
         CHAPTER 

10 LIGHT-REFLECTION 
AND REFRACTION

Chapter Objectives
This chapter will help you to understand :

 ¾ Reflection of light : Reflection of light; Spherical mirrors; Image formation by spherical mirrors.
 ¾ Refraction of light : Refraction of light; Refraction through a glass slab; Refractive index; Spherical lenses; Image formation 

by spherical lenses.

TOPIC-1
Reflection of Light

 Quick Review
 � Reflection denotes the return or bouncing back of a 

wave that it strikes into the medium through which 
it comes.

 � Visibility of objects is attributed to the reflection. An 
object can be seen only when light falls on it and get 
reflected from it, into the human eye.

 � The colour of the leaves appears green because they 
reflect green light (wavelength |l| = 495 – 570 nm)
and absorb all other colours. The light reflecting 
substance is chlorophyll.

 � The colour of object depends upon its ability to 
reflect light of certain wavelength and absorb the rest 
of them. White colour objects reflect all wavelengths 
and black colour objects absorb all wavelengths.

 � Measure of fraction of reflection by a surface is 
knowns as the Reflectance.

 Know the Links
☞☞ https://www.studyrankers.com/2017/08/notes-of-ch-10-
light-reflection-class10th.html
☞☞ http://www.dronstudy.com/book/light-chapter-notes/

  Multiple Choice Questions (1 mark each)

Q. 1. Which of the following can make a parallel beam of 
light when light from a point source is incident on it?

 (a) Concave mirror as well as convex lens
 (b) Convex mirror as well as concave lens
 (c) Two plane mirrors placed at 90° to each other
 (d) Concave mirror as well as concave lens
 [NCERT Exemp. Q. 1, Page 79]
 Ans. Correct option : (a) 
  Explanation : When a point light source is placed 

at the focus of concave mirror then it all light rays 

after reflection through mirror will become parallel 
to the principal axis.

  When this point light source is placed at the focus 
of convex lens then after falling on convex lens it 
will become parallel to the principal axis.

Q. 2. A 10 mm long awl pin is placed vertically in front 
of a concave mirror. A 5 mm long image of the awl 
pin is formed at 30 cm in front of the mirror. The 
focal length of this mirror is

TIPS… 
 Understand the different points related to spherical 
mirrors like, focus, pole, etc. 

 Recall all the terms related to spherical mirrors.
 Learn the sign convention followed.
 Understand the difference between actual reflection 
and appearing reflection, that generates real and vir-
tual images respectively.

TOPIC - 1
Reflection of Light P. 138

TOPIC - 2
Refraction of Light P. 147

TRICKS… 
 Understand the basics of ray propagation and their 

reflection (i.e., laws of reflection). 
 Understand and remember the mirror formula and 

magnification to solve numerical problems.
 Practice ray diagrams to learn the difference be-

tween real and virtual images.
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 (a) – 30 cm  (b) – 20 cm 

 (c) – 40 cm  (d) – 60 cm

 [NCERT Exemp. Q. 2, Page 79]

 Ans. Correct option : (b)

  Explanation : Here the size of object 
10 1  h mm cm= =  Size of the image 5 0 5  h ' mm . cm= =

  Distance of image from the pole of mirror 30 cmv = −
  Let distance of object = u

  Let focal length = f

  Using mirror formula
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  Therefore, the value of u is needed for that 
magnification formula will be used.
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Q. 3. Under which of the following conditions, a 
concave mirror can form an image larger than the 
actual object?

 (a) When the object is kept at a distance equal to its 
radius of curvature

 (b) When object is kept at a distance less than its focal 
length

 (c) When object is placed between the focus and 
centre of curvature

 (d) When object is kept at a distance greater than its 
radius of curvature [NCERT Exemp. Q. 3, Page 79]

 Ans. Correct option : (b) and (c)
  Explanation : A concave mirror forms an image 

larger than the actual object when the object is 
placed in between the principal focus and centre of 
curvature.

  Image formation is shown in fig, where object (AB) 
is placed between the focus and centre of curvature 
for which image (A’B’) is obtained behind the mirror.
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Q. 4. Beams of light are incident through the holes A 
and B and emerge out of box through the holes C 
and D respectively as shown in the figure. Which 
of the following could be inside the box?

  Box

A

B

C

D

 (a) A rectangular glass slab
 (b) A convex lens
 (c) A concave less
 (d) A prism [NCERT Exemp. Q. 6, Page 80]
 Ans. Correct option :  (a)
  Explanation : In the given figure, emergent light 

rays are parallel to the direction of incident light 
rays. Out of the given options only a rectangular 
glass slab can change the path of light ray in such a 
way that emergent rays are parallel to the incident 
rays.

Q. 5. Magnification produced by a rear-view mirror 
fitted in vehicles

 (a) is less than one.
 (b) is more than one.
 (c) is equal to one.
 (d) can be more than or less than one depending upon 

the position of the object in front of it.
 [NCERT Exemp. Q. 9, Page 81]
 Ans. Correct option :  (a)
  Explanation : Convex mirror is used as rear-view 

mirror in vehicles. It forms virtual, erect, and 
diminished images of the objects.

  Magnification is ratio of height of image to the height 
of the object, hence, magnification produced by a 
rear-view mirror fitted in vehicles is less than one.

Q. 6. Rays from sun converge at a point 15 cm in front 
of a concave mirror. Where should an object be 
placed so that size of its image is equal to the size 
of the object?

 (a) 15 cm in front of the mirror
 (b) 30 cm in front of the mirror
 (c) Between 15 cm and 30 cm in front of the mirror
 (d) More than 30 cm in front of the mirror
 [NCERT Exemp. Q. 10, Page 81]
 Ans. Correct option : (b)
  Explanation : The distance of the sun is infinite as 

compared to the radius of curvature of concave 
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mirror, so, light rays from sun incident parallel all 
the rays converge at the principal focus. So, the 
focal length is 15 cm.

  In case of a concave mirror, the size of image 
and object will be same if the object is placed 
at 2f. Hence, in this case object must be place at 
2 2 15 30 or  cm.f × =

Q. 7. A full-length image of a distant tall building can 
definitely be seen by using

 (a) a concave mirror.
 (b) a convex mirror.
 (c) a plane mirror.
 (d) both concave as well as plane mirror.
 [NCERT Exemp. Q. 11, Page 81]
 Ans. Correct option : (b)
  Explanation : A convex mirror forms virtual, erect 

and diminished image of the objects. So, distant tall 
building can be seen by using a convex mirror.

Q. 8. In torches, search lights and headlights of 
vehicles, the bulb is placed

 (a) between the pole and the focus of the reflector.
 (b) very near to the focus of the reflector.
 (c) between the focus and centre of curvature of the 

reflector.
 (d) at the centre of curvature of the reflector.
 [NCERT Exemp. Q. 12, Page 81]
 Ans. Correct option : (b)
  Explanation : The rays of light passing through 

the principal focus will go parallel to principal axis 
after reflection thus, forming a concentrated beam 
of light. So, due to this reason in torches, search 
lights, and headlights of vehicles, the bulb is placed 
very near to the focus of the reflector.

Q. 9. The laws of reflection hold good for
 (a) plane mirror only.
 (b) concave mirror only.
 (c) convex mirror only.
 (d) all mirrors irrespective of their shape.
 [NCERT Exemp. Q. 13, Page 81]
 Ans. Correct option : (d) 
  Explanation : The laws of reflection holds good for 

light reflected form any smooth surface, that is, all 
mirrors regardless of its shape. 

Q. 10. Which of the following ray diagrams is correct for 
the ray of light incident on a concave mirror as 
shown in figure?
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 (a) Fig. A  (b) Fig. B
 (c) Fig. C  (d) Fig. D
 [NCERT Exemp. Q. 16, Page 82]
 Ans. Correct option : (d)

  Explanation : Ray of light incident parallel to the 
principal axis towards the mirror after reflection 
will pass through the principal focus. So, Figure D 
is correct.

Q. 11. A child is standing in front of a magic mirror. She 
finds the image of her head bigger, the middle 
portion of her body of the same size and that of 
the legs smaller. The following is the order of 
combinations for the magic mirror from the top.

 (a) Plane, convex, and concave
 (b) Convex, concave, and plane
 (c) Concave, plane, and convex
 (d) Convex, plane, and concave
 [NCERT Exemp. Q. 18, Page 83]
 Ans. Correct option : (c)
  Explanation : Image of her head is large; it indicates 

that concave mirror of large focal length is used at 
the top.

  Image of her middle body is of the same size in the 
mirror, it indicates plane mirror is used in the middle.

  Image of her legs is small. It shows the usage of a 
convex mirror in the bottom part. Hence, option (c) 
is the correct combination.

Q. 12. The image formed by a concave mirror is observed 
to be virtual, erect, and larger than the object. 
Where should be the position of the object?

 (a) Between the principal focus and the centre of 
curvature 

 (b) At the centre of curvature 
 (c) Beyond the centre of curvature 
 (d) Between the pole of the mirror and its principal 

focus [NCERT Ex. Q. 2, Page 185]
 Ans. Correct option : (d)
  Explanation : When an object is placed between 

the pole and principal focus of a concave mirror, 
the image formed is virtual, erect, and enlarged.

Q. 13. No matter how far you stand from a mirror, your 
image appears erect. The mirror is likely to be

 (a) plane. (b) concave.
 (c) convex. (d) either plane or convex.
 [NCERT Ex. Q. 5, Page 186]
 Ans. Correct option : (d)
  Explanation : Image formed by a convex mirror is 

always virtual, erect, and diminished in size than 
the object.

  Similarly, a plane mirror always produces a virtual 
and erect image of same size as that of the object.

Q. 14. A student obtained a sharp image of a candle 
flame placed at the distant end of the laboratory 
table on a screen using a concave mirror to 
determine its focal length. The teacher suggested 
him to focus a distant building about 1 km far 
from the laboratory, for getting more correct value 
of the focal length. In order to focus the distant 
building on the same screen the student should 
slightly move the 

 (a) mirror away from the screen
 (b) screen away from the mirror
 (c) screen towards the mirror
 (d) screen towards the building 
 [CBSE Board, Delhi Region, 2016]
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 Ans. Correct option : (c)
  Explanation : Image formed by the concave mirror 

in this case is same as when object is at infinity. Due 
to the great distance, light rays will incident almost 
parallel to principal axis. 

  After reflection all the rays will converge and meet 
at principal focus. A sharp image will be formed 
when screen is closer to the mirror.

Q. 15. A student determines the focal length of a device 
‘X’ by focusing the image of a distant object on a 
screen placed 20 cm from the device on the same 
side as the object. The device ‘X’ is

 (a) Concave lens of focal length 10 cm
 (b) Convex lens of focal length 20 cm
 (c) Concave mirror of focal length 10 cm
 (d) Concave mirror of focal length 20 cm
 [CBSE Board, Foreign Scheme, 2016]
 Ans. Correct option : (d)
  Explanation : Image formed by the concave mirror 

in this case is same as when object is at infinity. Due 

to the great distance, light rays will incident almost 
parallel to principal axis. 

  After reflection all the rays will converge and meet 
at principal focus.

