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Preface

Most wireless communication is essentially utilitarian. Ships receive
navigational aid or send distress calls; airplanes follow radio beacons or ex-
change information with control towers; men transact business and relay
news — in a thousand ways wireless facilitates the conduct of the world’s
business. None of this, however, is broadcasting. The relatively few sta-
tions devoted to the broadcasting service have an effect that is out of all
proportion to their number, for broadcasting sets up a unique communica-
tion situation, one basically different from any other.

What is said or shown in broadcasting instantly becomes a part of the
social environment. In consequence it becomes a subject of public concern
and of social policy. For this reason broadcasting has never suffered from
a lack of critics. It has, perhaps, suffered from a dearth of relevant, con-
structive criticism, for much of it has been based on assumptions and
standards which apply to other media than broadcasting, other times than
the present, and other places than America.

The purpose of this book is to provide a basis for appraising American
broadcasting by standards relevant to the service as it exists here and now.
Its basic assumption is that the system of broadcasting we have adopted
in this country is fundamentally sound, is suited to our social, political,
and economic philosophy, and is likely to remain in effect for some time to
come. This assumption does not, however, imply blanket endorsement
of the status quo, for it is also assumed that the interests both of the
broadcasting industry and of society at large will be served by improvement
of the quality of the broadcasting service within the framework of the
present system.

In order to assess the need for improvement in the service and to form
constructive opinions about the direction improvement should take, it should
be helpful to consider where broadcasting is now and how it got there.
What makes American broadcasting the way it is? That is the central ques-
tion which this book tries to answer.
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The present structure and character of American broadcasting are the
products of several sets of interacting influences: the physical nature of
the medium, the historical accidents of its origin and growth, the economic
basis of its operation, and the social forces which modify its conduct. The
first four parts of the book survey these four groups of factors. Finally, since
broadcasting is not merely passive but has itself become a social influence,
Part Five explores the social effects of the medium.

In making a survey such as this, one is struck by how little is new or
unique about broadcasting when its several facets are considered separately.
Nevertheless, broadcasting is a genuine innovation because it merges many
older arts, technologies, skills, and bodies of information in a new combina-
tion. It is this new synthesis of elements which is unique. One of the special
challenges in the study of broadcasting is the very fact that it does require
the assimilation of material from many fields which in other contexts have
only a nodding acquaintance with each other — if, indeed, they even know
of each other’s existence. In this survey the representatives of the various
fields have been allowed to speak for themselves as much as possible. Each
field has its own technical jargon and its own ways of conceptualizing, and
an effort has been made to preserve these diverse flavorings, rather than to
reduce them all to uniformity.

Anything factual that is said in print about as dynamic a field as broad-
casting immediately becomes dated. Rather than avoid the presentation
of relevant quantitative facts which necessarily change with time, I have
tried to incorporate most of such material in tables and graphs and to cite
readily available (even though sometimes secondary) serial sources, so
that the reader can easily bring the tables and graphs up to date for
himself.

Many publishers and other firms have been generous in allowing me to
use quotations, data, and illustrations. Their contributions are gratefully
acknowledged where they occur in the text. Another kind of help came
from individuals who read and criticized parts of the manuscript. Among
my colleagues at the University of Miami I should like to mention Virgil
Barker, C. Henderson Beal, Clark Emery, Reinhold Wolff, and Charles
Waurst; among practical broadcasters, John E. McCoy of the Storer Broad-
casting Company; Eugene Rider of WQAM; John Allen, Lee Ruwitch,
and Richard Wolfson of WTV]; and George Thorpe of WVCG. Leo Martin,
Chairman, Division of Communication Arts, Boston University, gave valu-
able advice on the manuscript as a whole. The author, however, assumes
sole responsibility for any errors of fact or interpretation in the final content.

S.W.H.

Coral Gables, Florida
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PART ONE

The Physical Bases
of Broadcasting



The Nature of Radio Energy

Most of us accept broadcasting as an end-result without pausing to con-
sider what makes it physically possible. Yet in order to understand broad-
casting in its broader implications it is necessary to consider its physical
bases, since most of the really important problems associated with the
operation of the broadcast media go back eventually to stubborn physical
facts.

Fortunately, the theoretical principles involved are not hard to under-
stand. It is a popular fallacy that theories are inherently recondite whereas
practical applications are readily grasped by the layman. Actually quite
the opposite is usually true: an Einstein can generally make more scientific
sense to the layman than a radio repairman. The scientist sees through the
tangle of wires and instruments to the general truth, but the technician’s
understanding is confined to the immediate complexities of specific practical
application. The basic concepts and vocabulary necessary for an under-
standing of the theory of radio energy and its propagation are not difficult
to grasp.

PRELIMINARY CONCEPTS

To start with, we must for the moment adopt a neutral view of the mean-
ing of communications. From an engineering standpoint communication
is a process of transferring information, which may consist of immediately
significant material like words and pictures but also may consist of more
remotely meaningful material such as arbitrarily coded sounds or pulses of
energy, or even of entirely meaningless random elements. In wire and wire-
less communication the intentional components of information are usually
called the “signal” and the unintended, spurious, accidental components are
called “noise.” Noise, in this special sense, provides information, but it is
unintentional and, normally, unwanted information. Wire and wireless
communications are always contaminated by a certain amount of noise,
which may originate anywhere in the system — at the point of origin, along
the transmission route, or at the receiving point. Common types of noise
are hum from an electrical power source and static from atmospheric elec-

3




4 THE PHYSICAL BASES OF BROADCASTING

tricity. High-quality electronic equipment-components are rated in terms
of “signal-to-noise ratio,” which is a measure of the prominence of inherent
noise in relation to wanted signal in the output of the given piece of equip-
ment. '

We must think of radio not in terms of programs but in terms of the
transfer of energy from one point to another. This transfer involves processes
of transduction, the transformation of energy from one form to another.
The signal starts as sound energy or light energy; transducers (e.g., micro-
phone and camera) change these forms of energy into electrical energy
capable of being manipulated in wire circuits for amplification, mixing, and
transport; at the transmitter, electrical energy, in turn, is transformed into
electromagnetic energy and radiated into space. The heart of the matter is
this last process, for the unique characteristic of radio communication is its
ability to achieve a transfer of information through space without the aid
of any intervening medium.

Radio energy bombards each of us every hour of the day. Hundreds of
thousands of transmitters operate throughout the world, radiating invisible
energy. At any given moment, if one could “tune in” on all the radio energy
which is present in the environment, one would be overwhelmed with a
stunning barrage of information. Fortunately, this ever-present deluge of
information is not ordinarily perceived by the human senses until it has
been detected and translated by an appropriate receiving device, although
there are occasional weird instances of unplanned direct reception. An iron
fence once spontaneously reproduced radio broadcasts; and a man who
heard soap operas in his head thought he was going crazy until it was estab-
lished that the fillings in his teeth were responsible.

Because radio energy is so impalpable we use figures of speech to de-
scribe it. We speak conventionally of the “air waves” much as we speak
of the sun’s going “down.” It is no more accurate to imagine radio as energy
carried by air than it is to imagine that the sun revolves around the earth.
But we liken the unknown to the known and speak as though radio energy
reached us in the same way that sound reaches us. Similarly, the term
“wave” is based on analogy with the familiar movement of water, but this
does not mean that radio energy actually consists of waves like those of
the ocean. The fact is, no one has ever seen radio energy. All we know is
that its behavior corresponds to a theoretical construct which is useful as a
means of prediction and control.

Basically, we know that when energy in an electrical system is made to
reverse its direction, so that it surges first in one direction and then in the
opposite direction, some of the energy escapes to the space surrounding
the system. All such alternating-current systems produce this radiation of
energy, even the ordinary 60-cycle alternating current in the electrical sys-
tems in our houses. This leads to the concept of periodic or wave-like
motion.
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WAVE MOTION

Since periodicity is also characteristic of sound energy, it is convenient
to explain the properties of such motion in terms of sound. In doing so,
however, we must keep clearly in mind that this comparison is only an
analogy; sound energy and radio energy are very different phenomena,
having not only similarities but also important differences.

If we strike a tuning fork it produces a sound which has three obvious
characteristics — pitch, loudness, and duration. Loudness varies with the
amount of force or energy put into the stroke; but whether the sound is
loud or soft its pitch remains the same, fixed by the size of the tuning fork.
The duration of the sound is limited: unless new energy is supplied by
another stroke, the sound gradually dies away. A tuning fork, like other
sources of sound, produces its effect by means of physical vibrations. This
fact can be readily demonstrated simply by touching the sounding prong
with the finger or dipping it in water. However, the vibrations are so
minute and so rapid that we cannot tell much about them by this simple test.

The classic device for demonstrating the detailed nature of such vibra-
tions in slow motion is the pendulum. At rest the pendulum hangs straight
down at what we will call the zero ‘point. Given a push, it swings back and
forth, both left and right of the zero point. How far it swings is determined
by the amount of energy used to start it. If no further energy is supplied, it
gradually runs down until it stops altogether at the zero point. The pe-
culiarity of the pendulum’s motion is that the rate at which it swings (the
number of times it makes a complete left-and-right movement from the
position of rest and back again in a given period of time) is constant.
Whether it swings in a wide arc or barely moves, it takes just as long to
complete each cycle of movement. In this it is like the tuning fork, whose
pitch remains constant no matter how hard it is struck.

It would be helpful to be able to depict graphically the element of time
(duration) involved in the pendulum’s motion. Imagine a pendulum with
a pen attached to the end so that it can trace its movement on a piece of
paper. If the paper is moved horizontally past the penpoint at a constant
speed, the pen will trace out a line something like that shown in Figure 1.
Here we depict the time-factor by stretching out the action of the pen-
dulum, showing each swing at a different place on the paper —i.e., at a
different point in time. The resulting graphic representation of the pendu-
lum’s movement has several interesting things to tell.

One complete cycle of movement is seen to consist of two loops, one on
each side of the point of rest. Thus a complete cycle consists of two oppo-
sites — an important fact to which we will return later on. Each complete
cycle takes up an equal amount of space along the time dimension; this
indicates that each cycle takes the same amount of time. Even though the
pendulum is gradually running down, as indicated by the shortening dis-
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Figure 1
Concepts of Wave Motion

Assuming the pendulum moves from O, its position of rest, first in
the direction B, a complete cycle of motion includes movement back
past O to A and back again to O.

If as it moved the pendulum drew a line on a moving surface, its
relative position from moment to moment would be depicted graphi-
cally as shown. The arrows indicate the direction of movement
through a complete cycle, from O to B’, back past O to A’, and back
to C, where it is ready to begin another cycle.

Turn the figure sideways to get the conventional graphic represen-
tation of a wave-train. The vertical line represents relative ampli-
tude and the horizontal line both time and distance. Note that the
time for the complete Cycle, D, is the same as that for the next cycle,
D’. This is true for all four of the cycles depicted; it shows that the
frequency and wave length of the pendulum are constant. The ampli-
tude is shown to be decreasing, however, as the pendulum runs down.
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tance that successive loops extend from the zero line, each cycle covers the
same distance.

The graph of the pendulum’s motion gives us the basic concepts asso-
ciated with the behavior of radio energy. It is conceived of as being in
periodic motion, like the pendulum. Each complete cycle of mavement is
conceived as a wave. Waves have a certain length, symbolized in Figure 1
by the distance covered during one cycle of movement. The waves are
generated at a certain frequency, shown in Figure 1 by the number of cycles
of motion completed in the time period depicted. Each wave has a certain
amplitude, equivalent to the width of swing of the pendulum, which is
dependent on the amount of energy supplied to the wave. As time passes,
energy is used up and waves decrease in amplitude or run down, as illus-
trated by the pendulum. This is called attenuation. And finally, waves
travel at a certain velocity, symbolized by the speed at which the drawing
paper moved past the penpoint.

Let us now see how the concepts of cycle, wave, wave length, amplitude,
attenuation, and velocity apply to sound energy. The amplitude of the
pendulum’s motion depends on how hard it is pushed, ie., how much
energy is applied to it; the amplitude of sound likewise depends on the
amount of energy applied to the vibrating sound-source, and is perceived in
terms of loudness. The frequency of the pendulum’s motion (as also its
wave length) is dependent on its physical dimensions. Obviously a long
pendulum in a grandfather’s clock would have a lower frequency (and a
longer wave length ) than a tiny pendulum in a small mantel clock. Similarly,
the frequency and wave length of a sound are dependent on the size of the
vibrating sound-source, and are perceived in terms of pitch. The low-
pitched bass strings on a piano are long and heavy, suggesting low frequency
and long wave length; by contrast the high-pitched strings are short and
light, suggesting high frequency and short wave length. The farther away
we are from the source of a sound, the more faintly it is heard; this diminu-
tion in loudness with distance from the source illustrates the concept of
attenuation. Finally, we are conscious from many everyday experiences
that sound travels at a finite velocity. We see the lightning before we hear
the thunderclap, the flash of the gun before the report. These differences
occur because sound travels much more slowly than light, with the result
that we see the event perceptibly earlier than we hear the associated sound.

We have been speaking of frequency and wave length as being in some
way equivalent to each other without explaining their relationship. Thus
in Figure 1 the same dimension symbolizes both time and distance. Velocity
is in fact a concept that involves both time and space, being a measurement
of distance covered in a given unit of time, like miles-per-hour. A simple
analogy will clarify the relationship. If a man marches at 100 steps per
minute and each step is three feet long, in one minute he will travel 300
feet. Each step represents a wave, the step length represents wave length,
and the distance traveled per minute represents velocity. If we keep
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velocity constant (300 feet per minute) and vary step-length, then step-
frequency must change to meet the new condition. Thus if step-length is
only two feet, the man will have to march at 150 steps-per-minute to cover
the required 300 feet in a minute. Or conversely, if we change step-length
to four feet, the frequency required to cover 300 feet in one minute is cut
down to 75. As long as velocity remains constant, any given frequency has
a corresponding wave length. Under the same condition, of course, any
given wave length has a corresponding frequency. This condition is true
of radio energy; its velocity in space is a constant. Hence if a frequency is
given, the corresponding wave length can be always found by dividing the
frequency into velocity; if a wave length is given, the corresponding fre-
quency can be found by dividing the wave length into velocity. Thus, for
practical purposes, wave length and frequency are different ways of measur-
ing the same thing, and any given radio wave can be described in terms of
either its frequency or its length.! The relationship is an inverse one: the
longer the wave length the lower the frequency; the shorter the wave length,
the higher the frequency.

SOUND v. RADIO ENERGY

So far we have been talking in analogies in order to show the essential
simplicity and familiarity of the concepts involved. Although radio energy
may seem a good deal more mysterious than the swinging of a pendulum or
the sensation of hearing, it is mainly its impalpability that makes it seem so.
Nevertheless, we must now emphasize again that radio differs in important
respects from sound energy. One major difference is that radio energy
travels through space at the rate of about 186,000 miles (300,000,000 meters)
per second. This means that a radio wave can travel around the earth
seven times in one second. Shakespeare’s imagination stopped far short of
this: Puck’s boast was that he could “put a girdle about the earth in forty
minutes.” Sound, on the other hand, travels in air at only about one fifth
of a mile per second, which means that radio waves travel over nine
hundred thousand times as fast as sound waves.

Another important difference between the two forms of energy is the
media in which they can travel. Sound, as usually perceived, travels in
air, although of course it can also be conducted by other gases, by liquids,
and by solids. In any event it has to have some physical medium in which
to travel or it will not travel at all. This means sound cannot travel in a
vacuum. The conventional demonstration of this fact is made by hanging
an electric bell in a glass jar from which the air is slowly exhausted. As
the air thins out the sound of the bell becomes fainter and fainter, and when
the jar is nearly exhausted of air the bell cannot be heard at all, although
the clapper can still be seen striking the bell. Radio waves differ radically:

1In the United States the term “frequency” is generally, though not always, used; in
Europe it is more usual to designate a wave in terms of its length.
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they require no ascertainable medium at all. They can go through a vacuum
as easily as through air. One proof is the fact that radio waves have been
sent to the moon and reflected back to earth; this clearly would be impos-
sible if the waves needed an atmosphere as a vehicle. Radio waves can,
under some circumstances, pass through liquids and solids as well as gases.
On the other hand, under certain circumstances radio waves will be affected
by such factors as the temperature, the density, and the water saturation of
the atmosphere through which they pass. But their unique characteristic is
that they need no physical matter of any kind as a medium in which to
travel. Because it is hard for us to conceive of complete nothingness in
space, or of energy traveling from place to place with no conductor what-
ever, one theory used to fill the emptiness with a word — “ether.” But the
word is as empty as the space it represents, because it means nothing that
man has yet been able to explain.

THE ELECTROMAGNETIC SPECTRUM

It will be recalled that the velocity of radio energy in space is approxi-
mately 300,000,000 meters (or 186,000 miles) per second. This is a quantity
of the greatest significance in modern physics, for it is the one absolute in
the Einsteinian conception of the physical universe.? That 300,000,000 meters
per second is also the speed of light is no mere coincidence, for light energy
and radio energy are basically one and the same thing. The fact is that a
tremendously varied range of physical phenomena is comprised under the
single concept electromagnetic energy. This form of energy may manifest
itself in very different ways — for instance, as light, as radio waves, as
X-rays, as cosmic rays. But in back of this fantastic variety is a funda-
mental unity: all these forms of energy have that same significant velocity
of 300,000,000 meters per second, all have the characteristics of periodic
waves as previously described, all have the ability to radiate through space.
The universe appears to be saturated with electromagnetic energy, which
reaches the earth even from the depths of outer space in the form of cos-
mic rays.

The characteristic properties of the various forms of electromagnetic
energy are determined by wave length (or, what is the same thing since
velocity is constant, frequency). Wave lengths or frequencies laid out in
numerical order are called a spectrum (see Figure 2). A spectrum is
roughly analogous to the keyboard of a piano, which represents a spectrum
of sound frequencies in ascending order, from low frequencies at the left
end to high at the right. A visible example of a spectrum occurs when
sunlight is broken up by a rainbow or a prism into its component colors.

