depths
[image: https://images.topperlearning.com/topper/bookquestions/188807_image142.gif]
Question 2
Prove that
Refractive index = [image:  ]
Answer 2
[image:  ]
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 I, and hence, AI represents the apparent depth, which is less than the real depth AO.
[image:  ]
Since the point B is very close to point A, i.e. the object is viewed from a point vertically above the object,
[image:  ]
Question 3
A tank of water is viewed normally from above.
(a) State how the depth of tank appears to change.
(b) Draw a labelled ray diagram to explain your answer.
Answer 3
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.
[image:  ]
Question 4
Water in a pond appears to be only three-quarters of its actual depth. (a) What property of light is responsible for this observation? Illustrate your answer with the help of a ray diagram. (b) How is the refractive index of water calculated from its real and apparent depths?
Answer 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.
[image:  ]
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’.
[image:  ]
Question 5
Draw a ray diagram to show the appearance of a stick partially immersed in water. Explain your answer.
Answer 5
[image:  ]
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.
Question 6
A fish is looking at a 1.0 m high plant at the edge of the pond. Will the plant appear shorter or taller than its actual height ? Draw a ray diagram to support your answer.
Answer 6
The plant will look taller than its actual height.
[image: https://images.topperlearning.com/topper/bookquestions/188814_image160.jpg]
 
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.
Question 7
A student puts his pencil into an empty trough and observes the pencil from the position indicated in the diagram alongside in Fig. 4.41
[image: https://images.topperlearning.com/topper/tinymce/imagemanager/files/Phy_1.jpg]
 
(i) What change will be observed in the appearance of the pencil when water is poured into the trough?
(ii) Name the phenomenon which accounts for the above started observation.
(iii) Complete the diagram showing how the student’s eye sees the pencil through water.
Answer 7
(i)Part of the pencil which is immersed in water will look short and raised up.
(ii)The phenomena which is responsible for the above observation is refraction of light.
(iii)The required figure is
[image: https://images.topperlearning.com/topper/bookquestions/188811_image157.jpg]
Question 8
An object placed in one medium when seen from the other medium, appears to be vertically shifted. Name the factors on which the magnitude of shift depends and state how does it depend on them.
Answer 8
The factors on which the magnitude of shift depends are:
(a)The refractive index of the medium,
(b)The thickness of the denser medium and
(c)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.

“Selina Solution Refraction of Light at Plane Surfaces
Multiple Choice Type 4 (C)
Question 1
A small air bubble in a glass block when seen from above appears to be raised because of:
(a) Refraction of light
(b)Reflection of light
(c) Reflection and refraction of light
(d) None of the above
Answer 1
Refraction of light
Hint: When a ray of light travels from denser to rarer medium, it moves away from the normal.
Question 2
An object in a denser medium when viewed from a rarer medium appears to be raised. The shift is maximum for:
(a) Red light
(b) Violet light
(c) Yellow light
(d) Green light
Answer 2
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)

 Refraction of Light at Plane Surfaces – Selina Concise ICSE Physics Solutions
Numericals- 4 (C)
Question 1
A water pond appears to be 2.7 m deep. If the refractive index of water is 4/3, find the actual depth of the pond.
Answer 1
[image: https://images.topperlearning.com/topper/bookquestions/188819_image166.gif]
Question 2
A coin is placed at the bottom of a beaker containing water (refractive index = 4/3) to a depth of 12 cm. By what height the coin appears to be raised when seen from vertically above?
Answer 2
[image: https://images.topperlearning.com/topper/bookquestions/188818_image164.gif]
Question 3
A postage stamp kept below a rectangular glass block or refractive index 1.5 when viewed from vertically above it, appears to be raised by 7.0 mm. Calculate the thickness of the glass block.
Answer 3
[image: https://images.topperlearning.com/topper/bookquestions/188817_sg73.JPG]