  So, focal length is 20 cm.
Q. 16. Three students A, B and C focused a distant 

building on a screen with the help of a concave 
mirror. To determine focal length of the concave 
mirror they measured the distances as given 
below :

  Student A : From mirror to the screen
  Student B : From building to the screen
  Student C : From building to the mirror
  Who measured the focal length correctly?
 (a) Only A  (b) Only B
 (c) A and B  (d) B and C
 [CBSE Board, Delhi Region, 2017]
 Ans. Correct option : (a)
  Explanation : Refer to Q.14.

 Very Short Answer Type Questions (1 or 2 marks each)

Q. 1. Define the principal focus of a concave mirror. 
 [NCERT Q. 1, Page 168]
 Ans. Principal focus also called focal point is a point 

where incident rays which are parallel to principal 
axis get converged after reflection from the  
mirror. [1]

  The principal focus always lies on the principal axis, 
and all the rays which is parallel to principal axis 
will pass through principal focus after reflection.
 [1]

Q. 2. The radius of curvature of a spherical mirror is 20 
cm. What is its focal length?

 [NCERT Q. 2, Page 168]
 Ans. Radius of curvature, R = 20 cm
  Radius of curvature of a spherical mirror, 
  R = 2 × focal length ( f )
  R = 2f
  20 = 2f

  ⇒ f = 20
2

10= cm

  Therefore, the focal length of given spherical 
mirror is 10 cm. [1]

Q. 3. Name the mirror that can give an erect and 
enlarged image of an object.

 [NCERT Q. 3, Page 168]
 Ans. A concave mirror will give an erect, enlarged and 

virtual image of an object. [1]
  To obtain an erect, virtual and enlarged image 

from a concave mirror the object must be placed 
in between the principal focus and pole of  
the mirror. [1]

Q. 4. Why do we prefer a convex mirror as a rear-view 
mirror in vehicles?  [NCERT Q. 4, Page 168]

 Ans. Rear view mirrors should have a large field of view so 
that drivers can easily see most of the traffic behind 
them. Convex mirrors always form, diminished, 
erect, and virtual images of the objects. [1]

  Due to this property of forming diminished, erect, 
and virtual images, convex mirrors are preferred as 
rear-view mirrors. [1]

Q. 5. Find the focal length of a convex mirror whose 
radius of curvature is 32 cm.

 [NCERT Q. 1, Page 171]
 Ans. The relation between radius of curvature (R) and 

focal length (f ) is : 
  R = 2 f
  R = 2f
  ⇒ 32 = 2f

  

32 16
2

cmf = =
 [1]

Q. 6. A concave mirror produces three times magnified 
(enlarged) real image of an object placed at 10 cm 
in front of it. Where is the image located?

 [NCERT Q. 2, Page 171]
 Ans. Magnification produced by a spherical mirror is 

given by the relation,

  

height of the image
magnification

height of the object
Image distance
Object distance

=

= −

  
'h v

m
h u

= = −
 [1]

  If height of object is h,  
⇒height of image is -3h (image formed is real)

  Object distance is u = -10 cm
  Image distance v = ?
  Put the values in the formula.

  

3 30
10

 cm
( )

h v
m v

h
−

= = − ⇒ = −
−

  The negative sign denotes that an inverted image is 
formed in front of the concave mirror at a distance 
of 30 cm from the pole. [1]
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Q. 7. We wish to obtain an erect image of an object, 
using a concave mirror of focal length 15 cm. What 
should be the range of distance of the object from 
the mirror? What is the nature of the image? Is the 
image larger or smaller than the object? Draw a ray 
diagram to show the image formation in this case.
 [NCERT Ex. Q. 7, Page 186]

 Ans. A concave mirror gives an erect, virtual and 
enlarged image if the object is placed between the 
pole (P) and principal focus (F). [½]

  The given focal length is 15 cm. So, to obtain 
an erect the object must be placed anywhere in 
between P and F, that is, between 0 cm and 15 cm. 
Since all the distances are measured from pole so 
at pole distance is zero. The image formed will be 
virtual and magnified.

  So, range of distance of object is 0 – 15 cm. [1]
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Q. 8. The magnification produced by a plane mirror is 

+1. What does this mean?
 [NCERT Ex. Q. 13, Page 186]
 Ans. Magnification produced by a mirror is given by the 

relation :

  
magnification(m)=

height of the image (h')
height of the objecct (h)  [1]

  The magnification produced by a plane mirror is 
+1, which means that the image formed by the 
plane mirror is of the same size as that of the object. 
The positive sign shows that the image formed is 
virtual and erect. [1]

Q. 9. State two positions in which a concave mirror 
produces a magnified image of a given object. List 
two differences between the two images.

 [CBSE Board, Delhi Region, 2016]
 Ans. When the object is placed in front of the mirror :
 (a) between its pole and focus the image formed is 

virtual and erect. [1]
 (b) between the focus and centre of curvature the 

image formed is real and inverted.  [1]
Q. 10. Name the type of mirrors used in the design of 

solar furnaces. Explain how high temperature is 
achieved by this device?

 [CBSE Board, All India Region, 2016]

 Ans. Concave mirrors or converging mirrors are used in 
solar furnaces. [½]

  When a solar furnace is placed at the focus of a large 
concave mirror or reflector, it focuses a parallel 
beam of light on the furnace, consequently a high 
temperature is achieved after some time. [1½]

Q. 11. AB and CD, two spherical mirrors, form parts of a 
hollow spherical ball with its centre at O as shown 

in the diagram. If arc AB = 
1
2

arc CD, what is the
  ratio of their focal lengths? State which of the 

two mirrors will always form virtual image of an 
object placed in front of it and why?
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 [CBSE Board, Foreign Scheme, 2016]
 Ans. Focal length of both the mirrors will be the same, 

that is, 1 : 1  [1]
  Mirror AB will always form virtual image as it is a 

diverging/convex mirror.  [1]
Q. 12. An object is placed at a distance of 30 cm in front 

of a convex mirror of focal length 15 cm. Write four 
characteristics of the image formed by the mirror.

 [CBSE Board, Delhi Region, 2017]
 Ans. Image formed will be Virtual, erect, diminished, 

laterally inverted. [1]
Q. 13. Redraw the following diagram on your answer-

sheet and show the path of the reflected ray. Also 
mark the angle of incidence (∠i) and the angle of 
reflection (∠r) on the diagram. 

  

C F
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 [CBSE Board, Foreign Scheme, 2017]
 Ans. The following diagram shows the reflected ray and 

its angles :
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 Short Answer Type Questions (3 or 4 marks each)

Q. 1. Name the type of mirror used in the following 
situations :

 (a) Headlights of a car

 (b) Side/rear-view mirror of a vehicle
 (c) Solar furnace
  Support your answer with reason.
 [NCERT Ex. Q. 8, Page 186]
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 Ans. (a) Mirror used : Concave
  Reason : Concave mirror produces powerful bright 

and parallel beam of light if the light source (bulb; in 
this case) is placed at their principal focus i.e., near the 
reflector. [1]

 (b) Mirror used : Convex
  Reason : Convex mirror produces a virtual, erect, 

and diminished image of the objects placed in front 
of it. So, thereby providing a wide field of view. It 
enables the driver to see most of the traffic behind 
him/her. [1]

 (c) Mirror used : Concave
  Reason : Concave mirrors are convergent mirrors. 

That is why they are used to construct solar furnaces. 
Concave mirrors converge the light incident on 
them at a single point known as principal focus. 
Hence, they can be used to produce a large amount 
of heat at that point. [1]

Q. 2. An object is placed at a distance of 10 cm from 
a convex mirror of focal length 15 cm. Find the 
position and nature of the image.

 [NCERT Ex. Q. 12, Page 186]
 Ans. Focal length of convex mirror, f = +15 cm
  Object distance, u = -10 cm
  According to the mirror formula,

  
Magnification, = =m

Image distance
Object distance

v
u  

  

1 1 1
f v u
= +

  

1 1 1 1 1
15 10 15 10( )v

= − = +
−

  
1 2 3 5 6

30 30
 v

v
cm

+
= = ⇒ =

 
  The positive value of v indicates that the image is 

formed behind the mirror. [1½]

  

Height of image '
Magnification, = =

Height of Object
h

m
h  

  

6 0 6
10

( )
.

( )
−

= =
−  

  The positive value of magnification indicates that 
the image formed is virtual and erect. [1½]

Q. 3. Under what condition in an arrangement of two 
plane mirrors, incident ray and reflected ray will 
always be parallel to each other, whatever may be 
angle of incidence. Show the same with the help 
of diagram. [NCERT Exemp. Q. 28, Page 84]

 Ans. When two plane mirrors are placed at right 
angle with each other, then the incident ray and 

reflected ray will always be parallel to each other, 
irrespective of the angle of incidence. [1]

  

i

r

i r

Mirror II

Incident ray

Reflected ray

Mirror I

90 – i

 [2]
Q. 4. An object 4 cm in height, is placed at 15 cm in front 

of a concave mirror of focal length 10 cm. At what 
distance from the mirror should a screen be placed 
to obtain a sharp image of the object. Calculate the 
height of the image. 

 [CBSE Board, Delhi Region, 2017]
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 Ans. Given
  h  =+4
  f   = − 10 cm
  u = − 15 cm
 v =?
  h   =?
  Using the mirror equation, Thus, to obtain a sharp 

image of the object the screen should be placed 
in front of the mirror at a distance of 30 cm from 
the mirror.

  Magnification : -

      m = 
v
u

h
h

i

o

=

      m= −130
15

      m= -2

   − 2= hi

4
  ⇒hi=- 8 cm [2]

 Long Answer Type Questions (5 marks each)

Q. 1. An object 5.0 cm in length is placed at a distance 
of 20 cm in front of a convex mirror of radius of 
curvature 30 cm. Find the position of the image, its 
nature, and size. [NCERT Ex. Q. 14, Page 186]

 Ans. Object distance, u = -20 cm
  Object height, h = 5 cm
  Radius of curvature, R = 30 cm
  Radius of curvature = 2 × Focal length

  
2 15

2
R

R f f  cm= ⇒ = =
 [1]

  According to the mirror formula

    

1 1 1
f v u
= +

 [½]

    

1 1 1 1 1
15 20

= − = −
−v f u
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1 1 1 4 3 7
15 20 60 60v

+
⇒ = + = =

 [½]

  8 57v .  cm=  [½]
  The positive value of v indicates that the image is 

formed behind the mirror. [½]

  

Images distance
Magnification, =

Object distance
8.57

= = 0.428
20

m −

−
−

  Positive value of magnification shows that image 
formed is virtual. [1]

  20 3u m cm= − = −

  0 428 5 2 14h m h' . .  cm⇒ = × = × =
  The height of image is positive which shows that 

image formed is erect.
  So, a virtual, erect and smaller than object image is 

formed. [1]
Q. 2. An object of size 7.0 cm is placed at 27 cm in 

front of a concave mirror of focal length 18 cm. 
At what distance from the mirror should a screen 
be placed, so that a sharp focused image can be 
obtained? Find the size and the nature of the 
image. [NCERT Ex. Q. 15, Page 186]

 Ans. Object distance, u = -27 cm
  Object height, h = 7 cm
  Focal length f = -18 cm
  Using the mirror formula

  

1 1 1
f v u
= +

  

1 1 1 1 1
18 27( ) ( )v f u

= − = −
− −

  

1 1 1 3 2 1
18 27 54 54

( )
( ) ( )v

− +
= + = = −

−

  54 cmv = −

  The screen should be placed at a distance of 54 cm 
in front of the given mirror. [2½]

  

Image distance 54
Magnification, = = = 2

Object distance 27
m

−
− − −

−

  Negative value of magnification shows that image 
is real.

