
 

             Visit ExamFear.com for Free Question Papers for almost all Exams. 
 

P
ag

e1
 

Refraction by Spherical Lenses by www.ExamFear.com  

 

To begin with this topic, let’s first know, what is a lens? 

A lens is a transparent material bound by two surfaces, of which one or both the surfaces are spherical. 

There can be many types of lenses depending upon the type of the surfaces like: 

 

Plano Concave lens: 

A lens bounded by a plane surface and a concave surface (buging inwards) Plano Convex lens: 

A lens bounded by a plane surface & a convex surface (bulging outwards) Double Convex Lens: 

A lens bounded by two convex surfaces . These lenses are commomnly called as Convex lens. 

 

Double Concave Lens:  

A lens bounded by two concave surfaces. These lenses are commonly called as Concave lens. 

We will focus mainly on cncave and convex lenses. 

Convex lens is also known as the converging lens as it converges the parallel rays of light falling on it. This lens is 

thicker at the middle as compared to the edges. 

While a concave lens is referred as the diverging lens. This lens diverges the parallel rays of light falling on to it. This lens 

is thicker at the edges than at the middle. 

Terminologies related to Spherical Terminologies related to lenses. 

Centre of Curvature: The spherical surfaces which form a lens are each part of a sphere. The centers of these spheres 

are called centers of curvature of the lens. The centre of curvature of a lens is generally denoted by C. Since there are 

two centers of curvature, they may be represented by C1 & C2. 

Principal Axis: The line passing through the two centers of curvature of a lens is termed as the Principal Axis. 

Optical Centre: The central point of a lens is referred as the Optical Centre of a lens. It is denoted by O. 

Aperture: Aperture is the effective diameter of the circular outline of a spherical lens. Lenses with very less apertures 

even lesser then their radius of curvatures are termed as thin lenses. 

Principal Focus: Similar to the centre of curvature, a lens has two principal foci. They are generally represented by F1 & 

F2. The  istance of the principal focus from the optical centre of the lens is known as the focal length. Focal length of a 

lens is generally represented by ‘f’. 
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Relation between focal length,f and the radius of curvature, R. 

As already discussed in case of spherical mirrors, the relation holds true even in case of lenses. That is, f = R/2.  Rules for 

Refraction through lenses:  

The rules for refraction in lenses are definitely similar to that for spherical mirrors. 

Lets go through the rules : 

Rule 1: A ray of light incident on t he lens parallel to the principal axis refraction passes through the focus. 

Rule 2: A ray of light passing through the focus and then incident on the lens after refraction goes parallel to the 

principal axis. 

Rule 3: A ray of light passing through the optical centre of the lens, O after refraction, emerges without any deviation. 

 

Image formation by a convex lens for different positions of an object. 

 

Let us look into the image formation for different scenarios of objects being placed at different positions. Keep in mind 

all the rules and laws of refraction before we get started. 

Case I : The object is placed at infinity. 

When the object is placed at infinity, the rays of light are incident on the lens parallel to the principal axis. 

As per rule 1, these rays should pass through Principal Focus . Thus, these set of rays meet at Principal focus . 

Thus, image is formed at F2. The image formed is highly diminished, real & inverted.  

 

Case II. The object is placed beyond 2F1. 

The object AB is located beyond C1, the ray 1 incident on the lens parallel to the principal axis after refraction passes 

through the focus,F2. Ray 2 passing through the optical centre goes undeviated after refraction. The point where the 

two rays meet is the point where the image is formed. Thus, image is formed between F2 & C2. The image formed is 

diminished, real & inverted.  

 

Case III The object is placed at C1. 

For object AB placed at C1, the ray 1 incident parallel to the principal axis after refraction passes through the focus, F2. 

Ray 2 passing through the optical centre, O goes undeviated after refraction. The point where the two rays meet is the 

point where the image is formed. Thus, image is formed at C2. The image formed is of the same size as that of the 

object, real & inverted.  
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Case IV. The object is placed between F1 and C1. 

For object AB placed between F1 & C1, the ray 1 incident parallel to the principal axis after refraction passes through the 

focus, F2. Ray 2 passing through the optical centre, O goes undeviated after refraction. The point where the two rays 

meet is the point where the image is formed. Thus, image is formed beyond C2.The image formed is magnified, real & 

inverted.  

Case V. The object is placed at F1. 

For object AB placed at F1 , the ray 1 incident parallel to the principal axis after refraction passes through the focus, F2. 

Ray 2 passing through the optical centre, O goes undeviated after refraction. The point where the two rays meet is the 

point where the image is formed. But in this case the two rays don’t seem to meet. Thus, the image is formed at 

infinity.The image formed is highly magnified, real & inverted. 

