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Preface

Vocational Education is a dynamic and evolving field, and ensuring that every
student has access to quality learning materials is of paramount importance. The
journey of the PS S Central Institute of Vocational Education (PSSCIVE) toward
producing comprehensive and inclusive study material is rigorous and time -
consuming, requiring thorough research, expert consultation, and publication by

the National Council of Educational Resea rch and Training (NCERT). However, the
absence of finalized study material should not impede the educational progress of

our students. In response to this necessity, we present the draft study material, a
provisional yet comprehensive guide, designed to br idge the gap between teaching
and learning, until the official version of the study material is made available by

the NCERT. The draft study material provides a structured and accessible set of
materials for teachers and students to utilize in the interim period. The content is
aligned with the prescribed curriculum to ensure that students remain on track

with their learning objectives.

The contents of the modules are curated to provide continuity in education and
maintain the momentum of teaching -learning in vocational education. It
encompasses essential concepts and skills aligned with the curriculum and
educational standards. We extend our gratitude to the academicians, vocational
educators, subject matter experts, industry experts, academic consultants, and all
other people who contributed their expertise and insights to the creation of the

draft study material.

Teachers are encouraged to use the draft modules of the study material as a guide

and supplement their teaching with additional resources and act ivities that cater
to their students' unique learning styles and needs. Collaboration and feedback are

vital, therefore, we welcome suggestions for improvement, especially by the
teachers, in improving upon the content of the study material.

This material is copyrighted and should not be printed without the permission of
the NCERT -PSSCIVE.

Deepak Paliwal
(Joint Director)
PSSCIVE, Bhopal
Date: 19 September, 2024
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Module 1 Fundamentals of optical

fiber technology

Module Overview

In t his module introduces students to the essential concepts of optical fiber technology,
focusing on its fundamenta | principles and applications. Students will explore the
structure, types, and properties of optical fibers, emphasizing their role in modern
communication systems.  The mec hanisms of light transmission through optical fibers,
covering key principles such as total internal reflection and the impact of various factors

on signal integrity.  Familiarize students with the differen t types of light sources, such
as LEDs and lasers, and the detectors used in optical fiber systems, highlighting their
significance in data transmission. By the end of the module, students will gain a
comprehensive understanding of optical fiber technology , preparing them for advanced
studies and practical applications in the field of telecommunications and beyond.

Learning Outcomes

After completing this module, you will be able to:
9 Understand the structure, types, and applications of optical fibers.

1 Grasp the principles of light propagation, including total internal reflection and
factors affecting transmission.

9 Differentiate between light sources and detectors used in optical fiber systems and
their selection criteria.

Module Structure

Session 1: Basics of optical fiber

Session 2: Light propagation

Session 3: Light source and detector

Session 1: Basics of optical fiber

All of us know about the famodayHRahmdbsmbdat & ¢
at home that he wants to watch a oO0shol ayé
television to see that if that movie is currently bei ng played. But unfortunately, it was
not so. Now, Ram downl oads the O0sholayd mov
playing movie on television. Naturally, Ram
How this was possible for ram. T hi dine phene [0
providing the internet broadband services. The Landline cable is an optical fiber cable

through which data at high speed can be downloaded. In this chapter, we are going to

study about the telecom sector, role of an optical fiber technician, basics of optical fiber,
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need of optical fiber communication, advantages and disadvantages of optical fiber
communication. In addition, we will discuss various applications of optical fiber.

TELECOM INDUSTRY

In this digital era, we are living in the fast g rowing world. Today technology is upgrading
day by day. One of the developing sector is telecom sector on which whole
communication system depend. Telecom sector includes mobile communication,
satellite communication, TV and broadcasting, Optical fiber com munication, cellular
communication as shown in Figure 1.1. Advance technologies boosting the data transfer
capacity of network. With invent of high data transfer medium one can see the match,

which is played at different part of the world. This live stream ing is possible because of
the high data transfer capability of the medium. Innovation in carrying the data at high

speed is greatly benefiting the telecommunication industry. Optical fiber is the fastest

way to transfer the data. This is possible as data is transfer in the form of light and we
know that speed of light is the fastest possible speed on the global.

Fig. 1.1 Applications of telecommunication (a) Mobile communication (b) Base -
station of satellite communication (c) TV broadcasting (d) Cell ular
communication

CONCEPT OF COMMUNICATION

Communication is the process of transferring data or information from one end to other
end. Communication must include three basic elements i.e. Transmitter, Receiver and
Medium as shown in the Figure 1.2 (a) and (b).
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Transmitter Medium Reciever

Fig. 1.2 (a) Elements of Communication System

Fig. 1.2 (b) In Indian Railways using walkie -talkie loco pilot is act as transmitter,
guard act as receiver and medium will be air

Transmitter 3 It act as source, which generate information. Itis responsible for sending
the information. For example, if you are sending email to your friend via a computer
then you will be the sender or your system will be the sending station or transmitter.

Medium & This is the virtual or physical path using which info rmation will move
forward. Medium also called as transmission medium. If transmission medium is optical

fiber cable then it is known as optical fiber communication. For example, a LAN cable

can be considered as medium, which connect one computer to other.

Receiver 0 It receives and retrieve back the information, which is send by the
transmitter. The person for whom message is composed is the receiver. For example,
recipient of your email will be the receiver.

ROLE OF OPTICAL fiber TECHNICIAN

fiber industry is one of the leading industry in the global. There is vast opportunities for

a graduate to perform optical fiber installation and maintenance. Certification in the

optical fiber technician can educate a person to establish the optical fiber network.
Technician is also responsible for the maintenance of optical fiber network as shown in
Figure 1.3. Now a days, _optical fiber technicians works in industries. Optical fiber
technici an is a professional who works in the telecommunication industry. The main

duty of the technician is to install and repair fiber optic cables . Optical fiber technology
uses fiber cable for transmitting data. These fibers are composed of glass. For this
reason, special training and guidelines are to be followed by the professional optical
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fiber technician. To install the optical fiber network, teamwork is required. Optical fiber
technician mu st have employability skills to coordinate with the team members and
client. Once the optical network is established, there is a requirement to maintain whole
setup of optical network. This is equally important for a technician to identify the faults

at di fferent location and diagnose the identified faults. Technician also responsibly to
calculate the link loss budget, which will define the overall estimated loss in the optical
fiber network.

Fig. 1.3 Different role of optical fiber technician (a) Technic ian perform the
route inspection and supervise trenching (b) Laying of optical fiber cable (c)
Performing splicing (d) Fault identification and maintaining the optical fiber
cable

TERMS USED IN OPTICAL fiber CABLE

1. Common terms in optical fiber communica tion

Signal 9 It is an electromagnetic representation of data.

Signaling 0 It is the act of propagating a signal over a suitable medium.

Frequency 0 the number of times in a second an electric signal or electromagnetic wave
completes a cycle.

Mode & A sing le electromagnetic field pattern i.e. think of a ray of light that travels in
fiber.

2. Terms used in optical fiber termination

Patch panel 9 Provides a centralized location for patching fibers, testing, monitoring
and restoring cables as shown in Figure 1 4.
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Fig. 1.4 Patch panel

Connector 98 A non -permanent device for connecting two fibers or fibers to equipment
where they are expected to be disconnected occasionally for testing or re -routing. It also
provides protection to both fibers as shown in Figure 1.5.

Fig. 1.5 Optical fiber connector
Ferrule 0 A tube, which holds a fiber for alignment, usually part of a connector
3. Terms used in optical fiber splicing

Mechanical Splice 8 A splice where the fibers are join by mechanical force as shown in
Figure 1 .6.

e —

Fig. 1.6 Mechanical splice machine

Fusion Splice 8 A splice created by fusing two fibers together using electric arc as shown
in Figure 1.7.

Fig. 1.7 Fusion splice machine
4. Terms used in optical fiber test equipment

Optical Power Meter 8 An instru ment that measures optical power as shown in Figure
1.8.
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Fig. 1.8 Optical fiber power meter

Optical Loss Test Set (OLTS)  ditis a setup to measure the loss occurred in the fiber as
shown in Figure 1.9.

Fig. 1.9 Optical loss test setup

Optical Microscop e & Used to inspect the dirt inside the fiber and connector as shown
in Figure 1.10.

Fig. 1.10 Optical microscope for dirt identification
Optical Time Domain Reflectometer (OTDR) 8 Optical time domain reflectometer is
an equipment use measure the amount of reflection made in the optical fiber cable as
shown in Figure 1.11. It also assist to calculate the loss in optical fiber cable.
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3 =

Fig. 1.11 Optical Time Domain Reflectometer
5. Terms used in optical fiber measurement

Attenuation 0 The reduction in opti cal power as it passes along a fiber, usually
expressed in decibels (dB).

Bandwidth & The range of signal frequencies within which a fiber optic network will
operate.

