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1.1

CHAPTER 1

Fiber Optic Communications
Systems

In this chapter, we define the subject of fiber optic communications and explain our
approach to this subject. We review the many advantages over alternative technolo-
gies and discuss significant applications. Because the reader might have no previous
fiber optics experience, this book presents the fundamentals of several subjects on
which the technology is based. These include fibers, optics, commuzications, optic
communications, and, finally, complete fiber optic communications systems. The out-
lines of a complete system are shown here. Later, properties of each part and the de-
pendence between parts are described. Finally, details of the design of practical
systems are presented.

HISTORICAL PERSPECTIVE

Light has always been with us. Communications using light occurred early in our de-
velopment, when human beings first communicated by using hand signals. This is obvi-
ously a form of optic communications. It does not work in darkness. During the day, the
sun is the source of light for this system. The information is carried from the sender to
the receiver on the sun’s reflected radiation. Hand motion modifies, or modulates, the
light. The eye is the message-detecting device, and the brain processes this message. In-
formation transfer by such a system is slow, the transmission distance is limited, and the
chances for error are great.

A later optic system, useful for longer transmission paths, was the smoke signal.
The message was sent by varying the pattern of smoke rising from a fire. This pattern
was again carried to the receiving party by reflected sunlight. This system required that
a coding method be developed and learned by the communicator and receiver of the
message. This is comparable to modern digital systems that use pulse codes.

In 1880, Alexander Graham Bell invented a light communication system, the
photophone [1]. It used sunlight reflected from a thin voice-modulated mirror to carry
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conversation. At the receiver, the modulated sunlight fell on a photoconducting seleni-
um cell, which converted the message to electrical current. A telephone receiver com-
pleted the system. The photophone never achieved commercial success, although it
worked rather well.

The advent of lamps allowed the construction of simple optic-communications
systems, such as blinker lights, for ship-to-ship and ship-to-shore links, automobile turn
signals, and traffic lights. In fact, any type of indicator lamp is basicailly an optic-com-
munications system.

All these systems have low information capacities. A major breakthrough that
led to high-capacity optic communications was the invention of the laser, in 1960. The
laser provided a narrowband source of optic radiation suitable for use as a carrier of
information. Lasers are comparable to the radio-frequency sources used for conven-
tional electronics communications. Unguided optic communications systems (non-
fiber) were developed shortly after the discovery of the laser. Communication over
light beams traveling through the atmosphere was easily accomplished. The disadvan-
tages of these systems include dependence on a clear atmosphere, the need for a line-
of-sight path between transmitter and receiver, and the possibility of eye damage to
persons who unknowingly look into the beam. Although somewhat limited in their
use, these early applications aroused interest in optic systems that would guide the
light beam and thus overcome those disadvantages. In addition, guided beams could
bend around corners and could be buried in the ground. The early work on atmos-
pheric laser systems provided much of the fundamental theory and many of the actu-
al components required for communications over fibers. Ironically, it is now known
that laser sources are not required for all fiber systems. In many cases the broader-
band light-emitting diode is suitable. (The choice of the proper light source is a matter
we discuss in this book.)

In the 1960s, the key element in a practical fiber system was missing—that is, an
efficient fiber. Although light could be guided by glass fibers, those available attenuat-
ed light by far too large an amount. Glass produced by the ancient Egyptians was
opaque. The artisans of Venice fabricated glass of much greater purity in the Middle
Ages. Venetian glass was moderately transparent, but still orders of magnitude too
lossy for modern long-distance communications. It was not until 1970 that the first
truly low-loss fiber was developed and fiber optic communications became practical
[2]. This occurred just 100 years after John Tyndall, a British physicist, demonstrated to
the Royal Society that light can be guided along a curved stream of water. Guiding of
light by a glass fiber and by a stream of water are evidence of the same phenomenon
(total internal reflection).

THE BASIC COMMUNICATIONS SYSTEM

A basic communications system consists of a transmitter, a receiver, and an informa-
tion channel, arranged as in Fig. 1.1. At the transmitter, the message is generated and
put into a form suitable for transfer over the information channel. The information
travels from the transmitter to the receiver over this channel. Information channels can
be divided into two categories: unguided channel, and guided channel. The atmosphere
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is an example of an unguided channel over which waves can propagate. Systems using
atmospheric channels include commercial radio and television broadcasts and mi-
crowave relay links. Guided channels include a variety of conducting transmission
structures. A few of these, illustrated in Fig. 1.2, are the two-wire line, coaxial cable, and
rectangular waveguide. Guided lines cost more to manufacture, install, and service
than do atmospheric channels. Guided channels have the advantages of privacy, weath-
er independence, and the ability to convey messages within, under, and around physi-
cal structures. Fiber waveguides have these advantages and others. We enumerate them
later in this chapter. At the receiver, the message is extracted from the information
channel and put into its final form.

A more detailed, but still quite general block diagram appears in Fig. 1.3. A brief
discussion of each block in this figure gives us a good feel for the main elements of a
communications system. Descriptions of these elements emphasize those suitable for
fiber systems. Many of the concise descriptions given in this section are expanded later.
For now, we present an overview of the subject and lay the foundations for further dis-
cussions.

Message Origin

The message origin may take several physical forms. Quite often it is a transducer that
converts a nonelectrical message into an electrical signal. Common examples include
microphones for converting sound waves into currents and video (TV) cameras for
converting images into currents. In some cases, such as data transfer between comput-
ers or parts of a computer, the message is already in electrical form. This situation also
arises when a fiber link constitutes a portion of some larger system. Examples include
fibers used in the ground portion of a satellite communications system and fibers used
in relaying cable television signals. In any case, the information must be in electrical
form before transmission for either electronic or optical communications.
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Modulator

The modulator has two main functions. First, it converts the electrical message into the
proper format. Second, it impresses this signal onto the wave generated by the carrier
source. Two distinct categories of modulation format are analog and digital. An analog
signal is continuous and reproduces the form of the original message quite faithfully.
For example, suppose a sound wave containing a single tone is to be transmitted. The
electrical current produced when a microphone picks up this wave has the same shape
as the wave itself. This relationship is illustrated in Fig. 1.4. In this case, the modulator
need not change the format of the signal. It could be appropriate to amplify this signal,
however, so that the signal will be strong enough to drive the carrier source.

Digital modulation involves transmitting information in discrete form. This is il-
lustrated in Fig. 1.5. The signal is either on or off. The on state represents a digital 1, the
off state a digital 0. These states are the binary digits (or bits) of the digital system. The
data rate is the number of bits per second (b/s) transmitted. The sequence of on and off
pulses might be a coded version of an analog message. An analog-to-digital converter
develops the digital sequence from the analog message. The reverse process occurs at
the receiver, where the digital signal is returned to its analog form. To impress a digital
signal onto a carrier, the modulator need only turn the source on or off at the appro-
priate times. The ease of constructing digital modulators makes this format very attrac-
tive for fiber systems.

The choice of format must be made very early in the design of any system. Other
considerations and comparisons between analog and digital systems are discussed in
more detail later in this and succeeding chapters.