 Refraction of Light at Plane Surfaces – Selina Solution
Exercise 4 (D) 
Question 1
Explain the term critical angle with the aid of a labelled diagram.
Answer 1
Critical angle: The angle of incidence in the denser medium corresponding to which the angle of refraction in the rarer medium is 90o is called the critical angle.
[image:  ]
Question 2
How is the critical angle related to the refractive index of a medium?
Answer 2 
The critical angle is related to the refractive index of a medium by the relation
[image: https://images.topperlearning.com/topper/bookquestions/188821_image168.gif]
Question 3
State the approximate value of the critical angle for
(a) glass-air surface  (b) water-air surface.
Answer 3
(a) The critical angle for glass-air surface is
[image: https://images.topperlearning.com/topper/bookquestions/188822_image170.gif]
(b) The critical angle for water-air surface is
[image: Syntax error from line 1 column 49 to line 1 column 73. Unexpected '<mstyle '.]
Question 4
What is the meant by the statement ‘the critical angle for diamond is 24°?
Answer 4
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.
Question 5
A light ray is incident from a denser medium on the boundary separating it from a rarer medium at an angle of incidence equal to the critical angle. What is the angle of refraction for the ray?
Answer 5
When a ray is incident from a denser medium to a rarer medium at angle equal to critical angle ( [image: https://images.topperlearning.com/topper/bookquestions/188825_image174.gif]), the angle of refraction becomes 90°.
Question 6
Name two factors which affect the critical angle for a given pair of media. State how do the factors affect it.
Answer 6
The factors which affect the critical angle are:
(i)The colour (or wavelength) of light, and
(ii)The temperature
(i)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.
(ii)Effect of temperature: The critical angle increases with increase in temperature because on increasing the temperature of medium, its refractive index decreases.
Question 7
The critical angle for glass-air is 45° for the light of yellow colour. State whether it will be less than, equal to, or more than 45° for (i) red light, (ii) blue light?
Answer 7
As the wavelength decreases (or increases) refractive index becomes more (or less) and critical angle becomes less (or more).
(i)For red light the critical angle will be more than 45° and
(ii)For blue light the critical angle will be less than 45°.
Question 8
 (a)What is total internal reflection?
 (b)State two conditions necessary for total internal reflection to occur.
(c)Draw diagrams to illustrate critical angle and total internal reflection.
Answer 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:
i.The light must travel from a denser medium to a rarer medium.
ii.The angle of incidence must be greater than the critical angle for the pair of media.
(c)When incidence angle is more than critical angle i.e., in case of total internal reflection.
Question 9
Fill in the blanks to complete the following sentences:
(a)Total internal reflection occurs when a ray of light passes from a ………………..medium to a …………………. medium.
(b)Critical angle is the angle of ……………..in denser medium for which the angle of …………………in rarer medium is ………………
Answer 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°.
Question 10
State whether the following statement is true or false: If the angle of incidence is greater than the critical angle, light is not refracted at all, when it falls on the surface from a denser medium to a rarer medium.
Answer 10
True
Question 11
The refractive index of air with respect to glass is expressed as [image: https://images.topperlearning.com/topper/bookquestions/188831_image180.gif]
(a)Write down a similar expression for [image: https://images.topperlearning.com/topper/bookquestions/188831_image182.gif]  in terms of angle .
(b)If angle, [image: https://images.topperlearning.com/topper/bookquestions/188831_image186.gif]   what is the corresponding angle i called?
(c)What is the physical significance of the angle i and part (b)?
Answer 11
(a)[image: https://images.topperlearning.com/topper/bookquestions/188831_image188.gif]
(b)If refractive angle,  [image: https://images.topperlearning.com/topper/bookquestions/188831_image186.gif] , 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.
Question 12
Fig.4.61 below show two rays A and B travelling from water to air. If the critical angle for water- air surface is 48°, complete the ray diagram showing the refracted rays for each. State conditions when the ray will suffer total internal reflection.
[image:  ]
Answer 12
[image:  ]
The necessary conditions for the total internal reflection to occur are
(i) Light must travel from a denser medium to a rarer medium.
(ii) The angle of incidence must be greater than the critical angle.
In this case, the angle of incidence.
Question 13
Fig. 4.62 shows a point source P inside a water container. Three rays A, B and C starting from the source P are shown up to the water surface.
(a) Show in the diagram, the path of these rays after striking the water surface. The critical angle for water-air surface is 48°.
(b) Name the phenomenon which the rays A, B and C exhibit.
[image:  ]
Answer 13
(a)
[image:  ]
(b) Rays A and B exhibit the phenomenon of ‘refraction of light’.
Rays C exhibits the phenomenon of ‘total internal reflection’.
Question 14
In the figure, 4.63   PQ and PR are the two light rays emerging from an object P. The ray PQ is refracted as QS.
[image:  ]
(a) State the special name given to the angle of incidence[image:  ]PQN of the ray PQ.
(b) What is the angle of refraction for the refracted ray QS?