Chromatic Dispersion 0 A property of optical fiber due to which different wavelengths
tra vel at different speeds and arrive at different times, resulting in spreading of a pulse
in an optical wave guide.

Decibels (dB) & A unit of measurement for optical power. A 10dB means a reduction in
power by 10 times.

Optical Loss 8 The amount of optical  power lost during transmission of through fiber,
splices, couplers expressed in dB.

Optical Power & It defines the power of light, which is use in optical fiber
communication.

Back Reflection 0 Light reflected from the terminal of optical fiber due to diff erence in
refractive indices of air and glass.

Power Budget & The total amount of power lost in the link. It defines maximum loss
occur in the optical fiber cable.

Refractive Index & It define speed of light in a material.

Wavelength 8 It is use to define the colour of light, it is expressed in nanometres (nm)
or microns (m).

METRIC SYSTEM

Optical fiber technology utilizes the metric system as standard for measurement. Some

of the common terms for measurement are meter, kilometre, micron, nanometer. fiber
optic cable length are generally expressed in meter or kilometer.

(a) Meter 8 3.28 feet, 39.37 inches.

(b) Kilometer 6 1000 meters or 3281 feet

(c) Micron 8 One millionth of a meter. This is the common term of measurement for fiber

diameters, most of which are 125 microns in outside diameter. For example, 25 microns
equal 0.001 inch.

(d) Nanometer 8 One billionth of a meter. This term is commonly used in the optical fiber
industry to express wavelength of transmitted light, e.g. 850 or 1300 nm.

OPTICAL fiber
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Optical fibers are simple threads like human hairs. Optical fibers are made up of glass

or plastic. The light propagates from one end to another end through these optical fibers.

Figure 1.12 shows a typical metal wire carries the data in the form of an electr ical signal.
However, optical fiber cable carries a data in the form of digitally encoded signal.

Metal Cable
Fig. 1.12 Light as an output of optical fiber cable and electrical signal as an
output of electrical cable

Table 1.1 shows the brief comparison between the optical fiber cable and electrical wire.
This will help to under the strength of optical fiber cable in communication system.

Table 1.1 Comparison between optical and electrical cable

Parameter Optical fiber cable Electrical cable

Data or signal transmiss  ion speed Very high High

Spark hazard No Yes

Bandwidth Higher lower

Durability High Low

Cost High Cheap

Security High Low
Strength

Member Insulation Shield

Cladding ‘

?ut:r /
acket e
Coating Lore

Drain Wire

Fig. 1.13 Comparison between (a) Optical fiber cable (b) Electrical cable
Example -fiber optics are used for data transmission i n high -level data security like
fields of military, aerospace, aircrafts, hydrophones for SONARSs.
Assignment 1
1. List down the different sectors where optical fiber are used.
2. Search on the internet, home appliances that utilises optical fiber.
BASIC ST RUCTURE OF AN OPTICAL fiber
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We have discussed that an optical fiber have thread like thickness. However, it is
interesting to know about, its internal parts. Basic structure of an optical fiber will have
following parts o

1. Core

Cladding

Buffer

Strength membe r

o~ 0D

Jacket

1. Cable Jacket 3a. Secondary 3b. Primary 4a. Fiber
Buffer Buffer (Cladding)

4b. Fiber

/ e

Fig. 1.14 Different layers in optical fiber cable

(a) Core 0 ltisthinnest and innermost part of an optical fiber as shown in Figure 1.15(a)
and (b). It is made up of glass. Through this core data travel from one end to another in
the form of light.

(b) Cladding 0 It is the outer layer of optical material surrounding the core. It reflects

the light back into the core. It helps to trap the light in the core using an optical
technique . These techniques will discuss in the chapter 2. Figure 1.15 (a) and (b) shows
structure of cladding in optical fiber cable.

Coating
Cladding

\

-
A

A

Coating Cladding | Core
250pm 125um 8.3 - 9um

r

Core
Fig. 1.15 (a) Cross sectional view (b) Side view of optical fiber cable

Core and cladding of optical fiber are available in different diameter. Some of the core
and cladding mentioned in tab  le 1.2.

Table 1.2 Core cladding diameter in different optical fiber cable
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Single mode Multimode optical Multimode optical fiber -
optical fiber fiber -Step index Graded index
(Diameter in pm) (Diameter in pm) (Diameter in pm)
Core 8-6 325 |60 600 50 325 85
Cladding 125 125 140 | 1200 125 125 125

c) Buffer 9o As we learned, core and cladding is the part through which light propagate
in optical fiber. But, it is necessary to provide protection to the core and cladding from
external and environmental damage. Bu ffer is one such layer, which provide this
protection. Itis made up of hard -plastic coating. Types of buffer are loose tube buffering,
tight buffering.
Loose Tube Buffering d Loose tube buffering consist of a buffer layer that has a
diameter much largert han the diameter of the fiber, as shown in Figure 1.16. In other
words, it allow the fiber to move independently into the buffer. An optical gel is filled to
protect the fiber from water. These are designed for harsh environment like dense forest,
heavy r ain falling area.

Fiber Buffer

-

Fig. 1.16 Loose tube buffer

Tight Buffering - Tight tube buffering consists of a buffer layer in which optical fibers
attached tightly as shown in Figure 1.17 and 1.18. In other words, it does not allow fiber

to move independently into  the buffer. Tight -buffered cable are mostly used for indoors.
Fiber

Tight buffer ——»

o

Fig. 1.17 Tight buffer uses buffer attached to the fiber coating

Loose Tube Tight Buffer

Coated Optical Fiber Buffer Layers
Applied Directly
Over Fiber Coating
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Fig. 1.18 Front view of buffer in optical fiber cable

d) Strength Members 0 In some extreme environmental condition, only har d plastic
layer in buffer is not sufficient. For this an additive are also added to increase the tensile

strength of optical cable. Strength members are those additive, which is between the

buffer and the outer jacket as shown in Figure 1.19. It also prote ct the fiber against
stretching and excessive bending. Materials like Aramid yarns, fiberglass are used for

making strength member.

Aramid yarns & Aramid yarns are fibers made by chemical synthesis as shown in Figure
1.19. They are lighter, flexible, and fire -resistant. Aramid yarn usually known as Kevlar.

Aramid Yarn Strength Member

Buffer/Cladding

Protective Jacket

Fig. 1.19 Aramid yarns in optical fiber cable

Fiberglass 0 Fiberglass is made up of extremely fine fibers of glass. They are used to
protect optical fiber from heavy load. fiberglass is shown in Figure 1.20.

Fig. 1.20 Epoxy rods

e) Jacket & Jacket is the protective layer over strength material of an optical fiber. This
part must protect the fiber from the worst outside environment, including sunlight, ice,
equipment accidents. Jacket are made of plasti ¢ material. Material that are used in the
manufacturing of jacket includes Polyvinyl Chloride (PVC), Polyethylene, Polyvinyl di
fluoride (PVDF). Some cables contain multiple layers of jacketing and strength members,

as shown in Figure 1.21. In such cables, the outermost layer is known as sheath.
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\

Sheath

Fig. 1.21 (a) Sheath as an outer layer of a cable with multiple jacket on separate
fiber

(b) Cable in drum representing sheath
Example: Following table 1.3 illustrates material used to manufacture optical fiber.
Table 1.3 Material for construction of optical fiber cable

Part of optical fiber cable Material required for manufacturing

Core Glass or plastic

Cladding Glass or plastic

Strength member Stranded steel, Kevlar, Nylon

Buffer Only Glass, Glass and polym ers, Only polymer

Jacket Polyethylene, polyvinyl chloride, polyurethane,
polyester elastomers

Practical activity 1

Demonstration of protecting layers in optical fiber cable.
Material required

Optical fiber cable, cable stripper, cutter.

Procedure

Step 1 . Take an optical fiber cable, which must have buffer, jacket, sheath as shown
in Figure 1.
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(a) Optical fiber cable (b) Cable Cutter removing sheath

(c) Cutting strength material (d) Removi ng strength material
Fig. 1
Step 2. First, observe the sheath of an optical fiber cable. Take cable stripper to

remove the outermost layer of the optical fiber cable. After removing the sheath,

number of optical cable can be seen and each optical fiber cab le is protected by jackets
as shown in Figure 2.

Fig. 2 Jackets in optical fiber cable

Step 3. Now, hold anyone jacket, using cable stripper remove the jacket as shown in
Figure 3.
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Fig. 3 Holding one jacket for jacket removable

Step 4. Lastly, using ¢ utter cut the jacket of optical fiber cable, then after you will be
able to see the buffer, which is innermost protective layer in an optical fiber as shown
in Figure 4.

Fig. 4 Buffers in optical fiber cable

Step 5. Observe the different protective layer s and material, which are used for their
manufacturing.

Assignment 2.  Match the following components of fiber with their appropriate feature.