  

Height of image '
Magnification, = =

Height of Object
h

m
h

−

  2 7 14h m h' ( )  cm⇒ = × = − × = −

  The height of image is negative which shows that 
image is inverted. [2½]

Q. 3. Draw ray diagrams showing the image formation 
by a concave mirror when an object is placed : 

 (a) Between pole and focus of the mirror
 (b) Between focus and centre of curvature of the mirror
 (c) At centre of curvature of the mirror
 (d) A little beyond centre of curvature of the mirror
 (e) At infinity [NCERT Exemp. Q. 30, Page 84]
 Ans. (a) The image formation by a concave mirror when 

an object is placed between pole and focus of the 
mirror
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 (b) Between focus and centre of curvature of the 

mirror
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 (c) At centre of curvature of the mirror
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 (d) A little beyond centre of curvature of the mirror
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 (e) At infinity
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Q. 4. Draw ray diagrams showing the image formation 

by a convex mirror when an object is placed :
 (a) at infinity
 (b) at finite distance from the mirror 
 [NCERT Exemp. Q. 34, Page 85]
 Ans. The ray diagram of a convex mirror for object 

placed :
 (a) At infinity
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 [2½]



LIGHT-REFLECTION AND REFRACTION | 145

 (b) At finite distance from the mirror 

 

A

B
Object Image

M
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 [2½]

Q. 5. Size of image of an object by a mirror having a 
focal length of 20 cm is observed to be reduced to 
one-third of its size. At what distance, the object 
has been placed from the mirror? What is the 
nature of the image and the mirror?

 [NCERT Exemp. Q. 36, Page 85]
 Ans. We have to do calculations for both concave and 

convex mirror as the type of mirror is not specified 
here.

  For concave mirror :
  Focal length, f = − 20 cm
  Magnification, m = -1/3
  Since, magnification, m = − v/u
  Magnification, m = -1/3 = − v/u
  ⇒ v = u/3
  By mirror formula

  

1 1 1
f v u
= +

  

1 3 1 4 4u f
f u u u
= + = ⇒ =

     4 20 80( )  cm= − = −

  The placement of object should be at 80 cm in front 
of the concave mirror. [2½]

  For convex mirror :
  Focal length, f = + 20 cm
  Magnification, m = +1/3
  Since, magnification, m = − v/u
  Magnification, m = 1/3 = − v/u

  3
u

v⇒ = −

  By mirror formula

  

1 1 1
f v u
= +

  

1 3 1 2 2 f
f u u u

− −
= + = ⇒ −

  2 20 40( )  cm= − = −

  The placement of object should be at 40 cm in front 
of the concave mirror, to get a diminished, virtual 
and erect image. [2½]

Q. 6. It is desired to obtain an erect image of an object, 
using concave mirror of focal length of 12 cm.

 (a) What should be the range of distance of an object 
placed in front of the mirror?

 (b) Will the image be smaller or larger than the object? 
Draw ray diagram to show the formation of image 
in this case.

 (c) Where will the image of this object be, if it is 
placed 24 cm in front of the mirror?

  Draw ray diagram for this situation also to justify 
your answer.

 (d) Show the positions of pole, principal focus and 
the centre of curvature in the above ray diagrams.

 [CBSE Board, All India Region, 2016]
 Ans. (a) Range of distance is between 0 cm and 12 cm 

 [1]
 (b) Image in this case will have a positive magnification 

greater than 1, that is, image is larger than the 
object  [½]

 

l l l l l l l l l llllllllllll

C B

12 cm

P

A
A'

B'F

 [1½]
 (c) Image will also be formed at 24 cm in front of the 

mirror [½]

  

l l l l l l l l l l lllllllllll

C

12 cm

PF

24 cm

 [1½]
Q. 7. Suppose you have three concave mirrors A, B 

and C of focal lengths 10 cm, 15 cm and 20 cm. For 
each concave mirror you perform the experiment 
of image formation for three values of object 
distance of 10 cm, 20 cm and 30 cm. Giving reason 
answer the following :

 (a) For the three object distances, identify the mirror/
mirrors which will form an image of magnification 
– 1.

 (b) Out of the three mirrors identify the mirror 
which would be preferred to be used for shaving 
purposes/makeup.

 (c) For the mirror B draw ray diagram for image 
formation for object distances 10 cm and 20 cm.

 [CBSE Board, Foreign Scheme, 2016]
 Ans. fa = 10 cm; fb = 15 cm; fc = 20 cm
  u1 = 10 cm; u2 = 20 cm; u3 = 30 cm
 (a) 1m = −  means u = 2f 
  that is object is at centre of curvature., 
  for A→u2 , for B→ u3 [1½]
 (b) Either mirror B or mirror C should be used for 

makeup/shaving purposes.
  Distance of object should be less than focal length 

for erect and magnified image, face is generally 
kept at a distance more than 10 cm [1½]
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(c)

 

C

A

E
M A

BPBF

N

CB

A

A

B F

E
M

D

P

N  [2]
Q. 8. (a) To construct a ray diagram we use two rays 

which are so chosen that it is easy to know their 
directions after reflection from the mirror. List 
two such rays and state the path of these rays after 
reflection in case of concave mirrors. Use these 
two rays and draw ray diagram to locate the image 
of an object placed between pole and focus of a 
concave mirror.

 (b) A concave mirror produces three times magnified 
image on a screen. If the object is placed 20 cm in 
front of the mirror, how far is the screen from the 
object? [CBSE Board, Delhi Region, 2017]

 Ans. (a) Below are the four rays and their path after 
reflection. Any two of them can be used to locate 
the image.

 1. Ray incident on mirror parallel to principal axis, 
will pass through principal focus after reflection.

  

i r

FC P

N
 2. Any incident ray that passes through principal focus 

will go parallel to principal axis after reflection.

  

C
PF

 3. Any incident ray that passes through centre of 
curvature will retrace its path after reflection.

  

FC
P

 4. Any ray incident obliquely to the principal axis, is 
reflected obliquely and both incident and reflected 
rays follow the principal of reflection at the point of 
incidence. Here, 

∠i = ∠r.

  

C
P

F r
i

 [2]
  Using two of the rays mentioned above let’s make 

the ray diagram when the object is kept between 
F (Principal focus) and P (Pole of the mirror) of a 
concave mirror. [1]

  

M
R

C F P

N

B'

A'

E

 
(b)

 

v
m v m u

u
= ⇒ = − ×

−  [1]

  3 20 60( )(  cm)  cm= − − − = −  [½]
  Distance between the object and the screen is 40 cm

  60 20 40 cm (  cm)  cm= − − − = −  [½]
Q. 9. (a) If the image formed by a mirror for all positions 

of the object placed in front of it is always 
diminished, erect, and virtual, state the type of the 
mirror and also draw a ray diagram to justify your 
answer. Write one use such mirrors are put to and 
why. 

 (b) Define the radius of curvature of spherical 
mirrors. Find the nature and focal length of a 
spherical mirror whose radius of curvature is  
+ 24 cm. [CBSE Board, All India Region, 2017]

 Ans. Convex mirror or diverging mirror always forms 
an image which is diminished, erect, virtual. 

       

A

B

M

P B' F

A'

C

ri

N  
  Use : -It is widely used as a rear-view mirror in 

vehicles  
  Reason : -As it always gives erect and diminished 

image, it provides a large field of view, this fact makes 
it ideal to be used as a rear-view mirror. [2½]

 (b) The radius of curvature can be defined as the 
radius of the sphere of which the mirror forms a 
part. It can also be stated as the distance between 
pole and centre of curvature of a mirror. 

  As the radius of curvature is positive it implies 
that nature of the mirror is convex / diverging 
mirror.
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R

R
= ⇒ = =2

2
24
2

f f
 

  12 cmf =  [2½]
Q. 10. (a) Define the following terms in the context of 

spherical mirrors :
 (i) Pole
 (ii) Centre of curvature
 (iii) Radius of curvature
 (iv) Principal axis
 (b) Draw ray diagrams to show the principal focus of 
 (i) a concave mirror, and 
 (ii) a convex mirror.
 (c) In the following diagram, MM’ is a concave mirror 

and AB is an object. Draw on your answer-sheet 
a ray diagram to show the formation of image of 
this object.

  

A

C PBF'

.

M'

M'

 [CBSE Board, Foreign Scheme, 2017]
 Ans. (a) In context of the spherical mirrors following can 

be explained as :
 (i) Pole : The centre of the reflecting surface or the 

central point of aperture of the spherical mirror.
 (ii) Centre of curvature : The centre of the sphere of 

which mirror forms a part.

 (iii)  Radius of curvature : The radius of the sphere of 
which mirror forms a part or distance between the 
pole and centre of curvature.

 (iv) Principal axis : An imaginary straight line passing 
through the pole and the centre of curvature of the 
mirror. [2]

 (b) 1. Ray diagram of concave mirror :

  

M

D

PC

NB

At
Infinity F

i r
A

 [1]

  2. Ray diagram of convex mirror :

        

CF

r
i

G
M

D

E
P

N

A

B
At

Infinity  [1]
 (c) Ray diagram showing the formation of image of :

  

M E

B'PBF
C

N

r

A
A'

 [1]

TOPIC-2
Refraction of Light

 Quick Review
 � Galileo Galilei was an Italian scientist developed 

telescope that was thirty times the magnification 
of other telescopes. He used his telescope to look 
at many of the planets and discovered four of the 
largest moons that were orbiting around Jupiter. 
These four moons were called ‘Galilean satellites’.

 � The ability of a medium to refract light is also 
expressed in terms of its optical density. Optical 
density has a definite connotation. It is not the same 
as mass density.

 � When can we say that a medium is optically denser 
than the other? In comparing two media, the one 
with the larger refractive index is optically denser 
medium than the other. The other medium of lower 
refractive index is optically rarer.

 � Water 1gm/cm3 has more mass density than Kerosene 
(1.78 – 0.81 gm/cm3) but kerosene  (refractive index 
= 1.44) is optically denser than water (refractive 
index = 1.33). 

 � Snell’s law also known as Snell–Descartes law and 
the law of refraction.

TRICKS… 
 Understand the basics of ray propagation and their 

refraction (i.e. laws of refraction).
 Understand and remember the following formulas: 

lens formula, magnification, snell’s law and power 
of lens to solve numerical problems.

 Practice ray diagrams and learn the difference be-
tween real and virtual images.

TIPS… 
 Understand the different points related to spherical 
lenses, glass slab like, focus, pole, emergent ray etc.

 Understand all the terms related to spherical Lens.
 Make and understand the ray diagrams, in order to 
learn image formation using spherical lens., Glass 
slab.

 Learn the sign convention followed.
 Understand the difference between actual reflection 
and appearing refraction, that generates real and 
virtual images respectively.

 Focus on numerical problems involving refractive 
index and power of lens.
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  Multiple Choice Questions (1 mark each)

Q. 1. Which one of the following materials cannot be 
used to make a lens?

 (a) Water  (b) Glass
 (c) Plastic  (d) Clay
 [NCERT Ex. Q. 1, Page 185]
 Ans. Correct option : (d)
  Explanation : A lens is a transparent material that 

means light can pass through it. Since, clay is not 
transparent so, it cannot be used to make a lens.

