
Wave polarization 

 

Polarization is a property applying to transverse waves that specifies the geometrical orientation of the 

oscillations. In a transverse wave, the direction of the oscillation is perpendicular to the direction of 

motion of the wave. A simple example of a polarized transverse wave is vibrations traveling along a taut 

string,for example, in a musical instrument like a guitar .The vibrations can be in a vertical direction, 

horizontal direction, or at any angle perpendicular to the string. In contrast, in longitudinal waves, such 

as sound waves in a liquid or gas, the displacement of the particles in the oscillation is always in the 

direction of propagation, so these waves do not exhibit polarization. Transverse waves that exhibit 

polarization include electromagnetic waves such as light and radio waves, gravitational waves, and 

transverse sound waves (shear waves) in solids. 

 

An electromagnetic wave such as light consists of a coupled oscillating electric field and magnetic field 

which are always perpendicular to each other; by convention, the "polarization" of electromagnetic 

waves refers to the direction of the electric field. In linear polarization, the fields oscillate in a single 

direction. In circular or elliptical polarization, the fields rotate at a constant rate in a plane as the wave 

travels. The rotation can have two possible directions; if the fields rotate in a right hand sense with 

respect to the direction of wave travel, it . 

 

 

 

 

 

 

 

 

 

 

 

 



Types of Polarization 

Following are the three types of polarization depending on the transverse and longitudinal wave motion: 

 

Linear polarization 

Circular polarization 

Elliptical polarization 

Linear Polarization 

In linear polarization, the electric field of light is limited to a single plane along the direction of 

propagation. 

 

Circular Polarization 

There are two linear components in the electric field of light that are perpendicular to each other such 

that their amplitudes are equal, but the phase difference is π/2. The propagation of occurring electric 

field will be in a circular motion. 

 

Elliptical Polarization 

The electric field of light follows an elliptical propagation. The amplitude and phase difference between 

the two linear components are not equal. 

 

 

 

 

 

 

 

 

 



Refraction of light                             

When the light rays either bend or change their direction while passing from one medium to 

another it is called refraction of light. The refraction of light takes place when light travels from 

air into glass, from glass into air, from air into water or from water into air. 

The example of optical instruments that work on the basis of refraction of light are camera, 

microscope etc. 

Incident ray: The light rays passing from air into glass or water are called incident rays. 

Refracted ray: When the light rays bend after passing into another medium, they are called 

refracted rays. 

Normal: The point of incidence is called normal. 

Angle of incidence: The angel between incident ray and normal is called angel of incidence. 

Angle of refraction: The angel between refracted ray and normal is called angle of refraction. 

The angle of refraction is either smaller or greater than angle of incidence. 

 

Rules for refraction of light 

Case 1: When light rays travel from optically rarer medium to denser medium then they bend 

towards normal. In this case angle of refraction is smaller than angel of incidence. 

When light rays travel from air into glass or from air into water, it bends towards normal. This is 

because the speed of light rays decrease while travelling from air into glass or water. 



 

Case 2: When light rays travel from optically denser medium to rarer medium then they bend 

away from the normal. In this case the angle of refraction is greater than angle of incidence. 

When light rays travel from glass into air or from water into air they bend away from the normal. 

The speed of light rays increase while travelling from glass or water into air. 

 

Case of light going from air into glass and again into air 

In this case refraction of light takes place two times. One when it enters the glass slab from air 

and second time when it enters the air through glass slab. 

When light rays travelling through air enters glass slab, they get refracted and bend towards the 

normal. Now the direction of refracted ray changes again when it comes out of the glass slab into 

air. Since the ray of light I know travelling from denser medium to rarer medium, it bends away 

from the normal. 

In this case incident ray and the emergent ray are parallel to each other. The perpendicular 

distance between the original path of incident ray and the emergent ray coming out of the glass 

slab is called lateral displacement of the emergent ray of light and the angle which the emergent 

ray makes with the normal is called the angle of emergence. 



 

Light falling perpendicularly on glass slab 

When light falls perpendicularly or normally on the surface of a glass slab, it goes straight. There 

is no bending of ray of light on entering the glass slab or coming out of it. In this case angle of 

incidence and angle of refraction is zero. 

The same happens if the ray of light falls perpendicularly on the surface of water. 

 

 

 

 

 

 

 



In optics, the numerical aperture (NA) of an optical system is a dimensionless number that 

characterizes the range of angles over which the system can accept or emit light. By 

incorporating index of refraction in its definition, NA has the property that it is constant for a 

beam as it goes from one material to another, provided there is no refractive power at the 

interface. The exact definition of the term varies slightly between different areas of optics. 