Components of Feature
fiber

Loose Tube buffering It reflects the light back into the core. It traps the light in the
core using an optical technique.

Strength member The outermost jacket that contain multiple layers of jacketing
and strength members

Core It run between the buffer and the outer jacket

Cladding The cable consists of a buffer layer that has an inner
diameter much larger than the diameter of the fiber.

Tight Buffering Buffering consists of a buffer layer in which optical fibers
attached tightly

Sheath jacket It is the thin glass centre of the fiber where the light travels.

Practical Activity 2. Id entify core and cladding in optical fiber cable.

Material required
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Wire stripper, optical fiber cable, tissue paper, isopropyl solution.

Procedure
Step 1. Consider an optical fiber cable.

Fig. 1 Optical fiber cable
Step 2. Now, using cable stripper remov e the outer protection layers of an optical fiber
cable, repeat the steps performed in practical activity 1.

Step 3. Now, take an optical fiber stripper, insert the optical fiber cable in the middle
slot of stripper as shown in Figure 2. This will strip th e buffer layers. Now you left with
cladding layer.

Fig. 2 (a) Three slots of optical fiber cable stripper (b) Buffer layers of OFC (c)
Stripped fiber is placed in middle slot of optical fiber stripper

4. Clean the cladding of an optical fiber using ti ssue paper poured into isopropyl
solution as shown in Figure 3.
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Fig. 3 Cleaning the optical fiber using tissue paper
Step 5. Again take an optical fiber stripper, this time insert the optical fiber cable in
the little slot. This will remove the cladding from the optical fiber as shown in Figure
4,

Fig.4 (a) Placing cladding portion of OFC in little slot (c) Side view of placing
the OFC in little slot (c) Squeeze the stripper removes the cladding (d) Side
view of cladding removable in stripper

Step 6 . Observe the core and cladding and visualise the difference in diameter of core
and cladding.

ELEMENTS OF AN OPTICAL fiber COMMUNICATION SYSTEM

In optical fiber communication, major elements are transmitter, receiver and optical

fiber as a propagation me dium as shown in Figure 1.22. The transmitter stage consists

of drive circuitry and light source such as Light Emitting Diode or LASER. The receiver
stage consists of photo -detector such as photo -diode or PIN Diode, an amplifier and a
signal restorer. Now, we will discuss in detail the stages of optical fiber communication

system.
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Fig. 1.22 Elements of optical fiber communication system

1. Transmitter 0 The transmitter transmits optical signal to the fiber cable. A
transmitter consist of an interface circ uit, a driver circuit and an optical source as
shown in Figure 1.23.

TRANSMITTER

INTERFACE ~ SOUREE  opmicAL  [pw v i
O 1 0 1 0 1 0 CIRCUIT CIRCUIT SOURCE f----- = 3 :

ﬁﬂﬁ'ﬁ RECEIVER 01010101010

Fig. 1.23 Transmitter of optical fiber communication system
Interface circuit 0 It makes an interface between the input and transmitter circuitry.

Driver circuit 0 It processes the inpu telectrical signal, which contains information and
feeds to the light source.

Optical source 8 It produce the light signal for the optical fiber. It can be LED or LASER

2. Transmission Channel d It consist of an optical fiber cable, between transmitter and
receiver. This transmission channel transmits optical signal from one end to another.
Other components in fiber optics are as follows o}

Optical Splitter ~ d Optical fiber splitter directs the beam of light from main fiber to two
or more fibers. Optical splitt  er is shown in Figure 1.24.
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Fig. 1.24 Optical splitter

Optical Connector 4 It is for temporary joints between two individual optical fibers that
are broken or to be joined for communication. Optical connector is shown in Figure
1.25.

Fig. 1.25 Various  optical connector

Optical Splice 9 It is used to permanently join optical fibers which are broken. Fusion
splice machine is shown in Figure 1.26.

Fig. 1.26 Fusion splice machine

3. Receiver 0 Optical signal is used as input to the optical receiver. Recei ver stage
consist of photo detector, signal amplifier and signal restorer as shown in Figure 1.27.

RECEIVER
UL TRANSMITTER il

01010101010

- i i TR - . SIGNAL
© | DETECTOR AMPLIFIER RESTORER || [ [
01010101

Fig. 1.27 Receiver of optical fiber
Photo -detector @ It converts optical signal into electrical signal
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Signal amplifier 9 Itis used to improve signal qual ity by removing the noise to achieve
better quality of the signal.

Signal restorer 8 It converts amplified signal for restoring.
Assignment 6

Element of optical fiber Feature
communication
Transmitter ééééééééé
Interface Circuit eéééééééeé
Driver Circuit ééééééééé
Optical Source 6éééééééé
Optical Receiver 6éééeééeé
Transmission Channel ééeééeéeééeé
Optical Coupler or Splitter eéééeéééeé
Optical Connector 6éééeééeé
Optical Splice 6éééééééé

DIFFERENT OPTICAL fiber CABLES ON THE BASIS ON CONSTRUCTION

Optical fiber cable are the medium in w hich data is transfer from one place to another.

In market, we will find variety of optical fiber cables. Availability of optical fiber cables

are based on the use, location, and future expansion needs. Different combinations of
buffer type, strength membe rs, and jackets can be used to create cables to meet the
needs of a wide variety of industries and users. Let us look at some of the commonly
available optical fiber cables.

Cordage 0O The simple type of cables are called as cord or cordage. The two common
types of cordage are simplex and duplex cordage.

Simplex Cordage @ Simplex cordage as shown in Figure 1.28 consists of a single fiber
with a tight buffer, an aramid yarn strength member and a PVC jacket.

Jacket Aramid strength e
material fibre
—_— e
Buffer

Fig. 1.28 Simplex Cordage

Duplex Cordage & Duplex cordage, also known as zip cord, is similar in appearance to
household electrical cords. Duplex cordage is a convenient way to combine two simplex
cords to achieve duplex ortwo  -way transmissions as shown in Figure 1.29.
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Simplex 1 cordage

E—— =

Simplex 2 cordage

Fig. 1.29 Duplex Cordage
Distribu tion Cable & When it is necessary to run a large number of optical fibers
through a building, distribution cable is often used. Distribution cable consists of
multiple tight -buffered fibers bundled in a jacket with a strength member as shown in
Figure 1.30 .

Fiberglass strength
material

Cladding

Steel tape
Jacket

Fig. 1.30 Distribution cables with sub cables

Breakout Cable 8 Breakout cables consist of two or more simplex cables bundled
around a central strength member and covered with an outer jacket, as shown in Figure
1.31. Like distribution cable, breakout c ables may be run through a building wall.

Jacket Simplex cordage

Fibreglass strength
material

Fig. 1.31 Breakout cable contains simplex cords bundled around a central strength
member

More to know

Patch cable or patch lead is a connector used to connect one electronic or optical
device to another for signa | routing. A picture of patch cord is shown in Figure 1.32.

A’

Fig. 1.32 Patch cord
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Armoured Cable & Armoured cable consists of a cable surrounded by a steel or
aluminum jacket. It is then covered with a polyethylene jacket to protect it from moisture
and abrasion as shown in Figure 1.33.

Poly ethylene Steel armour

jacket \ | ijacket Optical fibres

Strength material

Fig. 1.33 Armoured cable protects the fiber from harsh conditions and gnawing
animals

Messenger Cable 8 When there is need to suspend optical fiber cable between two poles,
the strength members alone are not enough to su pport the weight of the cable. Installers
must use a messenger cable, which incorporates a steel or dielectric line known as a
messenger to take the weight of the cable as shown in Figure 1.34.

Messenger

Fig. 1.34 Messenger cable used for aerial installations

Ribb on Cable 0 In this cable coated optical fibers are arrange side by side. Mylar tape
is used to bind together the optical fibers, over which a buffer layers is formed as shown
in Figure 1.35. This will require less space and installation time.

Fig. 1.35 R ibbon cables consist of parallel fibers bonded together

Composite Cable 6 Composite cable is designed to carry optical fiber and current -
carrying electrical conductors in the same run. As shown in Figure 1.36 composite cable

consists of optical fibers alon g with electrical metallic conductor. In composite cable,

both light signal and electrical signal can travel simultaneously.
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Fig. 1.36 Composite cable carries fiber and copper cable
Assignment 3

Identify the following cables and write their names.
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Assignment 4

Write the specific feature of the optical fiber cable, which distinguishes them from each
other in one sentence.

Name of the cable Application of cable

Simplex Cordage

Duplex Cordage

Distribution Cable

Breakout Cable

Armoured Cable

Messenger Cable

Ribbon Cable

Submarine Cable

Hybrid Cable

Composite Cable

Assignment 5
Identify names of different parts from the options given to mark the same in Figure 1.

