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Goals in Communication System Design



Classification of Transmission Media 



Electromagnetic spectrum



Optical  Communication

• Optical communication using fibers is performed in the 

frequency range of 1 THz to 1000 THz (microwaves to 

ultraviolet). 

• An optical fiber can offer a transmission bandwidth in 

excess of 100 GHz.

• Spectrum allocations are arrived at by an international 

agreement.



Optical communications 



History 

• It 1870 John Tyndall state that light can be guided along the curve of a 
stream of water and the total internal reflected light gets confined to the 
water stream and the stream appears luminous.

• In 1950, the transmission of images through optical fibers was realized in 
practice

• In 1966 Charles Kao and George Hockham proposed the transmission of 
information over glass fiber.

• The invention of solid state lasers in 1970 made optical communications 
practicable.

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. 



Optical Communication System



General Block diagram of Fiber communication  system



Transmission Media alternative to the optical Communication
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Comparison of satellite and optical communication 



(One common misconception is that most of our 
information is transmitted through satellites,

but fiber optic cables actually form the backbone of 
the internet, transmitting about 99% of all data.)

Today, there are over 420 submarine cables in service, 
stretching over 700,000 miles (1.1 million km) around 
the world.

The network is clustered around information economy 
hotspots like Singapore and New York, but cables 
connect to just about anywhere.

http://www.visualcapitalist.com/high-level-look-at-satellites/
https://www.submarinecablemap.com/#/






How fiber cable is longer ?

•Earth circumstance       = 40000 km

•Glob fiber optic length = 1000000 km 

•The percentage is                25 times
•



Advantages and Disadvantages of optical communication



General Block Diagram of Basic Optical Transmission System 



General Block Diagram of Basic Optical Transmission System
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Optical Fiber

• Definition: 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. 



Optical fiber (OF)



Principle

• Light propagate in 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 in a zigzag path.

A small fraction of light may escape through sidewalls but a major 
fraction emerges out from the exit end of the fiber. Light can travel 
through fiber even if it is bent. 
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Optical fiber basic structure:



Structure of Fiber Optic cable

• A practical optical fiber is cylindrical in shape (see figure 2a) 

• It has in general three coaxial regions as shown in figure 2b.
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Necessity of cladding

• The actual fiber is very thin and light entering a bare fiber will travel 
along the fiber through repeated total internal reflections at the 
glass-air boundary. However, bare fibers are used only in certain 
applications. For use in communications and some other 
applications, the optical fiber is provided with a cladding. 

The cladding maintains uniform size of the fiber, protects the walls of 
the fiber from chipping, and reduces the size of the cone of light that 
will be trapped in the fiber. 



The cladding performs the following important functions:

• Keeps the size of the fiber constant and reduces loss of light from 
the core into the surrounding air. 

• Protects the fiber from physical damage and absorbing surface 
contaminants 

• Prevents leakage of light energy from the fiber through evanescent 
waves.

• Prevents leakage of light energy from the core through frustrated 
total internal reflection. 

• Reduces the core of acceptance and increases the rate of 
transmission of data. 

• A solid cladding, instead of air, also makes it easier to add other 
protective layers over the fiber. 
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Optical Fiber System operation

• An optical fiber is used to transmit light signals over long distances. 
The role of a light transmitting medium is similar to a coaxial cable 
or wave guide used in microwave communications.

Optical fiber requires a light source for launching light into the fiber 
at its input end and a photo detector to receive light at its output 
end. As the diameter of the fiber is very small, the light source has to 
be dimensionally compatible with the fiber core. 

Light emitting diodes and laser diodes, which are very small in size, 
are used as the light sources. 



Continue 

• The electrical input signal is in general of digital form. It is converted 
in to optical signal by varying the current flowing through the light 
source. Hence, the intensity of the light emitted by the source of 
modulated with the input signal and the output will be in the form 
of light pulses

The light pulses constitute the signal that travel through the optical 
fiber. At the receiver end, semiconductor photo diodes, which are 
very small in size, are used for detection of these light pulses. The 
photo detector converts the optical signal into electrical form. Thus a 
basic optical fiber system consists of LED /laser diode, optical fiber 
cable and a semiconductor photodiode.



Optical fiber Applications:



Principles of light 
propagation  through 

optical Fiber

introduction



Fiber optic Cable construction



Optical fiber construction
• Optical fiber construction shows that, the cable consists of two main 

parts, core and cladding.
• Theses two materials have different refractive properties(Refractive 

Index).

• Refractive index (n) tells how fast or slow light travels through the 
material.

• Optical boundary is a surface that separates two materials with 
different refractive indexes.

• Most light rays both reflect and(or) refract when they encounter a 
boundary between two materials.

• These depends on refractive index of the material and angle of ray 
incident. 



Light propagation through different media with 
Different Refractive Index









Ray Transmission Theorem/Refraction

• When light travels from one medium to another it changes speed 
and is refracted.

• If the light rays are travelling from a less dense material to a dense 
medium they are refracted towards the normal and if they are 
travelling from a dense to less dense medium they are refracted 
away from the normal.

• As the angle of incidence increases so does the angle of refraction.

• When the angle of incidence reaches a value known as the critical angle the 
refracted rays travel along the surface of the medium or in other words are 
refracted to an angle of 90°. 





Critical Angle

• When the angle of incidence(Φ1) is progressively increased, there 
will be progressive increase in refractive angle (Φ2)

• At some condition (Φ1) , the refractive angle (Φ2) becomes 90 
degree to the normal.

• When this happens the refracted ray travels along the interface.

• The angle Φ1 at which Φ2 become 90 is called critical angle 
and denoted by Φc.



Angle of Incident – Critical angle relation

• There are three cases:

1. Angle of incidence Less than the critical angle

2. Angle of incidence Equal to the critical angle

3. Angle of incidence Greater than the critical angle















Total Internal Reflection (TIR) 

• When the incident angle is increased beyond the critical angle, 
the light ray does not pass through the interface into the other 
medium.

• This gives the effect of mirror exist at the interface with no 
possibility of light escaping outside the medium.

• In this condition angle of reflection (ø2) is equal to angle of 
incidence (ø1) .

• This action is called as Total Internal Reflection (TIR) of the beam.

• It is TIR that leads to the propagation of  waves within fiber-
cable medium.

• TIR can be observed only in materials in which the velocity of 
light  is less than in air.



Continue
• Sometimes, when light is moving from a denser medium 

towards  a  less dense one, instead of being refracted, all of the 

light is reflected.

• This phenomenon is called total internal reflection

• Total internal reflection (TIR) occurs when:

- The angle of incidence is greater than the critical angle and 

- The incident material is denser than the second material

• Therefore, the two conditions for total internal reflection are:

o The angle of incidence > the critical angle

o The incident material is denser than the second material





















































Examples on numerical 
Aperture, Acceptance angle and 

Critical angle

Examples 



Example 1

• A silica optical fiber with a core diameter large enough to be 
considered by ray theory analysis, Has a core refractive index of 1.5 
and cladding refractive index of 1.47.

Determine:

1. The critical angle at core – cladding interface

2. The Numerical Aperture for the fiber

3. The acceptance angle in air for the fiber









Example 2
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