
Chapter 1

Light

Chapter-1-syllabus
1. Recapitulation of reflection of light, reflection from spherical mirror, idea of

real and virtual image, mirror formula, (mirror formula to be assumed), sign
convention, nature, position and size of images for di�erent positions of object.
(2 hrs)

2. Refraction of light, Refractive index, critical angle, total internal reflection, re-
lation between critical angle and refractive index, Optical fibre: Application of
principle of T.I.R., core, cladding and acceptance angle. (2 hrs)

3. Refraction through prism, minimum deviation. Relation between refractive index
and angle of minimum deviation. (1 hr)

4. Lens, refraction through lens, lens formula (to be assumed), sign convention,
nature, position and size of images for di�erent position of object, power of a
lens. (Numerical on above topics). (2 hrs)

5. Optical instruments: Telescope (Terrestrial and Astronomical) (1 hr)
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1.1 Recapitulation of reflection of light and the re-
maining part of this section

• A part of the incident light is turned back into the first medium. This is called
reflection of light.

• A part of incident light is transmitted into the second medium along a changed
direction. This is called refraction of light.

• The remaining of third part of the light energy is absorbed by the second medium.
This is called absorption of light.

Figure 1.1: Reflection and refraction of light.

• Laws of reflection of light:

1. The angle of incidence is equal to the angle of reflection, i.e., ” i = ” r.
2. The incidence ray, the reflected ray and the normal at the point of incidence

all lie in the same plane.

• Question: What are spherical mirror? What are their two types?
Ans: A spherical mirror is a reflecting surface which forms part of a hollow
sphere.
Spherical mirrors are two types: (1) concave mirror and (2) convex mirror.
(1) Concave mirror: A spherical mirror which the other bulged surface is silvered
polished and the reflection of the light takes place from the inner hollow surface
is called a concave mirror (Fig. 1.2 (b)).
(2) Convex mirror: A spherical mirror in which the inner hollow surface is silvered
polished and the reflection of light takes place from the outer bulged surface is
called a convex mirror (Fig. 1.2 (c)).

• Question: Define pole, centre of curvature, radius of curvature, principal axis,
linear aperture, angular aperture, principal focus, focal length and focal plane of
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Figure 1.2: (a) Hollow sphere cut by a plane, (b) Concave mirror, (c) Convex mirror

a spherical mirror.
Ans:

1. Pole: It is the middle point P of the spherical mirror.
2. Centre of curvature: It is the centre C of of the sphere of which the

mirror forms a part.

Figure 1.3: Characteristics of a concave mirror.

3. Radius of curvature: It is the radius (R=AC or BC) of the sphere of
which the mirrors forms a part.

4. Principal axis: The line PC passing through the pole and the centre of
curvature of the mirror is called its principal axis.

5. Linear aperture: It is the diameter AB of the circular boundary of the
spherical mirror.

6. Angular aperture: It is the angle ACB subtended by the boundary of
the spherical mirror at the centre of the curvature C.

7. Principal focus: A narrow beam of light parallel to the principal axis
either actually converges to or appears to diverge from a point F on the
principal axis after reflection from the spherical mirror. This point is called
the principal focus of the mirror.
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8. Focal length: It is the distance (f=PF) between the focus and the pole of
the mirror.

9. Focal plane: The vertical plane passing through the principal focus and
perpendicular to the principal axis is called focal plane.

• Question: State the new cartesian sign convention used for spherical mirrors.
Ans:

1. All ray diagrams are drawn withe the incident light travelling from left to
right (as shown in Fig. 1.4).

2. All distances are measured from the pole of the mirror.
3. All distances measured in the direction of incident light are taken to be

positive.
4. All distances measured in the opposite direction of incident light are taken

to be negative.
5. Heights measured upwards and perpendicular to the principal axis are taken

as positive.
6. Heights measured downwards and perpendicular to the principal axis are

taken as negative.
According to this sign convention, the focal length and radius
of curvature are negative for a concave mirror and positive for
convex mirror.

Figure 1.4: New cartesian sign convention.
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Relation between f and R (Focal length and Radius of Curvature): 

Let us consider a ray AB parallel to the principal axis, incident at point B of a spherical 
mirror of small aperture. After reflection from the mirror, this ray converges to point F (in 
case of a concave mirror) or appears to diverges from point F(in case of a convex mirror), 
obeys the laws of reflection. 