Central Strength Member, fibers, Loose Tube, J elly Compound, Aramid Yarn,
Corrugated Steel Tape, Outer Jacket PE
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APPLICATION OF OPTICAL FIBER

Fiber optic cables have revolutionized the communication technology. As they are the
fastest means of data transmission. Optical fiber technology is im plemented in every
sector. After introduction of optical fiber cable in Cyber world, internet speed changed
drastically. Some of the sector in which optical fiber technology is enhancing are
internet, high definition television, telephone, military, space technology, computer
networking.

1. Internet
fiber optic cables transmit large amounts of data at very high speed. This technology is
therefore widely used in internet cables as shown in Figure 1.37. As compared to

traditional copper wires, fiber optic cab les are less bulky, lighter, and more flexible and
carry more data.

Fig. 1.37 Optical fiber cables connected to the switch to distribute internet
connection

2. High definition Television

The use of optical fiber cables in the transmission of signals has grown explosively over
the years. These cables are ideal for transmitting signals for high definition televisions,
because they have greater bandwidth and speed as shown in Figure 1.38.

Fig. 1.38 Optical fiber is connected to audio input of HD television
3. Telephone

Calling telephones within or outside the country has never been so easy. With the use
of fiber optic communication, you can connect faster and have clear conversations.
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Fig. 1.39 Telephone line extender uses optical fiber cable
4. Computer  Networking

Networking between computers in a single building or across nearby building is made
easier and faster with the use of optical fiber cable.

Fig. 1.40 Optical cable connected in router used networking
5. Medical science
Optical fiber cables are  widely used in the fields of medicine and research. Optical

communication is an important part of surgical methods, popularly known as
endoscopy as shown in Figure 1.41.

e
Fig. 1.41 Optical fiber in medical equipment
6. Military and Space
With the high lev el of data security required in military and aerospace applications, fiber

optic cables offer the ideal solution for data transmission in these areas as shown in
Figure 1.42.
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Fig. 1.42 (a) Indian Army Tactical Communication System utilise optical fiber
technol ogy (b)) -19S&elite gse @pi®A fiber technology

ADVANTAGES OF OPTICAL fiber COMMUNICATION
Small in size and lighter weight

Greater bandwidth

High data rate

Less attenuation

Ruggedness and flexibility

Less electromagnetic interference

Metal free

Electrical isolation

DISADVANTAGES OF OPTICAL fiber CABLE

a) Splicing is difficult to perform.

b) Huge amount of money is required for install.

c) Highly susceptible to cuts or damaged during installation.

Check Your Progress

A. Multiple Choice Questio ns

1. Which of the following is innermost layer in optical fiber. (a) Cladding (b) Jacket
(c) Buffer (d) Core

2. Aramid yarn is used in which of the following layer. (a) Buffer (b) Strength
material (c) Jacket (d) Cladding

3. In which of the following cable have bo  th optical fiber and metal conductor for
transmission of light and electrical signal. (a) Armoured cable (b) Ribbon cable (c)
Composite cable (d) Messenger cable

4. In which cable optical fibers are arrange side by side in one row. (a) Ribbon cable
(b) Compos ite cable (c) Messenger cable (d) Armoured cable

5. Strength member is also known as (a) Polyester elastomer (b) Kevlar
(c) Polymer (d) Polyethylene

6. The component in the optical fiber communication system that converts light
energy into electrical energy is the (a) Transmitter (b) Receiver (c) Optical fiber (d)
Coupler
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7. What was one of the earliest advantages that light held over other forms of
communication? (a) Ability to communicate complex ideas (b) Ability to carry
messages quickly (c) Abilityt o carry messages privately (d) Ability to carry coded
messages

8. Optical optics fiber will play a critical role in realizing the dream of

India (a) Analog India (b) Digital India (c) Modern India (d)

Traditional India
9. Which of the following is n ot the element of communication? (a) Sender (b)
Receiver (c) Medium (d) Node
10. Which of the following is diameter of single mode optical fiber. (a) 8.5 09 um (b)
9-10 um (c) 86 pm (d) 10 -11 pm
B. Fill in the blanks
1. Signalis representation of da ta.
Alexander Graham Bell invented a device called
Optical fibers are simple threads like
LASER or LED is the for optical fiber transmission.
Receiver stage consists of , and
The basic structure of an optical fiber consists of four parts, ,
and
7. In single mode operation the diameter of cladding is
8. Inmulti -mode mode operation the diameter of cladding is
9. Optical fiber ¢ able transmit encode signal.
10. Core is made up of
C. True or False

I I

1. Noise is desired signal.
Photon is a discrete quantity of light energy.
Glass is opaque material.
Light is confined in core of an optical fiber cable.
The fiber optic cable is a small and compact cable, and it is highly susceptible to
cuts or damages during installation or construction activities
6. Data rate is much lower in a fiber hence more information can be carried fiber
than copper cables
7. Fiber optic cables cannotb e used in the fields of medicine and research.
8. Radiation may either be "electromagnetic,” which is usually considered to travel
in the form of waves, or "particles "
9. Non-wired media means communication is established without material as a
medium.
10. LASER or L ED is the light source for optical fiber transmission.
D. Short Answer Questions

abrwn

List down the features of optical fiber cables.

How optical fiber communication system works?

Why is communication necessary? What is importance of communication?
Name the ele ments of optical fiber communication.

How optical fibers are used in medical treatment?

Write features of each element used in optical fiber communication in one
sentence.

© g ~whpE
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Session 2: Light Propagation

We see a variety of objects in the world around u s. However, we are unable to see
anything in a dark room. On lighting up the room, things become visible. What makes

things visible? During the day, the sunlight helps us to see objects. An object reflects

light that falls on it. This reflected light, when received by our eyes, enables us to see
things. There are a number of common wonderful phenomena associated with light such

as image formation by mirrors, the twinkling of stars, the beautiful colours of a rainbow,

bending of light by a medium and so on. A study of the properties of light helps us to
explore them. By observing the common optical phenomena around us, we may
conclude that light seems to travel in straight lines.

In this chapter, we shall study the phenomena of reflection, various laws of ref lection
and refraction of light. These basic concepts will help us in the study of optical
phenomena. In this Chapter, we will learn about the nature of light, which allow it to
propagate inside an optical fiber.

PROPAGATION OF LIGHT

Light can exhibit both  wave nature and particle nature at the same time. In particle
nature, energy carried by light comes in separate bundles called photons. Sunlight as
shown in Figure 2.1 shows, it contain bundles of photons.

@ =photon

Fig. 2.1 Particle nature of light

In wave natur e , l'ight is |like an electromagnetic
Much of the time, light behaves like a wave. If we put the oil in water, we can be able to
see the wave nature of light as shown in Figure 2.2 (a)

Electric Field

] -

\\.‘\A;‘ Light Source
\k Magnetic Field

Photon
Direction

Fig. 2.2 (a) Wave nature of lig ht (b) Light as electromagnetic wave

Light waves are transverse waves as they oscillate in the direction perpendicular to the
direction of wave travel as shown in Figure 2.2 (b).
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Fig. 2.3 (a) Propagation pattern of longitudinal wave

Fig. 2.3 (b) Propag ation pattern of transverse wave

If you through a stone in a still water. Wave will get develop. The path followed by the
water is transverse in nature.

ELECTROMAGNETIC SPECTRUM

The electromagnetic spectrum is  the term use to describe the entire range of w aves.
Spectrum include infrared radiation, visible region, ultraviolet radiation, microwaves,

radio waves, X -Rays, gamma rays. Light is also known as visible light or visible
spectrum. Figure 2.4 shows the complete spectrum from radio waves to gamma rays.

The seven color, which we see in our daily life, belongs to visible spectrum of
electromagnetic spectrum. Human with naked eyes can visualise, visible region only.
However, in optical fiber technology, wavelength range, which is going to use are
infrared, visible, and ultraviolet.

The energy of light depends on its frequency. Higher the frequency, greater is the energy.

Light is also characterized by its wavelength. Shorter the wavelength, higher is the
frequency. Visible light wavelength is from 380 nanome tersi.e. violet to 750 nanometers
i.e. red. Infrared radiation has longer wavelength than  visible light. Most fiber optic
systems use infrared light between 800 and 1550 nanometers. This region is referred to

as the near infrared (near -IR).

Gamma Ultraviolet| Infrared
Rays X-Rays Rays Rays Radar FM| TV |Shortwave| AM
1x10%*  1x107%? 1x10% 1x10* 1x 102 1x10* 1x10*
‘Wavelength (in meters)
Visible Light

4x107 5x 107 6x 107 7x 107
Wavelength (in meters)

i

A 4

«
High Energy Low Energy

Fig. 2.4 Ele ctromagnetic Spectrum
Range and application of different waves
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Long radio waves
Wavelength range & 1000 m to 10000000 m
Application 8 Longwave radio, Long distance communication as shown in Figure 2.5.