2 The expression ¢ in the most famous equation of modern times, E=Mc2, stands for
the speed of light. This is the Einstein equation which predicts the tremendous energy
released by atomic fission. The equation is so well known that it was used by CBS as
the title ofy its program in memory of Einstein after his death in 1955,
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Figure 2

The Electromagnetic Spectrum

This color sequence is laid out in terms of frequency, the red end of the
spectrum representing the lower frequencies, the blue end of the spectrum
the higher frequencies. Beyond these limits of visible light are frequencies
of invisible light — infra-red (below visible frequency) and ultra-violet
(above visible frequency).

The electromagnetic spectrum begins with electrical energy, which has
extremely low frequency and long waves. The radio part of the spectrum
starts at a frequency of about 10,000 cycles per second, at which point
each wave is 30,000 meters (over 18 miles) long. At the upper end of
the radio part, waves have a frequency of 300,000,000,000 cycles and a length
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which is microscopic. Beyond this point the radio frequencies begin to
blend into those of infra-red electromagnetic energy. Visible light begins at
frequencies of about 375,000,000,000,000 cycles per second. Above the com-
paratively small part of the spectrum which yields visible light comes ultra-
violet light, then X-rays, gamma rays, and cosmic rays. Just as the electro-
magnetic spectrum as a whole exhibits radically different behavior at
different frequencies, so does the radio part of the spectrum have widely
different characteristics in its various frequency ranges.

Waves of frequencies that are useful for radic communication lie, as has
been pointed out, between 10,000 and 300,000,000,000 cycles per second in
the electromagnetic spectrum. This vast range of frequencies has been
classified into eight frequency ranges or bands by international agreement
(Table 1).

It will be noted that the designation of these frequency ranges is pe-
culiarly anticlimactic: after the progression from “very” to “ultra” to “super”
we are rather let down by the mildness of “extremely.” This terminology

Table 1
Subdivisions of the Radio Frequency Spectrum
Subdivision Frequency Range

1. Very Low Frequency (VLF} Below 30 kc.
2. Low Frequency (LF) 30-300 ke.
3. Medium Frequency (MF} 300-3,000 kc.
4. High Frequency (HF) 3.,000-30,000 kc.
5. Very High Frequency (VHF) 30,000 kc.-300 mc.*
6. Ultra High Frequency (UHF) 300 mc.-3,000 mc.
7. Super High Frequency (SHF) 3.000-30,000 mc.
8. Exiremely High Frequency (EHF) 30,000-300,000 mc.

® The term kilocycle (= 1,000 cycles) is used up to 30,000 kc.; thereafter the term
megacycle (= 1,000,000 cycles or 1,000 kilocycles) is used. It is always to be under-
stood that these terms refer to the number of cycles per second.

Source: International Telecommunications Union, Final Acts of the Intemational Tele-
communication and Radio Conferences (Atlantic City: ITU, 1947), Radio Regulations,
Chapter 11, Article 2, Section II.

reflects the way in which the utilization of the spectrum has developed. In
the early days of radio communication it was supposed that frequencies
above the MF range could not be usefully employed. By the outbreak of
World War II the upper limits of the useful radio-frequency spectrum were
in the neighborhood of 300 me. During the war such high-frequency devices
as radar led to tremendously accelerated development of technology in this
area, and hence by the end of the war the ceiling had been raised to 30,000
mc. Further technological advancement has since pushed the limits of
usability higher and higher. The problems of utilizing frequencies as high
as 300,000 mc. are still acute, for properties of the atmosphere itself, such
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as the presence of rain, water vapor, and oxygen, extinguish waves at these
frequencies almost as soon as they are launched. Nevertheless, previous
events suggest that yet another range above EHF will ultimately be con-
quered.

WAVE PROPAGATION

The radiation of radio waves through space is referred to as propagation.
Systematic study of the factors affecting efficiency of propagation at various
frequencies is relatively new. In 1932 the essential knowledge of propaga-
tion could be gathered into a seven-page report; by 1950 the basic written
material on the subject made a stack of documents over three feet high.?
Theoretically, radio energy radiates from a transmitter into space equally in
all directions, and the energy attenuates uniformly with distance from the
transmitter. Attenuation occurs because as the signal travels straight out
in all directions from the point of origination, it is progressively distributed
over a larger and larger area; hence its energy becomes more and more
thinly dispersed as it travels.

In practice, however, both the rate of attenuation and the geographical
pattern of the coverage area are also affected by a number of highly variable
factors, among them the nature of the terrain in the propagation path, the
weather and atmospheric conditions encountered, the time of day and year,
and even the condition of the sun and other extra-terrestrial phenomena.
These factors produce discrepancies in the theoretical attenuation rate by
causing refraction, reflection, diffraction, absorption, polarization, inter-
ference, and scattering of waves.

How much a given wave will be affected by given propagation conditions
depends on the frequency of the wave. Take, for example, the phenomenon
of refraction, which is a change in direction of a wave caused by its passage
from one medium to another of differing density. This bending of the rays
is due to the fact that a change of velocity* occurs in their passage from one
medium to the next. The higher the frequency of a wave, the more markedly
its velocity is changed by a new medium, and hence the more sharply its
direction is changed. Therefore light is particularly subject to refraction.
A familiar instance is the apparent displacement of underwater objects when
observed at an angle from above the surface. The optical effects of lenses
depend upon the phenomenon of refraction occurring in the passage of
light from air to glass and glass to air. Radio waves may be affected even
by changes in the density of the air along their propagation path; in the
higher ranges of the radio frequencies and over long propagation paths, even
very minute changes in velocity can have considerable bending effect.

3 Joint Technical Advisory Committee of Institute of Radio Engineers—Radio-Televi-
sion Manufacturers Association, Radio Spectrum Conservation (New York: McGraw-Hill,
1952), p. 21. Most of the material on propagation in this section is taken from this ex-
cellent summary of the problems of allocation in relation to propagation theory.

4 The previously cited velocity-constant of 300,000,000 meters per second applies to
electromagnetic energy in a vacuum.
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To summarize, the study and prediction of radio wave propagation is
tremendously complicated by the fact that the conditions affecting propaga-
tion are subject to constant change, while at the same time the influence of
these conditions varies in accordance with the frequencies of the waves
involved. In order to use the available radio frequencies efficiently for
communication purposes, it is necessary so to allocate the various segments
of the frequency spectrum that the peculiar characteristics of each group of
frequencies will be suited to the requirements of the service assigned to
them. For example, some services require long-distance communication,
others only short distances; some require continuous, around-the-clock com-
munication, others only occasional contacts; some can justify large, expensive
transmitter installations and others must have lightweight, inexpensive trans-
mitters; some require radiotelephony, others radiotelegraphy.

In the strategy of efficient frequency allocation, one of the basic con-
siderations is the type of propagation path over which waves are capable
of traveling. This is determined by frequency: waves of some frequencies
travel in straight lines from transmitter to receiver; those of other frequen-
cies tend to follow the curvature of the earth; waves of still other frequencies
travel away from the earth and are reflected back. There are thus three
basic types of waves in terms of transmission path: direct waves, ground
waves, and sky waves (see Figures 3 and 4). Of particular importance to
radio broadcasting are the sky waves, for long-distance reception is de-
pendent upon them.

IONOSPHERE REFLECTION

Situated in several strata from about 30 to 250 miles above the surface
of the earth is a layer of atmosphere called the ignosphere, or the Kennelly-
Heaviside layer.> The ionosphere consists of ionized atmosphere, i.e., air
which has a characteristic electrical property induced by the action of the
sun’s radiations. It is important to radio-wave propagation because at times
it tends to reflect Medium- and High-Frequency waves back to earth.
Waves of other frequencies pass through the ionosphere and dissipate their
energy in space, but the waves reflected by the ionosphere can be usefully
employed.

The ionosphere is not a fixed and constant reflector. It consists of several
layers, not all of which are equally effective in reflecting a given radio
frequency; moreover, it is subject to disturbances which are related to the
sunspots and possibly to other extraterrestrial events. All this means that
the service obtained from the sky waves is variable, subject to all sorts of
changes. As far as the frequencies used for standard broadcasting are con-
cerned, the most important consideration is time of day. During daylight

5 The existence of the ionosphere was demonstrated in 1902 by two scientists working
independently, Sir Oliver Heaviside in England and Arthur Kennelly in the United States.
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hours the sky waves at broadcast frequencies cannot be used, but after the
sun goes down the ionosphere gradually cools, until by two hours after
sundown it is operating at maximum efficiency as a reflector. Reflected
waves then may bounce back off the earth, be reflected a second time by
the ionosphere, bounce back off the earth again, and so on. By this means
tremendously long distance reception can be achieved, since relatively little

A. Ground Wave

Receiver

Transmitter \
e Location

Location

Receiver

Transmitter 3
Location

Location

Receiver

Transmitter \
Location

Location

“—’
lonosphere

Figure 3

Types of Propagation Paths

A. The ground wave hugs the earth, following its curvature.

B. The direct wave behaves more like light. The height of send-
ing and receiving antennas is important in compensating for the curva-
ture of the earth.

C. Note that some energy may pass through the ionosphere and
be lost. Actually, waves may be reflected from several different iono-
spheric layers. The rays are not thrown back sharply, as light rays are
reflected by a mirror, but are bent back gradually.

Based on: President’s Communications Policy Board, Telecommunications: A Program
for Progress (Washington: Government Printing Office, 1951), p. 22.
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attenuation from absorption is involved in the propagation of sky waves.
However, in the process of bouncing back and forth sky waves leave some
areas blank between bounces (skip distance). Another drawback is that a
station’s sky wave may interfere with its own ground wave. Self-interference
results when ground wave and sky wave meet because the sky wave has
traveled a much longer route and hence may arrive out of phase with the
ground wave. The sky wave arrives at the receiving point with a fraction
of a second’s delay, and when two waves are not perfectly in step (ie., in
phase) they interfere with each other.® The ionosphere, then, makes pos-
sible long-distance nighttime reception of broadcast signals — albeit signals
subject to fading and interference. At the same time, sky waves enormously
complicate the problem of station allocation, because the service area of a
station that uses frequencies capable of being reflected by the ionosphere
expands greatly at night. The methods used to solve this problem will be
discussed in the next chapter.

PROPAGATION CHARACTERISTICS AT VARIOUS FREQUENCIES

At the frequencies from 10 to 200 kc. good distance is achieved with
ground waves (Figure 4). Atmospheric noise is high at these lower fre-
quencies; it provides an effective barrier to the use of frequencies below
10 ke. The lower frequencies, then, are best suited to long-distance com-
munications services which can afford to build very high-power stations
(since power tends to override atmospheric noise) and very large antenna
systems (since antenna size is related to wave length — the longer the wave,
the larger the antenna).

In the next frequency range, 200-2,000 kc., sky waves begin to become
effective (this range includes standard broadcasting). In the 2,000-kc.-to-
30-megacycle range sky waves are of dominant importance; this range is
useful for services requiring extremely long distance at relatively low cost
in power. In this range, however, sky waves are increasingly subject to
slight variations in the ionosphere, and hence services using them have to
be ready to switch from one frequency to another as one ceases to be re-
flected and another comes into operation. As many as five different frequen-
cies may have to be used by one transmitter during twenty-four hours’
service. Ionosphere reflection affects waves up to 80 mc., but at the
higher VHF frequencies the resulting sky waves are too unstable to be
useful; however, these unstable reflections are still important, since they
constitute a source of interference.

The 30-3,000-mc. group of frequencies is useful for short-distance trans-
mission. Direct or line-of-sight waves work well in this range in place of
sky waves and ground waves. This is the VHF and UHF range, to which
FM and television broadcasting are allocated. In the highest range, 3,000-
300,000 mc., the same considerations hold true, but now the waves begin

8 Cf. the discussion of phase on pages 36-38.
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this condition grows steadily more acute. The allocation problem is a serious
one on the international as well as the national level.”

To get some idea of the pressure on the frequency spectrum, let us look
at the kinds of services and numbers of transmitters licensed by the United
States (Table 2). The services are divided into three broad categories: (1)
common carriers, (2) safety and special radio services, and (3) radio broad-
cast services. Common carriers are communications services which are
available to the general public for the transmittal of private messages — i.e.,
the telephone and telegraph. Although these services are basically wire
rather than wireless services, their communications networks include many
radio links, e.g., television microwave relays and ship-to-shore telephones.®

Under the classification of safety and special radio services come eight
major sub-classes of service: marine, aeronautical, public safety, amateur,
disaster communications, industrial, land transportation, and citizens. Pub-
lic safety services include police, fire, and forest conservation, among others.

Table 2
Radio Authorizations by Class of Service
Number of Authorizations
Class of Service as of June 30, 1954
Amateur 123,287
Marine 46,299
Aviation 40,154
Public Safety 15,697
Industrial 21,598
Land transportation 13,945
Broadcast 5,881
Experimental 586
Common carrier 1,635
Other 1,037
Subtotal 270,119
Operators
Commercial 842,088
Amateur 120,535
Subtotal 962,623
Grand total 1,232,742

Source: FCC, 20th Annual Report (Washington: Government
Printing Office, 1955), p. 12.

Industrial services include radio communications networks used by power

7 President’s Communications Policy Board, Telecommunications: A Program for Prog-
ress (Washington: Government Printing Office, 1951), p. 7; Joint Technical Advisory
Committee, IRE-RTMA, op. cit., p. 17.

8 In 1954, for example, the Bell System operated more than five million circuit-miles of
microwave telephone facilities. FCC, 20th Annual Report (Washington: Government
Printing Office, 1955), p. 3.
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companies, oil companies, motion-picture units on location, news agencies,
etc. Land transportation services are used by railroads, taxicabs, buses,
trucks, etc. The citizens’ radio service is a special category which permits
the private citizen to have his own personal radio communication facility
between home and office, for instance, or for the control of model airplanes,
boats, and even garage doors. This is quite apart from the amateur service
in which private citizens operate stations for their own diversion to com-
municate with other amateurs. The amateur service has always been one
of the largest classes (Table 2).

The broadcast services include, of course, television, standard (AM)
radio, and FM radio. In addition, this category includes international broad-
casting (short-wave), facsimile, and auxiliary broadcast services. The
auxiliary services include remote pickup equipment, used occasionally to
send programs from a remote point to the main transmitter; studio-transmit-
ter links, used to relay programs from the studio to the transmitter by radio
instead of wire; and developmental stations, used in research.

This greatly abbreviated list gives some idea of the tremendous variety
of services which utilize the radio frequencies. Every one of these services
must be allocated a block of frequencies, and in many cases each individual
station (of which there may be thousands) within a service has to be
assigned its own individual group of frequencies. Broadcasting is only one
service among many whose claims to spectrum space must be considered.

These facts explain the background of some of the happenings in the
field of broadcasting which often cause a good deal of impatience among
the uninformed. For instance, the long delay from 1948 to 1952, when new
television applications were frozen, was primarily caused by the need to
assemble and interpret data on the propagation characteristics of television
signals in the VHF and UHF regions. The continued delays, even after
the freeze was lifted, in authorizing new stations in many communities
were due to the fact that only a limited amount of spectrum space could
be allocated to the television service without impairing other equally im-
portant and necessary services; hence in many localities there were many
more applicants than available channels and a choice among mutually
exclusive applications had to be made on the basis of detailed hearings.

Thus it is important to an understanding of broadcasting to realize that
it is only one service among a great many. Although the other services
come less often to the direct attention of the general public, they are of
inestimable value to everyone — facilitating transportation and wire com.
munication, increasing the safety of lives and property, aiding industria}
development. Increasingly the non-broadcast services become an indis-
pensable adjunct to the technological development of our times. The broad-
casting services must work within a limited allocation of frequencies; and
within these frequencies the many problems of propagation prediction and
control both complicate and physically limit the ways in which the fre-
quencies can be used to provide the nationwide, competitive program
service which is our ideal objective.



The AM and FM Broadcast Services

First among the broadcast services to develop was amplitude modulation
(AM), officially designated as “standard broadcast” Modulation is the
word for the process whereby the original information (e.g., sound in a
radio studio) is translated into radio energy for transmission through space.
Every broadcast transmitter radiates energy continuously as long as the
station is in operation, whether or not a signal is being transmitted. When
there is “dead air” in a radio program — a space of time in which no mes-
sage is being sent — the transmitter nevertheless continues to transmit.
This fact can be verified by tuning a receiver to a station during moments
when it is not sending any signal. A slight hiss as the dial indicator passes
the appropriate point indicates that energy is being received, even though
it is not signal information. This basic and continuous emission of a station
is known as its carrier wave. Figuratively speaking, at least, the function of
the carrier wave is to “carry” the signal. This is accomplished by systemati-
cally altering the pattern of the carrier-wave energy in a way consistent
with the pattern of energy in the original signal. This alteration of the
carrier wave by superimposing an energy pattern on it is called modulation.

MODULATION

The concept of modulation is readily grasped from a consideration of the
operation of an ordinary phonograph record. The record consists of a con-
tinuous groove in which a pickup stylus rides. Suppose a recording is made
of “silence,” i.e., no signal is recorded. On playback, the reproducing needle
will ride in the smooth groove as the disc turns without producing any
intentional sound. Nevertheless, a certain amount of noise — needle scratch,
amplifier hum, etc. — will betray the fact that the phonograph is turned on
and a record is being played. The “silent” recording is comparable to an
unmodulated carrier wave, which sends no signal but nevertheless does
transmit a certain amount of noise. After sound has been recorded on the
disc, the sides of the groove are no longer smooth. A pattern of energy,
originally in the form of sound, has now been translated into a corresponding
pattern in the form of variations in the shape of the groove. The pickup

20
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stylus, responding to this patiern as the record spins, starts the process of
re-translation back to sound.

Each radio transmitter has its own “groove,” i.e., a group of frequencies
to which it is assigned. These frequencies, known appropriately as a chan-
nel,! are identified in AM broadcasting by the central frequency in the
group. Let us take as an example the standard broadcast channel located at
600 kc. (at 60 on most receiver dials). For reasons which are dealt with later
in this chapter, all standard broadcast channels are ten kilocycles wide.
Therefore the carrier frequency of 600 kec. is the midpoint of the channel,
the full channel occupying the frequencies from 595 kc. to 605 kc. The sta-
tion on this channel radiates a carrier wave which is 500 meters (1,640 feet)
long. These large waves are radiated at the rate of 600,000 per second.