Q. 2. Where should an object be placed in front of a 
convex lens to get a real image of the size of the 
object?

 (a) At the principal focus of the lens
 (b) At twice the focal length
 (c) At infinity
 (d) Between the optical centre of the lens and its 

principal focus [NCERT Ex. Q. 3, Page 185]
 Ans. Correct option : (b)
  Explanation : When an object is placed at the centre 

of curvature in front of a convex lens, its image is 
formed at the centre of curvature on the other side 
of the lens. The image formed is real, inverted, and 
of the same size as the object.

Q. 3. A spherical mirror and a thin spherical lens have 
each a focal length of -15 cm. The mirror and the 
lens are likely to be.

 (a) both concave.
 (b) both convex.
 (c) the mirror is concave and the lens is convex.
 (d) the mirror is convex, but the lens is concave.
 [NCERT Ex. Q. 4, Page 185]
 Ans. Correct option : (a)
  Explanation : As per the sign convention, the focal 

length of a concave mirror and a concave lens are 
taken as negative. Hence, both the spherical mirror 
and the thin spherical lens are concave in nature.

Q. 4. Which of the following lenses would you prefer 
to use while reading small letters found in a 
dictionary?

 (a) A convex lens of focal length 50 cm
 (b) A concave lens of focal length 50 cm
 (c) A convex lens of focal length 5 cm
 (d) A concave lens of focal length 5 cm
 [NCERT Ex. Q. 6, Page 186]
 Ans. Correct option (c)

  Explanation : A magnified image of an object will 
be obtained when it is placed between the radius 
of curvature and focal length of a convex lens. 
Magnification is also higher for convex lenses 
having shorter focal length. Therefore, for reading 
small letters, a convex lens of focal length 5 cm 
should be used.

Q. 5. Figure shows a ray of light as it travels from 
medium A to medium B. Refractive index of the 
medium B relative to medium A is

  

Medium B

Medium A

45°

45°
30°

60°

 
(a)

 

3
2   

(b)
 

2
3

 (c) 
1
2  

 (d) 2

 [NCERT Exemp. Q. 4, Page 79]
 Ans. Correct option : (a)
  Explanation : Here, angle of incidence 60i= = 

  Angle of refraction 45r= = 

  Refractive index of the medium B relative to 
medium A

  

60
45

sin  sin
sin  sinBA

i
n

r
= = =





  

3
32

1 2
2

= =
 
 
 

Q. 6. A light ray enters from medium A to medium B 
as shown in the figure. The refractive index of 
medium B relative to A will be

  

Medium B

Medium A

 (a) Greater than unity  (b) Less than unity
 (c) Equal to unity  (d) Zero
 [NCERT Exemp. Q. 5, Page 80]



LIGHT-REFLECTION AND REFRACTION | 149

 Ans. Correct option : (a)

  Explanation : Since, light rays in medium B goes 
towards normal. So it has greater refractive index 
and lesser velocity of light with respect to medium 
A. So refractive index of medium B with respect to 
medium A is greater than unity.

Q. 7. A beam of Light is incident through the holes on 
side A and emerges out of the holes on the other 
face of the box as shown in the figure. Which of 
the following could be inside the box?

  

10
9
8
7
6
5
4
3
2
1

A B 1

2

3

4

5

6

7

8

9

10

Box

 (a) Concave lens

 (b) Rectangular glass slab

 (c) Prism

 (d) Convex lens [NCERT Exemp. Q. 7, Page 80]

 Ans. Correct option : (d)

  Explanation : In the given diagram, parallel rays 
converge at a point and emerges from face B. So, 
there will be a convex lens inside the box.

  

focal point

focal length

Q. 8. Which of the following statements is true?

 (a) A convex lens has 4 dioptre power having a focal 
length 0.25 m

 (b) A convex lens has — 4 dioptre power having a 
focal length 0.25 m

 (c) A concave lens has 4 dioptre power having a focal 
length 0.25 m

 (d) A concave lens has — 4 dioptre power having a 
focal length 0.25 m [NCERT Exemp. Q. 8, Page 80]

 Ans. Correct option : (a)

  Explanation : The power (P) of a lens of focal length 
(f) is given by P = 1/f  where f is the focal length 
meter and power in dioptre.

  Now, P = 1/f ⇒ f = 1/P = 4 = 0.25 m.

Q. 9. The path of a ray of light coming from air passing 
through a rectangular glass slab traced by four 
students shown as A, B, C, and D in the figure. 
Which one of them is correct?

  
 (a) A   (b) B
 (c) C   (d) D
 [NCERT Exemp. Q. 14, Page 81]
 Ans. Correct option : (b)
  Explanation : A light ray passing through a glass 

slab obliquely will be emerging parallel to the 
direction of the incident ray.

Q. 10. You are given water, mustard oil, glycerine, and 
kerosene. In which of these media, a ray of light 
incident obliquely at some angle would bend the 
most.

 (a) Kerosene  (b) Water
 (c) Mustard oil  (d) Glycerine
 [NCERT Exemp. Q. 15, Page 82]
 Ans. Correct option : (d)
  Explanation : Out of the given four materials, the 

refractive index of glycerine is highest. So, greatest 
deviation of incident light ray is observed in case of 
glycerine.

Q. 11. Which of the following ray diagrams is correct for 
the ray of light incident on a lens shown in figure?

      

.. .
FOF

.. .
FOF

..
FOF

.. .
FOF

.. .
FOF

 (a) Fig. A  (b) Fig. B
 (c) Fig. C  (d) Fig. D
 [NCERT Exemp. Q. 17, Page 82]
 Ans. Correct option : (a)
  Explanation : When a light ray passing through 

focus will fall on convex lens then, the emergent 
ray of light will become parallel to the principal 
axis. So, Figure A is correct.

Q. 12. In which of the following, the image of an object 
placed at infinity will be highly diminished and 
point sized?
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 (a) Concave mirror only
 (b) Convex mirror only
 (c) Convex lens only
 (d) Convex mirror, convex mirror, concave lens and 

convex lens [NCERT Exemp. Q. 19, Page 83]
 Ans. Correct option : (d)
  Explanation : All the incident rays will be parallel 

to the principal axis and after reflection or 
refraction they actually meet or appear to meet at 
the principal focus.

Q. 13. To determine the approximate focal length of the 
given convex lens by focusing a distant object 
(say, a sign board), you try to focus the image of 
the object on a screen. The image you obtain on 
the screen is always :

 (a) erect and laterally inverted.
 (b) erect and diminished.
 (c) inverted and diminished.
 (d) virtual, inverted and diminished.
 [CBSE Board, Delhi Region, 2016]
 Ans. Correct option : (c)
  Explanation : Because the incident rays are almost 

parallel to principal axis and after reflection they 
will converge and meet at principal focus to give an 
inverted and diminished image.

Q. 14. Select from the following the best experimental 
set-up for tracing the path of a ray of light passing 
through a rectangular glass slab :

 (a) P   (b) Q
 (c) R   (d) S
 [CBSE Board, Delhi Region, 2016]
 Ans. Correct option : (d)
  Explanation :  The angle of incidence is neither too 

low nor too high, which makes it the correct choice.
Q. 15. Suppose you have focused on a screen the image 

of candle flame placed at the farthest end of the 
laboratory table using a convex lens. If your 
teacher suggests you to focus the parallel rays of 
the sun, reaching your laboratory table, on the 
same screen, what you are expected to do is to 
move the :

 (a) Lens slightly towards the screen
 (b) Lens slightly away from the screen
 (c) Lens slightly towards the sun
 (d) Lens and screen both towards the sun
 [CBSE Board, All India Region, 2016]
 Ans. Correct option : (a)
  Explanation : Because the light rays from sun will 

come parallel to principal axis in comparison to 
the candle flame as compared to the focal length 
of lens, sun is at infinity and all the rays will get 
converged at focus producing an inverted real 
and highly diminished image. So option (a) is the 
correct choice.

Q. 16. In your laboratory you trace the path of light rays 
through a glass slab for different values of angle 

of incidence (∠i) and in each case measure the 
values of the corresponding angle of refraction 
(∠r) and angle of emergence (∠e). On the basis of 
your observations your correct conclusion is :

 (a) ∠i is more than ∠r, but nearly equal to ∠e
 (b) ∠i is less than ∠r, but nearly equal to ∠e
 (c) ∠i is more than ∠e, but nearly equal to ∠r
 (d) ∠i is less than ∠e, but nearly equal to ∠r.
 [CBSE Board, All India Region, 2016]
 Ans. Correct option : (a)
  Explanation : ∠i is more than ∠r because the 

refracted ray bend towards normal on entering 
into glass from air, but ∠i = ∠e because emergent 
ray is parallel to incident ray.

Q. 17. A teacher sets up the stand carrying a convex 
lens of focal length 15 cm at 42.7 cm mark on the 
optical bench. He asks four students A, B, C and 
D to suggest the position of screen on the optical 
bench so that a distinct image of a distant tree is 
obtained almost immediately on it. The positions 
suggested by the students were as :

 A. 12.7 cm  B. 29.7 cm
 C. 57.7 cm  D. 72.7 cm
  The correct position of the screen was suggested by
 (a) A   (b) B
 (c) C   (d) D
 [CBSE Board, Foreign Scheme, 2016]
 Ans. Correct option : (c)
  Explanation : The incident rays coming from the 

distant tree placed will be parallel to the principal 
axis and as we know the rays parallel to the 
principal axis, after refraction by convex lens, will 
pass through the principal focus. Hence, a distinct 
image will be obtained immediately when distance 
between screen and lens is equal to focal length.

  42.7 cm (position of lens on optical bench) + 15 cm 
(focal length of lens) = 57.7 (the position of screen 
on optical bench)

Q. 18. A student has traced the path of a ray of light 
through a glass slab as follows. If you are asked 
to label 1, 2, 3, and 4, the correct sequencing of 
labelling ∠i, ∠e, ∠r, and lateral displacement, 
respectively is.

  

2

1

4

3

 (a) 2, 1, 3, 4  (b) 1, 2, 3, 4
 (c) 1, 3, 2, 4  (d) 1, 3, 4, 2
 [CBSE Board, Foreign Scheme, 2016]
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 Ans. Correct option : (c)
  Explanation : 1 is ∠i because it is the angle between 

incident light ray and normal at point of incidence, 
3 is ∠e because it is the angle between emergent ray 
and the normal at the point of emergence, 2 is ∠r 
because it is the angle between refracted ray and 
the normal at the point of incidence and 4 is lateral 
displacement because the emergent ray is laterally 
shifted parallel to the incident ray.

Q. 19. If you focus the image of a distant object, whose 
shape is given below, on a screen using a convex 
lens, the shape of the image of this object on the 
screen would be :

  

.
.. .

..

.
. . .

. .

.
..

 [CBSE Board, Delhi Region, 2017]
 Ans. Correct option : (c)
  Explanation : The incident rays will be parallel to 

principal axis and will converge at principal focus 
after reflection, so, the image formed will be real 
and inverted. Hence, option (c) is the correct choice.