Thus F is the focus of the mirror, C is the centre of curvature, CP is the radius of curvature 
and BC is the normal to the mirror. 

              

                 Fig (a): Concave mirror                                              Fig (b): Convex mirror                 

In short :  

Fig (a) : a concave mirror                     

AB = incident radiation 

F = focal point 

f = focal length 

R = radius of curvature 

C = centre of curvature 

P = Pole of the mirror 

<i = angle of incidence 

<r = angle of reflection 

According to the law of friction, 

 <i = <r 

As AB is parallel to PC 

 <i = <α 

In ΔBFC,  <r = <α 

Kashyap Ranjan Nath 
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⸫CF = FB 

⸫ For mirror of small aperture 

FB = FP 

⸫ CF = FP 

Hence, CP = CF + FP = FP + FP = 2FP 

Ö R = 2f  
Ö f = 𝐑

𝟐
  

Rules for drawing images formed by spherical mirrors: 

i) Any ray proceeding parallel to the principal axis will, after reflection, pass through 
the principal focus in case of a concave mirror and appear to come from focus in case 
of a convex mirror. 

 

               

     Fig: Concave mirror                                                 Fig: Convex mirror 

 

ii) A ray passing through the principal focus in the case of a concave mirror, and directed 
towards the principal focus in the case of convex mirror will after reflection, become 
parallel to the principal axis. 

          

                  Fig: Concave mirror                                                Fig: Convex mirror 
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iii) A ray passing through the centre of curvature in the case of concave mirror, and 
directed towards the centre of curvature in the case of a convex mirror falls normally 
and reflected back along the same path. 

               

                  Fig: Concave mirror                                                  Fig: Convex mirror 

 
iv) For the ray incident at any angle at the pole, the reflected ray follows the laws of 

reflection. 
 

Formation of images by concave mirrors: 

a) Object beyond C:                                          

The image is :                                 

(i) Between C and F 
(ii) Real 
(iii) Inverted 
(iv) Smaller than object. 

 

                                                                                  
b) Object at C:                                               

The image is: 

(i) At C 
(ii) Real 
(iii) Inverted 
(iv) Same size as object 
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c) Object between F and C:  

The image is : 

(i) Beyond C 
(ii) Real 
(iii) Inverted 
(iv) Larger than object 

 

Formation of images by convex mirrors: 

For any position of the object between ꝏ and pole P. 

The image is:                                   

(i) Behind the mirror 
(ii) Virtual 
(iii) Erect 
(iv) Smaller than object. 

 

 

Q. Draw a neat ray diagram to show the formation of real and virtual image by a 
concave mirror. [2014], 4 marks 

Q. Draw a neat ray diagram to show the formation of real image by a concave mirror. 
[2015], 3 marks 

Q. State the mirror formula. Is the same formula applicable for both concave and 
convex mirror? 

Answer: The mirror formula is a mathematical relationship between object distance ‘u’, 
image distance ‘v’ and focal length ‘f’ of a spherical mirror. 

This relation is: 1
u
 + 1

v
 = 1

f
  

This formula is applicable for both concave and convex mirror. 
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Derivation of mirror formula for a concave mirror: 

Let us consider an object AB is placed on the principal axis beyond the centre of curvature C 
of a concave mirror of small aperture. 

Using the Cartesian sign convention, 

Object distance, BP = -u 

Image distance, B'P = -v 

Focal length, FP = -f 

Radius of Curvature, CP = -R = -2f 

Now, ΔA'B'C ~ ΔABC 

⸫A′B′
AB

 = CB′
BC

 = CP−B′P
BP−CP

 

Ö A′B′
AB

=  −R+v
−u+R

 ....................(1) 

From the law of reflection, 

<A'PB' = <APB 

⸫ ΔA'B'P ~ ΔABP 

⸫ A′B′
AB

 = B′P
BP

 = −v
−u

 = v
u
 ........................(2) 

From equation (1) and (2), we have 

−R+v
−u+R

 = v
u
 

Ö -Ru + uv = -uv + Rv 
Ö Rv + Ru = 2uv 
Ö 1

u
 + 1

v
 = 2

R
 (Dividing by uvR) 

But R = 2f 

⸫ 𝟏
𝐮
 + 𝟏

𝐯
 = 𝟏

𝐟
 

This proves the mirror formula for concave mirror. 