Radio waves can be modulated in several different ways, but in broad-
casting two methods are used: amplitude modulation (AM) and frequency
modulation (FM). Amplitude and frequency are the two most obvious
choices among the variables which could be altered to provide modulation.
If, as in the case of standard broadcasting, the original signal consists of
sound, we are concerned with a form of energy that also has the two
variables of amplitude (loudness) and frequency (pitch). Any sound can
be fully described at a given moment in terms of its loudness and its pitch.
Suppose, by way of example, that the sound to be transmitted from the
studio has the pitch of middle C. Suppose further, to avoid complications,
that this sound is a pure tone, i.e., one without cvertones. That means that
the sound-energy generated in the studio consists of a 264-cycles-per-second
wave. The particles of air in the studio, agitated at this same frequency,
cause a similar agitation in a delicately responsive component in the micro-
phone. The actual physical movement in the microphone is, of course, ex-
tremely minute, but one can visualize its operation by recalling how a strong
sound can produce sympathetic vibrations in a wall-panel or other physical
objects. The pattern of vibration of the moving element is translated by
the microphone into an identical pattern of electrical energy. Now we can
no longer hear the signal. It travels, silent and invisible, along the micro-
phone cable, through the wires and instruments of the control-room equip-
ment, through more wires to the transmitter, where the unmodulated carrier
wave is already being generated and radiated into space. At the transmitter
the pattern of electrical energy, still vibrating at 264 cycles per second but
by now amplified millions of times over what it was when the microphone
started it on its way, is imposed on the carrier wave. Since this is an ampli-
tude-modulated transmitter, the result is that the amplitude (amount of
energy) of the carrier wave is altered 264 times per second.

1To avoid confusion it should be mentioned that the term “channel” is also used to
designate an independently controlled input circuit to an amplifier. Examples: a three-
channel amplifier is one to which three microphones can be fed, each with a separate
control; in motion-picture recording it is usual to use separate channels for re-recording
music, voice, and sound effects so that the several components can be properly mixed

and blended.
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Figure 5
Amplitude Modulation

Hypothetical sound, consisting of a single complete cycle
of a pure tone. The reference line at the left represents
relative amplitude.

Electrical wave having the same amplitude and frequency
as the original sound.

Sample of unmodulated carrier of a transmitter, consisting
of many cycles in the time occupied by only one cycle of
the signal.

Amplitude of carrier modulated by the signal. Frequency
of carrier remains constant. Note that both the plus and
the minus phases of the carrier are modulated in patterns
which are images of each other. Either pattern is suffi-
cient to convey the signal.

Erratic wave caused by static electricity.

Energy from the static wave interacts with the amplitude
of the carrier, distorting its modulation pattern.

Resulting signal delivered by the loudspeaker. The re-
ceiver has stripped off the carrier wave but cannot remove
distortion caused by static.
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So far we have left out of this account the element of amplitude in the
original sound. This component of the sound-energy pattern is accounted
for by the amount (rather than the frequency) of change in the amplitude
of the carrier wave. Thus if the loudness doubled, the average amplitude of
the carrier wave would change proportionately, but the 264-cycle alternation
in the amplitude would continue unchanged. In short, a single variable
factor in the carrier wave can be used to do two things, since it can be
varied independently as to both rate of change and amount of change.

One common source of confusion to avoid at this point is the assumption
that there is any necessary connection between the frequency of the original
sound to be transmitted and the frequency of the carrier wave on which it
is transmitted. These two factors are independent. The 264-cycle sound can
just as easily be transmitted by a carrier wave of 6,000,000 cycles as by one
of 600,000 cycles. The 264-cvcle energy pattern can be imposed on any
broadcast-frequency carrier wave, irrespective of the carrier's own fre-
quency (Figure 5).

Modulation, then, involves the transfer of a pattern of energy from one
medium to another. Once the message, whether sound or any other kind of
signal, is conceived as consisting essentially of an energy pattern, the possi-
bility of translating the pattern from one medium to another becomes ob-
vious. The air-waves in the studio, the electrical energy in the wired
circuits, and finally the electromagnetic waves radiated by the transmitter
all represent radically different media, yet each is capable of duplicating
the pattern of amplitude and frequency of which sound consists.

THE AM BAND

Amplitude-modulated broadcasting is allocated to the frequency band
540-1,600 kilocycles. With each channel occupying 10 kilocycles, this band
provides for 107 channels.? This band is allocated to broadcasting by inter-
national agreement. Receiver dials are generally calibrated in kilocycles,
but for brevity the final zero is usually dropped; thus most home receiver
dials read from 54 or 55 to 160 (the 540 kc. channel did not become avail-
able in the United States until 1952). Each standard broadcast station is
assigned to a specific channel. The license stipulates the assigned channel,
and the licensee must so equip his transmitter that it will not drift off fre-
quency.? Frequency-monitoring equipment must be used by the station to
keep a constant check on its frequency.

The designation of specific bands for the use of specific radio services is
called allocation. The next step, permitting a station to provide service on a
specific channel at a specific geographic location, is usually called assign-
ment. The number of individual stations which can be assigned to the 107

2 It should be recalled that the channels are identified by their mid-frequency; accord-
ingly, the band actually extends down to 535 ke. and up to 1,605 ke,
8 FCC rules permit a tolerance of only .02 kilocycles (20 cycles).
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channels allocated to standard broadcasting depends upon the propagation
characteristics of the frequency band within which these channels fall.
The standard broadcast band of 540-1,600 kc. lies in the Medium Frequency
range (Table 1). The propagation characteristics of these frequencies, it
will be recalled, permit both ground waves and sky waves to be usefully
employed. The former define a station’s primary service area, the latter its
secondary service area. Ground waves provide a relatively short-range
(roughly 10 to 75 miles) service which is reliable at all times. Sky waves
provide a long-range service which is available only at night when the
jonosphere is effective in reflecting the waves. Since the atmosphere is
subject to many vagaries of weather, sun-spot conditions and the like, even
nighttime sky wave reception is not reliable all the time. Because sky
waves can be a source of interference, they have to be taken into considera-
tion even in places where sky wave service is not needed, or beyond the
zone within which sky wave service is expected.

MUTUAL INTERFERENCE

Interference is at the heart of the assignment problem. When two or
more signals are received at the same frequency, the receiver is unable to
discriminate between them and to reject the unwanted signal.* Even
though one of the conflicting signals may be relatively weak, it may be
capable of distorting the stronger signal to the point of making it worthless.
A wanted AM signal needs to be about twenty times as strong as an un-
wanted competing signal to overcome interference. Each station thus has a
nuisance zone as well as a service zone. Furthermore, if two or more signals
on adjacent frequencies are very strong, a receiver near the transmitters
will not be able to keep them apart; the signals will spread to interfere with
each other and spoil reception.

Mutual interference, then, may come from either co-channel or adjacent-
channel stations. In the first instance, stations assigned to the same channel,
if not sufficiently separated geographically, may interfere in the entire area
covered by both signals. In the second instance, stations assigned to adjacent
channels, if not sufficiently separated geographically, will interfere only
in the area near the transmitters; with distance the signals become at-
tenuated and receivers are then able to keep these weaker signals apart.
This means that adjacent-channel interference is essentially a local problem.
It has been found that a 30-kilocycle separation between the frequencies
of transmitters in a given locality is desirable for preventing interference.
The “30-kilocycle separation rule” requires that between any two AM
broadcast stations assigned to a given locality there must intervene at least
three channels (30 kc.) not used in that area. For instance, if the 600 kc.
channel is assigned in a town, the nearest channels to that frequency which

4 Technically, interference is signal distortion resulting from phase differences in two or
more received signals,
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could also be assigned in that town are 560 kc. and 640 ke. The practical
effect of this rule is to limit to 27 the number of AM broadcast stations that
can be assigned in a single limited area. Since few metropolitan areas have
any need for this number of stations, avoiding adjacent-channel interference
is merely a complicating factor in making assignments, not a serious limita-
tion on the number of feasible assignments.

Co-channel interference creates a more serious problem. It accurs be-
tween stations assigned to the same frequency and arises from the fact that
there is no way of absolutely limiting the extent or the shape of the area
covered by an AM broadcast transmitter’s signal. Coverage-area (especially
of sky waves) is bound to vary as propagation conditions vary.

AM COVERAGE FACTORS

AM-station wave propagation is dependent primarily on frequency, con-
ductivity of the soil, and power — although many other factors, as pre-
viously indicated, affect propagation, especially propagation of sky waves.
Ground wave efficiency is highly dependent on conductivity of the soil.
AM broadcast antenna towers consist of two parts, only one of which is
visible to the casual observer. The visible tower structure itself is the
radiating element. For efficient radiation, an antenna needs to be mathe-
matically related to the length of the waves radiated. The longer the wave
length, the taller the tower, as a rule.

The invisible part of the antenna is its ground system, a series of radially
placed heavy copper wires buried in the earth surrounding the antenna.
Ground wave strength depends upon the conductivity of the soil in which
the ground system is buried. For this reason standard broadcast antennas
are often found on swampy ground or even built over water. Salt water is
one of the best conductors, and some AM antennas are actually built on
artificial islands or pilings so that the ground system can be submerged in
the water.® A dry, sandy soil is the least desirable location because of its
low conductivity. Signal-strength measurements revealed that the signal
from a 250-watt station’s antenna located in highly conductive soil actually
covered as large an area as that from a 50,000-watt station less favorably
located.®

Frequency also has an inherently important influence on AM station effi-
ciency. A given amount of power becomes progressively less effective as
frequency increases. For instance, a 5,000-watt station at 550 ke. was found
to cover a greater area than a 50,000-watt station located in the same city
but operating on the 1,200 kc. channel.” Since Medium Frequency ground

5 Salt water is estimated to be 5,000 times as conductive as the least conductive type
of soil. FCC map, “Estimated Effective Ground Conductivity in the United States”
(Washington: Government Printing Office, 1954).

8 “New Way to Measure Coverage Told,” Broadcasting, 8 September 1947, p. 16.

7 Loc. cit.
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waves tend to follow the contour of the earth, terrain features are less
important in AM propagation than in the VHF and UHF bands of FM and
television. Differential absorption of wave energy over the transmission
path nevertheless plays a role in determining the coverage of an AM station.

A third major factor influencing coverage is power, which is expressed
in watts or kilowatts. With given frequency and terrain conditions, power
is the one variable which can be manipulated. However, since signal strength
increases only as the square root of power, there is a point of diminishing
returns when the gain from a power increase is offset by the cost. If a
1,000-watt station desired to double its signal strength it would have to
quadruple its power; to get four times the signal strength its power would
have to be increased from 1,000 watts to 16,000. After a certain point,
increase in power does not affect ground-wave distance so much as sky-wave
distance. Nevertheless, station operators are generally anxious to use as
much power as the law and their pocketbooks allow, even when the need
to protect co-channel stations requires them to use directional antennas
which direct most of their signal energy away from the area they wish to
cover. Not only does increased power enable the ground-wave signal to
blank out possible nearby interference, but high power also has prestige
value. Since most people do not understand the facts we have been dis-
cussing here, they are impressed by 50,000 watts (the maximum AM power
permitted ), even if the number is relatively meaningless in terms of useful
physical coverage.

Because of the variety of factors affecting coverage, each station’s service
area is defined in terms of its contour, an irregular shape surrounding the
transmitter which is determined by signal-strength measurements in the
field. Relatively wide margins of distance must be allowed between stations
operating on the same channel because in a station’s fringe area its strength
is too low or inconsistent for satisfactory service, yet may nevertheless be
great enough to cause damaging interference (Figure 6).

Several methods are employed to deal with problems of co-channel inter-
ference. Of course the simplest solution would be to assign only one station
to a channel — or at least to keep those stations which are assigned to the
same channels two or three thousand miles apart. But with only 107
channels to work with, this solution would drastically limit the total number
of stations that could be accommodated. One of the primary duties of the
Federal Communications Commission is to provide as much broadcast
service to the whole country as possible. The problem of completely equi-
table distribution of service, however, is impossible of perfect solution
under a broadcast system which depends upon advertising revenue for its
support. Economic necessity inevitably tends to create an overdemand for
stations in densely populated areas and an underdemand in thinly populated
areas. Thus an economic factor is added to the physical difficulties.
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AM STATION AND CHANNEL CLASSIFICATIONS

The FCC has achieved, however, a considerable measure of success by
means of a system of channel and station classification (Table 3). The 107
channels are divided into three classes: clear, regional, and local. Stations,
in turn, are divided into Classes I, II, III and IV. Each class of station is
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Figure 6

Co-Channel Interference (ldealized)

Station A and Station B are assigned to the same frequency. Their
primary coverage (ground-wave) areas do not conflict, but their
secondary coverage (sky-wave) areas overlap, so that during times of
sky-wave propagation receivers located between the two stations would
experience interference.
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Table 3
Classification of AM Channels and Number of Stations on Each Channel
Channel No. of | Channel No. of | Channel No. of
(kc.} Class Stations {kc.) Class Stations| (kc.) Class Stations
540 Clc) 4 900 C(d) 33 1260 R 43
550 R 21 910 R 29 1270 R 29
560 R 19 920 R 31 1280 R 41
570 R 18 930 R 30 1290 R 37
580 R 17 940  C(b} 9
590 R 21 950 R 30 1300 R 37
960 R 32 1310 R 32
600 R 18 970 R 32 1320 R 35
610 R 18 980 R 23 1330 R 32
620 R 18 990  Clc} 27 1340 L 161
630 R 22 1350 R 30
640  Cla) 4 1000 C(b) é 1360 R 42
650 Cla) 2 1010  Clc) 24 1370 R 41
660 Cla) 5 1020 Cla) 4 1380 R 36
670  Cla) 1 1030 Cib) 4 1390 R 32
680  C(b} 15 1040 Cla} 2
690  Clc) 15 1050 Cl{d) 36 1400 L 157
1060  C(b} é 1410 R 33
700 C{a) 1 1070  Cib} 9 1420 R 33
710 Cib}) 14 1080 C(b) 9 1430 R 31
720 Cla) 1 1090  Cib) 7 1440 R 32
730 C(d) 22 1450 L 160
740 Clc) 23 1100 Cla) 5 1460 R 28
750 Cla) 7 1110  C(b) 10 1470 R 31
760 Cla) 2 1120 C{a) 4 1480 R 31
770  C{a) é 1130 Cib) 5 1490 L 155
780  Cla) é 1140  C(b) 9
790 R 27 1150 R 46 1500 C(b} é
1160  Cla) 2 1510 C(b) 11
800 C(d) 24 1170  C(b) 8 1520 C(b) é
810  C{(b) 8 1180 Cla) 2 1530 Cib) 3
820 Cla) é 1190  C(b) 8 1540 Clc) 23
830 Cla) 3 1550 Ci(b) é
840 Cla) 4 1200 Cla) 1 1560  C(b) 9
850  C(b) 13 1210  Cla) 5 1570 C(d) 32
860  C{c) 30 1220 Cld) 30 1580 Clc) 31
870 Cla) 7 1230 L 162 1590 R 33
880 Cla) 3 1240 L 147
890 Cla) 3 1250 R 32 1600 R 29

Explanation of channel class symbols: R=Regional, L=Local, and C=Clear. (a)=unduplicated
U.S. Clear Channels, (b)=other U.S. Clear Channels, (c)=Canadian Clear Channels, (d)=Mexican
Clear Channels, (e)—=Bahamian Clear Channels. The United States may assign only Class II sta-
tions to the foreign Clear Channels, The clear channels are popularly called “1-A,” “1-B,” etc.

Source: Station listings by frequency in Broadcasting-Telecasting, 1955 Broadcasting Yearbook-
Marketbook Issue.
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defined in terms of both channel and power. Class I stations use from
10,000 to 50,000 watts; Class IT from 250 to 50,000 watts; Class III from 500
to 5,000 watts; and Class IV from 100 to 250 watts. Individual stations
within a given class are licensed to operate at a specified wattage. With the
exception of Class II, station classifications are in practice equivalent to
channel classifications: Class I stations are assigned to clear channels, Class
IIT stations to regional channels, and Class IV stations to local channels.
A Class II station operates on a clear channel in a “secondary” capacity; it
must defer to the Class I (“dominant”) stations, and is tolerated on a clear
channel only insofar as it avoids interference with the dominant station or
stations on that channel. This circumstance has led to misunderstanding,
sometimes deliberately fostered by Class II station operators. In the public
mind the channel classifications are completely identified with station classi-
fications. But a Class II station, though operating on a clear channel, is not
a “clear-channel station” in the accepted sense of the term. The Class II
stations are usually licensed to operate in the daytime only, so that they
will create no skywave interference with the service of the dominant sta-
tions on their channels. For this reason it is well to bear in mind that, tech-
nically speaking, the terms “clear,” “regional,” and “local” are channel classi-
fications, not station classifications.

Over half (59) of the channels are classified as clear channels. The pur-
pose of this group is to provide interference-free sky-wave service to remote
regions. Originally each clear channel was to be reserved for a single
powerful station, but because of the pressure for more stations the clear
channels were broken down into two subgroups. Twenty-four Clear Chan-
nels, popularly known as 1A channels, provide for the elite among broad-
casting stations; to each 1A channel one and only one nighttime station is
assigned. This group includes the oldest and best-known stations in the
country — the network-owned-and-operated stations in New York; KDKA,
the first licensed commercial broadcast station; WGY, the pioneer General
Electric station, and so on. The only competition these stations have on
their respective channels is from a few low-power Class II daytime-only
stations. At night they operate in lordly isolation. Remote rural areas
economically unable to support local stations can thus be assured at least of
nighttime sky-wave service from distant clear-channel stations. 1t must be
re-emphasized, however, that the vagaries of the ionosphere render this
service subject to interruptions. It was estimated that in 1950 60 per cent
of the geographical area (not population) of the United States depended
on sky waves for nighttime radio service.®

The remaining clear channels have been “duplicated” by the assignment
of two or more widely separated dominant (Class I) stations as well as a

8 Testimony of the Chairman of the Engineering Committee, Clear Channel Broad-
casting Service, in: Senate Committee on Foreign Relations Subcommittee, Hearings on
the North American Regional Broadcasting Agreement (Washington: Covernment
Printing Office, 1953), p. 54.
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number of secondary (Class II) stations. An example of assignments on
such a channel is shown in Figure 7. The regional and local channels are
what the names imply — channels designed to serve relatively limited
areas. There are 41 regional and six local channels. Class III and IV stations
also produce sky waves, of course, but the fact that their secondary service
areas are not protected from interference minimizes the usefulness of sky-
wave emission from these classes of stations. In fact, the medium-power
regional station may serve a smaller area at night than in the day because
of sky-wave conflict from other regional stations.