Q. 20. The correct sequencing of angle of incidence, 
angle of emergence, angle of refraction, and lateral 
displacement shown in the following diagram by 
digits 1, 2, 3, and 4 is :

  

4

1

31

 (a) 2, 4, 1, 3  (b) 2, 1, 4, 3
 (c) 1, 2, 4, 3  (d) 2, 1, 3, 4
 [CBSE Board, Delhi Region, 2017]
 Ans. Correct option : (b)
  Explanation : 2 is ∠i because it is the angle between 

incident light ray and normal at point of incidence, 
1 is ∠e because it is the angle between emergent ray 
and the normal at the point of emergence, 4 is ∠r 
because it is the angle between refracted ray and 
the normal at the point of incidence and 3 is lateral 
displacement because the emergent ray is laterally 
shifted parallel to the incident ray.

Q. 21. Study the given ray diagrams and select the 
correct statement from the following :

  

X

Screen
20 cm

  

Y

Screen

20 cm

 (a) Device X is a concave mirror and device Y is a 
convex lens, whose focal lengths are 20 cm and 25 
cm, respectively. 

 (b) Device X is a convex lens and device Y is a concave 
mirror, whose focal lengths are 10 cm and 25 cm, 
respectively. 

 (c) Device X is a concave lens and device Y is a convex 
mirror, whose focal lengths are 20 cm and 25 cm, 
respectively. 

 (d) Device X is a convex lens and device Y is a concave 
mirror, whose focal lengths are 20 cm and 25 cm, 
respectively. [CBSE Board, All India Region, 2017]

 Ans. Correct option : (d)
  Explanation : The rays are parallel to principal 

axis and forming a highly diminished image after 
refraction and reflection which indicate that device 
X is convex lens and device Y is concave mirror and 
screens are placed at distance equal to respective 
focal lengths.

Q. 22. A student obtains a blurred image of a distant object 
on a screen using a convex lens. To obtain a distinct 
image on the screen he should move the lens 

 (a) away from the screen 
 (b) towards the screen 
 (c) to a position very far away from the screen 
 (d) either towards or away from the screen depending 

upon the position of the object
 [CBSE Board, All India Region, 2017]
 Ans. Correct option : (d)
  Explanation : The incident rays coming from the 

distant tree placed will be parallel to the principal 
axis and as we know the rays parallel to the 
principal axis, after refraction by convex lens, will 
pass through the principal focus. Hence, A distinct 
image will be obtained immediately when distance 
between screen and lens is equal to focal length, so 
option (d) is correct choice.

Q. 23. A student very cautiously traces the path of a ray 
through a glass slab for different values of the 
angle of incidence (∠i). He then measures the 
corresponding values of the angle of refraction 
(∠r) and the angle of emergence (∠e) for every 
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value of the angle of incidence. On analyzing 
these measurements of angles, his conclusion 
would be.

 (a) ∠i  > ∠r  > ∠e  (b) ∠i  = ∠e  > ∠r 
 (c) ∠i  < ∠r  < ∠e  (d) ∠i  = ∠e  < ∠r
 [CBSE Board, All India Region, 2017]
 Ans. Correct option : (b)
  Explanation : (Angle of incidence) ∠i = ∠e (angle 

of emergence) because the direction of incident ray 
and emergent ray is parallel to each other. ∠e >∠r 
(angle of refraction) because at point of emergence 
light is entering into optically rarer medium (air) 
from optically denser medium (glass), so light will 
bend away from the normal making the angle 
bigger.

Q. 24. Select from the following the best experimental 
set-up for tracing the path of a ray of light through 
a glass slab :

  
     (I) (II)

  
     (III) (IV)
 (a) I   (b) II
 (c) III  (d) IV
 [CBSE Board, Foreign Scheme, 2017]
 Ans. Correct option : (b)
  Explanation : The positions of pins are quite precise 

as they have sufficient space in between and also the 
angle of incidence is neither too high nor too low.

Q. 25. When you focus the image of a distant flag, whose 
shape is given below,   
on a screen using a convex lens, the shape of the 
image as it appears on the screen is

  
 (a)

   

(b)

 
 (c)

  

 (d) 

 [CBSE Board, Foreign Scheme, 2017]
 Ans. Correct option : (a)
  Explanation : Because the image formed will be real 

and inverted and location of image will be at focus.
Q. 26. An optical device has been given to a student and 

he determines its focal length by focusing the 
image of the sun on a screen placed 24 cm from 
the device on the same side as the sun. Select the 
correct statement about the device.

 (a) Convex mirror of focal length 12 cm
 (b) Convex lens of focal length 24 cm
 (c) Concave mirror of focal length 24 cm
 (d) Convex lens of focal length 12 cm
 [CBSE Board, Foreign Scheme, 2017] 
 Ans. Correct option : (c)
  Explanation : Because the screen is on the same 

side of the object which means it is never a lens 
because it happens behind the lenses in such case. 
Moreover, concave mirror forms real images, that 
is, image can be obtained on a screen. 

 Very Short Answer Type Questions (1 or 2 marks each)

Q. 1. Select from the following the best experimental 
set-up for tracing the path of a ray of light through 
a glass slab : 

  

  
 (a) I   (b) II
 (c) III  (d) IV
 [CBSE Board, Foreign Scheme, 2017] 

 Ans. Correct option : (d)
  Explanation : Among the given options, iv will be 

the most suitable setup for tracing a ray of light 
passing through a rectangular slab.

Q. 2. A ray of light travelling in air enters obliquely 
into water. Does the light ray bend towards the 
normal or away from the normal? Why?

 [NCERT Q. 1, Page 176]
 Ans. The light ray bends towards the normal. When a 

ray of light travels from an optically rarer medium 
to an optically denser medium, it gets bent towards 
the normal. Water (1.33) is optically denser than air 
(1.0003), a ray of light travelling from air into the 
water will bend towards the normal. [1]

Q. 3. Define 1 dioptre of power of a lens.
 [NCERT Q. 1, Page 184]
 Ans. Power of lens is defined as the reciprocal of its focal 

length. If P is the power of a lens of focal length F 
in meters, then
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P

in meters)
=

1
f (  [½]

  The S.I. unit of power of a lens is Dioptre. It is 
denoted by D.

  1 dioptre is defined as the power of a lens of focal 
length 1 metre.

  11 D=1 m−∴  [½]
Q. 4. Find the power of a concave lens of focal length 2 m.

 [NCERT Q. 3, Page 184]
 Ans. Focal length of concave lens, f = 2 m

  
Power of a lens, P

in meters)
=

1
f (  [½]

  
1 0.5 D
2

= = −
−

  Here, negative sign arises due to the divergent 
nature of concave lens. Hence, the power of the 
given concave lens is D. [1½]

Q. 5. Light enters from air to glass having refractive 
index 1.50. What is the speed of light in the glass? 
The speed of light in vacuum is 3 × 108 m s–1.

 [NCERT Q. 2, Page 176]
 Ans. Refractive index of a medium nm is given by,

  
n

c
vm = =

Speed of light in vacuum
Speed of light in the medium

  Speed of light in vacuum,
  8 13 10c ms−= ×  [1]
  Refractive index of glass, 
  1.50gn =

  Speed of light in the glass,

  
v

c
ng

= =
×

= × −3 10
1 50

2 10
8

8 1

.
ms

 [1]
Q. 6. Find out, from the given Table, the medium having 

highest optical density. Also find the medium 
with lowest optical density.

  Table : Absolute refractive index of some material 
media

Material 
Medium

Refractive 
Index

Material 
Medium

Refractive 
Index

Air 1.0003 Canada 
Balsam

1.53

Ice 1.31

Rock salt 1.54Water 1.33

Alcohol 1.36

Kerosene 1.44 Carbon 
disulphide

1.63

Fused 
quartz

1.46 Dense flint 
glass

1.65

Turpen-
tine oil

1.47 Ruby 1.71

Benzene 1.50 Sapphire 1.77

Crown 
glass

1.52 Diamond 2.42

 [NCERT Q. 3, Page 176]

 Ans. We know that, 
  Optical density ∝ Refractive index
  It can be observed from the Table that diamond 

and air, respectively have the highest and lowest 
refractive index. Therefore, diamond has the 
highest optical density and air has the lowest 
optical density. [1]

Q. 7. You are given kerosene, turpentine and water. In 
which of these does the light travel fastest? Use 
the information given in Q. 74.

 [NCERT Q. 4, Page 176]

 Ans. Speed of light in a medium is given by the relation 
for refractive index (nm). The relation is given as :

  
n

c
vm

Speed of light in vacuum
Speed of light in the medium

= =

  
v

c
n

=
m

  
⇒ ∝v

n
1

m  [1]

  It can be inferred from the relation that light will 
travel the slowest in the material which has the 
highest refractive index and travel the fastest in the 
material which has the lowest refractive index. It 
can be observed from the Table that the refractive 
indices of kerosene, turpentine, and water are 1.44, 
1.47, and 1.33, respectively. Therefore, light travels 
the fastest in water. [1]

Q. 8. The refractive index of diamond is 2.42. What is 
the meaning of this statement?

 [NCERT Q. 5, Page 176]

 Ans. Refractive index of a medium nm is related to the 
speed of light in that medium v by the relation :

  
n

c
vm = =

Speed of light in vacuum
Speed of light in the medium  [1]

  Where, c is the speed of light in vacuum/air

  The refractive index of diamond is 2.42. This 
suggests that the speed of light in diamond will 
reduce by a factor 2.42 compared to its speed in air.
 [1]

Q. 9. A convex lens forms a real and inverted image of 
a needle at a distance of 50 cm from it. Where is 
the needle placed in front of the convex lens if the 
image is equal to the size of the object? Also, find 
the power of the lens. [NCERT Q. 2, Page 184]

 Ans. When an object is placed at the centre of curvature, 
2F1, of a convex lens, its image is formed at the 
centre of curvature, 2F2, on the other side of the 
lens. The image formed is inverted and of the same 
size as the object, as shown in the given figure.
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Q

2F
1 F

1
F

2O 2F
2

 [1]

  It is given that the image of the needle is formed at 
a distance of 50 cm from the convex lens. Hence, 
the needle is placed in front of the lens at a distance 
of 50 cm.

  Object distance, u = -50 cm
  Image distance, v = 50 cm
  Focal length = f
  According to the lens formula,

  

1 1 1
v u f

− =
 

  

1 1
50

1
50

1
25f

= −
−

=
( )

  f = 14 cm = 0.25 m

  
Power of lens, 

in meters)
DP = = = +

1 1
0 25

4
f ( .

  Hence, the power of the given lens is +4 D. [1]

Q. 10. One-half of a convex lens is covered with a black 
paper. Will this lens produce a complete image 
of the object? Verify your answer experimentally. 
Explain your observations.

 [NCERT Ex. Q. 9, Page 186]

 Ans. The convex lens will form complete image of an 
object, even if it’s one half is covered with black 
paper. It can be understood by the following two 
cases.

  Case I : When the upper half of the lens is covered
  In this case, a ray of light coming from the object 

will be refracted by the lower half of the lens. These 
rays meet at the other side of the lens to form the 
image of the given object, as shown in the following 
figure.

 

2F
1

A

B

2F
2

F
2

F
1

O

A'

B'

 [1]
  Case II : When the lower half of the lens is covered
  In this case, a ray of light coming from the object is 

refracted by the upper half of the lens. These rays 
meet at the other side of the lens to form the image 

of the given object, as shown in the following 
figure.