 

Q. Define linear magnification. Write the expressions for magnification for a (i) concave 
mirror and a (ii) convex mirror. Express in terms of u, v and f. 
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Answer: Linear magnification: The ratio of the height of the image to that of the object is 
called linear or transverse magnification or just magnification and is denoted by ‘m’. 

m = Height of image
Height of object

 = h2
h1

 

⸪ ΔA'B'P ~ ΔABP 

⸫ A′B′
AB

 = B′P
BP

 

Using the New Cartesian Sign Convention, we get 

A'B' = -h2, AB = +h1 

B'P = -v, BP = -u 

⸫−h2
h1

 = −v
−u

 

⸫ Magnification, m = h2
h1

 = - v
u
 => m = - 𝐯

𝐮
 

For convex mirror, m = h2
h1

 = - v
u
 

*** If m is negative, image is inverted and if m is positive, image is erect. 

Spherical aberration : The inability of a spherical mirror of large aperture to bring all the 
rays of wide beam of light falling on it to focus at a single point is called spherical aberration. 

 

              Fig: Spherical aberration of a concave mirror 

 

Q. What is an optical image? How do you differentiate a real image from a virtual 
image? [2013, 2014, 2017, 2018, 2019] 
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Answer: An optical image is the apparent reproduction of an object formed by a mirror or a 
lens. 

(i) In real image, the light rays are actually brought to focus at the image position, 
whereas virtual images are made by rays that do not actually come from where 
images seem to be. 

(ii) Real image may be made visible on the screen, whereas virtual image cannot. 

 

Q. Find the position, nature and size of the image formed when an object of height 10cm 
is placed 30cm in front of a converging mirror of radius of curvature of 40cm. 

Solution: Given, 

h1 = 10cm 

u = -30cm 

R = -40cm 

We have,      1
u
 + 1

v
 = 1

f
 

=>  1
v
 =  1

f
 - 1

u
 = 1

−20
 + 1

30
 = −3+2

60
 = - 1

60
 

=> v = -60cm 

As v is negative, a real image is formed 60cm from the mirror on the same side of the 
object. 

Now, Magnification, m = h2
h1

 = - v
u
 = - −60

−30
 = -2 

⸫ The image is two times larger than the object and inverted. 

Q. An object is placed (i) 10cm, (ii) 5cm in front of a concave mirror of radius of 
curvature 15cm. Find the position, nature and magnification of the image in each case. 
[NCERT] 

Solution: 

(i) Given, object distance, u = -10cm 
Radius of curvature, R = -15cm 

We have,  1
u
 + 1

v
 = 1

f
 

=>  1
v
 =  1

f
 - 1

u
 = 2

R
 - 1

−10
 = 2

−15
 + 1

10
 (⸪ f = 𝑅

2
 ) 

=>v = −4+3
30
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=>v = - 1
30

 

=>v = -30cm 

As v is negative, a real image is formed 30cm from the mirror on the same side as the object. 

Now, Magnification, m = - v
u
 = - −30

−10
 = -3 

⸫ The image is magnified, real and inverted. 

(ii) Here the object distance, u = -5cm 
Radius of curvature, R = -15cm 
 

We have,  1
u
 + 1

v
 = 1

f
 

=>  1
v
 =  1

f
 - 1

u
 = 2

R
 - 1

u
 = 2

−15
 + 1

5
 

=>v = −2+3
15

 

=>v =  1
15

 

=>v = 15cm 

As v is positive, a virtual image is formed 15cm behind the mirror. 

Now, Magnification, m = - v
u
 = - 15

−5
 = 3 

⸫ The image is magnified, virtual and erect. 

Q. A convex mirror slices an image which is-                                 [2017] 

(i) real and inverted 

(ii) real and erect 

(iii)virtual and inverted 

(iv)virtual and erect. 

Answer: (iv) Virtual and erect. 

Q. With a neat ray diagram, show how a virtual image may be formed by a concave 
mirror. [2017,2018] 

Answer: When the object is in between focus and pole, virtual image is formed in case of a 
concave mirror. 
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Q. Concave mirror can produce two types of images. State true or false. [2018] 

Answer: True 

(The two types of images that can be formed by a concave mirror are real and virtual image.) 

Note: When an object is placed at focus in front of a mirror, the image is formed at infinity: 
The image formed is real, inverted and highly magnified. 
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Refraction through prism: 

Prism: A prism is a wedge shaped portion of a transparent refracting medium bounded by 
two plane faces inclined to each other at a certain angle. 