Fig. 2.5 Long radio waves in satellite communication
AM radio waves
Wavelength range 6 10 m to 1000 m
Application & Long distance TV broadcast as shown in Figure 2.6.

Sy — B > ]

Fig. 2.6 AM radio waves in television broadcast

Short radio waves

Wavelength range 6 0.001 m to 10 m.

Application 8 Television and FM radio, micr  owave, mobile communication as shown in
Figure 2.7.

Fig. 2.7 Short radio waves in (a) Mobile communication (b) Microwave oven
Infrared Radiation
Wavelength range 6 700 nm to 0.001 m
Application 9 In remote control, IR sensors as shown in Figure 2.8.
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Fig . 2.8 Infrared radiation in TV remote
Visible Light
Wavelength range & 700 nm to 400 nm

Application & Traffic light, Railway signal, vehicle head and tail lamp, tube light, bulb
etc as shown in Figure 2.9.

Fig. 2.9 Visible light in (a) Traffic signal (b) Railway signal
Ultraviolet
Wavelength range 6 400 nmto 1 nm

Application 8 In water purification. It is shown in Figure 2.10.

Fig. 2.10 Ultraviolet radiation in water purification
X-Rays
Wavelength range 8 1nmto 0.01 nm
Application & In medical equipmen t. It is shown in Figure 2.11.
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Fig. 2.11 X -ray machine for medical diagnosis
Gamma Rays
Wavelength range 8 0.01 nm to 0.0001 nm
Application 8 In medical equipment. It is shown in Figure 2.12.

Fig. 2.12 Gamma rays is used in diagnosis of cancer
REFLECTI ON AND REFRACTION OF LIGHT
Light travels in a straight line. However, if any obstacle comes in way of light, either it
will bypass or diverted to some other direction. The speed of light depends on the
medium through which it passes. When it falls on a pla ne opaque surface, it will bounce
back, say light strikes the mirror, these phenomena are known as reflection . When it
passes from one medium to another, say from air to water it bends, these phenomena
are known as refraction.

1. Reflection

Considering, on e polished surface of glass such as a mirror. You can see your image in
a mirror because the light from the mirror get reflect back. Ray diagram of reflection is
shown in Figure 2.13.

Angle of
Reflection

Angle of
Incidence

equals

Incident Ray Reflected Ray

PLANE MIRROR
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Fig. 2.13 Reflection of light (a) Ray diagram showing the reflectio n phenomenon
(b) Torch light incident on plan mirror, illustrate the reflection

The incoming light ray striking on plane reflecting surface is incident ray . The light ray
moving away from the reflecting surface is reflected ray as shown in Figure 2.13.

Point on the surface through which light reflects back. At this point, considering an
imaginary line, which is perpendicular to the reflecting surface is known as normal as

shown in Figure 2.13. The most important characteristic of these rays is their angles,

they are measured with respect to the normal. The angle of incidence is measured
between incident ray and normal. The angle of reflection is measured between reflected
ray and normal as shown in Figure 2.13.

You are familiar with the laws of reflection of light. Let us recall these laws &
(i) The angle of incidence is equal to the angle of reflection, and

(i) The incident ray, the normal at the point of incidence and the reflected ray, all lie in
the same plane.

Practical Activity 1. Demonstrate the law of reflection using a plane mirror.
Materials Required

Thermacol sheet, white sheet of paper, paper pins, mirror, pencil, protractor and scale.
Procedure

Step 1. Take a plane white sheet. Place it on thermacol and fix it using pins as shown
in Figure 1.

Fig. 1 Plane white sheet on the thermacol
Step 2. Draw a horizontal line using a scale as shown in Figure 2.

Fig. 2 Straight line drawn on the white sheet

Step 3. Draw an incident ray on the horizontal line which is drawn in above step as
shown in Figure 3.
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Fig. 3 Incident ray at certain angle to horizontal line

Step 4. Now place the mirror in vertical position using clips as shown in Figure 4.

Fig. 4
Step 5. Trace back the imaginary line, which is reflecting in mirror, mark the point for
remembrance a s shown in Figure 5.

Fig. 5
Step 6. Draw a line to join these points, mark it as reflected ray as shown in Figure 6.

Fig. 6
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Step 7. Now place a protector on the horizontal line. At point of incidence, draw a
perpendicular as shown in Figure 7. Mark it as normal.

Fig. 7
Step 8. Now place the protector on the normal, measure an angle with an incident ray.
Mark it as angle of incidence and note down the angle as shown in Figure 8.

Fig. 8
Step 9. In the same way, place a protector on the normal, measure an angle with a

reflected ray. Mark it as angle of reflection and note down the angle as shown in Figure
9.

Fig. 9
Step 10. Observe and compare angle of incidence and reflection. You will find both are
equal. This proofs the first law of reflection.

2. Refraction
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Light seems to travel along straight  -line paths in a transparent medium. What happens

when light enters from one transparent medium to another? Does it still move along a

straight -line path or change its direction? We shall recall some of our day-to-day
experiences. If we partly immersed a pencil in a glass of water appears to be bend as

shown in Figure 2.14(b). These observations indicate that light does not travel in the

same direction in all media. It appears that when traveling from one med ium to another,
the direction of propagation of light in the second medium changes. This phenomenon

is known as refraction of light as shown in Figure 2.14(a). When light ray enter from

denser medium to rare medium it bends away from the normal. When it en ters from
rare medium to denser medium it bends towards the normal.

Incident Ray

Normal
Angle
of Incident

Angle of Refraction

Fig. 2.14 (a) Ray diagram shows refraction of light (b) Pencil in a glass of water shows
refraction

Practical activity 2. Demonstrate the concept of refraction.
Material required

Therma col sheet, Rectangular glass slab, sketch pen, ruler, transparent tub with
water, laser light, protector, white sheet.

Procedure
Step 1. Take a white paper fix it on the thermacol sheet.

Step 2. Take a glass slab. Draw outline of a glass slab on a piece of paper as shown
in Figure 1.

Fig. 1

Step 3 . Take a protector. Draw a normal on the surface, which encounters light as
shown in Figure 2.
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Fig. 2

Step 4. Take a protector and ruler. Draw an incident ray with angle of incidence 30 0
as shown in Figure 3.

Fig. 3

Step 5. Take ruler, extend an incident ray just to verify, if the emergent ray is parallel
to the incident ray as shown in Figure 4.

Fig. 4
Step 6. Take a protector and ruler. Draw an incident ray with angle of incidence 60 0
as shown in Figure 5 . Again, extend the incident ray.

Fig. 5
Step 7. Place the transparent water tub over the sheet of paper as shown in Figure 6.

PSS Central Institute of Vocational Education, NCERT, Bhopal




Optical Fibre  Techn ician , Grade X |

Fig. 6
Step 8. Project laser light at i=60 © and observe the emergent ray as shown in Figure
7. Measure the angle of emergent  using protector.

Fig. 7
Step 9. Repeat the similar operation with other incident ray, which is at 30 0,

Step 10. Observe the angle of emergent ray, you will find that angle of incidence and
angle of emergent are equal.

Step 11. You will also observe, bo th the incident rays when enters from air to glass
slab they bend towards the normal as air has less refractive index and glass slab is
more refractive index.

Step 12. When the laser beam comes out from glass slab to air again. It will bend
away from the n ormal.

Step 13. These observation will help to understand the concept of refraction.

The following are the laws of refraction of light.
(i) The incident ray, refracted ray and normal all lie on same plane.
(i) The ratio of sine of angle of incidence to t he sine of angle of refraction is a constant.

This law isalsoknownas Snel |l 6s | aw of refraction.

I f 6i' is the angle of incidence and 06rd is
— = constant

This constant value is called the refractive index. Let us study about refractive index in

some detail.

3. Refractive Index

Refractive index of a material is a dimensionless. Refractive index determines the speed
with which light beam travel in a medium.

n=c/v, where c is the speed of light in vaccum, v is the spe ed of light in medium.

You have already studied that a ray of light that travels from one transparent medium
into another will change its direction in the second medium. Bending of light will
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depends up on the extent of refractive index of medium. Speed of propagation of light
varies in different medium. It turns out that light propagates with different speeds in

different medium. Light travels fastest in vacuum with speed of 3x10 8 m/s. In air, the
speed of light is only marginally less, compared to that in vacuum. It reduces

considerably in glass or water.

The refractive index of several medium is given in Table 2.1. From the table 2.1 you
know that the refractive index of water, nw = 1.33. This means that the ratio of the speed
of light in air and the spee  d of light in water is equal to 1.33.

Considering an example, if a coin is placed in a beaker containing water. The coin will
look upward with reference to it exact position as shown in Figure 2.15, this is due to
change in refractive index of air and wate r.