(c) Name the phenomenon that occurs if the angle of incidence[image:  ]PQN is increased.
(d) The ray PR suffers partial reflection and refraction on the water-air surface. Give reason. Draw in the diagram the refracted ray for the incident ray PR and hence show the position of image of the object P by the letter P’ when seen vertically from above.
Answer 14
(a) Critical angle
Hint: The angle of incidence in the denser medium for which the angle of refraction in rarer medium is 90o is called the critical angle.
(b) 90o
(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. ); hence, at the interface of two media as per the laws of reflection, ray PR suffers partial reflection and refraction.
[image:  ]
Question 15
The refractive index of glass is 1.5. From a point P inside a glass block, draw rays PA, PB and PC incident on that glass-air surface at an angle of 30o, 42o and 60o respectively.
(a)In the diagram show the approximate direction of these rays as they emerge out of the block.
(b)What is the angle of refraction for the ray PB?
Answer 15
(a)
[image: https://images.topperlearning.com/topper/bookquestions/188834_image207.gif]
[image: https://images.topperlearning.com/topper/bookquestions/188834_image208.jpg]
(b)
[image: https://images.topperlearning.com/topper/bookquestions/188834_image210.gif]
Question 16
A ray of light enters a glass ABCD as shown in Fig. and strikes at the Centre O of the circular part AC of the slab. The critical angle of glass is 42°. Complete the path of the ray till it emerges out of the slab. Mark the angles in the diagram wherever necessary.
[image: https://images.topperlearning.com/topper/bookquestions/188835_image212.jpg]
Answer 16
[image: https://images.topperlearning.com/topper/bookquestions/188835_image214.jpg]
The angle of refraction will be 90° because the ray is incident on the glass at its critical angle.
Question 17
What is a total reflecting prism? State three actions that it can produce. Draw a diagram to show one action of the total reflecting prism.
Answer 17
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:
(a)To deviate a ray of light through 90°,
(b)To deviate a ray of light through 180°, and
(c)To erect the inverted image without producing deviation in its path.
[image: https://images.topperlearning.com/topper/bookquestions/188836_image216.jpg]
It is an erecting prism which is used to erect the inverted image without producing deviation in its path.
Question 18
Show with the help of a diagram how a total reflecting prism can be used to turn a ray of light through 90°. Name one instrument in which such a prism is used.
Answer 18
[image: https://images.topperlearning.com/topper/bookquestions/188837_image218.jpg]
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.
Question 19
A ray of light OP passes through a right angled prism as shown in the adjacent diagram.
[image: https://images.topperlearning.com/topper/tinymce/imagemanager/files/Fig._4.60.jpg]
(a)State the angle of incidence at the faces AC and BC.
(b)Name the phenomenon which the ray suffers at the face AC.
Answer 19
(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.
Question 20
In Fig., 4.66 a ray of light PQ is incident normally on the hypotenuse of an isosceles right angle prism ABC.
[image:  ]
(a) Complete the path of the ray PQ until it emerges from the prism. Mark in the diagram the angle wherever necessary.
(b) What is the angle of deviation of the ray PQ?
(c) Name a device in which this action is used.
Answer 20
(a)
[image:  ]
(b) Angle of deviation = 180o
(c) Prism binocular
Question 21 
In Fig., a ray of light PQ is incident normally on the face AB of an equilateral glass prism. Complete the ray diagram showing its emergence into air after passing through the prism.
Take critical angle for glass = 42°
[image: https://images.topperlearning.com/topper/tinymce/imagemanager/files/Fig._4.62.jpg]
(a)Write the angles of incidence at the faces AB and AC of the prism.
(b)Name the phenomenon which the ray of light suffers at the face AB, AC and BC of the prism.
Answer 21
[image: https://images.topperlearning.com/topper/bookquestions/188842_image225.jpg]
(a)At the face AB,and at the face AC,.
(b)At the face AB – refraction,
and At the face AB – total internal reflection,
while At the face BC – refraction.
Question 22
Draw a neat labelled ray diagram to show the total internal reflection of a ray of light normally incident on one face of a 30°, 90°,60° prism.
Answer 22
[image: https://images.topperlearning.com/topper/bookquestions/188843_image231.jpg]
Question 23
Two isosceles right – angled glass prisms are placed near each other as shown in Fig. Complete the path of the light ray entering the first prism till it emerges out of the second prism.
[image: https://images.topperlearning.com/topper/bookquestions/188844_image233.jpg]
Answer 23
[image: https://images.topperlearning.com/topper/bookquestions/188844_image235.jpg]
Question 24
What device other than a plane mirror, can be used to turn a ray of light 180°? Draw a diagram in support of your answer. Name an instrument in which in which this device is used.
Answer 24
A total reflecting prism can be used to turn a ray of light by 180°. The following diagram can make it further clear.
[image:  reflecting prism]
This action of prism is used in binocular.
Question 25
Mention one difference between reflection of light from a plane mirror and total internal reflection of light from a prism.
Answer 25
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.
Question 26
State one advantage of using a total reflecting prism as a reflector in place of a plane mirror.
Answer 26
A total reflecting prism gives us an image much brighter than that obtained by using a plane mirror.