Two plane faces ABDE and ACDF inclined to 

each other are called refracting faces of the prism. 

The line AD along which the two refracting faces 

meet is called the refracting edge of the prism. 

 

Refraction through a prism: 

In the figure, 

      ABC- Principal section of prism.  

      PQ- Incident on face AB. 

      As it enters from air to glass (denser), 

it bends towards normal. 

      QR suffers another refraction at face AC, 

bending away from the normal 

Angle of deviation: The angle of deviation, 𝛿 is the angle between the incident ray and the                        
emergent ray. 

i and r be the angles of incidence and refraction respectively at the face AB. 

r' and i' be the angles of incidence and refraction respectively at the face AC. 

Let <A = Angle of the prism 

From the quadrilateral AQNR, 

 <A + <QNR = 180° ...................(1) 

From Δ QNR, 

 <r + <r' + <QNR = 180° .....................(2) 

Ö <r + <r' + 180° - <A = 180°      (from (1)) 
Ö <r + <r' = <A .......................(3) 

Now, from ΔMQR, the deviation produced by the prism, 

Chapter-1, Light 
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 𝛿 = <MQR + <MRQ 

                = ( <i - <r ) + ( <i' - <r' ) 

      = ( <i + <i' ) - ( <r + <r' ) 

     = ( <i + <i' ) - <A 

 

 

⸫ Angle of incidence + angle of emergence = prism angle + angle of deviation. 

Q. What do you mean by angle of deviation of a ray of light? [2015]         2 marks 

Q. Explain the position of minimum deviation of a prism. [2015]               4 marks 

 

Factors affecting the angle of deviation: 

1. The angle of incidence. 
2. Material of the prism. 
3. The wavelength of the light used. 
4. The angle of the prism.  

Angle of minimum deviation: The minimum value of the angle of deviation suffered by a 
ray on passing through a prism is called the angle of minimum deviation. 

Relation between refractive index and angle of minimum deviation: [2013, 2014]     

 When a prism is in the position of minimum deviation, a ray of light passes 
symmetrically through the prism so that, 

 i = i' , r = r' , 𝜹 = 𝜹m 

As,     A + 𝜹m = i + i' 

        ⸫ A + 𝜹m = i + i 

Ö  

Also, A = r + r' = r + r = 2r 

Ö  

From Snell’s law, the refractive index of the material of the prism will be, 

 𝜇 = sin 𝑖
sin 𝑟

  or   𝜇 = 
sin𝐴+𝛿𝑚

2

sin𝐴
2

  

Ö <i + <i' = <A + 𝜹 

 

r = 𝐴
2

 

i = 𝐴 + 𝛿𝑚 
2
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Deviation through a prism of small angle: [2014] 

For refraction at face AB, we have, 𝜇 = sin 𝑖
sin 𝑟

 

Suppose the light is incident at a small angle i on the prism, then r will also be small. 

⸫ sin 𝑖 ≈ 𝑖 and sin 𝑟 ≈ 𝑟 

⸫ 𝜇 = 𝑖
𝑟
 or  

If the angle of the prism is small, then angles r' and i' for the refraction at face AC is also 
very small. We can write, 

 𝜇 = sin 𝑖′
sin 𝑟′

   or i' = 𝜇𝑟′ 

Hence the derivation of the prism can be written as, 

𝜹 = i + i' – A 

   =  𝜇𝑟 +  𝜇𝑟′ – A 

   = 𝜇 (r + r') – A 

   = 𝜇𝐴 – A     (⸪ r + r' = A) 

   = (𝜇 - 1) A 

⸫  

 

Lens: 

A lens is a piece of a refracting medium bounded by two surfaces, at least one of which is a 
curved surface. 

Lenses can be divided into two categories: 

1. Convex lens 
2. Concave lens. 

 

1.Convex or converging lens:  It is thicker at the centre than at the edges. It converges a 
parallel beam of light on refraction through it. It has real focus. 

 

 

 

i = 𝜇𝑟 

𝜹 = (𝜇 - 1) A 
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Type of convex lenses: 

           

 

2.Concave or diverging lens: It is thinner at the centre than at the edges. It diverges a parallel 
beam of light on refraction through it. It has virtual focus. 