N A1 water

coin
appears
here

coin

Fig. 2.15 Refractive index of glass, water, air
Table 2.1 Refractive index of some material

Material Refractive index Material Medium Refractive index
Air 1.00 Turpentine Oil 1.47
Ice 131 Glycerine 1.47
Water 1.33 Rock salt 154
Alcohol 1.36 Ruby 1.71
Kerosene |1.44 Diamond 2.42

Example: The speed of light in a medium is 2x10 8 m/s. What is the refractive index of
that medium?

Solution: n=C/V=3x10 8/2x10 8=15
Refractive index of material is 1.5 and it is unit less.
Assignment 1

A ray of li ght traveling in air enters into water. Does the light ray bend towards the
normal or away from the normal? Why?

Light enters from air to glass having refractive index 1.50. What is the speed of light
in the glass? The speed of light in vacuum is 3 x 10 8m/s.

You are given kerosene , turpentine and water. In which of these does the light travel
fastest? Use the information given in table 2.1.

The refractive index of diamond is 2.42. What is the meaning of this statement?
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A medium is having a refractive index of 2.5, what is the speed of  light in medium.

5. Total internal reflection

When light hits an interface between two different media, it can behave in two different
ways. Typically, the light partially refract and partially reflect.

Consider an example of glass and air as shown in Figure 2.16. Figure 2.16 shows three
rays of light A, B and C. Glass has a higher refractive index than air. When light travels

from medium of glass to the second medium air, then it bends away from the normal.

Light ray A shows the first case of refraction. Light ray B shows the refracted ray
becomes parallel to the surface of glass at a particular angle called as critical angle.
Now, at any angle greater than this critical angle ( éc) the light will be reflected inside the
glass only as shown by light ray C.

As we know, about the critical angle, when light is propagating from glass to air, for all

angles less than a certain critical angle, the light gets transmitted through. In case of
critical angle, when light traveling from a higher refractive index medium to a lower
refractive index medium will be refracted at 90°; in other words, refracted along the
interface of two mediums as shown in Figure 2.16. If the light hits the interfac e at any
angle larger than this  critical angle, it will not pass through to the second medium at

all. Instead, all of it will be reflected back into the first medium, this process of total

internal reflection.

Air
Glass
(o}
Total Internal
Reflection
B
Fig. 2.16 Total internal refraction by air a nd glass interface

The best application of the total internal reflection is used in the optical fiber
communication. The propagation of light inside the fiber occurs by the method of the
total internal reflection.

Figure 2.17 shows propagation of light thr ough optical fiber with total internal reflection
inside the core. The refractive index of core is larger than the cladding. Due to the
difference in the refractive index between the core and cladding, light is confined in the
core. But, the angle of light  entering the fiber must be greater than the critical angle
then only the total internal reflection takes place. Because of this total internal
reflection, light passes through the glass fiber up to long distances.

Table 2.2 Refractive Index of core and cl adding
Single mode optical fiber Multimode optical fiber
Core 1.45 1.425-1.480
Cladding 1.44 1.417 -1.460
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Total Internal
Reflection
(TIR)

Fig. 2.17 Propagation of light in fiber by Total Internal Reflection

Several terms are used to illustrate the propagation of light inside the fi ber, these terms
are - Numerical Aperture, Acceptance Angle and Acceptance cone of the fiber.

6. Numerical Aperture (NA)

NA is the light gathering ability of an optical fiber. More the NA, the more efficient will
be fiber. It is also known as Figure of me rit. The NA is related to refractive index of core
(n1), cladding (n 2) and outside medium (n ) as

—)

T

If the medium is air then n o =1, then

Practical Activity 3. Demonstrate to measure the numerical apert
fiber cable.

Material required

Light source, optical fiber cable, power meter

Procedure

Step 1. Take optical fiber cables and connect them as shown in Figure 1.

Launched

) Ogptical fibre
optical fibre

under test

Fig. 1

Step 2. Align the two fibers along all axis i.e. X,Y,Z. So as to maximize the reading on
the power meter.

Step 3. Bring the two fibers as close as possible, but make sure that they do not touch
each other.

Step 4. Rotate the rotary stage by two degree, make sure that the two ferrules of the
two connectors do not touch.

Step 5. Now, rotate the rotary stage to the opposite direction by two degree.
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Step 6. Record the reading on the powe r meter for every angle.

Step 7. Check the condition shown in Figure 2, launch and receive fiber are aligned
and maximum power will transfer from the launch to receive fiber.

,
. . v
Direction of power flow

Fig. 2
Step 8. Check the condition, the receive fiber is at an angle to the laun ched fiber as

shown in Figure 3.  Observe the ray 1, it will never going to be guided inside the receive
fiber. This will reduced the power in receive fiber.

Fig. 3

Step 9. Observe that, if we continuously increase the angle of receive fiber to the
launch ed fiber more drop in power.

Step 10. Record the power, coming out of receive fiber for every 2° increment in angle
between launched and received fiber.

Table 2.1 Observation table

Angle | Power in launched fiber Power in received fiber

-60

40

-20

0o

20

40

60

Step 11. Plot the graph for table 1. Plot angles on the X -axis and the power on the
Y-axis. After plotting the values in graph, it will be look like in Figure 4.
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Vertical line 1 (0° X-axis Verticalline 2
Fig. 4

Step 12. Read the angle between the two vertical lines as sh own in Figure 4, divide it
by 2, and take the sin of that angle. This is the Numerical Aperture of that fiber.

7. Acceptance angle

It is the maximum angle made by the light ray with the fiber axis, so that light can
propagate through the fiber after total internal reflection.

Relation between NA and acceptance angle 9 NA=Sin J
8. Acceptance cone

It is the cone in which light incident at acceptance angle or less than the acceptance
angle and then the light can propagate through the fiber after total internal reflection.

Cladding
Full acceptance

angle

~Acceptance
Angle

\ Acceptance Cone

Fig. 2.18 Light propagation through the optical fiber
CLASSIFICATION OF OPTICAL FIBER
Optical fibers can be classified based on the materials used and modes of propagation
of light. OModed6 refers to number of paths f
Material based classification 08 Based on the material optical fibers are classified into
two types 8 Glass fibers and Plastic fibers
1. Glass fibers & Most of the optical fibers are made up of glass. Glass contains a
material known as silica. Silica is made from the sand.

2. Plastic fibers 0 Plastic m ade fibers are obtained from polymers like Poly Methyl Meta
acrylate (PMMA), polyethylene (PE), polystyrene (PS). They are useful in the harsh
environment where greater strength is required.
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Modes based classification 0 When the light is guided through the optical fiber, it
exhibits certain modes. These modes can be thought of as a ray of light. Modes of the

fiber are classified into two types named as single mode and multi -mode fibers as shown
in Figure 2.19. Multi  -mode fibers are classified as step index and graded index.

Modes of Fibre

Y 4

Single Mode Multi-mode Mode
¢

y

Step Index Graded Index

Fig. 2.19 Modes of the fiber

1. Single mode 9 As the name suggests in case of single mode only one light ray is used
to send the data for transmission as shown in Figure 2.20

Fig. 2.20 Single mode fiber

2. Multimode fiber 0 As name i mplies, multi -mode allows more than one ray like two,
three or more than that propagate along the fiber. The multiple modes from a light
source move through the core in different paths as shown in Figure 2.21.

T

Fig. 2.21 Multimode fiber

Yyv¥

Practical activity 3. Identify the single mode and multimode fiber

Material required

Optical fiber cable, Laser source, connector, plain white sheet.

Procedure

Step 1. Take an optical fiber cable using connector connect the laser light at one end.
Step 2. Take the otherend of optical fiber cable focus on white paper.

Step 3. Observe the diameter of LASER light, which is coming out of fiber. If diameter
is too broad that define it is multimode fiber or if diameter is too small that define it
is single mode fiber.

Assignment 3
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Suppose you have a LED light source and you want to pass the light through the fiber
cable. What type of fiber you will use and why? How much light is propagated through

the fiber end (use both single mode and multi -mode fiber and compare the result).
Similarly, use a LASER light and analyses it for the same.

Multi -mode can further be divided into step index and graded index.

a) Step index fibers 0 In step index fibers, refractive index of core and cladding is in
the form of staircase, which means that t here is sudden change in the refractive index
of core and cladding. In such fiber, light rays propagate in zigzag manner inside the core

as shown in Figure 2.22.

/

L L

I_ / T [

Fig. 2.22 Step index fiber

b) Graded index fibers 0 In graded index fiber, core itself has n umber of layers. The
layer which is close to the axis of optical fiber has more refractive index as compare to
the next layers. Or we can say that if we move from axis of optical fiber toward the
cladding within the core refractive index decreases as shown in Figure 2.23. Finally, at
the interfacing point of core  -cladding, light will get reflected back into the core.

4 High-order Modes (faster)

Y : Low-order
\, Cladding —— Modes

Graded-index Fiber (slower}

Fig. 2.23 Graded index fiber
Comparison of Single Mode and Multi -Mode

Sn |Single mode Multimode

1 |Only a single light ray passes |More than one light ray travels along
through the core of the fiber. the fiber core.