 Refraction of Light at Plane Surfaces – Selina ICSE Physics Solution
Multiple Choice Type 4(D)
Question 1
The critical angle for glass-air interface is :
(a) 24°
(b) 48°
(c) 42°
(d) 45°
Answer 1
42°
Question 2
A total reflecting right angled isosceles prism can be used to deviate a ray of light through
(a) 30°
(b) 60°
(c) 75°
(d) 90°
Answer 2
90°
Hint:
[image:  ]
Question 3
A total reflecting equilateral prism can be used to deviate a ray of light through:
(a) 30°
(b) 60°
(c) 75°
(d) 90°
Answer 3
60°
Hint:
[image:  ]

image6.jpeg
A (rarer)

Water (denser) ‘




image94.gif




image95.gif




image96.jpeg




image97.gif
sini, - 0.667

[P
41.8w 42°





image98.jpeg
o

AB b

60° | 60°
GLASSBLOCK

M N o





image99.gif
As angle of incidence inside glass block is 4.2°
sinr

=
sin °

Sinr =, x SIN42°

2 k]
takesin 42° = 2 and = 2
3973

3.2

sinr = 1

=r=90"

This also follows from the fact that the ray PE
s incident at the critical angle.




image100.jpeg




image101.jpeg




image102.jpeg




image103.jpeg




image7.gif




image104.jpeg




image105.jpeg




image106.jpeg
Al




image107.jpeg
90 60

60° 60°





image108.jpeg




image109.jpeg




image110.jpeg




image111.jpeg
909





image112.png
o
IMAGE




image113.jpeg




image8.gif
1 o




image114.jpeg
[
Emérgent
ray




image9.png
o




image10.gif
1.35




image11.gif
L




image12.gif
L





image13.gif




image14.gif




image15.gif




image16.gif




image17.gif




image18.gif
Hq




image19.gif
Fou




image20.png
Air
Water




image21.png
Air
Water




image22.gif




image23.gif
(3) (1) angle ofincidence Is the angle which the inadent ray
makes with the norm al

Zi= 90 -30° = 60°
(i) Angle of refraction is the angle which the refracted ray
makes with the norm al

Zr = 90° - 45° = 45°

(b) According to Snell's law,

_ sini_ sine0®
i = G T Gin 48
PR B

o122

[1/42) V2

) b =




image24.gif




image25.gif




image26.gif




image27.gif
1

alg

T




image28.jpeg
Refracted ray.