 

B

2F
1

A

F
2

O 2F
2

F
1

A'
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 [1]
Q. 11. A concave lens of focal length 15 cm forms an 

image 10 cm from the lens. How far is the object 
placed from the lens? Draw the ray diagram.

 [NCERT Ex. Q. 11, Page 186]
 Ans. Focal length of concave lens (OF1), f = -15 cm
  Image distance, v = -10 cm
  According to the lens formula,

  

1 1 1

1 1 1 1
10

1
15

1
10

1
15

3 2
30

1
30

v u f

u v f

− =

= − =
−

−
−

=
−

+ =
− +

= −
( )  

  u = – 30 cm [1]
  The negative value of u indicates that the object is 

placed 30 cm in front of the lens. This is shown in 
the following ray diagram.

  

F
1

D
A

B

B’

(10 )cm

(15 )cm

30 cm

Concave lens

Principal axisC

A’

 [1]
Q. 12. Find the focal length of a lens of power -2.0 D. What 

type of lens is this? [NCERT Ex. Q. 16, Page 186]

 Ans.
 

Power of lens, P
in meters)

=
1

f (

  P = –2D

  
f =

−
−

1
2

0 5=  m .

  A concave lens has a negative focal length. Hence, 
it is a concave lens. [1]

Q. 13. A doctor has prescribed a corrective lens of power 
+1.5 D. Find the focal length of the lens. Is the 
prescribed lens diverging or converging?

 [NCERT Ex. Q. 17, Page 186]
Ans. Power of lens, P = + 1.5 D

    P =
 

1
F

  1.5 = 1
F
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    F = 1
1 5.

    F = 10
15

    F =+0.67 m [1]
Q. 14. Consider the following diagram in which M is a 

mirror and P is an object and Q is its magnified 
image formed by the mirror.

  
C F

P

O

M Q

  State the type of the mirror M and one characteristic 
property of the image Q.

 [CBSE Board, Delhi Region, 2016] 
Ans. (i) Concave mirror
 (ii) Image formed is virtual [1]

 Short Answer Type Questions (2 or 3 marks each)

Q. 1. Identify the device used as a spherical mirror or 
lens in following cases, when the image formed is 
virtual and erect in each case.

 (a) Object is placed between device and its focus, 
image formed is enlarged and behind it.

 (b) Object is placed between the focus and device, 
image formed is enlarged and on the same side as 
that of the object.

 (c) Object is placed between infinity and device, image 
formed is diminished and between focus and 
optical centre on the same side as that of the object.

 (d) Object is placed between infinity and device, 
image formed is diminished and between pole and 
focus, behind it. [NCERT Exemp. Q. 20, Page 83]

 Ans. (a) Concave mirror
 (b) Convex lens
 (c) Concave lens
 (d) Convex mirror [2]
Q. 2. Why does a light ray incident on a rectangular 

glass slab immersed in any medium emerges 
parallel to itself? Explain using a diagram.

 [NCERT Exemp. Q. 21, Page 83]
 Ans. Due to variation in speed of light in different 

medium, light bends as it moves from one medium 
to another. Since, there are two surfaces for reaction 
which are parallel the light ray should bend in 
opposite sense in them equally, the emerging light 
ray is always parallel to the incident ray. [1½]

  

Normal
N

N'

A

Incident ray
P

S AIR

GLASS

O
i

AIR

N;
Normal

B

N1

R
efracted

ray

Q

R

Rectangular
glass slab

Direction off
original ray

Lateral
displacementC

D
e

 [1½]

Q. 3. A pencil when dipped in water in a glass tumbler 
appears to be bent at the interface of air and water. 
Will the pencil appear to be bent to the same extent, 
if instead of water we use liquids like, kerosene or 
turpentine? Support your answer with reason.

 [NCERT Exemp. Q. 22, Page 83]
 Ans. No, it will depend on the refractive index of the 

liquid in which the pencil is dipped. The tip at the 
bottom will get elevated as per the relation.

  
Refractive Index ( )=

real depth
apparent depth

n
 [2]

Q. 4. How is the refractive index of a medium related 
to the speed of light? Obtain an expression for 
refractive index of a medium with respect to 
another in terms of speed of light in these two 
media? [NCERT Exemp. Q. 23, Page 83]

 Ans. Refractive index compares the speed of light 
in a particular medium with the speed of light 
in vacuum. It measures the optical density of a 
medium. It should not be confused with the mass 
density of the medium.

  For turpentine oil, it’s mass density is less than 
water but optical density is more than that of water.

  

Refractive index ( )
(speed of light in vacuum)

(speed o

µ

=
c 

v ff light in any medium)

  for vacuum, refractive index = 1
  This relation is also used in Snell’s law.
  Let the refractive index of medium1 be u1 ...and the 

speed of light in medium1 be v1.

  Therefore, u
c
v1

1

=   ...(i)

  Similarly,
  Let the refractive index of medium2 be u2 ...and the 

speed of light in medium2 be v2.

  Therefore, u
c
v2

2

=   ...(ii)

  Now, 
  ⇒ u1 sin i = u2 sin r

  ⇒ 
sin
sin

i
r

u
u 

= 2

1
 (Using equation (i) and (ii))
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  ⇒ 
sin
sin

�
i
r

c
v

v
c

= ×
2

1 

  ⇒ 
sin
sin

�
i
r

v
v

= 1

2

 [3]

Q. 5. Refractive index of diamond with respect to glass 
is 1.6 and absolute refractive index of glass is 1.5. 
Find out the absolute refractive index of diamond.

 [NCERT Exemp. Q. 24, Page 83]
 Ans. Given that, [1]

                    

1 6
1 5

1 5 1 6 2 3

dg

g

d
dg

g

d dg g

n

n

n
n

n

n n n

.

.

. . .

=

=

=

= × = × =  [1]

Q. 6. A convex lens of focal length 20 cm can produce 
a magnified virtual as well as real image. Is this 
a correct statement? If yes, where shall the object 
be placed in each case for obtaining these images?

 [NCERT Exemp. Q. 25, Page 84]
 Ans. Yes, for getting virtual image the object has to be 

placed between the optical centre and the focus. 
For real and enlarged image, the object should be 
placed between F and 2F. [2]

Q. 7. Sudha finds out that the sharp image of the 
window pane of her science laboratory is formed 
at a distance of 15 cm from the lens. She now 
tries to focus the building visible to her outside 
the window instead of the window pane without 
disturbing the lens. In which direction will she 
move the screen to obtain a sharp image of the 
building? What is the approximate focal length of 
this lens? [NCERT Exemp. Q. 26, Page 84]

 Ans. As the image formed is real, therefore, the lens in 
use is convex lens. The distance of the real image 
formed by a convex lens from the lens decreases 
as the object distance from the lens increases. 
Hence, the screen has to be moved towards the 
lens to obtain the sharp image of the building. 
Approximate focal length of the lens = 15 cm as 
the rays of light coming from the window pane 
are considered to come from infinity These rays of 
light are focused by the convex lens at its focus (i.e., 
on the screen).  [2]

Q. 8. How are power and focal length of a lens related? 
You are provided with two lenses of focal length 
20 cm and 40 cm respectively. Which lens will you 
use to obtain more convergent light?

 [NCERT Exemp. Q. 27, Page 84]
 Ans. The power of a lens is related to its focal length as  

P = 
1
f  (in m).

  More the power of a lens more is its converging 
power. Thus, the lens of shorter focal length will 
have more converging power. [2]

Q. 9. Draw a ray diagram showing the path of rays of 
light when it enters with oblique incidence 

 (i) from air into water; 
 (ii) from water into air.
 [NCERT Exemp. Q. 29, Page 84]

 Ans. (i) When ray of light enters from air into water, it 
bends towards the normal as shown :

Normal

Air
Water

Refracted ray

Angle of
refraction

90°

Angle of
incidence

incidence ray

Boundary

 [1½]
 (ii) When ray of light enters from water into air, it 

bends away from the normal as shown  :

  

Normal

incidence ray

Water
Air

Refracted ray

r

i

 [1½]
Q. 10. The magnification of an image formed by a lens 

is –1. If the distance of the image from the optical 
centre of the lens is 25 cm, where is the object 
placed? Find the nature and focal length of the 
lens. If the object is displaced 15 cm towards the 
optical centre of the lens, where would the image 
be formed? Draw a ray diagram to justify your 
answer. [CBSE Board, Foreign Scheme, 2017] 

 Ans. The magnification is -1 which suggests that the 
image formed is real, inverted and of the same size 
as the object, which is possible only if the lens is 
convex in nature and the object is kept at and 2f on 
one side of the lens and the image is obtained at 2f 
on the other side of the mirror. [1]

  Now distance between the image and the object in 
the above mentioned case = 2 × distance between 
lens and the object or image

  60 = 2v
    v = 30 cm
  or,
  u = -30 cm (using proper sign conventions)
  since the image is formed at 2f, it means the radius 

of curvature = R = 30 cm
  then,

  f = R
2

  f = 30
2

 = 15 cm

  Now, If the object is moved 20 cm towards the 
lens then, it will be kept between the pole and the 
focus and hence, the image formed will be on the 
same side as that of the object and it will be erect 
enlarged and virtual. [1]
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2f f

 
[1]

Q. 11. An object is placed at a distance of 30 cm from 
a concave lens of focal length 15 cm. List four 
characteristics (nature, position, etc.) of the image 
formed by the lens.

 [CBSE Board, All India Region, 2017] 
 Ans.          u=-30 cm f = -15 cm  

  

1
f  

=
 

1 1
v u

−

  

1
v  

=
 

1 1
f u

+

  on substituting v = -10 cm

  m =
 

v
u

  m =
 

−
−
10
30

  m =
 

1
3

 = .33

  so the magnification is positive so it is a virtual erect 
image. m is less  than 1 so the image is  diminished 
and v is negative so the image is formed on the 
same side of the lens. [2]

Q. 12. (a) Draw a ray diagram to show the refraction 
of light through a glass slab and mark angle of 
refraction and the lateral shift suffered by the ray 
of light while passing through the slab.

 (b) If the refractive index of glass for light going from 
air to glass is 3/2, find the refractive index of air for 
light going from glass to air.

 [CBSE Board, Delhi Region, 2016]
 Ans. (a)

  

in
cid

e
n
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y
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E
m

e
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e
n
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3
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9
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°
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 [1]

 (b)      ang=
3
2

       So gna=
1 1

3 2
a

an
=

( / )  
=

 

2
3

  Alternatively,

    

C
C

air

glass
=3/2

  So,
 

C

C
glass

air
=2/3 [1]

Q. 13. To find the image distance for varying object 
distances in case of a convex lens of focal length 
15 cm, a student obtains on a screen a sharp image 
of a bright object by placing it at 20 cm distance 
from the lens. After that he gradually moves the 
object away from the lens and each time focuses 
the image on the screen.

 (a) In which direction-towards or away from the lens 
does he move the screen to focus the object?

 (b) How does the size of image change?
 (c) Approximately at what distance does he obtain 

the image of magnification –1?
 (d) How does the intensity of image change as the 

object moves farther and farther away from the 
lens? [CBSE Board, Foreign Scheme, 2016]

 Ans. (a) Towards the lens. [½]
 (b) Size decreases gradually. [½]
 (c) Nearly 30 cm from the lens. [½]
 (d) Intensity of the image gradually increases.  [½]
Q. 14. The image of an object formed by a mirror is real, 

inverted and is of magnification -1. If the image 
is at a distance of 40 cm from the mirror, where 
is the object placed? Where would the image be 
if the object is moved 20 cm towards the mirror? 
State the reason and also draw diagram for the 
new position of the object to justify your answer?

