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FIBER OPTICS 

 

Optical Fiber: An optical fiber is a cylindrical wave guide made of transparent dielectric (glass 

or clear plastic), which guides light waves along its length by total internal reflection. It is very 

thin like human hair, approximately 70μm or 0.003 inch diameter. The thin strand of a metal is 

called a wire and a thin strand of dielectric materials is called a Fiber. 

(History: In 1950, the transmission of images through optical fibers was realized in practice. 

Hopkins and Kapany developed the flexible fiberscope, which was used by the medical word and 

viewing the interior of human body. The Kapany has assigned the term fiber optics. In 1960, it 

was established that light could be guided by a glass fiber. In 1966 Charles Kao and George 

Hockham proposed the transmission of information over glass fiber. In 1970 corning glass works 

produced low-loss glass fibers. The invention of solid state lasers in 1970 made optical 

communications practicable. Commercial communication systems based on optical fibers are 

widely used in other areas. Fiber-scopes made of optical fibers are widely used in a variety of 

forms in medical diagnostics. Sensors for detecting electrical, mechanical, thermal energies are 

made using optical fibers.) 

Fiber optics is a technology in which signals are converted from electrical to optical signals, 

transmitted through a thin glass fiber and reconverted into electrical signals. 

 

Structure of optical fiber:  
 

Core:   n1 = core refractive index  

Cladding:    n2 = cladding refractive index 

Buffer Coating/ Jacket: Made by plastic for protecting the fiber. 
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A practical optical fiber is cylindrical in shape. 

Core: The innermost cylindrical region, which is the light guiding region known as the core. In 

general, the diameter of the core is of the order of 8.5 μm to 62.5 μm. 

Cladding: The core is surrounded by a coaxial middle region known as the cladding. 

 The diameter of the cladding is of the order of 125 μm. 

 The refractive index of cladding (n2) is always lower than that of core (n1). 

 Light launched into the core and striking the core-cladding interface at an angle greater 

than critical angle will be reflected back into the core. 

 When the angles of incidence and reflection are equal, the light will continue to rebound 

and propagate through the fiber. Cladding is the middle layer-which serves to confine the 

light to the core. 

 Buffer coating/ Jacket: It is surrounding the cladding, which protects the fiber from physical 

damage and environmental effects. It is a plastic coating given to the cladding for extra 

protection. This coating is applied during the manufacturing process to provide physical and 

environmental protection for the fiber. 

 

Basic Principle: Light propagate in an optical fiber from one of its ends to the other end is based 

on the principle of total internal reflection. When light enters at one end of the fiber, it undergoes 

successive total internal reflection from side walls and travels along the length of the fiber. A 

small fraction of light may escape through sidewalls but a major fraction emerges out from the 

exit end of the fiber. 
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Ray Optics to understand Fiber Optics:  

(Home Work: Read the principle of Reflection and Refraction from any book on Optics) 

Reflection: 

 

Refraction: 

 

 

Refractive Index 

The amount of refraction or bending that occurs at the interface of two materials of different 

densities is usually expressed as refractive index (n) of two materials.  

 

The refractive index is expressed as the ratio of the velocity of light in free space (c) to the 

velocity of light of the dielectric material/ substance (say, v). 

 

                      
                                

                                
 

 

Example: The refractive index for vacuum and air is 1.0 for water it is 1.3 and for glass refractive 

index is 1.5. 
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Propagation of Light through Optical Fiber: 

 

(a) Optical Fiber without light ray propagation 

 

(b) Optical Fiber with Single ray propagation 

 

(c) Optical Fiber with Multi ray propagation 

 

The diameter of an optical fiber is very small hence we cannot use bigger light sources for 

launching light beam into it. Light emitting diode (LED) and LASER are the optical sources used 

in fiber. The focusing lens may be used to concentrate the beam on to the fiber core. The Light 

propagates as an electromagnetic wave through an optical fiber. According to the ray model, 

light rays entering the fiber strike the core-cladding interface at different angles. As the refractive 

index of the cladding is less than that of the core, majority of the rays undergo total internal 

reflection and the angle of reflection is equal to the angle of incidence in each case. The refracted 

rays will suffer total internal reflections inside the core. Thus, the rays travel through the fiber 
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via a series of total internal reflections and emerge out from the exit end of the fiber shown in the 

above figure (c). 