Type of concave lenses: 

              
Definition in connection with spherical lenses: 

(i) Centre of curvature (C): The centre of curvature of the surface of a lens is the centre 
of the sphere of which it forms a part. 

(ii) Radius of curvature: The radius of curvature of the surface of a lens is the radius of 
the sphere of which the surface form a part. 

(iii) Principal axis (C1C2): It is the line passing through the centres of curvature of the 
lens. 

(iv)  Optical centre: If a ray of light is incident on a lens such that after refraction through 
the lens the emergent ray is parallel to the incident ray, then the point at which the 
refracted ray intersects the principal axis is called the optical centre of the lens. 

Chapter-1, Light 
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                    Fig: Characteristics of convex and concave lenses 
 

(v) Principal foci and focal length:  
First principal focus: It is a fixed point on the principal axis such that rays starting 
from this point (in convex lens) or appearing to go towards this point (in concave 
lens), after refracting through the lens become parallel to the principal axis. 
Second principal focus: It is the fixed point on the principal axis such that the light 
rays incident parallel to the principal axis, after refraction through the lens, either 
converging to the point or diverge from the point. 

(vi)  Aperture: It is the diameter of the circular boundary of the lens. 

New Cartesian Sign Convention for Spherical Lenses: 

1. All distances are measured from the optical centre of the lens. 
2. The distances measured in the same direction as the incident light are taken as 

positive. 
3. The distances measured in the opposite direction of the incident light are taken as 

negative. 
4. Heights measured upwards and perpendicular to the principal axis are taken as 

positive. 
5. Heights measured downwards and perpendicular to the principal axis are taken as 

negative. 

                      

Chapter-1, Light 

Chirang Polytechnic, Bijni 

Kashyap Ranjan Nath 



Refraction of light: 

Q. What is meant by refraction of light? 

Answer: The phenomenon of the change in the path of light as it passes obliquely from one 
transparent medium to another is called refraction of light. 

                                

                                                      Fig: Refraction of light 

Laws of refraction of light: 

First law: The incident ray, the refracted ray and the normal to the interface at the 
point of incidence all lie in the same plane. 

Second law: The ratio of the sine of the angle of incidence and the sine of the angle 
of refraction is constant for a given pair of media. 

Mathematically, 𝑠𝑖𝑛 𝑖
𝑠𝑖𝑛 𝑟

 = 1𝜇2 = Constant. 

1𝜇2 is called the refractive index of second medium with respect to the first medium. 

Refractive index: The refractive index of a medium for a light of given wavelength is 
defined as the ratio of the speed of light in vacuum to its speed in the medium. 

 𝜇 = 𝑐
𝑣
   where c = speed of light in vacuum 

                                  v = speed of light in medium 

Refractive index in terms of wavelength: 

 𝜇 = 𝑐
𝑣
 = 𝜆𝑣𝑎𝑐×𝑓

𝜆𝑚𝑒𝑑×𝑓
 = 𝜆𝑣𝑎𝑐

𝜆𝑚𝑒𝑑
 

Critical angle: The angle of incidence in the denser medium for which the angle of 
refraction in the rarer medium is 90° is called critical angle of the denser medium and is 
denoted by ic. 
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                                                   Fig: Critical angle 

Total internal reflection: The phenomenon in which a ray of light travelling at an angle of 
incidence greater than the critical angle from denser to a rarer medium is totally reflected 
back into the denser medium is called total internal reflection. 

                

                                                     Fig: Total internal reflection 

Necessary conditions for total internal reflection: [2019] 

1. Light must travel from an optically denser to an optically rarer medium. 
2. The angle of incidence of the denser medium must be greater than the critical angle 

for the two media. 

Relation between critical angle and refractive index: 

 𝑠𝑖𝑛 𝑖
𝑠𝑖𝑛 𝑟

 = 2𝜇1 =1/1𝜇2 

When i = ic , r = 90° 

Therefore, sin 𝑖𝑐
sin 90°

 = 1/1𝜇2 

          Or, 1𝜇2 = 1/sinic 
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Application of total internal reflection: 

1. Sparkling of diamond: The brilliancy of diamonds is due to total internal reflection. 
The refractive index of diamond is very large and its critical angle is very small. 

2. Mirage: It is an optical illusion observed in deserts or over hot extended surfaces, due 
to which a traveller sees a shimmering pond of water some distance ahead of him and 
in which the surrounding objects like trees, etc appear inverted. 