 

Case VI. The object is placed between Principal Focus, F1 & optical centre, O. 

Now, let’s look at an object AB placed between F1 & O , the ray 1 incident parallel to the principal axis after refraction 

passes through the focus, F2. Ray 2 passing through the optical centre, O goes undeviated after refraction. The point 

where the two rays meet is the point where the image is formed. But in this case the two rays seem to meet virtually at 

A’B’. Thus, the image is formed on the same side of the object. The image formed is enlarged, virtual & erect.  

 

Let’s look at this table to have a compact look on all the different positions of the objects and the images formed.Image 

formation for different positions of the object by a concave lens. Till now, we saw the image formation by a convex lens. 

Let’s now focus on concave lens.  

Case I. The object is placed at infinity.  

When the object is placed at infinity, the rays of light are incident on the lens parallel to the principal axis. Therefore, 

after refraction virtually seem to pass through F1. Thus, all the rays virtually meet at F1. Hence, the image is formed at 

F1. The image formed is highly diminished, virtual and erect.  

 

Case II. The object is placed between the Optical centre and infinity. 

When the object is placed at any point between the Optical centre and the infinity,the ray incident on the lens parallel 

to the principal axis, after refraction diverges, however virtually passes through F1. Ray 2 passing through the optical 

centre, O emerges in the same direction after refraction. Thus, the rays meet somewhere between F1 & O. Hence, the 

image is formed between F1 & O. The image formed is diminished, virtual & erect.  

 

Lens Formula: 
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Before discussing the Lens Formula, let understand the sign Conventions to be followed for Spherical lenses.  Well, the 

sign convention followed in lenses are similar to  that in case of spherical mirrors. Just look at a few points quickly: 

1. All measurements to be taken from the Optical centre, O of the lens. 

2. Focal length, f of a convex lens is positive. 

3. Focal length, f of a concave lens is negative. 

 

Lens Formula establishes a relation between the distance of the object from the Optical centre, distance of the image 

and the focal length of the lens.  

So, we have the Lens formula as 1/v -1/u = 1/f; where  

u = distance of the object from O 

v = distance of the image from O 

f = focal length of the lens 

Now, let us turn our attention to the term ‘Magnification’ of a lens. 

Magnification of a lens is defined as the ratio of the height of the image to the height of the object. 

It is generally denoted by ‘m’. m = h’/h ; where 

h’ = height of the image 

h = height of the object 

 

We will now learn another important term while studying spherical lenses. 

 That is ‘Power’ of a lens. Power of a lens is defined as the ability of the lens to converge or diverge the rays of light . It is 

denoted by P. Power is actually dependent on the focal length of the lens. 

Let’s see how???? 

Consider a convex lens. Just see how the angle through which the lens converges as we are changing the f. We can see 

very clearly that for shorter f, the angle is more and viceversa. Similarly, consider a concave lens. Here also, we could see 

that the angle through which the ray diverges is greater for smaller f. Therefore, we conclude that Power is inversely 

proportional to  Focal length, f.  

Hence, Power is defined as P = 1/ f 
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Since f is positive for convex lens, so Power is positive for convex lens. In a similar way, Power is negative for a concave 

lens as f is negative. S.I. unit of Power is dioptre, which is generally denoted as D.   1 dioptre is defined as the power  of 

lens whose focal length is 1  

So, we have now reached the end of refraction by spherical lenses. Let us look at a few numericals on the same. 

Example 1. A convex lens has a Display a convex lens focal length of 30 cm. Calculate at what distance should the object 

be placed from the lens so that it forms an image at 60 cm on the other side of the lens. Find the magnification 

produced by the lens in this case.  

Solution: 

Given: Focal length, f = 30cm 

Distance of the image from O, v = 60cm 

To find: distance of the object from O, u. 

As per Lens formula, 

1/v – 1/u = 1/f 

Putting the values of v & f in the above eqn, we get 

1/60 – 1/u = 1/30 

Or, 1/u = 1/60 – 1/30 = -1/60 

u = -60cm 

Also, Magnification, m = -v/u 

m = - (30/ -60) = ½ = 0.5 

Example 2. A doctor has prescribed a corrective lens of power +1.2 D. Find the focal length of the lens to be used. Is the 

lens converging or diverging? 

Solution: 

Given: P = +1.2D 

To find : Focal length, f 

P = 1/f 

Or, f = 1/P = 1/1.2 =0.83m 

Since f is positive for a convex or converging lens. Therefore, this is a converging lens. 

 


