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WHAT IS OPTICS? 
 

 Optics is the branch of physics that studies the 

behaviour and properties of light, including its 

interactions with matter and the construction 

of instruments that use or detect it. 
 

 Optics usually describes the behaviour 

of visible, ultraviolet, and infrared light. 

 

  Because light is an electromagnetic wave, other 

forms of electromagnetic radiation such as X-

rays, microwaves, and radio waves exhibit similar 

properties 



Light And Its Optical Properties 

 
Light is a form of energy which is in the form of an 

electromagnetic wave and is almost everywhere around us. 

  

The visible light has wavelengths measuring between 

400–700 nanometres. Sun is the primary source of light by 

which plants utilize this to produce their energy. 

 

In physics, the term light also refers to electromagnetic 

radiation of different kinds of wavelength, whether it is 

visible to the naked eye or not. Hence by this, the gamma 

rays, microwaves,  X-rays and the radio waves are also 

types of light. 



The optical properties of a material define how it interacts 

with light.  

 

The optical properties of matter are studied in optical physics, a 

subfield of optics. The optical properties of matter include: 

Refraction and the material's refraction index 

Polarization 

Reflection and the material's albedo or reflectance 

Absorption 

Photoluminescence (fluorescence) 

Transmittance 

Diffraction 

Dispersion 

Dichroism 

Scattering 

Birefringence 

Color 

Photosensitivity 
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Applications of Optics 
The properties of optics are applied in various fields of Physics 

 

The refraction phenomenon is applied in the case of lenses (Convex 

and concave) for the purpose of forming an image of the object. 

 

Geometrical optics is used in studies of how the images form in an 

optical system. 

 

In medical applications, it is used in the optical diagnosis of the 

mysteries of the human body. 

It is used in the therapeutical and surgeries of the human tissues. 

 

Practical applications of optics are found in a variety of technologies 

and everyday objects, 

including mirrors, lenses, telescopes, microscopes, lasers, and fibre 

optics. 



How do we use optics in everyday life? 
  

 We can use light in the form of lasers for very delicate surgery, 

or watch a Sunday football game on our TV through the use of 

fiber optic cables.  

 

We can bend light through eyeglasses, microscopes, and telescopes, 

and use mirrors to harness the power of the Sun. 

What are optics used for? 
 

Although simple lenses are often used in imaging applications, in 

many cases their goal is to project light from one point to another 

within a system.  

 

Nearly all emitters, detectors, lasers, and fiber optics require a lens 

for this type of light manipulation. 

 



How many types of optics are there? 
 

 There are two major branches of optics, physical and 

geometrical.  

 

Physical optics deals primarily with the nature and properties of 

light itself. 

 

Geometrical optics has to do with the principles that govern the 

image-forming properties of lenses, mirrors, and other devices that 

make use of light. 
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Chapter 1. Geometrical Optics 

Geometrical optics deals with the propagation of light in a straight 

line and phenomena such as reflection, refraction, polarization, etc.  

 

A ray of light gives the direction of propagation of light. In the 

absence of an obstacle, the rays advance in a straight line without 

changing direction.  

 

When light meets a surface separating two transparent media, 

reflection and refraction occur and the light rays bend. 

 

Why is geometric optics important? 

 

 Geometrical optics will help you understand the basics of light 

reflection and refraction and the use of simple optical elements such 

as mirrors, prisms, lenses, and fibers. 
 



Aberrations in lenses 
 

 The deviation in the size, shape, position and colour in the actual 

images produced by a lens in comparison to the object are called 

aberration produced by a lens. 

 It is divided in the two categories  

 

  (i) Chromatic aberrations 

  (ii) Monochromatic aberrations 

(i) Chromatic aberrations 

 

 The defect of colored image formed by a lens with white light is 

called chromatic aberrations.  

 

 Chromatic aberrations are distortions of two images due to the 

dispersion of light in the lenses of an optical system when white light 

is used. 

. 



(ii) Monochromatic aberrations 

 

 If monochromatic light is used such defects are automatically 

removed.  

 

 There are depict which are present even when 

monochromatic light is used such detects are called 

monochromatic aberrations 

 

These aberrations are the result of 

  

The large aperture of the optical system 

 

The large angle subtended by the rays with the principal axis 

 

The large size of the object 

 

 



As a result of these aberrations 

 

A point is not imaged as a point 

 

A plane is not imaged as a plans 

 

Equidistance point are not imaged as equidistant point 

  

monochromatic aberration are divided into 5-types 

1. Spherical aberration 

 

2. Astigmatism 

 

3. Coma 

 

4. Curvature of field  

 

5. Distortion 



Spherical aberration in a lens 

 
    This aberration is due to large aperture of the lenses.  

 

The lens of large aperture may be thought to be made up of zones. 

 

 The marginal and paraxial rays form the images at different places.  

 

Figure shows that a monochromatic point source S on the axis is 

image as Sp  and  Sm .  

Here Sp  and  Sm  are the images 

formed marginal and paraxial rays 

respectively.  

 

Thus the point object is not 

imaged as a point. 



Similarly the focus of marginal and paraxial rays do not coincide. 

 

The distance Sp  Sm  on the axis measures longitudinal spherical 

aberration.   

 

The failure of a lens to form a point image of a point object on the 

axis is called spherical aberration. 

 

For rays parallel to principle axis the distance between the foci of 

marginal rays gives the extent of longitudinal spherical aberrtioan. 

 



 In Fig (a) Fp  and  Fm are the foci for the paraxial and the marginal 

rays respectively. 

 

Spherical aberration of a convergent lens is taken to be positive as 

the distance (fp-fm) measured along the axis. 

 

 The spherical aberration of a diverging lens is negative (Fig (b) 

Method of minimizing spherical aberration  
 The following methods are used to reduce spherical aberration.  

 

By using stops 

 

By using the two lenses spherical  by a distance 

 

By using an aplanatic lens 

 

By using a crossed lens 



 By using stops 

 

 By using stops, we can reduce the lens aperture. We can use either 

paraxial or marginal rays. Here circular discs called the stops are used 

to cut off unwanted rays. 

 

 The stop in Fig (a) is a disc with a circular hole. It eliminates 

marginal rays. 

 

 Fig (b) shows a stop to eliminate paraxial rays but the use of stops 

reduces the intensity of the image and the resolving power of the 

instrument 



By using the two lenses separated by a distance 

 

 When two convex lenses separated by a finite distance are used the 

spherical aberration is minimum when the distance between the lenses 

is equal to the difference in their focal lengths. 

 

In this arrangement , the total deviation is equally shared by the two 

lenses. Hence the spherical aberration is maximum.. 

 

 

By  using a crossed lens  
 



 A  convex lens whose radii of curvature bear the said ratio called as 

a crossed lens.  

 If is essential to divide the deviation on two surface equally. The 

axial and marginal rays of light come to focus with minimum of 

spherical aberration. 



Condition for minimum spherical aberration of 

two thin lenses separated by a distance 

 
Spherical aberration may be minimized by using two plan-convex 

lenses separated by a distance equal to the difference in their focus 

lengths. 

 

    Let two plano-convex lenses L1 and L2 of focal lengths f1 and f2 

be placed coaxially separated by a distance ‘a’. 

 Consider a ray OA parallel 

to principle axis, incident on 

lens L1 at height h1 above the 

principle axis . 





This is the condition for minimum spherical aberration for two 

lenses separated by a distance. 