                                 

                                                         Fig: Mirage 

Q. Why do diamond sparkle? [2015] 

Optical fibres: An optical fibre is a hair-thin long stand of quality glass or quartz surrounded 
by a glass coating of slightly lower refractive index. It is used as a guided medium for 
transmitting an optical signal from one place to another. 

Structure of optical fibre: 

An optical fibre consists of three main parts. They are: 

1. Core: The central cylindrical core is made of high quality glass/silica/plastic of 
refractive index 𝜇1 and has a diameter about 10 to 100 𝜇m. 

2. Cladding: The core is surrounded by a glass/plastic jacket of refractive index 𝜇2 < 𝜇1. 
3. Buffer coating: For providing safety and strength, the core cladding of optical fibres 

is enclosed by a plastic jacket known as buffer coating. 

                              

                                               Fig: Optical fibre structure 
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Lens maker’s formula for double convex lens: 

The formula relates the focal length of a lens to the refractive index of the lens material and 
the radii of curvature of its two surfaces. 

      

Let     𝜇2 = refractive index of the lens. 

           𝜇1 = refracting index of the surrounding medium. 

          Such that 𝜇2 > 𝜇1 

For the refraction at the surface ABC,  

 𝜇2
 𝑣1

 – 𝜇1
𝑢

 = 𝜇2−𝜇1
𝑅1

 ...........................(1) 

MN get refracted at the surface ADC, where I1 acts as a virtual object, 

 𝜇1
 𝑣

 – 𝜇2
𝑣1

 = 𝜇1−𝜇2
𝑅1

 ............................(2) 

Adding (1) & (2), 

 𝜇1
 𝑣

 – 𝜇1
𝑢

 = (𝜇2 - 𝜇1) ( 
1

𝑅1
− 1

𝑅2
 )  

Ö 1
 𝑣

 – 1
𝑢
 = ( 𝜇2−𝜇1

𝜇1
 ) ( 1

𝑅1
−  1

𝑅2
 ) ......................(3) 

If the object is placed at infinity ( u=ꝏ), the image will be formed at the focus i.e. v=f. 
Therefore, 

 𝟏
𝒇
 = ( 𝝁𝟐−𝝁𝟏

𝝁𝟏
 ) ( 𝟏

𝑹𝟏
− 𝟏

𝑹𝟐
 ) .......................... (4) 

This is lens maker’s formula. 

When the lens is placed in air, 𝜇1 = 1 and 𝜇2 = 𝜇 
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⸫ The lens maker’s formula takes the form: 

  

 

Again from equation (3) & (4): 

  

     

This is the thin lens formula. 

 

Rules for drawing images formed by spherical lenses: 

1. A ray from the object parallel to the principal axis after refraction passes through the 
second principal focus F2 (in a convex lens) or appears to diverge (in a concave lens) 
from the first principal focus F1. 

          

2. A ray of light passing through the first principal focus (in a convex lens) or appearing 
to meet at it (in a concave lens) emerges parallel to the principal axis after refraction. 

  

    

𝟏
𝒗
 - 𝟏

𝒖
 = 𝟏

𝒇
 

𝟏
𝒇
 = ( 𝝁 − 𝟏 ) ( 𝟏

𝑹𝟏
−  𝟏

𝑹𝟐
 ) 
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3. A ray of light passing through the optical centre of the lens, emerges without any 
deviation after refraction. 

 

Formation of images by convex lenses: 

1. Object beyond 2F: 
The image is:   (i) Between F & 2F 
  (ii) Real 
  (iii) Inverted 
  (iv)Smaller than object. 
 
 

2. Object at 2F: 
The image is:   (i) At 2F 
  (ii) Real 
  (iii)Inverted 
  (iv)Same size of object. 
 
 

3. Object between 2F and F: 
The image is:   (i) Beyond 2F 
  (ii) Real 
  (iii)Inverted 
  (iv)Larger than object. 
 
 

4. Object between F and O: 
The image is:   (i) Behind the object 
  (ii)Virtual 
  (iii)Erect 
  (iv)Larger than object. 
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Formation of images by concave lense: 

1. Object in any position: 

 The image is:   (i) In front of object 

   (ii)Virtual 

   (iii)Erect 

   (iv)Smaller than object. 

