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ABSTRACT 

In fiber optic communication system connectors are used to connect two fibers or a fiber to 

active devices. Splices are used to permanently connect two fibers. For both connectors and 

splices, loss is the primary performance parameter. With durability and repeatability next in 

importance. Optical return loss (back reflection) is only of importance in single mode fiber 

networks. Connectors and cable assemblies are tested for insertion loss with meters and 

sources. Mode power distribution has a large effect on the connector or splice loss 

measured in multimode fibers. Couplers and switches are tested for output consistency and 

total excess loss. Mode power distribution is critical for proper measurements in both 

switches and couplers. 

Fiber comes in two major types: singlemode and multimode. Multimode may be either step 

index or graded index (Cl), with Cl more common. Fiber is generally tested for attenuation 

coefficient (dB/km), but manufacturers will also test for diameter and concentricity, 

numerical aperture (NA) and perhaps even bandwidth. Mode power distribution can greatly 

affect the measurement of attenuation and bandwidth in multimode fiber. OTORs can be 

used to get indirect measurements of attenuation, but with higher measurement uncertainty 

than with insertion loss measurements. Bandwidth consists of both modal and chromatic 

dispersion and is very difficult to test. 

Standards are necessary for insuring compatibility and interoperability, but should not stifle 

the development of technology. Standards come from organized standards groups and 

market acceptance. Primary standards are needed to allow measurements to be made with 

agreement among groups of users. Networks standards insure product interoperability. 
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INTRODUCTION 

In this project fiber optic communication system is studied with intensive care. Fiber optic 

communication system is a new technology, which will have a large impact on 

telecommunications as well as fast data transmission and computer interconnections. The 

project consists of four chapters. 

Chapter 1 gives a short introduction to fiber optic communication system by 

considering the historical development, the general system and the major advantages & 

disadvantages provided by this technology. 

Chapter 2 gives the basic idea or a communication system and a communication 

network. Important elements in the communication process are introduced, which consist of . 
Connectors and Splices, Connectorized Cable Testing, Couplers and Switches. 

Chapter 3 will cover important and advanced topics in fiber optic communication 

system. On the fiber optic side, attenuation, optical fiber test, sources for loss measurement 

and modal effects on attenuation are discussed in detail. Finally, gives the detail idea of 

fiber optic standards, optical power and more other applications of fiber optic system. 

Chapter 4 covers the important networking aspects and installing FO cable plant. 

Specifically, testing networks and topologies in fiber optic communication are explained, 

and various innovative networking are described. 
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1. Fiber Optic Communication Electronics 

1.1 Introduction 

In the recent years it has become apparent that fiber-optics are steadily replacing copper 

wire as an appropriate means of communication signal transmission. Fiber-optic systems 

are currently used most extensively as the transmission link between terrestrial hardwired 

systems. They span the long distance between local phone systems as well as providing the 

backbone architecture of city phone systems. Other systems users include cable television 

services, universities, offices, industry and electric utility companies. This briefing will 

give an overview of the beginning of fiber optic, fiber basics, fiber optic structure, fiber 

optic advantages, disadvantages, fiber optic devices and it's testing. 

1.2History 

The fiber-optic is defined as branch of optics that deals with the transmission of it through 

ultra pure glass, plastic or some other form of transparent media. One of first noted 

experiment that demonstrated the transmission of light through a dielectric medium has 

been created to John Tyndall. In 1854 John Tyndall demonstrated that light could be guided 

through stream of water based on the principle of total internal reflection. In 1880 

Alexander Graham Bell invented the photo phone, a device that transmits voice signals 

over a beam of light. Charles H.Townes created great interest in communication at optical 

frequencies in 1958 with die invention of the laser. In 1966 Charles K. Kao and George 

Hockham of Standard Telecommunications Laboratories of England performed several 

experiments to prove that, if glass could be made more transparent by reducing its 

impurities, light loss could be minimized. Their research led to a publication in which they 

predicted that optical fiber could be made pure enough to transmit light several kilometers. 

In the next two decades researchers worked intensively to reduce the attenuation to 0.16 

dB/km. lnl 988 the American National Standards Institute (ANSI) published the 

Synchronous Optical Network (SONET). 1995 Multimedia applications for business have 

become the major impetus for increased use of optical fiber within the LAN, MAN, and 
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WAN environment. 