Since each reflection is a total internal reflection, there is almost no loss of light energy and light 

confines itself within the core during the propagation. Also due to the negligible loss during the 

propagation through the fiber, optical fiber can carry the light waves over very long distances. 

Thus, the optical fiber acts as wave guide and is called a light guide.  

 

Summary:  

Two conditions must be satisfied for total internal reflection, 

1. The refractive index of the core material n1, must be greater than that of the cladding n2. 

2.  At the core –cladding interface, the angle of incidence θ1 must be greater than the 

critical angle θC. 
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Single Mode Step Index (SMSI) Fiber 

 

 

 

Multi Mode Step Index (MMSI) Fiber 

 

 

 

Multi Mode Graded Index (MMGI) Fiber 
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Step Index and Graded Index Fibers:  

 

Step Index:  The optical fiber with a core of constant refractive index n1, and a cladding of a 

slightly lower refractive index n2 is known as step index fiber.  

 Here the refractive profile of the fiber makes a step change at the core cladding interface.  

 The variation of refractive index profile as a function of radial distance (r) is defined as,  
 

n(r)  =  n1   for r < a 

         = n2    for r > a  ; where ‘a’ is the radius of the core, 2a is the diameter of the core 

(see figures above and below). 

 
 

 

Graded Index:  In this type of fiber, the refractive index of the core is not constant, but varies 

smoothly over the diameter of the core as shown in above figure. It has a maximum value at the 

centre and decreases gradually towards the outer edge of the core. At the core-cladding interface 

the refractive index of the core matches with the refractive index of the cladding. The refractive 

index of the cladding is constant. 
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Reference:  Fundamentals of Photonics 

Bahaa E. A. Saleh, Malvin Carl Teich 

Copyright © 1991 John Wiley & Sons, Inc. 

ISBNs: 0-471-83965-5 (Hardback); 0-471-2-1374-8 (Electronic) 
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(Read only the Characteristics of SMF and MMF from any Books, See figure in Page 16) 

 

Single mode fiber (SMF): It has a smaller core diameter and can support only one mode of 

propagation. 

Multimode fiber (MMF): A multimode fiber has a larger core diameter and supports a number 

of modes. 

 

 

Characteristics of – 

 

Step index single mode fiber: 

 It has a very small core diameter, typically of about 10μm. 

 Its numerical apertures are very small. 

 It supports only one mode in which the entire light energy is concentrated. 

 Because of a single mode of propagation, loss due to intermodal dispersion does not 

exist. 

 The attenuation is least. 

 The single mode fiber carries higher bandwidth than multimode fibers. 

 It requires a monochromatic and coherent light source. Therefore, laser diodes are 

used along with single mode fibers. 

 

 

Step-index multi-mode fiber: 

• It has larger core diameter, typically ranging between 50-100μm. 

• The numerical aperture is larger and it is of the order of 0.3 

• Larger numerical aperture allows more number of modes, which causes larger 

dispersion. The dispersion is mostly intermodal. 

• Attenuation is high. 

• Incoherent sources like LEDs can be used as high sources with multimode fibers. 

 

Graded-index multi-mode fiber: 

• Core diameter is in the range of 50-100μm. 

• Numerical aperture is smaller than that of step-index multimode fiber. 

• The number of modes in a graded index fiber is about half that in a similar 

multimode step-index fiber. 

• It has minimum attenuation. 

• Intermodal dispersion is zero, but material dispersion is present. 

• It has better bandwidth than multimode step-index fiber. 
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(From the book- Modern Optics, A B Gupta (Books and Allied P Ltd)) 
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Further Read the following topics from any standard books (References given below) 

 

1. Applications of optical fiber 

2. Dispersion or distortion in Optical fiber  

 

References used: 

1. Modern Optics, A B Gupta (Books and Allied P Ltd) 

2. Fundamentals of Photonics, Bahaa E. A. Saleh, Malvin Carl Teich, Copyright © 1991 

John Wiley & Sons, Inc.,  ISBNs: 0-471-83965-5 (Hardback); 0-471-2-1374-8 

(Electronic) 

3. Introduction to Fiber Optics, Ghatak and Thyagrajan (Cambridge Univ Press) 

4. Electronics, Rakshit & Chattopadhyay, (New Age) 