In order to make the systems of channel and station classifications work,
i.e., to maximize the number of stations operating without defeating the
purpose of the clear channels or degrading the service of existing stations,
the FCC uses several devices. To compensate for the difference between
daytime and nighttime coverage, some stations are required to switch to
lower power at night; others are required to go off the air entirely after dark;
still others are required to use directional antennas (sometimes with dif-
ferent patterns at night than in daytime) to blank out the signal in a direc-
tion which might cause interference (Figure 7).° In a few towns two sta-
tions share time on one frequency.

STATIC INTERFERENCE

All the aforementioned decvices are designed to prevent mutual inter-
ference between broadcast station signals. AM broadcasting is also subject
to interference originating in other sources, both natural and man-made.
From nature comes static — free electricity in the atmosphere which affects
the amplitude of the carrier wave, adding random information which is
received as noise — crackling, snapping sounds and signal distortions (Fig.
5). Static charges in the atmosphere are particularly common during
stormy weather and during the summer. In some parts of the country,
particularly the South, there are periods during the summer when static
becomes so heavy as to preclude even ground-wave reception except over
very short distances. In fact, the development of broadcasting in the south-
ern states was seriously impeded before the advent of improved receivers
which minimize the effect of static.

Interference also comes from a variety of electrical and electronic ap-
pliances and devices. Radio energy is radiated by many electrical devices
as a by-product of normal operation; others actually use radio energy for
industrial and medical purposes. Both atmospheric and man-made static
tend to be blanked out by high transmission power, which improves the
signal-to-noise ratio at the receiver; but attenuation of the ground wave in

9 Directional patterns for standard broadcast stations are achieved by means of antenna
“arrays,” two or more separate antenna structures which set up interference and rein-
forcement patterns with each other. As many as ten antennas have been used in these
arrays.
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the vicinity of the transmitter is so rapid that this advantage is soon lost
with distance. Only ground waves are strong enough to override static.
This means that sky-wave service is chiefly useful in rural areas; man-made
static generally prevents reliable sky-wave reception in large towns.

All the devices described tend in general to enable a more diversified
standard broadcast service by permitting operation of the maximum number
of stations that the economy can support. The system of assignment can

Figure 7
Geographical Distribution of Stations on an AM Clear Channel

Stations assigned to the 1-B Clear Channel 710 kc. Solid lines
indicate the shape of nighttime coverage pattern, broken lines the day-
time pattern (coverage patterns are symbolic only and do not show
the actual area covered). The numbers indicate wattage in kilowatts.
LS means “reduce power at the time of local sunset”; D means “day-
time only”; U means “unlimited time”; CP means “Construction
Permit.” The two dominant (Class I) stations on this 1-B channel are
WOR-New York and KIRO-Seattle. All other United States stations
are Class II. A circular coverage pattern indicates no directional
antenna; other shapes indicate directional patterns. Note how the
nighttime paiterns are designed to throw most of the signal energy in
a direction which will not interfere with other stations on the fre-

quency.

Source: Mutual Broadcasting System Engineering Department.
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never be perfect, for both economic and technical reasons. Economics tends
to force uneven distribution of stations, with high concentration in some
areas and no stations at all in others. Technically, it is impossible to control
radio-wave propagation in any absolute sense; limitations on power and
directivity achieve only approximate control. There will always be freakish
propagation phenomena to cause departures from desired coverage patterns.

FREQUENCY MODULATION

Although the techniques of modulating amplitude developed first, it was
realized that, theoretically at least, the same result could be obtained by
modulating frequency. It was believed, however, that frequency modula-
tion presented technological problems which made practical application
infeasible. In the 1930’s a revival of interest in the possibilities of frequency
modulation was led by Major Edwin Armstrong, an inventor who had
already made important contributions to the early development of AM
circuitry. Armstrong waged a virtual one-man crusade to secure recognition
of the superiority of FM. One hundred 200-kc. FM channels have since
been set up in the VHF region, running from 88 to 108 mc.

An important advantage of FM over AM1 is the former’s freedom from
static interference. Static, it will be recalled, consists of free electrical
charges present in the atmosphere, arising from either natural or man-made
sources. Its effect is to distort the amplitude of the AM signal, adding or
subtracting at random from the intended pattern of modulation (Figure 5).

10 The terms “AM” and “FM” refer generically to types of modulation, not types of
radio service. There are, of course, many non-broadcast services which also use both AM
and FM. But in common usage, when the terms “AM” and “FM” are not otherwise
qualified they refer to the radio broadcast services that use these forms of modulation.

Figure 8
Frequency Modulation of a Carrier by Various Signals

1) Two cycles of a signal are shown at A. At B is the unmodulated
carrier. At C the carrier has been frequency-modulated by signal A
(the original wave-form is superimposed on the carrier to show the
relation more explicitly). Note that one phase of the signal-wave
causes increase in carrier frequency and the other phase causes de-
crease. The amplitude of the carrier remains constant. D is a signal
of the same amplitude as A but has a higher frequency. The differ-
ence between C and F consists in the number of times the frequency
of the carrier changes in a given period of time.

(2) In this example the frequency of the two signals A and D is
constant, but D has twice the amplitude of A. Modulating the same
carrier (B and E) results in a more radical change in the frequency of
the carrier at F than at C.



34 THE PHYSICAL BASES OF BROADCASTING

With FM, however, the wanted information is not dependent on signal
amplitude but on signal frequency (Figure 8). Thus the intrusion of static
does not contaminate the information in the FM signal. By eliminating static
interference, FM provides undistorted reception in areas where —and at
times when — satisfactory AM reception is impossible.

In order to find a frequency band for the new service, the FCC had to
move FM up into the VHF region of the spectrum. The difference in
frequency, of course, means difference in the propagation characteristics
of the waves. In the VHF region, as previously pointed out, sky waves and
ground waves are no longer usefully effective; in this region of the spectrum
the propagation path is direct. This means elimination of the major prob-
lems of AM allocation created by the differential behavior of ground waves
and sky waves. The direct radiation of FM signals from transmitter to
receiver produces a relatively stable coverage pattern, its size depending
upon transmitter power and the height of the transmitting antenna. It is
true that at certain seasons of the year waves of the FM broadcast frequen-
cies are affected by both the jonosphere and the troposphere (lower layers
of atmosphere). Long-distance FM broadcast propagation, however, is
sporadic and is not at all comparable to the useful sky-wave service that is
possible at AM broadcast frequencies. The higher the antenna, of course,
the farther the station can “see.” A high-powered FM transmitter cannot
push its signal much beyond the horizon. Therefore “super-power” has no
meaning for FM as it has for AM broadcasting.

This limitation on FM coverage simplifies the allocation problem. Since
reception depends on direct waves rather than ground waves and sky waves,
it is unnecessary to provide a wide “no-man’s land” between stations on
the same channel; hence FM enables more complete and uniform geographi-
cal coverage than does AM. Furthermore, the clear-channel concept, being
based on the existence of sky waves for long-distance propagation, cannot
be applied to FM; therefore the discrepancies in coverage between stations
is not as great as in AM. The tremendous difference in the coverage of an
AM station on a 1A Clear Channel and one on a local channel does not
exist in FM broadcasting.

Still another factor which simplifies the FM assignment problem is the
fact that the FM signal is better able to blank out interference from other
signals than AM. A strong AM signal can be distorted by a relatively very
weak competing AM signal, whereas an FM signal is better able to override
a competing signal.*?

11 The FM antenna proper is a physically small element, in keeping with the shortness
of VHF waves. The antenna structure is merely a supporting device, not a radiator as
it is in AM. Since FM does not depend on groundwave propagation, the elaborate
ground system of the AM antenna is not required. Hence height rather than ground
conductivity is the primary consideration in choosing an FM antenna site.

12 The AM signal-to-interference ratio is 20 to 1; the FM ratio is only 2 to 1.
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THE HIGH COST OF HIGH FIDELITY

Another major advantage of the FM over the AM broadcast service is its
ability to reproduce sound with higher fidelity than AM. This ability is not,
however, inherent in FM. To explain this will require further discussion of
modulation and of sound. It will be recalled that modulation of a broadcast
carrier wave creates side bands, i.e., the involvement of frequencies adjacent
to the carrier-wave frequency. A single cycle, of and by itself, is able to
convey only a very limited amount of information at any instant. Since
sound is relatively complex, consisting of a rather large amount of informa-
tion, the communication of sound necessarily requires a number of side-band
frequencies. The 10-kc. AM channel provides side bands of 5,000 cycles per
second. This number defines the capacity of the channel. In effect, it
limits AM sound reproduction to sounds of frequencies up to 5,000 cycles
per second.

In any communication system it must be decided how much information
is really necessary for the purposes of the system. The maximum amount
of information desired must be balanced against the cost of communicating
it —not only the expense of providing the necessary physical apparatus
but also the expense in frequencies. Since there is always a shortage of
spectrum space, the conservation of frequencies is of great importance; no
service should use more than the minimum number of frequencies required
to perform its necessary function. Rarely does a communication system
attempt to reproduce information with absolute fidelity to the original, for
rarely is such high fidelity necessary. The telegraph, for instance, strips
the language of all the wealth of information which the speaking, rather
than the printing, of messages conveys; the telephone restores a great deal
of this information, but obviously much is still sacrificed. One does not
attempt to communicate the aesthetic nuances of fine music or speech by
telephone.

Radio broadcasting, unlike such utilitarian communication services as
the telegraph and the telephone, is concerned with the aesthetic aspects of
information. An adequate broadcast service should be capable of com-
municating the beauty of instrumental music, song, and speech; it should
be capable of realistically recreating the sounds of actual events. These
requirements call for a relatively high degree of fidelity to the original.
Yet absolute fidelity, even if it could be achieved, would be prohibitively
costly in both apparatus and frequencies. Therefore a compromise must be
made at a point judged to be consistent with both economy and fidelity.

In the case of AM broadcasting, the choice of the specific 10-kilocycle
channel width, then, is not dictated by either physical necessitv or mere
chance. It is the result of a decision: how high can we make fidelity without
unduly reducing the number of available channels? How many channels can
we make available without reducing fidelity below the point of toleration?
The result, in AM broadcasting, has been a service which is far short of
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ideal sound reproduction but satisfies most people for most purposes. Sound
reproduced on an AM radio contains less information than the original
sound, but most of us are not conscious of the loss most of the time. How-
ever, if AM broadcasting were designed solely to serve a group of people
to whom fidelity is very important — let us say orchestra conductors — the
standard of AM broadcasting would be entirely inadequate.

SOUND QUALITY

To understand how broadcasting as a communication system can omit
part of the original information we must consider again the nature of sound.
A pure sound, consisting of a single frequency, such as the example pre-
viously used to illustrate the process of modulation, does not occur in nature.
The sound of voices, musical instruments, the rustling of leaves, the burbling
of brooks, the barking of dogs — all the sounds we normally hear — are
complex. They consist of many different frequencies, each with its own
amplitude, all combined in a way that gives a particular sound its par-
ticular character.

Previously we spoke of sound as having at least three variables: frequency
(pitch), amplitude (loudness), and duration. But take the case of two
sounds of exactly equal pitch, loudness, and duration — say a note played
on a violin and the same note played on a clarinet. The ear detects a dif-
terence, a difference implied by such terms as “timbre,” “quality,” “color.”
The difference lies in the fact that pitch, or frequency, is not a simple, but
a complex factor. We recognize the pitch of the two instruments as being
apparently identical because in each case the psychologically dominant fre-
quency is identical; we recognize the difference in quality between the two
instruments because the other frequencies in the two sounds are not identi-
cal. These frequencies or pitches are not heard as such, but we perceive
the Gestalt, the totality of the event, as a single, unified impression.

These secondary components of sounds are called overtones. They are
usually multiples of the fundamental pitch. Thus the 264-cycle sound of
middle C as played on the piano will have overtones at 528 cycles, 792
cycles, 1,056 cycles, and so on. The qualitative difference between sounds
of the same fundamental pitch is due to differences in the distribution and
amplitudes of the overtones ( Figure 9).

In the graphic representation of the wave, the several frequencies are
conceived as forming a composite wave. To understand this concept we
must revert to the concept of phase, mentioned earlier in connection with
the pendulum. It will be recalled that a complete cycle of motion of the
pendulum requires a movement to one side and then to the other. These
opposite phases of the cycle may be regarded as positive (plus) and nega-
tive (minus) aspects of the wave. If the positive aspects of two waves
coincide, the energies of both will be combined to make a larger total ampli-
tude at that point. If, however, a negative and a positive aspect of two
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Figure 9
Overtones in Sounds

Two different strings on a violin playing a note at the same pitch
(440 cycles per second) have recognizably different quality. The
graphs show how the relative amplitudes of the fundamental pitch and
the overtones account for this difference. Note, for example, that the
first overtone is stronger than the fundamental in the D-string tone
but weaker in the A-string tone.

Based on: Harry F. Olson, Musical Engineering (New York: McGraw-Hill, 1952),
p. 255.

waves coincide, the smaller will subtract from the larger, making a smaller
total amplitude at that point. When two waves of the same frequency ex-
actly coincide they are “in phase.” Let us assume that these two waves
have exactly the same amplitude throughout the cycle. If now they are
shifted exactly half a wave length out of phase, they will cancel each other
completely, for one wave is advanced just as far in the negative direction as
the other wave has advanced in the positive direction at any given moment
throughout the cycle (Figure 10). The principle can be illustrated with two
tuning forks of slightly different frequency. When both are struck the re-
sulting composite sound will have a “beat”; at regular intervals the sounds
will reinforce each other to a maximum amount and then cancel each other to
a maximum amount. This beat can be heard in musical chords. Phase con-
siderations are important in many practical ways throughout electrical and
electronic systems. Two or more microphones fed to the same amplifier
must be phased correctly; phase differences occur when a ground wave and
a sky wave from the same transmitter meet, sometimes with results much
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The Concept of Phase

A and B represent waves of equal amplitude and length which are
in phase. The result of combining these two waves is shown at C.

D and E are two waves of equal amplitude and length which are
exactly halfway out of phase. The result at F is complete cancellation.

G and H are the same waves one-quarter out of phase. The result-
ant, I, does not have the same amplitude o1 form as the resultant of
ie two waves when in phase. shown at C.
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like the “beat” produced by the two tuning forks; color television makes
important use of phase differences.

The relevance of overtones to the question of fidelity of reproduction of
sound is this: Since overtones are of higher frequency than the funda-
mental tone, they tend to extend into the higher ranges of the audible
frequency spectrum. A system of reproduction that is incapable of repro-
ducing these higher frequencies therefore affects quality without necessarily
affecting intelligibility. Standard broadcasting, with its 10-kilocycle chan-
nel, permits the reproduction of an audible frequency range of about
50-5,000 cycles per second. The total range of audible frequencies extends
to about 20,000 cycles per second.’® Thus AM broadcasting eliminates a
very large segment of the audible frequency range. However, the frequen-
cies above 5,000 cycles per second come into play as overtones rather than
as fundamental pitches; hence the loss is in terms of overtones, which is to
say quality. For purposes of speech reproduction, this loss is not important.
The baritone singing voice, for instance, covers fundamental pitches only to
about 400 cycles per second; the soprano singing voice goes only to about
1,200 c.p.s. But the fundamentals of the highest musical instruments reach
into the 4,000-c.p.s. region, and the fundamental frequencies of certain
high-pitched sounds reach even higher. It follows then, that the AM stand-
ard is adequate for the human voice, less adequate for instrumental music,
and even less adequate for certain sound effects. The inadequacy of AM
broadcast fidelity can easily be verified by listening to sound effects on the
radio. We are accustomed to recognizing all sorts of sound effects in radio
dramas, but we may not realize how much we depend on the context of
the drama to tell us what to expect, and we unconsciously respond to this
suggestion. When one listens deliberately to sound effects as isolated sounds
it becomes clear that by themselves many of them are meaningless. The
sound of applause is a good test, as are other sharp percussive sounds like
rain, as well as scraping sounds such as striking a match.

In amplitude modulation, then, it was decided to provide sufficient radio
frequencies per channel to enable reasonably faithful sound reproduction.
But this standard is not high enough for realistic reproduction of many
sounds, including many that are present in instrumental music. Since more
frequencies are available in the VHF band, the FCC could set up a standard
which permits a great improvement over AM. The channel width for FM
stations is 200 kilocycles, and this channel width enables reproduction of
sound frequencies up to 15,000 ¢.p.s. Since most people cannot hear sounds
of higher frequency, this range permits almost “perfect” reproduction of
sound. The word “perfect” is quoted because from the physical point of

13 Sensitivity to higher sound frequencies varies widely among individuals; a charac-
teristic hearing loss occurs in the upper frequencies with age. Some animals are known
to be able to perceive frequencies beyond the range of human hearing. For instance,
there is a dog whistle on the market which is so high-pitched that human beings cannot
hear it.
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view some frequency information is still being left out, but from the psy-
chological point of view all the information which could be useful to most
people is included.

Besides improved frequency range, FM also has the advantage of im-
proved dynamic range over AM. This term refers to the range in degrees
of loudness between the faintest reproducible sound and the loudest. The
ear has an amazing capacity to adjust itself to extremes in this respect,
whereas most sound-reproducing systems are very limited in dynamic
range. Very faint sounds are lost in the noise of the system itself, and very
loud sounds may overload the system and become distorted. AM broad-
casting is particularly limited because, in order to get maximum average
power from transmitters, the dynamic range is artificially compressed to
eliminate extremes of loudness or softness.