1.3 Theory of Light 

In the seventeenth and eighteenth centuries, there were two schools of thought regarding 

the nature of light. Sir Isaac Newton and his followers believed that light consisted of 

rapidly moving particles ( or corpuscles), whereas Dutch physicist Christian Huygens 

regarded light as being a series of waves. 
The wave theory was strongly supported by an English doctor named Thomas Young. By 

1905, quantum theory, introduced by Clark Maxwell, showed that when light is emitted or 

absorbed it is not only as a wave, but also as an electromagnetic particle called a photon. 

Photon is said to possess energy that is proportional to its frequency. This is known as 

Planck's law, which states: 

E=H*V 

Where E= Photon's energy (J); 

H= Planck's constants (J-s) 

V= Frequency of photon (Hz) 
Using the particle theory Einstein and Planck were able to explain photoelectric effect ten 

visible lights or electromagnetic radiation of a hire frequency shines on a metallic surface; 

electrons are emitted, which is turning an electric current. 

1.3.1 Electromagnetic Spectrum 

Fundamentally, light has been accepted as a form of electromagnetic radiation that can be 

categorized into a portion of the entire electromagnetic spectrum, as shown in Table 1.1. In 

addition, each frequency can be specified in terms of its equivalent wavelength. Frequency 

or wavelengths are directly related to the speed of light. 
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C= f*"' 
Where C =speed of light in a vacuum or free space, 

f= frequency (Hz); 

A = Wavelength (m). 

Table 1.1 Electromagnetic spectrum 

Range of wavelength, Name of wavelength 

nm 

10/\6-770 Inferred 

770-662 Red 

662-597 Orange 

597-577 Yellow 

577-492 Green Visible 

492-455 Blue 

455-390 Violet 

390-10 Ultraviolet 

The portion of the electromagnetic spectrum regarded as light has been expanded in Table 

1.1 To illustrate three basic categories of light: 

1. Infrared: that portion of the electromagnetic spectrum having a wavelength ranging 

from 770 to 10/\6 nm. Fiber optic systems operate in this range. 

2. Visible: that portion of the electromagnetic spectrum having a wavelength ranging 

from 390 to 770 nm. The human eye responding to these wavelengths allows us to see the 

colors ranging from violet to red, respectively. 

3. Ultraviolet: that portion of the electromagnetic spectrum ranging from 10 to 390 

nm. 

The light that we use for most fiber optic systems occupies a wavelength range from 800 to 
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1600 nm. This is slightly larger than visible red light and falls within the infrared portion of 

the spectrum. 

1.3.2 Snell's Law: Total Interval Reflection 

For light to propagate in any medium, the medium must be transparent to some degree. The 

degree of transparency determines how far light will propagate. Transparent materials can 

be in the form of a liqni4, gas, or a solid. Some examples are glass, plastic, air, and water. 

One of the most fundamental principles of light is that when it strikes the interface between 

two transparent mediums, such as air and water, a portion of the light energy is reflected 

back into the first medium and a portion is transmitted into the second medium. The path in 

which fight travels from one point to another is commonly referred to as the ray. Figure 1.1 

illustrates the classic example of a ray of light incident upon the surface of water. Notice 

that part of the light is reflected off the surface of water and part of it penetrates the water. 

The ray penetrating to water refracted or bent toward the normal. The amount of refracted 

light is determined by the medium's index of refraction, generally denoted by the letter n. 

Index of refraction is the ratio of the speed of light in a vacuum - C, to the speed of light in 

the given medium - v. This relationship is given by the equation: n = Cl v. Since the speed 

of light is lower in mediums other than a vacuum, the index of refraction in such mediums 

is always greater than 1. 

In 1621, the Dutch mathematician Willebrard Snell established that rays of light could be 

traced as they propagate from one medium to another based on their indices of refraction, 

Snell's low is stated by the equation: 
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Figure-1.1 

Where n1 - refractive index of material 1; e 1 - angle of incidence; 92 - angle of refraction; 

n2 -refractive index of material 2. When the angle of incidence, e 1, becomes large enough 

to cause the sine of the refraction angle, 92, to exceed the value of 1, total internal 

reflection occurs. This angle is called the critical angle, Sc. The critical angle, Sc, can be 

derived from Snell' S law as follows 

n, sin91= n2sin92 

sin91= n2sin92/ n1 

When sine 1 = sin 92, then sine 1 = n2/ n 1. Therefore, critical angle: sin9c = (n2 I n 1) 
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By surrounding glass with material whose refraction index is less than that of the grass, 

total internal reflection can be achieved. This is illustrated in Figure 1.2. Ray A penetrates 

the glass-air interface at ah angle exceeding the critical angle, Sc, and therefore experiences 