Numerical aperture is commonly used in microscopy to describe the acceptance cone of an 

objective (and hence its light-gathering ability and resolution), and in fiber optics, in which it 

describes the range of angles within which light that is incident on the fiber will be transmitted 

along it. 

 

The numerical aperture with respect to a point P depends on the half-angle, θ1, of the maximum 

cone of light that can enter or exit the lens and the ambient index of refraction. As a pencil of 

light goes through a flat plane of glass, its half-angle changes to θ2. Due to Snell's law, the 

numerical aperture remains the same: 

 

 

 

 

 

 

 

 

 

 



Different modes in optical fiber 

Basically optical fibers can be classified according to the number of modes they can propagate. 

Single mode fibers will propagate only the fundamental mode. Multimode fibers will propagate 

many number of modes say hundreds of modes. Though this is the case, classification of optical 

fibers depends on more than the number of modes that a fiber can propagate.  

Refractive index profile and core size of an optical fiber are used to distinguish single mode and 

multimode fibers. The refractive index profile of an optical fiber describes the numerical value of 

refractive index as a function of radial distance at any fiber diameter. By using the refractive 

index profiles the classification of single mode and multimode fibers can be done as shown 

below:  

Single mode step-index fibers 

 

Single mode graded-index fibers 

 

Multimode step-index fibers 

 

Multimode graded-index fibers 

For a step-index fiber (both single mode and multimode optical fibers), the refractive index of 

the core is uniform throughout the cladding region and undergoes an abrupt change at the core-

cladding boundary. Step-index fibers obtain their name from this abrupt change called the step 

change in refractive index. If we look at the profile drawn from the measured data of a step index 

fiber, it looks like a step up and step down on a staircase as shown below: 

 

For a graded-index fiber, if we draw the refractive index from the cladding region to the core, we 

can see it varies gradually as a function of radial distance from the fiber center as shown in the 



diagram below: 

 

Both Single mode and multimode optical fibers can have a step-index or graded-index refractive 

index profile. For a multimode fiber, the performance of graded-index fibers is superior 

compared to the step index multimode fibers.  

Anyway, depending on the intended application, both type of multimode fibers improve system 

design and operation Performance. As far as single mode fibers are concerned, advantages for 

single mode graded-index fibers compared to single mode step-index fibers are relatively small. 

Almost all Single mode fibers have step index profile. Step index single mode fibers are denoted 

by SM MC or Single mode matched clad optical fiber.  

 

 

 

 

 

 

 

 

 

 

 



Difference between single mode fiber and multi mode fiber  

 

Single Mode cable is a single stand of glass fiber with a diameter of 8.3 to 10 microns that has 

one mode of transmission.  Single Mode Fiber with a relatively narrow diameter, through which 

only one mode will propagate typically 1310nm or 1550nm. Carries higher bandwidth than 

multimode fiber, but requires a light source with a narrow spectral width. Synonyms mono-mode 

optical fiber, single-mode fiber, single-mode optical waveguide, uni-mode fiber. 

  

Single-mode fiber gives you a higher transmission rate and up to 50 times more distance than 

multimode, but it also costs more. Single-mode fiber has a much smaller core than multimode. 

The small core and single light-wave virtually eliminate any distortion that could result from 

overlapping light pulses, providing the least signal attenuation and the highest transmission 

speeds of any fiber cable type. 

  

Single-mode optical fiber is an optical fiber in which only the lowest order bound mode can 

propagate at the wavelength of interest typically 1300 to 1320nm. 

  

Multimode cable is made of of glass fibers, with a common diameters in the 50-to-100 micron 

range for the light carry component (the most common size is 62.5).  POF is a newer plastic-

based cable which promises performance similar to glass cable on very short runs, but at a lower 

cost. 

  

Multimode fiber gives you high bandwidth at high speeds over medium distances. Light waves 

are dispersed into numerous paths, or modes, as they travel through the cable’s core typically 

850 or 1300nm. Typical multimode fiber core diameters are 50, 62.5, and 100 micrometers. 

https://www.ad-net.com.tw/difference-between-single-mode-fiber-and-multi-mode-fiber/


However, in long cable runs (greater than 3000 feet [914.4 ml), multiple paths of light can cause 

signal distortion at the receiving end, resulting in an unclear and incomplete data transmission. 

 

 

 




















