THE DISADVANTAGES OF FM

With all these advantages over AM — stability of coverage area, freedom
from static, increased frequency range — it would seem that FM should by
now have surpassed AM in popularity. Instead, FM has actually been losing
ground after its initial surge, and seems now permanently relegated to a
minor role among the broadcasting services. The reasons for the failure of
FM to compete more successfully against the older service are both physical
and economic. The latter will be dealt with more fully in Chapter 9, but
basically the economic weakness of FM is that it reduces all stations to
relative equality of service area. The major AM stations, particularly the
Class I stations on 1A clear channels, were naturally unwilling to surrender
the great competitive advantage which their superiority of coverage gives
them. For this reason the AM networks and the major AM stations, although
paying lip service to FM by taking out FM licenses, have never really tried
to develop FM as an independent service; instead they have kept it as a
“slave” service, merely duplicating the programs already available on AM.
Since network transmission lines are adapted to the limited frequency re-
quirements of the AM service, duplication of AM network programs on FM
nullifies all the advantages of FM’s potentially superior fidelity (see Chap-
ter 4).

A communication system is only as good as its weakest link. In FM the
weakest link has been the inexpensive home receivers predominantly in
use, which are not capable of reproducing the full range of frequencies
available in the FM signal. Not enough listeners were sufficiently eager for
increased fidelity to create a strong demand which could have forced
manufacturers to produce better low-cost receivers. Indeed, some evidence
suggests that the average listener actually prefers a limited to a full fre-
quency response in sound reproduction.’* Even those listeners who might

14 Harry F. Olson, Musical Engineering (New York: McGraw-Hill, 1952), pp. 349-

850. The recent enthusiasm for “hi-fi” suggests that tastes can be manipulated in this
connection as in others.
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have appreciated and wanted higher fidelity were not strongly motivated
to embrace FM because not enough programming took advantage of FM’s
superiority. All these problems might have been solved in time had it not
been for the fact that FM was just getting under way when television came
along. Television, being an entirely new medium instead of an improve-
ment of an existing medium, diverted attention from FM. The research
laboratories, manufacturers, networks, and stations all focused their efforts
on developing the newer, more exciting and potentially more profitable
service, and FM found itself orphaned just when it needed solicitous care
from all concerned.



The Television Service

Before discussing the physical bases of the television service, it will be
helpful to consider briefly some of the characteristics of human vision. To
begin with, let us recollect that what we call visible light is a certain range
of frequencies in the electromagnetic energy spectrum (Figure 2). These
frequencies can be distinguished by the fact that the human eye is sensitive
to them. In other words, the eye is a kind of transducer, transmuting elec-
tromagnetic energy into perceptions which we know as light, color, bright-
ness, etc. Sights, like sounds, therefore, can be regarded as patterns of
energy having certain characteristics of frequency and amplitude.

PICTURE DEFINITION

Essentially, the camera — whether still, motion-picture, or television —
represents man’s relatively crude attempt to build a mechanical eye, much
as the microphone can be said to be a mechanical ear. Like the eye, the
camera has an adjustable iris to control the amount of light admitted and a
lens which concentrates the image on a light-sensitive screen or plate. The
screen of the eye, the retina, consists of specialized nerve-endings (rods
and cones) which respond to light. There are about 132,000,000 of these
receptors in the normal human eye.! When an image falls on the retina,
each of millions of active receptors responds independently in accordance
with the amount of light which reaches it. The brain assembles the millions
of resulting simultaneous impulses into a subjective “reproduction” of the
object being seen. It is not, of course, a “perfect” reproduction. Visual
acuity varies among individuals just as aural acuity varies. Even at best
there are limits to the eye’s ability to see detail, for which reason we use
microscopes and telescopes to extend the normal limits of vision, as well
as eyeglasses to correct abnormalities. The eye sees not “everything,” but
only as much as the nerve-endings in the retina permit. Obviously anything
as small as or smaller than an individual nerve-end could not be distin-

1]da Mann and Antoinette Pirie, The Science of Seeing (Harmondsworth-Middlesex:
Penguin Books, 1950), p. 28. This little book is an excellent layman’s introduction to a
fascinating subject.

42




THE TELEVISION SERVICE 43

guished as a separate detail. An object that small could not be resolved.
Resolution (definition) means the ability to recognize two adjacent objects
as separate objects.

On the same principle as that of the eye, picture-reproducing devices de-
pend on some method of breaking the total scene down into separate picture
elements, each one of which takes care of one small area of the scene. The
minuteness and the distribution of these picture elements, of course, govern
the degree of definition, or resclution, that can be obtained. Even with the
unaided eye it is possible to observe this piece-by-piece structure in some
types of pictures. Newspaper pictures, for instance, have very low defini-
tion because of the coarseness of the dot-structure. The individual elements
can easily be seen; clearly, this low resolution means inability to reproduce
fine detail. An even more obvious example is the traveling headline on the
New York Times building, in which each element is an electric light bulb
(Plate I).

In film, the picture elements consist of tiny particles of light-sensitive
chemical. Each particle responds proportionately to the amount of light to
which it is exposed. When developed, the particles clump into grains of
silver. Naturally, the ability of film to reproduce fine detail depends on
the minuteness of these grains. “Graininess” in film means poor detail;
“fine-grain” film is used where fine detail is important (see Plate I).

FILM FRAME FREQUENCY STANDARDS

Motion pictures add a time dimension to the process of reproduction: we
see not a snapshot of frozen action but continuous action. The action is not
in reality continuous in the film itself, but the eye experiences an illusion
of continuity. This illusion depends on the fact that an image received by
the eye persists briefly as a subjective (neural) image even after the original
scene is no longer there. The eye cannot turn itself off, so to speak, in-
stantaneously. A motion picture consists of a series of still pictures (frames)
taken in rapid succession; each frame freezes the action at a slightly later mo-
ment than the preceding frame (see Plate II). Persistence of vision fills in
the moments between pictures, achieving a smooth blending from one frame
to another, and consequently an illusion of continuity of action. Silent
motion pictures are standardized at 16 frames per second, which is adequate
for achieving the illusion of continuity. Sound pictures, however, are
standardized at 24 frames per second; this rate of travel for the film is
desirable in order to get adequate sound quality from the sound track.?

Unfortunately, the eye is not completely satisfied with the illusion at this
point. When a film is projected, the screen is not continuously illuminated,
nor is the film continuously moving. After each frame is flashed on the
screen there must be a moment of darkness while the next frame is pulled

2 Cf. Chapter 4 for a discussion of sound tracks.
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into position for projection. Even at 24 frames per second the eye detects
the fact that the light on the screen is going on and off. Early movies were
called “flickers” because of their slow rate of projection, which resulted in
the eye’s sensing systematic changes in over-all screen brightness, even
though the illusion of continuity of motion may have been obtained. Since
the eye is more sensitive to changes in over-all brightness than to changes in
details of picture content, the rate of projection needed to give the illusion of
brightness-continuity is higher than the rate needed to give the illusion of
action-continuity. It is, of course, important from the point of view of film
economy to use as few frames as possible per second; and since the 24-
frames-per-second rate provides all the visual and aural information re-
quired, it would be wasteful to use a higher frame-rate just to avoid flicker.
The problem is solved without increasing the amount of film by the simple
expedient of projecting each frame twice.> In other words, when a given
frame is pulled into place it is flashed upon the screen once, remains in
place while the screen is blacked out momentarily, and then is flashed upon
the screen a second time; during the next momentary blackout the next
frame is pulled into place and the process repeated. The result is that
although only 24 new frames are projected per second, the screen is illumi-
nated by a picture (field) 48 times a second, which is sufficient to deceive
the eye into accepting the illusion of continuous illumination of the screen.
Thus motion pictures require two projection frequencies: one to achieve
continuity of action (frame frequency), one to achieve continuity of illumi-
nation (field frequency). A similar double standard obtains in television.

FILM SIZE STANDARDS

It is essential that agreement be reached on such questions as standard
frame-frequency so that film can be changed from one camera to another
and from one projector to another. Two other film standards* require com-
ment before we move on to television: film size and shape. The size of
motion-picture film, like the size of a radio channel, must be based on a
compromise between the need for economy and the need for communicating
an adequate amount of information. It has been emphasized that a com-
munication system is designed to carry not all the information available but
only that portion of the total which answers the purpose of the particular
system. The demands made of a moving picture (whether on film or tele-
vision) are obviously different from the demands made of other kinds of
pictures. A great deal of information which might be needed in a still
photograph would be superfluous in a moving picture.

In the first place, since a motion picture normally shows objects in mo-

3 Most modern ﬁ)rojectors repeat each frame more frequently, but for purposes of
comparison with television the example of two projections per frame is used throughout.

4 All film standards are published by American Standards Association, Inc., 70 E. 45th
St., New York 17, New Yor]i.
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tion, it is impossible to study any one frame with the same attention to
detail with which one might study a still photograph; the eye is constantly
being hurried on to new perceptions and has no time to dwell on all the
potential information in every frame. Again because of the factor of mo-
tion, the optimum viewing distance is different for motion pictures than for
still pictures. One looks at moving pictures for a longer period of time than
one normally looks at still pictures. To view a motion picture com-
fortably, without eyestrain and distortion, we sit at a distance from the
screen. Thus, by the standards applied to some other types of photographic
reproduction, motion pictures can be quite crude. There is deliberate omis-
sion of some information. The circumstances of normal viewing are such
that this information would be quite superfluous: the eye would have no
opportunity to see it under normal viewing conditions even if the informa-
tion were there.® One has only to sit too near a motion-picture screen to
become immediately conscious of the omissions; at this unaccustomed dis-
tance the eye becomes uncomfortably aware of the grainy structure of the
picture and of the resulting lack of fine detail. One of the common sources
of eyestrain in television viewing (especially among children) is sitting
too close to the screen; the viewer then unconsciously strains to see detail
which simply does not exist and would not be visible at a proper viewing
distance even if it did exist.

The amount of information that a motion-picture film is capable of con-
veying depends on a number of factors, among them the size of the film
itself, the speed at which it travels in the camera and projector, the physical
make-up of the film stock, the developing and printing process, the precision
of the various mechanisms involved in film handling, and the quality of the
lenses used in cameras, projectors, and other devices. For certain highly
specialized scientific applications, all these factors are brought to the opti-
mum at great cost for relatively minute amounts of finished photography.
But film for everyday use — for entertainment, documentation, and educa-
tion — must be produced in great quantities at reasonable cost. Film is rela-
tively quite expensive even when costs are kept at the minimum consistent
with the communication of adequate information.

Since the definition of “adequate” varies widely, depending on the pur-
pose of the communication, more than one set of standards has evolved for
motion pictures. The highest standard (short of the costly special applica-
tions previously mentioned) has been developed for theatre exhibition and
is represented by 35-mm. film practice. The measurement refers to the
width of the film stock (Plate II), but it also connotes high standards of
equipment (cameras, projectors, sound recorders, etc.), operating pro-

5 Senate Advisory Committee on Color Television to the Committee on Interstate
and Foreign Commerce, The Present Status of Color Television (Washington: Govern-
ment Printing Office, 1950), p. 7. This Committee was chaired by the direcior of the
National Bureau of Standards. The report is an excellent brief summary for the layman
of the principles governing the establishment of television standards.
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cedures, and production quality. With few exceptions, all film for regular
commercial theatre exhibition conforms to these (or higher) standards.

Sixteen-millimeter film occupies a middle ground. It was developed origi-
nally in the 1920’s as an amateur medium, but in recent years there has been
such a tremendous increase in the use of non-theatrical film (including
television use) that the best 16-mm. practice can now be regarded as on a
professional level. The smaller size of this film makes it much more eco-
nomical than 35-mm. For example, 16-mm. film runs at 36 feet per minute
at sound speed (24 frames per second), whereas 35-mm. film runs at 90 feet
per minute at the same frame speed. Along with the saving in costs for film
stock go economies in equipment, processing, and production costs. Most
television stations are equipped to use 16-mm. film only.

The third standard type of film is 8-mm., which nowadays is generally
used instead of 16-mm. film for the purely amateur “home movie.” In this
medium the cost of film is minimized and the associated equipment designed
for the utmost simplicity and economy.

ASPECT-RATIO STANDARDS

The fact that motion pictures consist of many frames in sequence means
that it is also necessary to set up standards of picture shape. Still photos
are standardized to a relatively few basic shapes and sizes for cameras, film
stock, and related equipment, but the finished print itself can be trimmed
to any size or shape required. A still picture of a skyscraper can conform
to the vertical design of the subject; conversely, a panoramic view of a
skyline can be cut to suit the horizontal orientation of the subject. The
option of adapting the picture shape to the communication content is not
available when the film must consist of many thousands of separate film
frames and where the picture must be projected on ready-made screens of
fixed shape and size. Hence early in the development of motion-picture
photography it was necessary to standardize not only film size but also the
shape of the frame. Logically a rectangular shape is the most practical; but
what should be the aspect ratio, i.e., the proportion between the width
and the height of the picture? The proportion selected is three units high
by four units wide.® For example, a screen nine feet high must be twelve
feet wide. This three-to-four ratio was chosen as being psychologically
appropriate, as conforming to the normally horizontal field of view of the
human eye, and as being adaptable to most subject matter. Actually, of
course, no single shape is ideal for all subjects — otherwise all paintings
would have the same aspect ratio. The fixed aspect ratio of the camera’s
field of view is a severe limitation; hence one of the major artistic problems
of the cinema (and of television) is that of compensating for this rigidity

6 The ASA standard for 16-mm. projector apertures is actually .284 by .380 inches,
which is a ratio of 3 x 4.01. For comments on other aspect ratios used in wide-screen
film systems, see Chapter 11,
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of the medium. In early cinematography it was common practice to use
masks to alter the shape of the scene; in order to focus attention on a par-
ticular object within a scene, for instance, a mask with a circular hole
might be introduced to black out everything but the object of attention,
which was then seen as through a peephole. Nowadays these problems are
handled less crudely by means of ingeniously used camera angles, camera
movement, perspective, light, and other devices.

TELEVISION STANDARDS

When the time came to set up standards for television, it was natural that
previous experience with motion pictures should be used as a guide. In
the television system the cost factor is computed not in film footage but in
frequencies. By using a sufficiently wide channel, television theoretically
could equal or surpass the quality of 35-mm. film. The question is, does
television need to be as good as 35-mm. film? And as a corollary question,
how good can television afford to be in terms of the frequencies available?

It was decided to approximate in television the quality expected in good
16-mm. film. It was reasoned that television is a home medium and should
logically be adjusted to the standards of good home movies rather than
those of theatrical exhibition.” This means that the standards adopted for
television deliberately sacrifice a certain amount of visual information (just
as the standards for AM broadcasting deliberately sacrifice a certain amount
of aural information) in the interests of economical use of the available
frequency space. The fewer frequencies needed for each television channel,
the greater the number of channels that can be allocated and of stations
that can operate.

TV IMAGE DISSECTION

Consideration of motion pictures as a communication system suggests
that a system of television communication must include provision for (1)
breaking the picture down into many separate picture elements; (2) secur-
ing a sequence of complete, independent pictures with sufficient frequency
to achieve the illusion of action-continuity; and (3) securing a sequence of
screen illuminations with sufficient frequency to achieve the illusion of
brightness-continuity. It was recognized early in television experimentation
(which goes back to the earliest days of radio experimentation), that the
picture elements could not all be transmitted simultaneously. When light
from a scene falls on a film negative, all the particles of light-sensitive
material begin to respond at once. But a radio channel can only do one
thing at a time; it cannot, like the film, respond simultaneously to a tre-
mendous number of different pieces of information, each one potentially
capable of being widely varied. The centra]l problem in developing tele-

7 Senate Advisory Committee on Color Television, op. cit., p. 8.
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vision, then, became the problem of devising a means of dissecting the
picture into elements, transmitting each one separately, and reassembling
all the parts in the correct order and in the correct places at the receiver —
all of this happening so fast that the eye perceives all the picture elements
simultaneously.

One experimental attempt at solving this problem used a bank of photo-
electric cells. These cells convert light information into electrical informa-
tion. By connecting the bank of cells to a mechanical device for discharging
each cell in succession, it was possible to transmute the light information
falling on the cells into a sequence of discrete electrical impulses; these
impulses could then be used to activate a corresponding bank of lights in
the reproducer. This remains the basic principle of television, although
this early device was extremely crude. Photoelectric cells are too large to
permit resolution of anything but the grossest detail, and any conceivable
mechanical method of discharging the cells consecutively is too slow to
achieve the necessary illusion of simultaneity. Television had to await the
development of a subtler device to do the light-transforming job and of a
non-mechanical device for dissecting the picture at extremely high speed.
This development came about in 1923 with the invention of the iconoscope,
the first electronic camera pickup tube. The successor of this type of tube is
still in use, although for studio work an improved type, the image orthicon,
is now standard (see Figure 11). These tubes have no moving parts; all
operations are electronic. An entirely different method of image dissec-
tion also is employed — at present to a lesser extent than the image orthicon
— for dissecting the image. This is the “flying spot scanner,” which illumi-
nates the image one element at a time by means of a tiny spot of light which
flies across the image.

PICKUP DEVICES

Light from the scene to be televised is concentrated by a lens on a small
screen within the iconoscope pickup tube. The screen is covered with
specks of light-sensitive material which has the property of converting light
energy into electrical energy. Thus the screen translates the pattern of
light which falls upon it into a pattern of electrical potentials; that is, each
dot of light-sensitive material acquires and stores an electrical charge whose
amplitude corresponds with the amount of light falling on that particular
dot. The screen in the television pickup tube differs from film in that each
image is not “fixed” but is replaced by each succeeding image.

The next problem is to discharge each of these thousands of picture ele-
ments separately and systematically, so that they can be reassembled cor-
rectly at the receiver. This is accomplished by directing toward the screen
a narrow beam of electrons which triggers the electrical potentials of the
picture elements. When the electron beam strikes one of the picture ele-
ments, that element discharges the electrical energy it has stored. The elec-
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Grain structure in motion-picture film. Right: Under high
magnification picture elements are seen to be distributed
at random and to vary in size and shage. Left: a single
“grain’’ under extreme magnification.
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Motion-Picture Sound TYracks

(actual size)
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four per frame in 35-
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method of discharging the stored information (Figure 11). The flying spot
scanner, on the other hand, has no need for storing the information, since
it scans the image one element at a time by means of a spot of light, instead
of illuminating the image completely and then breaking it down into ele-
ments. Transparent materials, such as films and slides, readily lend them-
selves to the flying-spot technique; the spot of light passes through the
image and is picked up a photoelectric cell which converts light values into
equivalent electrical values. As the spot of light moves across the image
its intensity is modulated by the varying density of the transparent image,
thereby causing variations in the light energy received by the photoelec-
tric cell.