Linear magnification of lens: 

 The linear magnification produced by a lens is defined as the ratio of the size of the 
image formed by the lens to the size of the object. It is denoted by ‘m’. 

 m = Size of the image
Size of the object

 = ℎ2
ℎ1

 

 For both convex and concave lens, 

 

Linear magnification in terms of u and f: 

The thin lens formula is: 1
𝑣
 - 1

𝑢
 = 1

𝑓
 

Multiplying both sides by u, we get,  

 𝑢
𝑣
 -1 = 𝑢

𝑓
  

Ö 𝑢
𝑣
 = 1+ 𝑢

𝑓
 = 𝑢+𝑓

𝑓
 

Ö 𝑣
𝑢
 = 𝑓

𝑢+𝑓
 

⸫  

 

Linear magnification in terms of v and f: 

The thin lens formula is: 1
𝑣
 - 1

𝑢
 = 1

𝑓
 

Multiplying both sides by v, we get, 

 1 - 𝑣
𝑢
 = 𝑣

𝑓
 

Ö 𝑣
𝑢
 = 1-  𝑣

𝑓
 

m = 𝒉𝟐
𝒉𝟏

=  𝒗
𝒖

 

m = 𝒗
𝒖
 = 𝒇

𝒖+𝒇
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Ö 𝑣
𝑢
 = 𝑓−𝑣

𝑓
  

⸫ 

  

Q. A needle placed 45cm from a lens forms an image on a screen placed 90cm on the other 
side of the lens. Identify the type of the lens and determine the focal length. What is the size 
of the image if the size of needle is 5cm? 

Solution: 

Here, u = -45cm,  v = 90cm, h1 = 5cm 

Using lens formula, 

   1
𝑣
 - 1

𝑢
 = 1

𝑓
 

Ö 1
𝑓
 = 1

90
 - 1

−45
 

Ö 1
𝑓
 = 1+2

90
 = 3

90
 = 1

30
 

Ö f = 30cm 

Positive value of f indicates that the lens is converging. 

Magnification, m = ℎ2
ℎ1

 = 𝑣
𝑢
 

              Or      ℎ2
5

 = 90
−45

 

Ö      h2 = -10cm 

⸫ The size of the image is 10cm. 

Negative sign of the image indicates that the image is real and inverted. 

Q. A double convex lens made of glass of refractive index 1.5 has its both surfaces of equal 
radii of curvature of 20cm each. An object of 5cm height is placed at a distance of 10cm from 
the lens. Find the position, nature and size of the image. 

Solution: 

Here,    𝜇 = 1.5, R1 = 20cm, R2 = -20cm, 

 u = -10cm, h1 = 5cm 

Using the lens maker’s formula, 

             1
𝑓
 = ( 𝜇 − 1 ) ( 1

𝑅1
−  1

𝑅2
 ) 

m = 𝒗
𝒖
 = 𝒇−𝒗

𝒇
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   = (1.5−1 ) ( 1
20

− 1
−20

 ) 

   = 0.5× 2
20

 

   = 0.05 

Ö f = 1
0.05

 = 20cm 

From the lens formula, 

 1
𝑣
 - 1

𝑢
 = 1

𝑓
 

Ö 1
𝑣
 = 1

𝑓
 + 1

𝑢
 

   = 1
20

 - 1
10

 

   = - 1
20

 
Ö v = -20cm 

Magnification, m = ℎ2
ℎ1

 = 𝑣
𝑢
 = −20

−10
 = 2 

          ⸫ ℎ2
5

 = 2 => h2 = 10cm 

Hence a virtual and erect image of height 10cm is formed at a distance of 20cm from the lens 
on the same side as the object. 
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Telescope: 

 A telescope is an optical device which enables us to see distant objects clearly. It 
provides angular magnification of the distant objects. There are two types and they are:        
(1) Astronomical telescope and (2) Terrestrial telescope. 

1.Astronomical telescope: It is a refractive type of telescope used to see heavenly bodies 
like stars, planets, satellites, etc. 

 Construction: It consists of two converging lenses mounted co-axially at the outer 
ends of two sliding tubes. 

(a) Objective: It is a convex lens of large focal length and a much larger aperture. It 
faces the distant object. 

(b) Eyepiece: It is a convex lens of small focal length and small aperture. It faces the 
eye. 

Working principle: As shown in the figure, the parallel beam of light coming from the 
distant object falls on the objective at same angle α.  

