CHAPTER 1

INTRODUCTION

1-1, Communications Systems and Statistics

A simple communications system is the cascade of an information
source, a communication link, and an information user where, as shown
in Fig. 1-1, the communication link consists of a transmitter, a channel,
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Fic. 1-1. A communications system.

and a receiver. The transmitter modulates or encodes information sup-
plied by the source into a signal form suitable to the channel, the channel
conveys the signal over the space intervening between the transmitter
and receiver, and the receiver demodulates or decodes the signal into a
form suitable to the user. Typical communication links are (1) the
frequency-modulated, very-high-frequency radio link that brings enter-
tainment to the listener, (2) the time-division multiplex radio link that
transmits various data to some controlled device, e.g., a ship or an air-
plane, (3) the Teletype machine, connecting wire or cable, and associated
terminal apparatus that convey telegrams from one point to another, and
(4) the eye and pertinent portions of the nervous system that transmit a
visual image to the brain.

Randomness or unpredictability can enter a communications system
in three ways: the information generated by the source may not be com-
pletely predictable, the communication link may be randomly disturbed,
and the user may misinterpret the information presented to it. It isin
fact a fundamental tenet of information theory that the output of a source
must be unpredictable to some degree in order to impart information at
all; if the source output were completely predictable, the user could,
without communication from the source, state at any instant the entire
future output of the source. Disturbances in the communication link

can occur in many ways. Both the transmitter and the receiver can add
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