The use of the flying spot scanner for non-transparent subject matter,
such as live programs in a studio, is more of a problem. In the first place,
the subject matter has to be in total darkness, since only the single minute
spot of light may fall on the subject. Secondly, the photoelectric cell which
translates the light values into electrical values has to depend upon reflected
light instead of light transmitted through a transparent object. In 1955
Dumont exhibited a remarkable flying spot “camera” capable of providing
excellent color pictures of live studio action. Dumont solved the first prob-
lem — that of providing light in the studio so that studio personnel can see
what they are doing — by using an intermittent light which is turned on
only during the retrace path of the scanning sequence (i.e., during times
when the flying spot is blacked out to return to start a new line or field).
The intermittence is so rapid that the eye has the sensation of continuous
low-level illumination of the scene. The flying spot itself also moves so rap-
idly that to the eye the “camera” seems to be projecting a rectangular block
of very dim light on the scene. The “camera” contains, instead of a pickup
device, a tube which is essentially like a receiver tube. It generates the
spot of light and causes it to move through the standard scanning pattern.
The camera is equipped with lenses for securing different apparent image-
distances and can be manipulated like the ordinary image-orthicon camera.
The pickup device in the Dumont system is a highly sensitive photoelectric
cell which is hung in the same position in which lights would be hung to
illuminate a scene for an image-orthicon camera. Several of these pickup
devices are used; they receive reflections of the flying spot from the image
and convert them into electrical values. Potentially the flying-spot studio
camera is much cheaper than the image-orthicon camera. However, it can
be used, of course, only in situations in which ambient light can be excluded
from the scene.

THE SCANNING PATTERN

The rate of scansion selected for the United States standard is thirty
frames per second. Frame frequency must be accurately standardized
throughout the country if transmitters and receivers are to remain in step
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with each other. Since nearly all electrical house current throughout the
United States has a frequency of 60 cycles, it was convenient to tie television
in with this universally available standard. In the motion-picture projector,
it will be recalled, frame frequency is 24 per second, but, in order to avoid
flicker, field frequency is 48 per second. Repeating each whole film frame
does not add to the information contained in the film; since film is a perma-
nent record, the information in a frame is “remembered” and can be reused
any number of times. However, the television information is momentary;
it exists only very briefly, one dot at a time; therefore to repeat each frame
would mean doubling the amount of information the system has to carry.
Television avoids this burden by scanning each frame in two successive
instalments, thus achieving 6C fields with only 30 frames. The method is
to scan every other line for each field. The first field includes the first,
third, fifth, seventh, etc., line; when the electron beam reaches the bottom
of the picture it returns and picks up the second, fourth, sixth, eighth, etc.,
line. This is called interlace, or off-set, scanning. It ensures that the
screen will be illuminated with sufficient frequency to prevent flicker, but
minimizes the total amount of information per frame which the system has
to transmit.

The television picture, then, is constructed of dots (elements), lines,
fields, and frames. The last three are standardized in the United States at
525 lines per frame, 60 fields per second, and 30 frames per second. In
practice each frame consists ideally of about 200,000 elements. Since 30
frames are transmitted per second, the number of elements transmitted per
second is about 6,000,000.

At the receiving end, of course, the process must be reversed. Like the
pickup tube, the receiver tube (kinescope) contains an electron beam
which scans by interlace 30 frames per second. The electron stream is
directed against the inner surface of the face of the tube, causing a phosphor
coating on the inner face to glow as the electron beam reconstructs the
picture, line by line. Theoretically only one element out of the 200,000 in a
frame is visible on the screen at any given moment: in actuality the phosphor
glows briefly even after the electron beam has passed a given position.
Nevertheless, only a fragment of the total picture is ever on the screen at
any given moment. Yet elements, fields, and frames succeed each other
with such rapidity that persistence of vision gives the illusion of a con-
tinuous image. However, the number of lines in a frame is small enough
to make the line-structure of the picture evident on close examination.

ACCESSORY SIGNALS

The television system is somewhat more complex than the foregoing de-
scription indicates. For one thing, what happens to the electron beam
while it returns from the end of one line or field to the start of another?
If the beam continued to read off the picture information along the fly-back
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path, the orderly picking up of picture elements would be destroyed. This
dilemma is solved by a blanking signal, which is transmitted during fly-back
periods. This signal is not apparent on the screen because it cuts off the
electron beam. The video signal is negatively modulated; that is to say, a
large amplitude of energy in a picture element (indicating whiteness at the
corresponding point in the original scene) results in a low amplitude of
energy in the transmitted signal. Conversely, a low amplitude in a picture
element (indicating darkness at the corresponding point in the original
scene) results in high amplitude in the transmitted signal. Therefore the
amplitude of the transmitted signal can be artificially increased beyond the
amplitude which produces visible black in the receiver. The boundary line
is called the “cut-off” level. All accessory signals in the composite video
signal are sent in this “blacker-than-black” region so that they do not
interfere with picture information (Figure 12).

It can readily be imagined that if receiver and transmitter should get
out of step the received picture would be ruined. Suppose, for instance, that
the first picture element in the first line in the original image was received
as an element in the middle of that line: half of the picture would be lost.
In order to guarantee exact synchronization of scanning in the receiver with
scanning in the camera, special synchronizing signals are included in the
composite video signal. These signals, also sent in the blacker-than-black
region (along with the blanking signals between frames), establish precise
points of “registration,” so that the picture in the receiver tube is scanned in
exact synchronism with the picture in the camera tube (Figure 12).

Both these accessory signals — the blanking signal to eliminate evidence
of retrace and the synchronizing signal to keep camera and receiver scansion
in step — constitute part of the information being transmitted by the video
system. It is not picture information, however, for it adds nothing to the
amount of visual information received. In fact, it subtracts from the total
amount of visual information that can be transmitted, since with a given
number of frequencies in a channel only a given amount of information can
be transmitted.

CHANNEL WIDTH AND INFORMATION CAPACITY

Essentially, it may be said that each cycle in a channel is capable of com-
municating two pieces of information per second.® Each United States
television channel is six megacycles wide, but only about four megacycles
are available for the video component. The rest of the channel is used for
the audio component and for margins of isolation (guard-bands) between

8 Note that the capacity of a channel is defined by the difference in frequency be-
tween the upper and lower limits of the channel, irrespective of where these points occur
in the frequency spectrum. For example, television Channel 2 falls at 54-60 mc., whereas
Channel 83 fal{s at 884-890 mc. The carrier frequency of one is tremendously higher
than that of the other, yet each channel contains the same number of cycles — 6,000,000,
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the audio and video signals and at the upper and lower edges of the chan-
nel. In short, the cycles available to carry the video signal number about
4,000,000, and since each can handle two pieces of information per second,
this means that the whole video channel is capable of handling a maximum
of 8,000,000 pieces of information per second (see Figure 13).

Let us see what has to take place during each second. There are 525 lines
in each frame, and each frame is scanned at the rate of 30 times per second,;
therefore the total number of lines per second is 15,750. Dividing that
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Figure 12
Composite Television Signal (Simplified)

The wave-form depicted is a simplified analysis of the picture,
synchronizing, and blanking components of the composite video signal.
During the interval P the last line of a field is being scanned. The
uneven line at P represents the varying amplitudes generated by the
scanning beam as it moves across one line of the picture, the higher
amplitudes representing dark elements in the image and the lower
amplitudes light elements. At the end of the line the signal is syn-
thetically increased to an amplitude “blacker than black” (i.e., above
the value which shows as “black” in the receiver), which cuts off the
electron beam at the receiver. During the ensuing interval the electron
beam is returning to the top of the frame to start another field; at
the same time a complex series of pulses (not shown in detail) provide
blanking and synchronizing information to the receiver. At the end
of the vertical retrace interval the first line of the next field is scanned
at P’. Then a very short time intervenes while horizontal retrace is
taking place, during which a horizontal sync pulse is transmitted. At
P” the second line of the field is scanned, and another retrace interval
follows. Note that the “blanking level” is at a slightly higher ampli-
tude than the blackest parts of the actual picture information. (Not
drawn to scale.)

Based on: FCC signal specifications in Rules and Regulatious.
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Figure 13
How the TV Channel Is Used

Although six megacycles are assigned to each TV channel, only
four megacycles are available for video information. The lower 1.25
megacycles are occupied by the vestiges of the suppressed side band.
(Modulation causes side bands on both sides of the carrier frequency,
but since both bands contain the same information one can be dis-
carded; however, the discarded side band cannot be cut off absolutely,
and room has to be left for vestigial energy.) (Not drawn to scale.)

Based on: FCC Specifications in Rules and Regulations.

number into the 8,000,000 signal elements available per second discloses
that ideally 508 signal elements are available for each line. But because
some time is used up by the accessory signals, only 416 signal elements per
line and 483 lines are available for useful picture information. This realizes
416 x 483, or 200,928 picture elements per frame. Multiplying the number
of elements per frame by the number of frames per second, we arrive at
6,027,840 useful picture elements per second. Thus of the 6,000,000 cycles
allocated to each television channel only 3,013,920 cycles are used for the
picture proper, the rest for accessory signals, sound, and marginal spacing.
Definition in the television picture is thus limited by the system itself to
the amount of detail ideally resolvable by 200,928 picture elements. This
standard provides a picture only a fraction as detailed as a fine engraving,
but, as was previously pointed out, the circumstances of viewing pictures
in motion make the rendering of finest details superfluous, since normally
they could not be seen by the viewer in any event.? Magnifying the received

9A good 8 x 10" photoengraving has about 2,000,000 dots; 35-mm. film, when
projected, has the equivalent of about 1,000,000 halftone dots. Senate Advisory Com-
mittee on Color Television, op. cit., p. 7. See Plate 1.




THE TELEVISION SERVICE 55

picture adds no detail; a 12 x 18-foot theatre-television screen provides no
more information than a 12 x 16-inch home-receiver screen. Larger screens
simply make it possible to sit farther away from the screen and thus enable
the accommodation of more viewers.

There is nothing absolute about the 525-line standard adopted in the
United States. In Britain 405 lines are used, and in France 819 lines.?® The
standard adopted in the United States is a pragmatic one; it represents a
compromise between the desire for a high-definition picture on the one
hand and a limited channel-width on the other, and it takes into account
the country’s need for a commercial, competitive, nation-wide service per-
mitting the maximum number of stations to operate.

TV SYSTEM SUMMARY

To summarize, the complete television signal contains four categories of
information: picture, blanking, synchronizing, and audio. All four com-
ponents are combined at the transmitter for radiation by the same antenna
system. The video and audio components are handled separately, each
with its own set of equipment, until they reach the diplexer in the transmit-
ter (Figure 14). The function of the diplexer is to combine the two signals
without mixing them so that they can be fed simultaneously to the antenna.
The television-transmitting antenna elements are physically small, in keep-
ing with the size of the waves to be radiated.!’ Direct waves are employed,
so no ground-system comparable to that used in standard broadcasting is
needed. The tower, instead of itself serving as the radiating element, is
merely a support for the antenna proper.

In the studio the synchronizing generator originates the driving pulses for
the scanning action of the camera, as well as the blanking and synchronizing
information. The synchronizing information is added to the video signal
only after the rest of the video information is developed, so that synchroni-
zation will not be lost in the course of switching the various video sources
(Figure 14).

TV CHANNEL ALLOCATIONS

In 1952 the FCC adopted a table of allocations that made 82 television
channels available, numbered 2 through 83.12 As Table 4 shows, the first
12 channels are in the VHF band, the rest in the UHF band. Channels are
not classified according to type of service in the manner of the standard-
broadcast clear, regional, and local classifications, nor are stations classified

10 Cf,: United Nations Educational, Scientific and Cultural Organization, Television:
A World Survey (Paris: Author, 1953). Recent data are also found in Television
Factbook.

11 Channel 2 waves are roughly 18 feet long, Channel 83 waves only about one foot.

12 The original Channel 1 had been re-allocated to other services in 1947, by which
time it was inexpedient to re-number the remaining channels.
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Block Diagram of TV System Components and Signals

This is a highly simplified diagram showing the basic components
and their functions in originating and manipulating the signals. Each
block represents a functional component (in practice this may consist
of many different related components). The connecting lines indicate
the signals delivered from one component to another. The picture
information originates in a pickup device (e.g., a studio camera). The
pickup device receives drive pulses from the sync generator; these
pulses cause the scanning sequence to be performed. Picture informa-
tion is then delivered to a control point where it is monitored, cor-
rected, and amplified and the blanking information is added. This sig-
nal then goes to the control point where a number of such incoming
signals (e.g., from several cameras, a film chain, a network) are
selected in sequence or mixed to make up the program. Then the
synchronizing information is added and the composite video signal
is fed to the transmitter. Meanwhile the audio information has been
handled simultaneously but separately. Pickup devices (microphones,
records, film tracks) are fed to a control point for switching, mixing,
and amplification. This signal is then fed to its own transmitter. The
two transmitters feed the diplexer, which combines audio and video
signals for delivery to the antenna. Finally the combined signal is fed
to a single antenna system.

Based on a drawing in: Harold E. Ennes, Principles and Practices of Telecasting
Operations (Indianapolis: Howard W. Sams & Co., Inc., 1958).
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TABLE 4

Summary of Broadcast Channel Allocation

Channel Number of

Band Width Channels
AM 535-1,605 ke. 10 ke. 107
FM 88-108 mc. 200 kc. 100

TV (Nos. 2- 4} 54- 72 mc.
(Nos. 5- 6) 76- 88 mc.
(Nos. 7-13) 174-216 mc.
(Nos. 14-83) 470-890 mc.

6 mc. 82

in categories of varying power. The FCC has attempted to give each station
the opportunity to compete on a relatively equal physical basis with each
other station, requiring only minimum standards of effective radiated
power on the basis of the size of the population to be served.

Antenna height, as well as power, defines the effectiveness of the signal.
Maximum permissible power, therefore, is related to antenna height. As
with standard broadcasting, the lower the frequency the more effective a
given amount of power can be because of progressively greater ground
absorption as frequency rises. Hence, in order to make the channels ap-
proximately equal in coverage potentiality, a sliding scale is used to permit
higher and higher power and antennas as the frequency rises.'® For example,
a station on a UHF channel with an antenna 2,000 feet or less above the
average terrain may have a maximum power of 1,000 kilowatts. As antenna
elevation increases there is a gradual reduction in permissible power until
the curve stabilizes at about 7,500 feet, at which point maximum power is
fixed at 100 kilowatts. Much less maximum power is permitted to Channels
7-13, and still less to Channels 2-6.

When modern regulation began, many standard AM broadcast stations
were already in operation. It was not practicable to put them all off the air
and start with a clean slate to make possible a “master plan” of channel
allocations. With television, however, the fact that the government could
control the growth of the medium from its inception has made such a master
plan possible. Accordingly, the table of assignments allots one or more
specific channels to each town of sufficient present or potential size to war-
rant an assignment. Assignments were made in the original table for 2,053
stations in 1,291 communities.!* The table is set up with co-channel separa-
tions of from 155 to 220 miles, depending on the geographical zone and the
frequencies involved. Adjacent-channel separations are 55 to 60 miles.

18 Cf.: FCC, Rules and Regulations, Part 3, para. 3.614, for details.

14 The table is found in: FCC, Rules and Regulations, Yart 3, para. 3.606. It is subject
to change as conditions require; about 50 changes were made during the first year of
its operation. There are more than twice as many UHF as VHF assignments.
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Further protection from co-channel interference is achieved by the require-
ment that certain assigned channels operate 10 kc. above or below the
normal carrier frequency for those channels. This slight offset helps to
prevent co-channel interference during occasional periods of extraordinarily
long-distance propagation. Such periods occur seasonally and are due to
both tropospheric and jonospheric reflection.’® Distances of over a thousand
miles are sometimes covered, but these freakish long-distance transmissions
of television signals must be regarded as sources of interference rather than
of service. Useful television service can generally be expected to reach
between 20 and 70 miles from the transmitter. It is impossible, however,
to be exact in this figure because of the many variables, such as frequency,
power, antenna height, terrain, and interference conditions. Where set
owners are willing to install expensive antennas, consistent service can be
sometimes obtained over much greater distances than 70 miles.

Television station coverage can be extended and blank areas due to terrain
can be filled in by the use of either booster or satellite (“slave”) stations.
The former rebroadcasts the signal of the mother station on the same fre-
quency, whereas the latter usually operates on its own frequency. Com-
munities too small to support their own stations and too far from stations in
other communities to receive reliable signals are often served by community
antennas. A community antenna system consists of a specially constructed
receiving antenna, a sensitive receiver, and amplifiers; it picks up weak
signals, amplifies them, and distributes the programs by wire to homes which
pay an annual fee for the service.

UHF CHANNELS

Experience with commercial production and installation of VHF equip-
ment was already a decade old in 1952, when the first commercial UHF
station went on the air. Most UHF stations ran into difficulties because re-
ceivers had previously been built for the VHF channels (2 through 13).
In markets already well served by VHF stations it was difficult to persuade
set-owners to spend an additional twenty to fifty dollars or more to convert
their sets and antennas for UHF reception. In this respect UHF television
encountered somewhat the same kind of resistance which had greeted FM,
and this circumstance has led to a widespread belief that UHF is doomed
to a similar secondary status. There is little physical justification, however,
for relegating UHF to an inferior status as compared with VHF.

In fact, UHF television has certain advantages over VHF. It is less
subject to static interference. It is also less subject to “ghosts” — reflected
signals which cause multiple images because of differing lengths of signal
propagation paths. (This phenomenon is due to the fact that UHF antennas

15 Cf,: Ernest K. Smith, “The Effect of Sporadic E on Television Reception” (U.S.
Department of Commerce, National Bureau of Standards Report #1907, mimeo., Sep-
tember 8, 1952).
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are highly directive, and hence tend to reject all signals other than those
they are adjusted to receive.) The quality of the picture received from UHF
stations is as good as or better than that from VHF stations.