 

 

 

 

 

 

 

 

                                       Fig: Astronomical telescope 

 

The objective focuses the beam in its focal plane and forms a real, inverted and 
diminished image A'B'. This image A'B' acts as the object for the eyepiece. The distance of 
the eyepiece is so adjusted that the image A'B' lies within its focal length. The eyepiece 
magnifies this image so that the final image A''B'' is magnified and inverted with respect to 
the object. The final image is seen distinctly by the eye at the least distance of distinct vision. 

2.Terrestrial telescope: It is a refracting type of telescope used to see erect images of distant 
earthly objects. It uses an additional convex lens between objective and eyepiece for 
obtaining an erect image. 
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                                                     Fig: Terrestrial telescope 

As shown in the figure, the objective forms a real, inverted and diminished image, 
A'B' of the distant object in its focal plane. Now the erecting lens is held at twice of its focal 
length from the focal plane of the objective. This lens forms a real, inverted and equal size 
image A''B'' of A'B'. This image is erect with respect to the distant object. The eyepiece is so 
adjusted that the image A''B'' lies at its principal focus. Hence the final image is formed at 
infinity and is highly magnified and erect with respect to the distant object. 

Q. Define power of a lens. Write its unit. 

Answer: The power of a lens is a measure of degree of convergence or divergence of light 
rays falling on it. 

 The power of a lens is defined as the tangent of the angle by which it converges or 
diverges a beam of light falling at unit distance from the optical centre. 

The incident ray converges the beam by angle 𝛿. 

 𝑡𝑎𝑛 𝛿 = ℎ
𝑓
 

 If h = 1, 𝑡𝑎𝑛 𝛿 = 1
𝑓

  

 For 𝛿 ≈ 𝑠𝑚𝑎𝑙𝑙, 𝑡𝑎𝑛 𝛿 ≈  𝛿 

 ⸫ 𝛿 =  1
𝑓
 

 Or P = 1
𝑓
 

The unit of power is Dioptre (D). 

➢ One dioptre is the power of a lens whose principal focal length is 1 metre. 
 

➢ Combination of thin lenses:  
 

P = P1 + P2 + P3 + .................. 
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➢ Power of a lens is given by, D = 100
    𝑓(𝑐𝑚)

  

 
                                       Or, D = 1

   𝑓(𝑚)
 

Q. The refractive index of the material of a prism is 1.5. When the prism is placed in 
minimum deviation position, the angle of incidence is 51°. Calculate the angle of the prism 
and the angle of minimum deviation. 

Solution: Given, 𝜇 = 1.5,    𝜃 = 51° 

We have, 𝛿m = (𝜇 - 1)A 

            = (1.5-1)A 

            = 0.5A ......................(1) 

Again, i = 𝐴 + 𝛿𝑚 
2

 

 𝐴 +  𝛿m = 2i 
 𝐴 + 0.5A = 2×51   [From (1)] 
 1.5𝐴 = 102 
 𝐴 = 68° 

(1)=> 𝛿m = 0.5×68 = 34° 

⸫ The angle of the prism is 68° and the angle of minimum deviation is 34°. 

Q. An object is placed at a distance of 150cm from a screen and a convex lens is placed in 
between, produces an image magnified four times on the screen. Calculate the focal length of 
the lens. 

Answer: Here, the image formed on the screen is real.  

Therefore, magnification, m = -4 

Let the lens be at a distance x from the object. 

⸫ u = -x,   v = (150-x) 

As,      m = 𝑣
𝑢
 

 -4 = 150−𝑥
−𝑥

 
 4x = 150-x 
 5x = 150 
 x = 30 cm 

⸫ u = -30 cm 
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& v = 150 – 30 = 120 cm 

We know that,  

 1
𝑓
 = 1

𝑣
− 1

𝑢
 

    = 1
120

− 1
−30

 

    = 1+4
120

 

    = 5
120

 

 f = 120
5

 = 24 cm 

⸫ The focal length of the lens is 24 cm. 

 

Q. Find the velocity of light in glass whose refractive index is 1.5 (velocity of light in air is 
3×108 m/s) 

Answer:  

Given, velocity of light in air, c = 3×108 m/s 

We know that, 𝜇 = 𝑐
𝑣
 

        v =  𝑐
𝜇
 = 3×108/1.5 = 2×108 m/s 

⸫ The required velocity of light in the glass is 2×108 m/s 
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