 [CBSE Board, All India Region, 2016]
 Ans. Object position : At C (Centre of curvature). [½]
  Object distance = 40 cm  [1]
  Position of the image : at infinity  [1]
  Reason : Focal length of the mirror = 20 cm [½]
  If the object is moved 20 cm towards the mirror, 

then its new position would be at the focus of the 
mirror. [½]

  

PFC

20 cm

40 cm

[½]
Q. 15. An object of height 2.5 cm is placed at a distance of 

15 cm from the optical centre ‘O’ of a convex lens 
of focal length 10 cm. Draw a ray diagram to find 
the position and size of the image formed. Mark 
optical centre ‘O’ principal focus F and height of 
the image on the diagram.

 [CBSE Board, All India Region, 2016]
 Ans. In the ray diagram object size = AB = 2.5 cm, the 

focal length = CF, f = 10 cm, Object Distance=CB, 
u = –15 cm, so the image at distance v is formed at :
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  Lens Formula : 
1 1 1
f v u

= −

  

1
10

1 1
15

= −
−v

  

1 1
10

1
15

1
30v

= − =

  v = 30 cm

  We know that : I
O

v
u

=

  So I
2 5

30
15.

=
−

  I = – 2 × 2.5 = – 5 cm [2]
  Therefore, the image is formed by the convex lens 

at a distance of 30 cm on the other side of the lens 
which is real, inverted and magnified image of the 
size 5 cm.

  

Convex
lens

DA

B2F' F' F 2F

B'

A'

C

f

2f Image
(Real, Inverted
and magnified) [1]

Q. 16. What is meant by power of a lens? What does its 
sign (+ve or –ve) indicate? State its S.I. unit. How 
is this unit related to focal length of a lens?

 [CBSE Board, Delhi Region, 2016]
 Ans. (i) Ability of lens to converge or diverge the light 

rays. [1]
 (ii) +ve sign converging lens/ convex lens −ve sign 

diverging lens/ concave lens [1]
 (iii) S.I. unit – Dioptre
  1 Dioptre = 1/ focal length (1 m). [1]
Q. 17. The linear magnification produced by a spherical 

mirror is +3. Analyse this value and state the 
 (i) type of mirror and 
 (ii) position of the object with respect to the pole of 

the mirror. 
  Draw ray diagram to show the formation of image 

in this case. [CBSE Board, Foreign Scheme, 2016]
 Ans. (i) Concave mirror  [1]
 (ii) Between the pole and focus.

  

T'

S'

V

S

3

2

C F
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 [1]
Q. 18. Draw the following diagram, in which a ray of light is incident on a concave/convex mirror, on your answer 

sheet. Show the path of this ray, after reflection, in each case. [CBSE Board, Delhi Region, 2016]

  
F F F

 

Ans.

 

FFF

Q. 19. The refractive indices of glass and water with 
respect to air are 3/2 and 4/3 respectively. If speed 
of light in glass is 2×108 m/s. Find the speed of 
light in water. [CBSE Board, Delhi Region, 2016]

 Ans. Refractive index of a medium is defined as the ratio 
of speed of light in vacuum to speed of light in the 
medium.

  Given that, vg = 2 × 108 m
s

  Let velocity in vacuum = v

  refractive index of glass is, ng 
3
2

. 

   ng = 
v
vg

  

3
2  

= 
v

( )2 108×

      v = ( )3 3 10
2

8× ×

 
= 3 × 108 m

sec

  Now, nw = 
v

vw

       

4
3

 = 
( )3 108×

vw

        vw = ( )3 3 10
4

8× ×

 
= 2.25 × 108 m

s

  so the speed of light in water will be 2.25 × 108 m/sec
Q. 20. Analyse the following observation table showing 

a variation of image distance (v) with object 
distance (u) in the case of a convex lens and 
answer the questions that follow, without doing 
any calculations : 
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S. No. Object Distance 
u (cm)

Image Distance 
v (cm)

(i) -90 +18

(ii) -60 +20

(iii) -30 +30

(iv) -20 +60

(v) -18 +90

(vi) -10 +100
 (a) What is the focal length of the convex lens? Give 

reason in support of your answer.
 (b) Write the serial number of that observation 

which is not correct. How did you arrive at this 
conclusion?

 (c) Take an appropriate scale to draw a ray diagram 
for the observation at S. No. 4 and the approximate 
value of magnification. 

 [CBSE Board, Foreign Scheme, 2017]
 Ans. (a) From serial number 3, we can say that the 

radius of curvature of the lens is 30 cm because 
when an object is placed at the centre of curvature 
of a convex lens its image is formed on the other 
side of the lens at the same distance from the lens. 
And, we also know that focal length is half of the 
radius of curvature. Thus, the focal length of the 
lens is + 15 cm. [1]

 (b) Serial number 6 is not correct as the object distance 
is between focus and pole so for such cases the 
image formed is always virtual but in this case, 
a real image is forming as the image distance is 
positive. [1]

 (c) Approximate value magnification for object 
distance – 20 cm and image distance + 60 cm is 3.
 [1] 

Q. 21. A student focuses the image of a candle flame, 
placed at about 2 m from a convex lens of focal 
length 10 cm, on a screen. After that he moves 

gradually the flame towards the lens and each 
time focuses its image on the screen. 

 (a) In which direction does he move the lens to focus 
the flame on the screen? 

 (b) What happens to the size of the image of the flame 
formed on the screen? 

 (c) What difference is seen in the intensity (brightness) 
of the image of the flame on the screen? 

 (d) What is seen on the screen when the flame is very 
close (at about 5 cm) to the lens?

 [CBSE Board, All India Region, 2017] 
 Ans. (a) As the candle is moved towards the lens, the 

image distance increases. Thus, the student moves 
the lens away from the screen to focus the image. [1]

 (b) The size of the image increases when the object is 
moved towards the lens. [½]

 (c) Intensity decreases. [½]
 (d) When the candle is moved very close to the lens, 

no image is formed on the screen. A virtual image 
is formed behind the candle on the same side of the 
screen. [1]

Q. 22. A student places a candle flame at a distance of 
about 60 cm from a convex lens of focal length 10 
cm and focuses the image of the flame on a screen. 
After that he gradually moves the flame towards the 
lens and each time focuses the image on the screen.

 (a) In which direction-toward or away from the lens, 
does he move the screen to focus the image? 

 (b) How does the size of the image change? 
 (c) How does the intensity of the image change as the 

flame moves towards the lens? 
 (d) Approximately for what distance between the 

flame and the lens, the image formed on the 
screen is inverted and of the same size?

 [CBSE Board, Delhi Region, 2017]
 Ans. (a) away from the lens
 (b) size increases.
 (c) Intensity decreases.
 (d) about 20 cm [2]

 Long Answer Type Questions (5 marks each)

Q. 23. An object 5 cm in length is held 25 cm away from 
a converging lens of focal length 10 cm. Draw the 
ray diagram and find the position, size and the 
nature of the image formed.

 [NCERT Ex. 10, Page 186;] 
 [CBSE, Delhi Board, 2016]

 Ans. Given, height of object = 5 cm
  Position of object, u = - 25 cm
  Focal length of the lens, f = 10 cm
  Hence, position of image, v =?
  We know that,
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v u
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1
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      So,
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       S0, 1
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  That is, 1
v  

=
 

3
50

       So, v=
 

50
3

 = 16.66 cm

  Thus, distance of image is 16.66 cm on the opposite 
side of lens.

  Now, magnification = v/u

  That is, m = 16.66/-25 = -0.66

  Also, m= height of image/height of object

  Or, -0.66 = height of image / 5 cm

  Therefore, height of image = -3.3 cm

  The negative sign of height of image shows that an 
inverted image is formed.
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  Thus, position of image = At 16.66 cm on opposite 
side of lens

  Size of image = - 3.3 cm at the opposite side of lens

2F
1

A F
1

F
2

2F
2

B

O

25 cm 16.66 cm

}3.3 cm

  Nature of image : Real and inverted. [5]
Q. 24. (a) Draw a ray diagram to show the formation of 

image by a convex lens when an object is placed 
in front of the lens between its optical centre and 
principal focus.

 (b) In the above ray diagram mark the object-distance 
(u) and the image-distance (v) with their proper 
signs (+ve or – ve as per the new Cartesian sign 
convention) and state how these distances are 
related to the focal length (f) of the convex lens in 
this case.

 (c) Find the power of a convex lens which forms a 
real, and inverted image of magnification –1 of an 
object placed at a distance of 20 cm from its optical 
centre. [CBSE Board, Delhi Region, 2016]

 Ans. (a) when an object placed in front of the lens 
between its optical centre and principal focus, the 
image is formed beyond 2F1  and the ray diagram 
will be —

  

Q'

P'

2F
1

F
1

P

Q

2F
2

F
2

 [1½]
 (b) The object distance, u and the image distance, v are 

shown in the figure. Since both the image and the 
object lie in a direction opposite to the direction to 
the direction of incoming rays the magnitude will 
be negative for both.

  

A'

B'

2F F B

A

P F 2F

(-u)

(-v)

  The relation between u, v and f is given by the lens 
formula,

  

1 1 1
f v u
= =

  Since both u and v are negative,

  

1 1 1
f v u(- ) (- )
= −

  

1 1 1
f v u
= − +

  

1 1 1
f u v
= −

 [2]
 (c)  m =-1, u= -20 cm, v=?, f=?
  We know that

   m = v
u

  ⇒ v =+20 cm
  Thus, object is at 2F,
  That is, 
   2f =10 cm=0.1 m

   P =
1
f  

= 1
0 1.

=+10 D [1½]

Q. 25. Analyse the following observation table showing 
variation of image-distance (v) with object-
distance (u) in case of a convex lens and Answer 
the questions that follow without doing any 
calculations :

S. 
No.

Object Distance 
u (cm)

Image Distance 
v (cm)

(i) -110 +25

(ii) -60 +30

(iii) -40 +40

(iv) -30 +60

(v) -25 +100

(vi) -15 +120
 (a) What is the focal length of the convex lens? Give 

reason to justify your answer. 
 (b) Write the serial number of the observation which 

is not correct. On what basis have you arrived at 
this conclusion? 

 (c) Select an appropriate scale and draw a ray 
diagram for the observation at S.No.2. Also find 
the approximate value of magnification.

 [CBSE Board, All India Region, 2017]
 Ans. (i) From the observation 3, we can say that Radius 

of curvature is 40 cm so focal length of the convex 
lens is 20 cm.[f=R/2]. [1]

 (ii) Observation 6 is incorrect, as the object is in 
between P and F, the image formed will be virtual 
image on the same side of object, image distance 
should be negative. [1]

 (iii) Ray diagram for observation 3 : object beyond C 
 [1]

 (iv) magnification = m = v/u, m=30/-60=-1/2= -0.5, so 
the image is real, inverted and diminished.
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B' C
2

2F
2

2F
1

F
1

O

B
C

1

A C

M

F
2

N

f

u v

A'

 [2]
Q. 26. (a) Draw a ray diagram to show the formation of 

image by a concave lens when an object is placed 
in front of it.