On the other hand, the high directivity of the UHF signal means that
its coverage may be spotty because the signal can be cut off by buildings
and terrain obstructions in the line-of-sight path between receiver and
transmitter. UHF signals are more readily attenuated by absorption, and
so require higher transmitting power and more sensitive receiving-antenna
adjustment. When UHF television started commercially, transmitters ca-
pable of utilizing full permissible power had not been developed. In the
present state of the technology of UHF and under the present antenna-
height and power maximums set up by the FCC, VHF stations can secure
greater coverage than their UHF competitors. This, of course, puts UHF
at a serious, 1f not fatal, economic disadvantage. However, it is quite pos-
sible that improved equipment and adjustment of the rules on power and
antenna height could substantially equalize the coverage of UHF and VHF
stations in any given area.!®

PERCEPTION OF COLOR

In order to understand color television, it will be helpful to go back once
more to the human eye for a model. How the eye perceives color has
never been fully explained, but a good deal is known about the physical
nature of the stimuli which result in the subjective color sensations. Some
of the more recent findings are of fundamental importance to color tele-
vision. In the first place, it has been found that color sensation is not a
single, unified perception. Instead, it involves three different perceptions:
sensations not only of coloredness (hue) but also of brightness (lumi-
nance), and of color purity (saturation or chroma). Each of the three
factors can vary independently.

The sensitivity of the eye is different for different colors, or light fre-
quencies. For instance, the eye is about twice as sensitive to green as to red.
Moreover, its sensitivity to color varies with the size of the object being
observed. Relatively large objects are perceived in all three dimensions —
i.e., in terms of hue, brightness, and purity, but as objects get smaller the
eye loses its sensitivity to hue. The smallest details in an image are per-
ceived only in terms of brightness. This loss of the ability to sense hues
does not occur all at once; the colors to which the eye is least sensitive, such
as blues, disappear first, and then as objects get smaller the colors to which
the eye is more sensitive, such as greens, are finally lost. Eventually, in the
smallest visible details of the scene, all that can be detected is the brightness
factor. In other words, the normal eye is actually color-blind to small details.

Although these factors are relatively new discoveries, it has long been

16 Economic and legal factors of the UHF-VHF problem are discussed in Chapter
10.
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known that color sensation is trichromatic —i.e., that all color sensations
can be reproduced by appropriate mixtures of only three primary colors.
Any set of colors can be used as primaries as long as the three colors are
such that no two can be mixed to match the third and a combination of all
three in appropriate proportions results in the sensation of white.

The foregoing facts about color vision greatly simplify the problem of
color reproduction. Nearly all color-reproducing systems depend upon the
trichromatic nature of vision. The fortunate circumstance that all the
thousands of hues can be derived from only three primaries enormously
reduces the quantity of information contained in a color picture from what
it would have to be if each hue were unique. The fact that the eye cannot
detect hue and saturation information in small detail again relieves the
reproducing system of the need for handling a vast amount of color infor-
mation.

THE COLOR TV SYSTEM

Two arbitrary prior limitations were placed upon the color television
system: it had to get along with the six-megacycle channel width already
set up for black-and-white television; and it had to be compatible with
existing black-and-white television receivers. Compatibility means the abil-
ity of a non-color receiver to pick up a color signal as a monochrome signal;
it is necessary to avoid the possibility of outmoding millions of existing
monochrome receivers.”” These were severe limitations. Even with the
savings previously indicated, it is obvious that color television represents a
substantial increase in the quantity of information that must be handled
by the system as compared to monochrome requirements; and the require-
ment of compatibility made any major changes in the monochrome scanning
and other timing operations out of the question.

These problems were solved by the industry through its National Tele-
vision System Committee (NTSC), whose recommendations were accepted
by the Federal Communications Commission.’® In setting up standards
the Commission specified the basic composition of the signal but left to
the manufacturers the choice of the means whereby the prescribed signal
was to be achieved. Several methods of both pickup and reproduction
have been developed; they differ in the details of method, but are sufficiently
alike to permit any color receiver to respond to any color transmitter. We
will not attempt here to discuss the rival systems, but merely to outline the
basic specifications.

NTSC color standards retain the 525-line, 60-field standard of mono-
chrome television. All the additional information needed must be packed

17 Reverse compatibility is the ability of a color receiver to pick up a monochrome
signal and to render it in black and white.

18 FCC, In the Matter of Amendment of the Commission’s Rules Governing Color
Television Transmissions, Docket No. 10837. 18 Fed. Register 8649 (23 December
1953). ,
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into the same four-megacycle channel used by monochrome television. To
accomplish this, advantage is taken of the fact that in actual practice the
energy of the monochrome signal is not distributed equally throughout the
4,000,000 cycles of the video channel. Instead, the energy clusters about
certain frequencies, leaving others relatively unused. These unused fre-
quencies, or blank spaces in the channel, are therefore available to carry
extra information.

The image is picked up separately in each of the specified primary colors
(red, blue, green). From each of these color signals is derived a brightness
signal proportional in strength to the brightness value of that color. The
brightness components of the three primaries when added together yield
white, which (in terms of the specific primaries selected) consists of 59
per cent green, 30 per cent red, and 11 per cent blue. This mixed signal
provides the brightness information for the color picture. Since brightness
is all that can be perceived in the fine detail, the mixed signal provides all
the fine detail in the color picture. This same signal provides the compatible
monochrome picture for black-and-white receivers. Meantime, the three
color signals (minus their respective brightness components) are trans-
mitted on a separate carrier wave (the subcarrier) generated by the same
transmitter. The resulting color picture suffers some loss in detail as com-
pared to monochrome standards, but this is compensated for by the greater
apparent detail which color provides.1?

According to the foregoing description, the composite color signal consists
of four different elements: the brightness component and the three primary
colors. So far, however, provision has been made for only two signals
within the video portion of the channel: the brightness signal on the main
carrier, the color signal on a subcarrier. Since the color signal consists of
three separate elements — the red, green, and blue values — it is necessary
to devise a means of doing three things at once. The solution of this prob-
lem is the most ingenious part of the NTSC color system. First, the three
color signals are reduced to two by a manipulation which mixes green with
the other three signals (red, blue, and brightness) in such a way that the
green information can be recovered at the receiver. This reduces to two
the number of signals to be transmitted on the color subcarrier. The red
and blue signals are then multiplexed on the subcarrier —i.e., both are
sent in the same channel without mixture. There are a number of ways of
multiplexing signals, the particular type used in this case depending on
sending the two signals out of phase with each other. This operation re-
quires extremely delicate timing, which necessitates an added synchronizing
signal (the “color burst”), which is transmitted during the blanking period
just after the regular synchronizing pulses. The purpose of the color burst
is to provide the receiver with the reference timing signal needed to separate
the multiplexed red and blue signals.

19 FCC, op. cit., para. 17.
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At the receiving end, color is achieved by the use of three different types
of phosphor on the face of the kinescope tube; each glows in one of the
prescribed primary colors when struck by electrons. The color elements
are separate but closely associated and very minute; hence the eye per-
ceives all three simultaneously, although in fact each primary is displayed
separately. In other words, the color mixing is done by the eye rather than
by the tube. In one type of tri-color kinescope three separate electron guns
are used, one for each primary. Another type uses only one electron gun;
the electron beam “wobbles” as it scans a line, alternately touching on
three thin stripes of phosphor in the three primary colors. The appropriate
information modulates the beam as it touches each of the color-stripes in
rapid succession.

The color system is so intricate and so precisely designed that it is ex-
tremely difficult to maintain the various components in proper adjustment.
The fact is that it was still essentially in the laboratory stage of develop-
ment in 1953, when it was authorized for commercial use. Color-television
components must be fabricated with a precision never before attempted on
a mass-production basis. For example, one type of tri-color kinescope tube
uses a plate in which 400,000 holes must be accurately positioned. The
timing operations involved in developing the color signal are so exact that
compensation has to be provided for the minute delay caused by signals
traveling through certain of the circuits. When three different pick-up
tubes are used for the three primaries, a difficult problem in registration
arises: the three separate images must be superimposed exactly or the type
of blurred picture often seen in cheap color printing will result. The flying-
spot scanner has a distinct advantage over storage-type pick-up tubes in
this connection, since the same spot of light provides information for all
three primaries, thereby making misregistration impossible.




Relay and Reproducing Systems

An essential element in the economy of the mass media is the syndication
of content. Individual outlets — newspapers, broadcast stations, theatres —
are not themselves able to supply the raw materials in sufficient quantities
and at a sufficient level of quality. At one extreme is the entertainment
motion-picture industry, in which production is highly centralized and the
retailer (exhibitor) has very little choice of product in general and none
whatever of product in detail. The exhibitor is reduced to the position of
providing the viewing facilities for a ready-made product. At the other
extreme might be a newspaper like the New York Times, which, although
it uses the syndicated materials of all the major news and picture agencies,
itself has correspondents all over the world to supplement the syndicated
materials. Broadcasting occupies a position between the extremes: as a
whole it is absolutely dependent on syndication, but the individual station
may exercise a good deal of choice both among syndicated offerings and
between syndicated and self-produced materials.

Syndication depends on spreading the costs of a relatively very expensive
product among a number of users. This in turn depends on high-speed
mechanized methods of reproducing and distributing the materials. In
broadcasting this means either networking or recording sound and pictures.
Sound-recording methods in use include disc, tape, and film; picture-record-
ing methods are kinescope-film and tape. In addition, regular motion-picture
film produced for television use must be considered, even though it is not a
“recording” in the sense of being a mechanical reproduction of materials
picked up first by the television rather than the film camera. Network
broadcasting as a type of syndication depends not on means of permanent
recording but on the simultanecus delivery of program materials from the
originating point to affiliated stations.

Network broadcasting, properly speaking, involves the simultaneous trans-
mission of identical programs by a group of connected stations. The “net”
of network broadcasting is the point-to-point relay system which passes the
signal on from one station to another. Network programs normally originate
from network “key” stations or special studios which are connected to the
rest of the stations in the network either by wire or radio relay circuits

63
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or by a combination of the two. Relaying is to be distinguished from re-
broadcasting, as these terms are generally understood: the former means
the private (i.e., non-broadcast) communication of the signal from one
point to another, whereas rebroadcasting means that one station picks up
the broadcast signal of another station and in turn broadcasts that signal
on its own frequency (Figure 15).

The technical definition of network broadcasting has become somewhat
blurred in recent years owing to the fact that networks, which originally
regarded mechanical reproduction as inimical to the very existence of the
network method of distribution, have found it useful to combine both
methods — i.e., to record programs and then to distribute them simulta-
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Figure 15
Comparison of Rebroadcasting and Relaying

Three broadcast stations, A, B, and C, operate on three different
frequencies. A program originates at Station A and is to be broadcast
simultaneously by Stations B and C. The program can be delivered
from A to B only by relay because B is too far away to pick up A’s
broadcast signal. Normally all network broadcasts are relayed, either
by wire (including coaxial cable) or by microwave radio relay. If the
latter is used, the originating station feeds the program by wire to
a special transmitter which leap-frogs its signal through a series of
repeater stations, each of which consists of a receiver, an amplifier,
and a transmitter, In the illustration Station A’s signal is beamed to a
repeater which retransmits the signal to a special receiving point
near Station B, which then feeds the signal to its broadcast transmitter.
(Normally the relay operations are handled by common carrier facili-
ties, not by the stations themselves.) The relayed signal is on a band
of frequencies not picked up by broadcast receivers. Station C, how-
ever, is within the service area of Station B and hence can pick up B’s
broadcast signal, feed it to its own transmitter, and rebroadcast it on
C frequency.
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neously over the network relay system. The change in attitude was brought
about by several circumstances. For one thing, the differences in time zones
in a country of the size of the United States create a serious network schedul-
ing problem, especially when summertime daylight saving is adopted by
some states in the same time zone in which other states keep to standard
time. “Delayed broadcasts” are now generally used in radio to solve these
problems of time differentials, involving the necessity of mechanically re-
cording network programs for network or local release in some parts of the
country an hour or so later than the original live release. Another factor
is the reluctance of some of the top-rank performers to continue submitting
to the confinement of a live-broadcast schedule. The American Broadcasting
Company first broke with tradition in 1946, establishing a trend followed
by all the networks within three years. Finally, television networking began
at a time when coaxial cable and microwave facilities were available to only
a few cities; hence for some years a large number of major network affiliates
were “non-interconnected,” and had accordingly to depend upon kinescope
recordings for network programs. Technically, of course, a “non-intercon-
nected” affiliate is not part of a network at all, since the essential elements
of simultaneity and connectedness are lacking when programs must be
distributed to the stations as recordings for local release.

RELAY SYSTEMS

Relay systems use both wire and radio connecting links, and sometimes
combinations of the two. Radio relay facilities suitable for broadcast signals
are a later development than wire relay facilities, although from the start
of broadcasting the potentiality of radio relay was recognized. Fortunately,
a national wire network of telephone facilities already existed when broad-
casting began, and hence national network operations could develop with
relative ease and rapidity. The use of facilities originally designed only for
telephonic use, however, posed a problem initially, since telephone standards
of fidelity are considerably below radio broadcast standards. Characteristi-
cally, a wire circuit tends to act like a filter, self-limiting in the number of
frequencies it will carry and becoming increasingly limited with the distance
of the transmission. Special equalizing and booster, or repeater, equipment
has to be used to maintain the signal for long-distance transmission. But
even with the help of these devices an ordinary wire circuit is very limited
in the frequency range it can carry; television, with its four-megacycle video
signal, requires a much wider frequency capacity.! This need brought

11t will be recalled that although the television channel is six megacycles wide, two
of these megacycles are used for the audio component and guard bands. When television
programs are rela{ed the spacing is no longer necessary, and the audio and video com-
ponents are handled on separate circuits, so as to reduce to the minimum the number
of frequencies needed for any one circuit. This separate handling is the reason that the
sound from one network program is occasionally matched to the picture from another
program when an error in switching occurs,
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about the development and installation of a specialized type of cable, called
coaxial because it consists of two conductors, one inside the other and hav-
ing a common axis. Each channel in a coaxial cable can accommodate a
very wide range of frequencies, and each cable incorporates several channels.

Relay facilities, whether wire or radio, are classified as common carriers,
which means that except for occasional remote pickups handled by a sta-
tion’s own equipment, the facilities must be rented from the American
Telephone and Telegraph Company (see Figure 16). AT&T provides
the long-distance telephone and relay facilities of the country as a
public utility, subject to government regulation. Installation of coaxial
cable, which is buried underground and requires amplifiers every eight
miles, is very expensive. Fortunately, coaxial cable is useful for the tele-
phone service as well as for relaying broadcasts. A single coaxial channel
can accommodate hundreds of long-distance telephone calls simultaneously
as against a single television program.

Coaxial cable was supplemented by microwave® relay facilities for the
first transcontinental television network circuit, opened in 1951. Microwave
relays take advantage of the propagation characteristics of the Ultra High
Frequency waves, which can be focused into a narrow, concentrated beam
for highly efficient short-range transmission. Stations are spaced about
thirty miles apart to receive and re-transmit the line-of-sight signal. Micro-
wave relays are, of course, almost indispensable for the transcontinental
services, which have to contend with mountainous terrain in which it would
be extremely difficult to lay coaxial cable. Microwave towers, erected on
high spots in the terrain, provide a smooth radio highway through even the
roughest mountain country. The repeater stations require no attendants;
they operate automatically on information sent from control centers.

If wide-band relay facilities such as these had been available at the time,
they might have brought about a fuller development for FM broadcasting.
One of the major impediments to such development was the fact that net-
work programs were distributed by relay facilities adapted to the limited
frequency needs of AM, and hence network programs could not take ad-
vantage of FM’s high fidelity. On the other hand, it is doubtful whether
the added cost of wide-band relay circuits could have been justified. But
television signals cannot be relayed at all over AM facilities; hence the
development of this medium forced the development of appropriate relay
facilities as well as acceptance of the added costs of network operations.

SOUND RECORDING

A lively disc-recording industry existed before radio broadcasting began.
At the advent of broadcasting, discs were still dependent on acoustical
methods of recording and reproduction. The pattern of sound energy to be

2 Microwaves are extremely short waves at frequencies on the order of 1,000 mc. and

higher.
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recorded was transmitted mechanically to a stylus through the vibrations
of a diaphragm which responded to the acoustical disturbances in the air.
The stylus engraved or cut a corresponding pattern in the disc. Edison’s
earliest acoustical recordings made vertical variations in the depth of the
groove, but the current general practice is to vary the groove by means of
lateral displacement of the stylus. Originally the shape of the groove was
physically modulated by the crude action of the sound itself on the dia-
phragm, which was mechanically linked to the recording stylus. In the
days of acoustical recordings the ability to produce a loud sound was the
first requirement for a successful recording artist.> Acoustical reproduction
reversed the recording procedure; a pickup stylus riding in the groove trans-
mitted its vibrations through mechanical linkage to a diaphragm which in
turn set in motion the air in a resonating chamber, such as a “morning-
glory” horn.

Technical developments which accompanied the advent of broadcasting
made it possible to substitute electronic methods for those of the crude
acoustical recorder and reproducer. Instead of direct mechanical linkage
between sound-source and recording stylus and between pickup stylus and
sound-reproducer, the microphone and the pickup head provided much
more sensitive and accurate transduction. These devices translate very
minute mechanical vibrations into electrical vibrations, in which form they
can be amplified without distortion. But this improvement came too late
to prevent the recording industry from being swallowed alive by the newer
radio industry. Mementoes of those early struggles are the names RCA
Victor (harking back to the Victor Talking Machine Company, founded in
1898) and Columbia Broadcasting System (derived from the Columbia
Phonograph Company, founded in 1888). Ironically, broadcasting turned
out in the long run to be a boon to the recording industry, which has been
doing better in recent times than ever before. Radio made music of all
kinds universally available for the first time, educating as well as whetting
public appetite. With the development of relatively inexpensive high-
fidelity playback equipment and discs, the recording industry has moved
into a new era of prosperity.