The core diameter of single mode |The core diameter of multimode fiber is
fiber is about 8 -6 micrometre (um) |about 50 micrometre (um) and 62.5
whereas cladding diameter is |[micrometre (um) whereas cladding
about 125 micrometres (um) as |diameter is about 125 micrometres

shown in Figure 2.18. (um) as shown in Figure 2.18.
Fig. 2.24 Core diameter of sing le mode
fiber
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125pm 125pm
.
T~ 50pm_ —_62.5pm

Fig. 2.25 Core diameter of multimode fiber

Stimulated Emission of Radiation)
beam are used to pass the light in
the fiber.

3 |Single mode fibers are used for |Multi -mode fibers are used for short
long distance communication 50 to distance communication such as
60 Km building or campus upto 10  -15Km

4 |Single mode fiber has higher |Multi -mode fiber has lower bandwidth
bandwidth and less attenuation and higher attenuation.

5 |Single mode fiber allows less |[Multi -mode fiber allows more
dispersion dispersion.

6 |LASER (Light Amplification by LED (Light Emitting Diode) is used to

pass the light in the fiber.

Losses in Optical fibers

Losses in optical fiber may occur while transmission. Due to decrease in the intensity
of the light or spreading of the light in different direction, the signal carrying

information/data may become we

ak and not be able to transmit the data at faster rate.

This is because of degraded signal. This degradation of signal may occur due to
attenuation and dispersion. Figure 2.26 shows the signal degradation in optical fiber.

Attenuation ]

Attenuation Scattering ]
Microbending ]
Bend Loss
Signal Macrobending]
Degradation in
Fibre Optics Intermodal
Material |
Dispersion Intramodal
Waveguide ]
Polarization

ode-dispersio

)

d its classification in optical fiber

Fig. 2.26 Signal degradation an
There are various types of losses in optical fiber. Some of them are explained below.
ATTENUATION

The strength of the light signal goes on decreasing as it travels along the length of fiber
as shown in Figure 2.27. Att  enuation is measured in logarithmic unit of decibel (dB) .
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Consider an example, |ight signal is in the
weakened it becomes difficult to distingui
sometimes so weakenedt hat bit 6106 appears to be 6006 |
of attenuation a device known as amplifier or repeater are required to regain the strength
of the signal. The attenuation is caused due to the absorption, scattering loss and
bending loss in  optical fibers.

W —mm—nn

1000 1 1000 1

Fig. 2.27 Attenuation loss in the optical fiber

Consider an example, a signal is transferring from one end of fiber to other end. Measure
the signal strength at first end, measure the signal strength at another end as shown in
Figure 2.2 8. Now, compare and you will observe some difference.

Loss is -2.2 dB

Fig. 2.28 Attenuation loss at end of optical fiber
a) Absorption  d Attenuation is caused due to fiber material. The fiber material absorbs

light and its energy is converted to heat due to presence of the impurities in the fiber
material.
b) Scattering 0 Scattering means light is dispersed in all directions as shown in Figure

2.29. It is caused because of the structural imperfection in the fiber material.

Particles

Qe )

Fig. 2.29 Scattering of light by optical fiber

c) Bend loss @ Incorrect fiber optic handling is one of the common problems that can
results in fiber optic loss, like bend loss as shown in Figure 2.30. When fiber optical
cable is bend, it causes the loss of light in the fiber . There are two generaltyp es of bends.
The first is micro bending and second is macro bending.

Micro Bending Loss

Macro Bending Loss

Fig. 2.30 Macro and micro bending of optical fiber
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Practical activity 4. Demonstrate to calculate macro bending loss in optical fiber
cable.

Material required

Optical fiber, LASER, Conn ector, optical power meter

Procedure

Step 1. Take an optical fiber cable, connect an laser light at one of the terminal of
optical fiber cable using connector.

Step 2. Now, make sure that optical fiber cable does not have any bend. Take an
optical power me ter, connect at another end of optical fiber. Observe and note down
the reading.

Step 3. Now, bend the optical fiber cable, again connect the optical power meter.
Observe and note down the reading.

Step 4. Now compare the two reading you will observe a cha nge in the reading.
Reading taken during the bending of cable is much lesser. This defines the macro
bending loss.

DISPERSION

Dispersion refers to the broadening or spreading of the light pulse as they travel through

the fiber. Overlapping of the two sign al pulses at the output of the fiber end creates error
at the receiver output in transmission channel. It limits the information carrying
capacity of the fiber as shown in Figure 2.23.

JUl==—na

DISPERSION-SPREADS THE PULSE
Fig. 2.31 Dispersion of the optical fiber

Dispersion is classified as @ a) Inter -modal dispersion and b) Intra  -modal dispersion

a) Inter -modal dispersion 0 Inter -modal dispersion occurs in multi -mode fiber as
shown in Figure 2.32. When a light pulse is injected into the fiber, some part of light
energy does not reach the en d of the fiber simultaneously. In multi -mode fibers different

rays travel inside the fibers with different velocity and they arrive at the fiber end at
different times. However, sometimes there is overlapping of the rays at the fiber output.
Because of thi s, the ray spreads or dispersed and it is difficult to distinguish between
them at the output of the receiver. For example, if we are sending 101 as digital bit then
at receiver it is received as 111.

g .
: Pulse Spreading

B AW —— a v

Fig. 2.32 Inter  -modal Dispersion
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b) Intramodal or Chr  omatic dispersion 9 Intramodal is also known as chromatic
dispersion . Intramodal dispersion mainly occurs in single mode fiber as shown in Figure
2.33. Basically, chroma word represents colour. Intramodal dispersion occurs because
alightpulseismade upo fdifferent wavelengths, each traveling at different speeds down

the fiber. For example, white light has seven colours and when it passes through the

fiber the blue light travels faster and red -light travels slower.

", o

Pulse Spreading

Fig. 2.33 Intramodal or Chromatic disp ersion
Intramodal is divided into two parts A Material dispersion, Waveguide dispersion

Material dispersion & Due to dispersive nature of the glass material dispersion occurs.

For example, Prism made up of glass and when white light is passed, it split into seven
colours as shown in Figure 2.34. This type of dispersion is due to the property of
material in fiberglass, which leads to spreading of the light inside the fiber and they

arrive at fiber end at different times.

AT Red
\)X%xx Ogan ge
X€ yellow
Q‘]bx Green
Blue

Indigo
Violet

Prism
Fig. 2.34 Light is passed it split i nto seven colours by glass prism
Waveguide dispersion 0 This type of dispersion occurs because a single mode fiber
restricts about 80% of the optical power to the core while rest 20% light propagates in
the cladding. Light enters in the cladding of optical fiber cable due to different
wavelength as shown in Figure 2.35. This type of dispersion mainly occurs in single
mode fiber.
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Blue Light has less wavelength than red wavelength

wavelength 1
wavelength 2

wavelength 3

Fig. 2.35 Waveguide dispersion

Practical activity 5. Demonstrate the dispersion of white light using prism.
Material required

Dark room, Light source, Plane white paper, prism.

Procedure

Step 1. Consider a prism, clean its surface. Placed it on the white plane paper as
shown in Figure 1.

Fig. 1
Step 2. Now, place a light source as shown in Figure 2.

Fig. 2
Step 3. Indark room, turn ON the light source as shown in Figure 3.

Fig. 3
Observe light is divided into seven colours.
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Check Your Progress

A. Multiple Choice Questions
1.

In which of the following pattern electric and magnetic components of EM waves
oriented. (a) The y are parallel to one another (b) They are at right angles to one
another (c) They are randomly oriented to one another (d) They are unrelated

Which of the following nature light possess (a) Be neither a wave nor a particle
(b) Be primarily a wave (c) Have characteristics of both a wave and a particle (d)
Be primarily a particle

Which of the following forms of electromagnetic wave has a lowest frequency than
the other three? (a) Infrared light (b) Visible light (¢) Gamma rays (d) Microwaves

Refraction of li ght is characterised by change in its (a) Colour as it passes from
one medium into another (b) Speed as it passes from one medium into another
(c) Frequency as it passes from one medium into another (d) Direction within a
single medium

If a beam of light p assing from medium A to medium B bends toward normal
what can we say? (a) Medium A is denser than medium B. (b) Medium A has a
higher refractive index than medium B. (c) Medium A has a lower refractive index
than medium B. (d) Both medium A and medium B h as same refractive index.