X
Glass block

S




image29.jpeg
Incidentray

Al (Rarer)
=0 Lo
Refractedray
GuasssLock
(Denser)

Zr =00

Emergentray





image30.jpeg
Incidentray

GlassBLOCK

Refractedray|

Emergentray

c




image31.jpeg




image32.jpeg
Al {rarer)

Glass (denser)

RefractedRay

T\

. Lateral Displacement

1
i
™




image33.gif




image34.gif




image35.gif




image36.gif




image37.gif
=

o

sin i

sinr

Sin 30°

1/2

- 1.414




image38.jpeg
O = v
45as” lasy
Air
Liquid A &
8

Plane mirror




image39.jpeg
Rare medium

Denser medium





image40.png
Civen,

speed of light n air, ¢ =3 x10° m/s
Refractive index of glass, 1 = 1.5
Speed of light i glass,
We know that,

3x10°m/s
15

v=2x10%m/<

v





image41.png
Given,
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, ip="7

We know that,





image42.gif
Given, refractive index of water w.r.t. ar,

refractive index of air w.r.t. water is
1 3

ERRE
e 4

et i




image43.gif




image1.png




image44.gif
Heg




image45.gif
Given, refractive index of glass w.r.t. air,

Wavelength of light in air
Wavelength of light in glass
3 _ _wavelength of light in air

2~ Wavelength of ight in glass

Blso, Ly =

El 5400 A
2~ Wavelength of light in glass

= wavelength of light in glass = 2 x 5400 A = 3600 A




image46.png
P
( Nt

efracting suface




image47.gif




image48.png




image49.png




image50.gif




image51.gif




image52.gif




image53.jpeg
«—(g) uoneInep Jo aibuy

Anale of incidence () —s




image2.png




image54.gif




image55.gif




image56.gif




image57.png




image58.gif




image59.gif
1, = 48"




image60.jpeg




image61.jpeg
~5//\




image62.jpeg




image63.gif
blven,
Angle of incidence, i = 48°

Re fracting angle, A = 60°

Angle of minimum deviation, &, = 7
AS B, =3-A

Bin = 2(48) - 60

5 = 36°




image3.png




image64.gif
blven,
Angle of prism, A = 60°
Angle of minimum deviation, 6,
Angle of incidence, i =
AS B = A=A
36° = 2i- 60

oo

= 36°




image65.gif




image66.gif
_ _ Real Depth
= Apparent Depth




image67.gif
Keal depth
Apparent depth




image68.jpeg
Water or Glass.
Real i (Denser medium)

depth

o N




image69.gif
Since AQ and BN" are parallel and OBIs the transversal,

£AOB = ZOBN'  (Alternate angles)
/814" = ZCBN  (Corresponding angles)
In 4840, sini = oo

o8
[n 4148, sinr= 22

®

T Sinr T Baj18 " 0B
Refractive index of medium w.r.t. air is,

1 _o08

T





image70.gif
B =1IA and OB = OA.
ence, - 04 _Real depth
‘n = 7a ~ Bpparent depth





image71.jpeg
Water or Gass.
| ©enser medum





image72.jpeg




image73.gif
Refractive index of water = — = PP
oparentdepth




image4.gif




image74.jpeg




image75.jpeg




image76.jpeg




image77.jpeg




image78.gif




image79.gif
Refractive index ofthe water, i = 4/3
Real depth at which the coin is placed =12 cm
Shift in the image

Shift = Real depthx [1 - l]
P

3
shx/zslzx[l—;]





image80.jpeg
Refractive index of the glass block, 4, = 1.5

Shift in the image = Tmm or 0.7 cm
‘Thickness of glass block or real depth =

Shift = Redl depthx [1 - l]

#
07-rx[1- L
s

TS
05





image81.jpeg




image82.gif




image83.gif
For glas, refractiveineds g = -

sini, ori, = 42°





image5.gif




image84.png
For water, refractive index gji, %
L ior\(:49“

~sin i

Hay




image85.gif




image86.gif
sing

win




image87.gif




image88.gif




image89.gif




image90.png
487

Air
Water




image91.png
Rarer medium
(Air)

Denser medium
(Water)

Partly
reflected
ray





image92.gif




image93.jpeg