total internal reflection, Oh the other hand" Ray B penetrates the glass air interface at an 

angle less than the critical angle. total internal reflection does not occur. Instead, a portion 

of ray B escapes the glass and is refracted away from the normal as it enters the less dense 

medium of air. A portion is also reflected back into the glass. Ray B diminished in 

magnitude as it bounces back and forth between the glass-air interfaces. The foregoing 

principle is the basis for guiding light through optical fibers. Two key elements that permit 

light guiding through optical fibers are its core and its cladding. The fiber's core is 

manufactured of ultra pure glass (silicon dioxide) or plastic. Surrounding the core is a 

material called cladding. A fiber cladding is also made of glass or plastic. Its index of 

refraction, however, it is typically 1 % less than that of its core. This permits total internal 

reflection of rays entering the fiber and striking the core-cladding interface above the 

critical angle of approximately 82-degree. The cote of the fiber therefore guides the light 

and the cladding contains the light. The cladding material is much less transparent than the 

glass making up the core of the fiber. Thfs causes light rays to be absorbed if they strike the 

corf-cladding interface at an angle less than the critical angle. 

6 



In Figure 1.3, a light ray is transmitted into the core of an optical fiber. Total internal 

reflection occurs as it strikes the lower index cladding material. 

Cladding 

Figure-1.3 

1.4 Block Diagram of the FOS 

One of the main limitations of communication systems is their restricted information 

carrying capabilities. In more specific terms what this means is that the communications 

medium can only carry so many massages. And, as you have seen, this information 

handling ability is directly proportional to the bandwidth of the communications channel. In 

telephone systems, the bandwidth is limited by the characteristics of the cable used to carry 

the signals. As the demand for telephones has increased better cables and wiring systems 

have been developed. Further, multiplexing techniques have been used to transmit multiple 

telephone conversations over a single cable. 

In radio communication systems, the information modulates a high frequency carrier. The 

modulation produces sidebands, and therefore, the signal occupies a narrow portion of the 

'if spectrum. However, the RE spectrum is finite. There is only so much space for radio 

signals. To increase the information capacity of a channel, the bandwidth of the channel 

must be increased. This reduces available spectrum space. Multiplexing techniques are used 

to send more signals in a given channel bandwidth, and methods have been developed to 

transmit more information in less bandwidth. 

The information-carrying capacity of the radio signal can be increased tremendously if 

higher carrier frequencies are used. As the demand for increased communications capacity 

has gone up over the years, higher and higher RFs are being used. Today, microwaves arc 

the preferred radio channels for this reason, but it is more complex and expensive to use 
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these higher frequencies because of the special equipment required. 

One way to expand commurtications capability further is to use light as the transmission 

medium. Instead of using an electrical signal traveling over a cable or electromagnetic 

waves traveling through space, the information is put on a light beam and transmitted 

through space or through a special cable. In the late nineteenth century. Alexander Graham 

Bell, the inventor of the telephone, demonstrated that information could be transmitted by 

light. 

Light beam communication was made more practical with the invention of the laser. The 

laser is a special high-intensity, single frequency light source. It produces a very narrow 

beam of brilliant light of a specific wavelength (color). Because of its great intensity, he 

laser beam can penetrate atmospheric obstacles better than other types of light. There by 

making light-beam communication more reliable over longer distances. The primary 

problem with such free-space light beam communication is that the transmitter and receiver 

must be perfectly aligned with one another. 

Instead of using free space, some type of light carrying cable can also be used. For 

centuries it has been known that light is easily transmitted through various types of 

transparent media such as glass and water, but it wasn't until the early in 1900s that scientist 

were able to develop practical light carrying media. The mid-l 950s glass developed fibers 

that permitted long light carrying cables to be constructed. Over the years, these glass fibers 

have been perfected. Further, low cost plastic fiber cable also developed. Developments in 

these cables permitted them to be made longer with less attenuation of the light. 

Today the fiber optic cables have been highly refined. Cables many miles long can be 

constructed and interconnected for the purpose of transmitting information on a light beam 

over very long distances. Its great advantage is that light beams have an incredible 

information carrying capacity. Whereas hundreds of telephone conversations may be 

transmitted simultaneously at microwave frequencies, many thousands of signals can be 

carried on a light beam through a fiber optic cable. Using multiplexing techniques similar 

to those used in telephone and radio systems, fiber optic communications systems have an 

almost limitless capacity for information transfer. 