The critical angle is that angle of incidence for which the angle of refraction is
(a) 1800 (b) 0° (c) 45° (d) 90°

B. Fill in the blanks

1. Speed of light from coming from the sun to earth is .

2. Refraction at the air  -water interface leads to of light.

3. Iflightis passed through the glass to air and angle of transmitted light is greater
than the critical angle then it leads to

4. White light coming from the sun is composed of colour S.

5. Phenomena of Total Internal Reflection takes place in cable.

6. Light through the optical fiber propagates inside core at a speed of

C. True and False

1. If white light is passed through the prism the light splits into seven colours.

2. Total internal reflection is a method which allows the light to pass through the
cladding part of the fiber

3. Diameter of the core is larger than the cladding

4. Buffer -coating is made up of steel.

5. Buffering to the core - cladding provides protection of the fib er.

6. Speed of light becomes larger when it travels from rarer medium to denser
medium.

7. Speed of light becomes lesser when it travels from denser medium to rarer

medium.

D. Answer in short
1.

Why optical fiber core and cladding is covered with buffer -coating?
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2. List the seven colours of the rainbow and draw them in your notebook.

3. What is electromagnetic spectrum?

4. For what range of electromagnetic spectrum optical fiber are used.

5. How light is injected into optical fiber?

6. What type of information is carried by light i.e. analog or digital and state the
reason?

7. If signal gets weakened, then what measure is taken to restore it?

Session 3: Light Source and Detector

Light source plays a significant part in an optical fiber communication system. The basic

optical fibe r system consists of transmitter, optical fiber and receiver. The transmitter

has a light source, which is modulated by a suitable drive circuit. Optical sources are

the active components. Their primary function is to convert the electrical energy into

the light energy. The optical signal is then coupled into the optical fiber cable. The most
commonly sources of light are light emitting diode and Light Amplification by Stimulated

Emission of Radiation (LASER). In this chapter, we will study about the light sources
and detectors used in optical fiber transmission

LIGHT EMITTING DIODE

A basic LED is a light source. It has P -region and N -region as shown in Figure 3.1(a).
When the LED is forward biased i.e. positive terminal of DC voltage is applied to the P -
region and negative terminal of voltage to the N -region as shown in Figure 3.1(b). In
forward bias, LED pass the electric current. As current flows through the LED, the

junction where the p -type and n -type regions combine, emits random photons. This
process i s referred to as spontaneous emission.

Photons
«

22, g

/

P Forward Biased

g Electron Flow
| I[E
‘|

Fig. 3.1(a) P -N junction of the LED

Emmed Photons or Emmed L|ght

Recombination
of free electrons & holes
Free
Holes O —3. \. “ u 0 u
@ i o
OXROW &;
°
29 olw o

P-type —y— N-type
Depletion Region

+17-
Fig. 3.2(b) LED emitting photons
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Practical Activity 1. Identify the Light Emitting Diode terminals.

Material required
Light emitting diode, multimeter
Procedure

Step 1. Consider a LED, manually observe the terminals of light emitting diode.
Observe, if the LED has one long and one short terminals. If it is so, that defines long
terminals as positive and short terminal as negative as shown in Figure 1.

X+%

Fig. 1
Step 2. Positive t erminal is also referred as anode, negative terminal is also referred
as cathode.
Step 3. If terminals are of same length, in that case take a multimeter turn it into a

diode mode as shown in Figure 2.
!I
Fig. 2

Step 4. Connect the positive cord and negativ e cord of the multimeter to the terminals
of LED. If LED glow that define, terminal on which red cord is connected is anode, and

terminal on which black cord is connected is cathode as shown in Figure 3.
T ————— TT—

-

Fig. 3
Step 5. If LED is not glowing, in that case interchange the terminals.

More to know

Spontaneous Emission OWord spontaneous defines ohap
Emi ssion defines o0discharge of something |
is the sudden discharge of photons from the mate rial surface as shown in Figure 3.3.

PSS Central Institute of Vocational Education, NCERT, Bhopal




Optical Fibre  Techn ician , Grade X |

Absorption Spontaneous Emission

Upper level
E E
2 % >
Photon "
NP 5 ,—P}
<
Photon
E Random direction

1 E1 E————
Lower level Atom

Fig. 3.3 Spontaneous emission of photon

Photons emitted from the junction, where the p -type and n -type regions meet. These

photons are neither in same phase nor in same direction. These out -of-phase photons,

which ar e coming out of junction are called as incoherent light. As all the photons are

out of phase, it is difficult to focus all the photons in the optical fiber cable. Because of

this, only a small percentage of the photons emitted will be get into the optical fiber.
Figure 3.3 shows the out -of-phase photons spontaneously emitted from the LED.

More to know

Coherent 9 The word coherent defines having in same phase.

Incoherent & The word in coherent means not in same phase.

Concept of coherent and incoherent can be better illustrated in Figure 3.4.

Incoherent Light Beam Coherent Light Beam

R ANI NI Ny /
/\/W\ N AN\
Y VAN

Phase Fronts Aligned

Fig. 3.4 (a) Incoherent light beam (b) Coherent light beam
More to know

Semiconductor 8 Conductivity of semiconductors materials lies between conductivity

of conductors and insulators. Electronic devices are made up of s emiconductor
material. Silicon and germanium are the basic raw material used to manufacture the
integrated circuits (IC) in semiconductor industry. Semiconductors material are of two

types i.e. Intrinsic and Extrinsic semiconductor.

Intrinsic Semiconductor 0 It is a pure form of a semiconductor. The pure word here
specifies that this semiconductor does not contain any other impurity atom. For
example, pure form of silicon contains only the atoms of silicon; no other impurity
atom is present in the silicon. The absence of impurity atom results in less
conductivity in semiconducting material. To improve the conductivity of intrinsic
semiconductor, impurity atoms are added, which is discussed in the extrinsic
semiconductor.

Extrinsic Semiconductor 0 When impu rity atoms are added in intrinsic
semiconductor, then it is called as extrinsic semiconductor. The extrinsic
semiconductors are also known as impure semiconductor. Extrinsic semiconductors

are classified as o
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d N-type semiconductor
d P-type semiconductor

For example, if Arsenic (As) is added to pure silicon, then it will form P -type
semiconductor, which is extrinsic in nature. Presence of impurity atoms e.g. Arsenic

(As) in the pure form of silicon. The process of adding of an impurity atom in a
semiconductor ma terial is called as doping. Doping will increase the conductivity of a
semiconductor. Since, the atomic number of silicon is 14; electronic configuration of

silicon is 2, 8, and 4. Thus, silicon has 4 electrons in the outer most shell. In order to

increase the conductivity more and more free electrons haves to be added. As silicon

has 4 electrons in its outermost shell, so it is better to add an impurity atom having

valence i.e. number of atoms in outermost shell as either 5 (Penta) or 3 (tri). The atoms

which have 5 electrons in its outermost shell are known as pentavalent. The atoms

which have 3 electrons in its outermost shell are known as trivalent. When trivalent

impurity atom is added an extrinsic semiconductor is formed which is known as P -
type semi conductor. When pentavalent impurity atom is added an extrinsic
semiconductor is formed which is known as N -type semiconductor.

Fig. 3.5 Classification of semiconductor

More to know

Diode & When two semiconductorsi.e.P -typeand N -type semiconductora re combined
to form a new component known as diode. d
terminals electronic component as shown in Figure 3.6 (a) and (b).

Anode
and
P-side

Cathode

and Silver ring shows that the n-side or

N-side cathode of PN junction diode
Fig. 3.6 (a) Diode (b) Silver ring in diode
— P |N}|—
Anode Cathode

Fig. 3.7 Diode symbol

Diode is use in many applicat ions. Diode passes current only in one direction.
Terminal at P -side called as anode and terminal at N -side called as cathode. When
anode and cathode terminal of PN  -junction diode are connected to external voltage
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sources, such that the positive end of a b attery is connected to anode and negative
end of the battery is connected to the cathode diode is said to be forward biased or we

can say that diode wil!/ acts as a cl ose sw
Figure 3.8. In aforward -biased conditi on, the diode will pass the current.

N
|
1[1]t
« T

Fig. 3.8 Current will flow in this circuit as diode is in forward bias

When the P -side of diode are connected to the negative terminal of the battery and N -
side of the diode is connected to positive terminal of the ba ttery, diode is said to be
reverse biased or we can say that diode will acts as an open switch as it will get turned
60OFF06 as shown i n Fi-basedeondtiondthe diode will motvpass thee
current through.

P
I||
1[It
« LI

Fig. 3.9 Current will not flow in this circuit as diode is in reverse bias

STRUCTURE OF LED

Structuring of electronic components is very precise. It plays a major role in the
performance of electronic components. Based on the amount of light emitted by the
LED, structure of LEDs is class  ified as 0 S-LED and E -LED

S-LED 6 S-LED is the surface emitter LED. As the name suggest, in this type of LED,
emission of photons is from the surface area. It is confined to the small circular area of

LED. The diameter of the circular area is around 20 to 50 micrometer (10 -6 m).
Structural layout of surface emitter LED is shown in Figure 3.10.

N

Fig. 3.10 Light emission from surface emitting LED
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