 (b) In the above diagram mark the object-distance 
(u) and the image-distance (v) with their proper 
signs (+ve or –ve as per the new Cartesian sign 
convention) and state how these distances are 
related to the focal length (f ) of the concave lens 
in this case.

 (c) Find the nature and power of a lens which forms 
a real and inverted image of magnification –1 at a 
distance of 40 cm from its optical centre.

 [CBSE Board, Delhi Region, 2016]
Ans. (a)

  

A

2F1
B F1

A'

B'

M

O

 (b) Relation : 
1
f  

= 1
v  

− 1
u

 (c) As m = – v
u

, Hence the lens is convex

  So m = v
u

, 

  ⇒v = –u
  Thus object is at 2f
  2f = 40 cm
   F = 20 cm = 0.2 m

   P = 1
F

 = 1
0 2.  

= +5 D (Convex lens)

Q. 27. (a) Define optical centre of a spherical lens.
 (b) A divergent lens has a focal length of 20 cm. At 

what distance should be height 4 cm from the 
optical centre of the lens be placed so that its 
image is formed 10 cm away from the lens. Find 
the size of the image also.

 (c) Draw a ray diagram to show the formation of 
image in above situation

 [Delhi All India Region, 2016]
 Ans. (a) Optical centre : It is the central point of the 

lens through which a ray of light passes without 
suffering any deviation. [1]

 (b) Given that,
  Focal length, f = -20 cm

  Height of the object, ho = 4 cm
  Image distance, v = -10 cm
  Now, using the lens formula,

  

1 1 1

1 1
10 20
1 1

10 20
2 1
20
1

20

f v u
= −

−
= −
− −
−

= +

− +
=

−
=

  20u  cm= −
  Therefore, object is at a distance of 20 cm on the left 

side of the lens.
  Size of the object is given by :

  
hi =

 

v
u  

ho

  

-
-

10
20

4× = 2 cm [2]

 (c) The ray diagram is as given below :

    

4 cm

F
1

20 cm

O F2

 [2]
Q. 28. At what distance from a concave lens of focal 

length 20 cm a 6 cm tall object be placed so as 
to obtain its image at 15 cm from the lens? Also 
calculate the size of the image formed.

  Draw a ray diagram to justify your answer for the 
above situation and label it.

 [CBSE Board, Foreign Scheme, 2016]
 Ans. f = – 20 cm; h1 = 6 cm; v = – 15 cm; u = ?

  Lens Formula : 
1
f  =

 

1 1
v u

−

  ⇒ u = 
vf

f v−
=

− × + −
− − −
15 20
20 15

cm cm
cm cm( )

          = – 60 cm
  Object at 60 cm from the lens

     h2 = v
u

h× 1
 = -

-
15 cm
60 cm

× 6

         = + 1.5 cm diminished erect

A

B F1 B'

A'

O

M

N

2F1
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Q. 29. Analyse the following observation table showing 
variation of image-distance (v) with object-
distance (u) in case of a convex lens and answer 
the questions that follow without doing any 
calculations :

S. 
No.

Object-distance 
u(cm)

Image-distance 
v (cm)

(i) –60 +12

(ii) –30 +15

(iii) –20 +20

(iv) –15 +30

(v) –12 +60

(vi) –9 +90

 (a) What is the focal length of the convex lens? State 
reason for your answer.

 (b) For what object-distance (u) is the corresponding 
image-distance (v) not correct? How did you 
arrive at this conclusion?

 (c) Choose an appropriate scale to draw a ray diagram 
for the observation at S. No. 4 and find the 
approximate value of magnification.

 [CBSE Board, Foreign Region, 2017]
 Ans. (a) Observation no 3, indicates u =– 20 cm v = + 20 cm
  It suggests that object is at 2F
  Therefore, f = + 10 cm [2]
 (b) Observation no 6, because, here :
  u = - 9 cm
  Thus, object is between ‘O’ and ‘F’  
  Hence, image distance should be negative NOT 

positive
  Approximate value of magnification 

  m =
 

v
u

= =
30
15

2 .

1 cm

A

B

O F B’

2 cm

A’

15 cm

30 cm

 [3]
Q. 30. Draw ray diagrams showing the image formation 

by a convex lens when an object is placed
 (a) between optical centre and focus of the lens.
 (b) between focus and twice the focal length of the lens.
 (c) at twice the focal length of the lens.
 (d) at infinity.
 (e) at the focus of the lens.
 [NCERT Exemp. Q. 31, Page 84]
 Ans. (a) The enlarged, virtual and erect image forms 

beyond 2F1 in the same side of object when the 
object is placed between optical centre and focus 
F1 of the lens.

          

M

A'

B' 2F1 F1 B

A

O F2 2F2

C1

C2

N  [1]
 (b) The enlarged, real and inverted image forms 

beyond 2F2 on the other side of the object when 
the object is placed between focus F1 and twice the 
focal length of the lens.

B

2F
1

B

F

O

2F
2

F
1

B'

A'

  [1]
 (c) The real and inverted image of equal to the size of 

object forms at 2F2 on the other side of the object 
when the object is placed at twice the focal length 
of the lens.

  

AA

A�

B�
O

2F12F1 F1

F2 2F2

 [1]
 (d) The real, inverted and highly reduced image forms 

at focus F2 on the other side of the object when the 
object is placed at infinity.

  

2F
1

F
1

2F
2

F
2

O

[1]
 (e) The real, inverted and highly magnified image 

forms at infinity on the other side of the object 
when the object is placed at the focus of the lens.

          

2F
1

F
1

C
1

O F
2

2F
2

C
2

N

M

 [1]
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Q. 31. Write laws of refraction. Explain the same with 
the help of ray diagram, when a ray of light passes 
through a rectangular glass slab.

 [NCERT Exemp. Q. 32, Page 84]
 Ans. Laws of refraction of light are :
 (i) The incident ray, the refracted ray and the normal 

to the interface of two transparent media at the 
point of incidence, all lie in the same plane.

 (ii) The ratio of sine of angle of incidence to the sine 
of angle of refraction is constant, for the light of a 
given wavelength and for the given pair of media. 
This law is also known as Snell’s law of refraction. 
The constant is also known as refractive index.

  The ray diagram is as shown below :

  

Normal

OP

Rectangular
glass salb Glass

Air Q

RS

O

r

i

  In the glass slab, the emergent rays are parallel 
to the incident ray because the extant of bending 
of the ray of light at the opposite parallel faced of 
rectangular glass slab are equal and opposite, so 
that emergent ray is parallel to incident ray. [5]

Q. 32. Draw ray diagrams showing the image formation 
by a concave lens when an object is placed

 (a) at the focus of the lens.
 (b) between focus and twice the focal length of the lens.
 (c) beyond twice the focal length of the lens.
 [NCERT Exemp. Q. 33, Page 85]
 Ans. (a) The image formation by a concave lens when 

an object is at the focus of the lens

  

Object

ImageF O

 [2] 
 (b) The image formation by a concave lens when an 

object is between focus and twice the focal length 
of the lens.

           

A

A'

B B' C2F F F 2F

 [1½]
 (c) The image formation by a concave lens when an 

object is beyond twice the focal length of the lens.

  

P 2F
1

Q

F
1

O F
2

2F
2

P'

Q'

 
[1½]

Q. 33. The image of a candle flame formed by a lens is 
obtained on a screen placed on the other side of 
the lens. If the image is three times the size of the 
flame and the distance between lens and image 
is 80 cm, at what distance should the candle be 
placed from the lens? What is the nature of the 
image at a distance of 80 cm and the lens?

 [NCERT Exemp. Q. 35, Page 85]
 Ans. The image is real as only the real image can be 

taken on the screen.
  Here, image distance, v=+80 cm
  Magnification, m=–3
  Object distance, u=?
  Now, magnification, 

  
m

v
u u

u= ⇒ − = =
−

3
80 80

3
or cm

 [2½]
  Nature of image will be real, magnified, and 

inverted. The image will be formed beyond 2f.
  By using lens formula,

  

1 1 1

1 1
80

3
80

1
20

20

v u f

f
f

− =

⇒ = −
−

= =or  cm

  Focal length is positive so, the lens is convex. [2½]
Q. 34. Define power of a lens. What is its unit? One 

student uses a lens of focal length 50 cm and 
another of –50 cm. What is the nature of the lens 
and its power used by each of them?

 [NCERT Exemp. Q. 37, Page 85]
 Ans. Power of lens is defined as the ability of a lens to 

bend the light rays. It is given by the reciprocal of 
focal length of the lens in meter. Its unit is dioptre.

  Focal length = f = 50 cm, then P = 100/f = 100/ 50 
= 2 D, lens is convex. [2½]

  If focal length = f = – 50 cm, then P = 100/f  
= 100/ -50 = -2 D, lens is concave. [2½]

Q. 35. A student focused the image of a candle flame 
on a white screen using a convex lens. He noted 
down the position of the candle, screen and the 
lens as under

  Position of candle = 12.0 cm
  Position of convex lens = 50.0 cm
  Position of the screen = 88.0 cm
 (i) What is the focal length of the convex lens?
 (ii) Where will the image be formed if he shifts the 

candle towards the lens at a position of 31.0 cm?
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 (iii) What will be the nature of the image formed if he 
further shifts the candle towards the lens?

 (iv) Draw a ray diagram to show the formation of the 
image in case (iii) as said above.

 [NCERT Exemp. Q. 38, Page 85]
 Ans. Let f be the focal length of the convex lens. The 

distance of object should be measured from pole of 
the lens.

  Distance of candle (or object) 
  = Position of convex lens – Position of candle 
  = 50 – 12 = 38 cm.
  Now, by sign convention, distance of candle (or object) 

= u = – 38 cm
  Similarly, distance of candle’s image 
  = position of the screen – position of convex lens 
  = 88 – 50 = 38 cm
  By sign convention, distance of candle’s image 
  = v = + 38 cm [2]
 (i) Using lens formula,

  

1 1 1− =
v u f

  

1 1 3 1
19

38 38 19
= − = ⇒ =

−
  cmf

f  [1]
  The focal length of the convex lens is 19 cm.

 (ii) When the candle is shifted towards the lens at a 
position of 31.0 cm. Then, new object distance  
= position of convex lens — position of candle  
= 50 – 31 = 19

  By sign convention, u = – 19 cm.
  Now, focal length of the convex lens = 19 cm.  It 

means, the candle lays at the focus of lens, hence 
its image is formed at infinity. [1]

 (iii) When he further shifts the candle towards the lens. 
This means candle lies between optical centre and 
focus of convex lens, so, magnified, virtual and 
erect image of the candle will be formed. [1]

 (iv) The ray diagram of image formation is given 
below :

 

A'

Image

B' 2F1
C1

F1 B

Object

N

M

O F2 2F2

C2

 
 [1]

 Some Commonly Made Errors
Ø Students get confused to differentiate between the types of lens.
Ø Students do not study the correct method of refraction and reflection of light.
Ø Generally, students get confused with the term ‘Refraction and Reflection’ of white light.

 EXPERT ADVICE
☞ Students have to understand the image formation of concave and convex mirror image.
☞ Try to understand the concept of all types of mirrors, lens and glass slabs.
☞ Use ray diagram to explain – working of lens, glass slab and mirrors.
☞ Don’t skip any important topics like – applications of reflection and refraction of light in daily uses experiment, etc.
☞ Try to explain your answer by making suitable diagram.
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