The components of a typical fiber optic communications system are illustrated in Figure 

1.4. 
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The information signal to be transmitted may be voice, video, or computer data. The first 

step is to convert the information into a form compatible with the communications medium. 

This is usually done by converting continuous analog signals such as voice and video (TV) 

signals into a series of digital pulses. An Analog-to-Digital Converter (ADC) is used for 

this purpose. Computer data is already in digital form. These digital pulses are then used to 

flash a powerful light source off and on very rapidly. In simple low cost systems that 

transmit over short distances, the light source is usually a light-emitting diode (LED). This 

is a semiconductor device that puts out a low intensity red light beam. Other colors are also 

used. Infrared beams like those used in TV remote controls are also used in transmission. 

Another commonly used light source is the laser emitting diode. This is also a 

semiconductor device that generates an extremely intense single frequency light beam. 

The light beam pulses are then fed into a fiber optic cable where they are transmitted over 

long distances. At the receiving end, a light sensitive device known as a photocell or light 

detector is used to detect the light pulses. This photocell or photo detector converts the light 

pulses into an electrical signal. The electrical pulses are amplified and reshaped back into 

digital form. They are fed to a decoder, such as a Digital-to-Analog Convener (DAC), 

where the original voice or video is recovered for user. 

Voice 
I I1illlJ Light Or video I ADC source 

t Data from 
computer 

DAC 
User ,, Shaper 

Light detector Amplifier 

Figure-1.4 
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1.5 Fiber Optic Cables 

Just as standard electric cables come in a variety of sizes, shapes, and types. Fiber optic 

cables are available in different configurations. The simplest cable is just a single strand of 

fiber. Complex cables are made-up of multiple fibers with different layers and other 

elements. 
The portion of a fiber optic cable (core) that carries the light is made from either glass or 

plastic. Another name for glass is silica. Special techniques have been developed to create 

nearly perfect optical glass or plastic, which is transparent to light. Such materials can carry 

light over a long distance. Glass has superior optical characteristics over plastic. However, 

glass is far more expensive and more fragile than plastic. Although the plastic is less 

expensive and more flexible, its attenuation of light is greater. For a given intensity, light 

will travel a greater distance in glass than in plastic. For very long distance transmission, 

glass is certainly preferred. For shorter distances, plastic is much more practical. 

All fibers consist of a number of substructures including (Figure 1.5). 

• A core, which carries most of the light, surrounded by 

• A cladding, which bends the light and confines it to the core, surrounded by 

•A substrate layer (in some fibers) of glass which does not carry light, but adds to the 

diameter and strength of the fiber, covered by 

• A primary buffer coating, this provides the first layer of mechanical protection, 

covered by. 

• A secondary buffer coating, this protects the relatively fragile primary coating. 

r~ Plint&N Bu1hff 
Figure-1.5 
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The cladding is also made of glass or plastic but has a lower index of refraction. This 

ensures that the proper interface is achieved so that the light waves remain within the core. 

In addition to protecting the fiber core from nicks and scratches, the cladding adds strength. 

Some fiber optic cables have a glass core with a glass cladding. Others have a plastic core 

with a plastic cladding. Another common arrangement is a glass core with a plastic 

cladding. It is called plastic-clad silica (PCS) cable. 

1.6 Basic Construction of the Fiber-Optic Cables 

There are two basic ways of classifying fiber optic cables. The first way is an indication of 

how the index of refraction varies across the cross section of the cable. The second way of 
classification is by mode. Mode refers to the various paths that the light rays can take in 

passing through the fiber. Usually these two methods of classification are combined to 

define the types of cable. There are two basic ways of defining the index of refraction 

variation across a cable. These are step index and graded index. Step index refers to the fact 

that there is a sharply defined step in the index of refraction where the fiber core and the 

cladding interface. It means that the core has one constant index of refraction N 1, while the 

cladding has another constant index of refraction N2. 
The other type of cable has a graded index. In this type of cable, the index of refraction of 

the core is not constant. Instead, the index of refraction varies smoothly and continuously 

over the diameter of the core. As you get closer to the center of the core, the index of 

refraction gradually increases, reaching a peak at the center and then declining as the other 

outer edge of the core is reached. The index of refraction of the cladding is constant. 

Mode refers to the number of paths for the light rays in the cable. There are two 

classifications: single mode and multimode. In single mode, light follows a single path 

through the core. In multimode, the light takes many paths through the core. 

Each type of fiber optic cable is classified by one of these methods of rating the index or 

mode. In practice, there are three commonly used types of fiber optic cable: multimode step 

index, single mode step index and multimode graded index cables. 
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