The simple principle of the acoustical recording is still in use; modern disc
recordings still depend upon a stylus which modulates a groove. Improve-
ment in fidelity and dynamic range has come with the refinement of elec-
tronic and mechanical components. In 1948 a new era for the recording
industry began with the commercial introduction of “microgroove” record-
ings for home use.* These “LP” (long play) and “EP” (extended play)
recordings represent several major improvements over the older type of

8 The enormous popularity of Caruso as a recording star in the early 1900’s is ascribed
to his capacity for singing loudly without yelling. Cf. “Phonograph’ Records,” Fortune
(September, 1939), pp. 72 f1.

4Cf.: John M. Conly, “Five Years of LP,” The Atlantic Monthly, September, 1953
(Vol. 192, No. 3), pp. 87-94.
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disc recordings. The latter had been made on a shellac base which was
thick, heavy, and brittle. Their speed was 78 revolutions per minute, a rate
which appears to have no special significance except that it was fast enough
to secure relatively uniform speed with inexpensive motors and turntables.
The 33%-r.p.m. speed had been developed originally to suit the needs of
sound motion pictures, which at first used discs rather than optical sound
track integral with the film. This speed was adopted for the high-quality
transcriptions developed in 1929 for use in broadcasting, permitting a full
15-minute program to be recorded on one side of a 16-inch disc. The
33% and 45 r.p.m. microgroove recordings introduced in 1948 use vinyl
plastic, a much lighter, more rugged base than the old shellac. Improved
methods of recording make it possible to secure two to three times as many
grooves to the inch. Rim-driven instead of axle-driven turntables make
speeds under 78 r.p.m. possible without excessive cost. Improved pickup
heads allow exceedingly light needle pressure with consequent reduction
in noise and wear. These improvements together result in disc recordings
that are longer-playing, of higher fidelity, smaller, more rugged and com-
pact, and less expensive.

MAGNETIC RECORDING

Nevertheless, the use of discs for recording has many drawbacks from
the point of view of securing the highest possible fidelity by the simplest
possible means. One inherent disadvantage of the disc recording is the
noise caused by the mechanical action of the stylus riding in a groove.
Magnetic recording eliminates this factor altogether. Here the recording
medium is any kind of flexible metallic substance, such as wire or tape,
which can be passed rapidly over a recording or pickup head. A plastic-base
tape with thin metallic coating has largely displaced all-metal media. The
recording head consists essentially of an electromagnet whose magnetic
properties can be modulated by electrical currrents supplied by a micro-
phone. Tape passing over the recording head becomes magnetized in a
corresponding pattern, which can be read off by a pickup head capable of
translating the magnetic pattern back into electrical information for delivery
to a loudspeaker. The amount of information that can be stored depends
on the speed at which the tape passes the recording head. Sound tape for
broadcast purposes has been standardized on a quarter-inch width, with
speeds of 3%, 7% and 15 inches per second. When greater amounts of infor-
mation must be handled, as in the case of tape-recorded television pro-
grams, greater speed must be used.

There are a growing number of specialized applications of tape-recording
methods. In motion-picture applications, in which the picture and the sound
track are usually handled on separate strips of film, coated film has been
developed for sound recording. The sprocket holes ensure that the sound
and picture will be kept in synchronism. A sound stripe can be added to a



70 THE PHYSICAL BASES OF BROADCASTING

finished motion-picture film, and nonsynchronous sound can thus be added.
Magnetic recording is now used in various intermediate steps in motion-
picture production, even when release prints are to be optically recorded.
Release prints can also carry magnetically-recorded sound (Plate II).

Since the television camera converts light information into electrical in-
formation, it is feasible to record on tape the video as well as the audio
component of television programs. The difference between recording sound
on tape and recording pictures on tape is the tremendous increase in the
amount of information which must be handled. By 1953 this problem had
been solved in principle to the extent of enabling public demonstrations of
picture recording on magnetic tape.

These and other applications of magnetic recording methods take ad-
vantage of the important conveniences which the medium offers. Tape is
economical, for it can readily be erased and used over and over again. It
requires no processing, but can be played back immediately. Tape is easy
to use: both recording and playback operations are so foolproof that virtually
anyone can use a tape recorder after a few minutes of instruction — and,
of course, tape is easy to edit by cutting and splicing.

OPTICAL RECORDING

Optical recording, the traditional method of cinematography, consists of
photographing, in a narrow band beside the picture component of the film,
a modulated beam of light. For playback, the resulting sound track modu-
lates another beam of light which falls on a photoelectric (PE) cell, which
has the property of converting light energy into equivalent electrical energy.
Two basic methods of modulation are in use: one varies the width of the
sound track; the other varies the density of exposure of the total width of
the sound track (Plates II and IIT). Historically, the first method, variable
area, was developed by RCA, and the second method, variable density, by
Woestern Electric; these two methods are generally used in 35-mm. enter-
tainment films, and one or the other company is usually credited in the
opening titles of theatrical releases. A number of different sound-track sub-
types have been evolved from these basic types to answer specific design
problems. Just as in the case of magnetic tape, the amount of information
that can be stored by optical recording depends on the speed at which the
film travels past the recording head. The speed of 24 frames per second has
been chosen as the standard sound-speed because it yields adequate quality.
The standard is the same for both 16-mm. and 35-mm. film; this gives the
latter a great advantage, for the linear speed of 35-mm. film at 24 frames per
second is 90 feet per minute, whereas it is only 36 feet per minute for
16-mm. film.

Optically-recorded sound in motion pictures is handled in one of two
ways: either the sound and the picture are recorded simultaneously on the
same film strip (single-system) or the sound and the picture are recorded
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synchronously on separate film strips (double-system). Single-system is
never used if sound quality is important, since it has so far proved impos-
sible to devise a film stock which is equally well suited to both picture and
sound. Single-system recording is confined almost entirely to newsreel
work. Double-system photography involves not only processing the original
films on which sound and picture are respectively recorded, but also print-
ing and developing from these a single composite film which combines
sound with picture. In the release print the part of the sound track that
relates to any given picture frame is not located side by side with that
frame. This is because in the projector the sound head must be located in
a different place from the film gate where the actual projection takes place.
It will be recalled that motion-picture film is not in motion when being
projected; each frame must be pulled into place and held steady while being
flashed upon the screen. This means that the movement of the film at this
point is intermittent and therefore not suited for pickup of the sound
track, which must move past the pickup head at a constant speed. The
sound-pickup occurs after picture projection (20 frames later in 35-mm.
film and 26 frames later in 16-mm. film).> The offset betrays itself when a
release print has been broken and spliced, with the loss of a few frames.
The observer will notice the resulting jump in the action a little before the
corresponding jump in the dialogue occurs. This illustrates another major
disadvantage of single-system photography: it is impossible to edit the
composite sound-and-picture film freely, since every cut made at the right
point in the picture will be at the wrong point in the sound track. Double-
system photography avoids this problem, since the two components can be
cut and edited separately.

KINESCOPE RECORDING

Film used in television may be divided into types made especially for
television and types made originally for theatre exhibition Special television
film includes film recordings of live television programs (kinescopes), “syn-
dicated films,”® and miscellaneous material such as news footage, film
inserts for live programs, filmed commercials, locally filmed subjects, and
the like. Films made originally for theatre exhibition but subsequently used
in television include feature films (regular full-length movies), short sub-
jects, cartoons, and miscellaneous material such as travelogues. An increas-
ingly important branch of the film industry is the non-entertainment branch,
which includes business promotional, training, educational, and scientific
films. Nowadays these types of film are nearly always made with an eye to

5 From the film-handler’s point of view the sound offset is toward the head of the film,
and in that sense the sound precedes the picture.

8 This term is misleading, since nearly all film is syndicated. Film is such an expensive
medium that its cost can be justified only by dividing it among many different users.
However, the term “syndicated film” has come to mean film subjects (typically half-
hour dramatic programs) produced especially for multiple-station television release.
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television release as well as release to schools, clubs, churches, and other
non-theatrical outlets.

The film-recorded version of a television program is called a kinescope
because the source of the picture is a kinescope tube, i.e., a television re-
ceiver tube. A kinescope recording is simply a motion picture of the images
as they might be received on a home receiver. A special kinescope tube is
used for kinescoping purposes, utilizing a phosphor especially suited to the
needs of photography. The recording camera itself has to be specially de-
signed to compensate for the fact that frame frequency in the television
system is 30 per second whereas frame frequency in film is only 24 per
second. If this precaution is not taken, horizontal traveling bars appear in
the kinescope film.

A kinescope recording necessarily involves at least a double loss of infor-
mation: to the inherent limitations of the television system are added the
limitations of flm. As a result, kinescope recordings do not yet approach
the relative perfection of sound recordings, which can be virtually indis-
tinguishable from live broadcasts. This being the case, the question arises
why television recordings go through the indirect process of photographing
the televised picture instead of simply photographing the original subject
in the studio. There are a number of reasons why it is cheaper and easier
to make a kinescope recording rather than a direct motion picture of a
studio program. To begin with, the picture comes to the kinescope tube
completely edited: all the sequences have been cut and joined by electronic
means rather than by the tedious process of physically cementing together
the desired sequences from separate strips of film. The television camera
has the inestimable advantage over the film camera that the operator and
the director know instantaneously and continuously what the finished pic-
ture looks like, without having to wait for film to be processed. This makes
possible the simultaneous assembling and release of the finished product.
Secondly, the lighting requirements for the two media are quite different.
Moreover, there is never enough room for all the equipment and personnel
needed to produce a television show; to add motion-picture cameras and
crews would be to compound confusion. So by all odds it is cheaper and
easier simply to make a film of the finished program as it is viewed on the
kinescope tube, using equipment which operates virtually automatically
once the necessary adjustments have been made.

SYNDICATED FILMS

However, the camera methods of live television have led to the develop-
ment of motion-picture techniques which are a kind of compromise between
the traditions of cinematography and the new methods of television. Tradi-
tional motion-picture production procedures are fantastically slow, ineffi-
cient, and expensive. In 35-mm. practice, each shot (sequence derived from
a particular camera set-up) is usually separately staged and lighted, and is
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photographed a number of times. A good deal of creativeness usually enters
into the process of assembling and editing which takes place after the actual
photography.” In any event, the slow and expensive production methods of
tradition do not fit the needs of television.

In consequence, hybrid production techniques have been developed, com-
bining characteristic elements from both television and motion-picture
practice. Dumont, for example, announced a system of dual-camera opera-
tion in 1955; the same taking-lens delivers an image to both a television and
a film camera, and several such dual cameras are used simultaneously, as in
the conventional television production method. The director uses the tele-
vision version of the picture for monitoring and immediate editing; after
development, the film version from the several cameras can be rapidly
assembled into the finished product. Somewhat similar multi-camera motion-
picture techniques had already been successfully used for rapid filming of
half-hour syndicated dramas for television.

Such hybrid production methods seem at best to offer only a watered-
down product which is neither as spontaneous as live television nor as
flexible as motion pictures produced by more conventional methods. The
unique capacity of film to transcend chronological sequence is sacrificed,
and so is the unique capacity of television to report an event while it is
actually taking place.®

THEATRICAL FILM

The motion pictures made originally for theatre exhibition offer a problem
because of the fact that the capacity of the television system to reproduce
a range of gray-scale values is only about half as great as that of film.
When such films are transmitted by television the range of gray values in
the original print is drastically compressed. This becomes evident when we
observe large areas of a televised picture appear to be completely black or
completely white, all detail in these areas being lost. In the original film
these apparently uniform black or white areas turn out to be full of detail
which is rendered in relatively subtle shades of gray. This problem can be
solved when film is made especially for television by avoiding excessive
contrasts in lighting; it can be only partially solved in films not made
originally for television by making special television release prints which
are developed in such a way as to limit the original contrast range.?

7Cf.: Karel Reisz, The Technique of Film Editing (New York: Farrar, Straus &
Young, 1953).

8 The relative advantages of the two media are discussed further on pp. 227-228.
Albert Abramson’s Electronic Motion Pictures (Berkeley: University of California
Press, 1955) is an interesting exploration of the relations — present and prospective —
between the film and the electronic picture technologies.

9 Cf.: Eastman Kodak Co., The Use of Motion Picture Films in Television (Rochester:
Eastman Kodak Co., 1949), in which the effects of excessive contrast are well illustrated
photographically.



PART TWO

The Origin and Growth
of Broadcasting



The Emergence of the Concept of

Mass Communication

Mass communication is a phenomenon distinctive of our age. Though
used rather loosely, the term usually implies at least five things: (1) large
audiences, (2) relatively undifferentiated audience composition, (3) some
form of mechanical reproduction, (4) rapid distribution, and (5) low unit
cost to the consumer. As a working definition, we might say that mass com-
munication means the approximately simultaneous delivery of identical
messages through mechanisms of high-speed reproduction and distribution
to relatively large and undifferentiated numbers of people.

In former ages some publications — for example, the Bible or the works
of Aristotle — certainly reached very large numbers of people in the course
of time, but the elements of approximate simultaneity, low unit cost, and
mass audience were lacking. A mass audience is not merely a large audi-
ence. It is an extremely heterogeneous audience, the members of which
need have little in common beyond simultaneously receiving identical mes-
sages. A high degree of heterogeneity is possible because the members of
the audience do not have to assemble in one place or otherwise engage in
some common social act in order to participate as members. This hetero-
geneity is the basis of a great deal of misunderstanding about mass com-
munication, for most of us do not have the opportunity to learn how “the
other half” lives. Participating as an interviewer in a random personal survey
concerning broadcast program preferences, for example, is always a salutary
new experience. Most neophyte interviewers are astonished to discover how
atypical their own tastes turn out to be. We unconsciously assume that
the rest of the mass audience must be like us and hence that the content of
the media should be tailored to our standards, needs, and tastes.

Before the development of cheap paper, high-speed printing machinery,
rapid methods of distribution, and the concept of mass sales, a book was
a thing of value. Books cost too much either to be wasted in great quanti-
ties on inconsequential matters or to come within the economic reach of
most people. Because the output of the mass media must be great and the
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unit cost of their products low, public communications no longer need to
be primarily concerned with matters of serious import. The mass media
produce vast quantities of frivolous, trivial, highly ephemeral material.
Indeed, the mass media in a sense demand a product which is self-liquidat-
ing, like disposable tissue. If people studied and pondered each message
the system would soon become clogged, for the media depend upon a high
rate of turnover. The motion-picture exhibitor tries to get his customer to
leave the theatre after seeing the show once, so that he can usher another
paying customer into the still-warm seat; the newspaper publisher hopes
that yesterday’s paper will line today’s garbage pail, so that the reader will
be ready to buy tomorrow’s paper. Nothing could be more fatal to the
operation of the mass media than to have their audiences pause and savor
every message like so many sonnets or old masters.

Conditions which make mass communication possible include not only a
highly developed technology for the inexpensive reproduction and distri-
bution of messages but also an urbanized, relatively literate population,
with buying power and leisure. An authoritarian state might limit these
conditions to some extent, but essentially they are results of the Industrial
Revolution rather than of political revolution. The Industrial Revolution
brought about the changes in commerce, industry, transportation, and liv-
ing conditions essential to the flourishing of mass communication. The
groundwork was laid in the nineteenth century, but the mass media are
essentially a twentieth-century phenomenon. The telegraph and telephone,
forerunners of radio, were developed in the last half of the nineteenth
century; so was the mass-circulation daily newspaper, the first of the mass
media; the modern motion-picture industry is based on inventions first put
to commercial use in the 1890’s; broadcasting did not arrive upon the social
scene until the third decade of the twentieth century. It achieved almost
instant success.

By then, the communications field was already big business. The mass-
distributed newspaper had established the precedents and developed the
techniques for utilizing advertising for financial support, syndicating ma-
terials, and organizing its business on a large scale. The press, moreover,
had developed philosophical and legal precedents of great value to broad-
casting. The motion-picture industry had just gone through stages of de-
velopment remarkably similar to those that faced broadcasting when it
began. The telephone and telegraph, though not themselves mass media,
had contributed vitally to the development of the newspaper; moreover, the
wire communication systems had produced business empires whose prior
existence profoundly affected the development of wireless communication,
both economically and technologically. Thus the phenomenally rapid de-
velopment of broadcasting can be ascribed in large measure to the fact that,
although it was in some ways a completely new medium of mass communi-
cation, it profited considerably from the prior experience of the other mass
media.
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THE MASS NEWSPAPER

Newspaper publishing in the United States goes back to the start of the
eighteenth century, but before the Industrial Revolution newspaper pub-
lishing was a small, low-investment business. Papers themselves, though nu-
merous, were limited in circulation, each being addressed to a rather specific
audience, usually one representing a political or other special interest. The
shift from a predominantly agrarian to an industrial economy, with the
consequent growth of great urban centers, created a new kind of audience.
A new concept of the newspaper’s function began to emerge in the 1830’
when the New York Herald and Sun broke the tradition of the small, spe-
cialized-audience paper. They developed a product intended to have mass
appeal, free from the restraint of subsidization by special interests and
priced to reach a market hitherto regarded as economically and education-
ally too depressed to be important to publishers. During the course of the
century the technological means of realizing this aim were gradually
achieved: cheap paper, typesetting machines, inexpensive engraving meth-
ods, high-speed presses. The result of these developments was an increase in
the number of daily papers published as well as an increase in readership.
A peak in the number of daily newspapers was reached just before World
War I. Then began an opposite trend, a trend toward larger and larger
producing units, reaching larger and larger audiences.!

We can discern in the history of newspaper publishing the evolution of
the typical pattern of the mass media: a high degree of syndication of basic
content material, mechanization of the means of production and distribution,
the offsetting of increased costs of production by increased market penetra-
tion through consolidation of competing producers, a shifting of emphasis
from a purely local, parochial outlook toward a regional or national outlook.
Magazine publishing shows a parallel growth pattern. Economically, the
trend is away from the highly individualized business operation toward
the many-faceted corporate structure with economic interests in many re-
lated fields and with managers rather than entrepreneurs making the day-
to-day decisions. In the early years of the twentieth century the trend was
toward the building of personal empires through the acquisition of strings
of newspapers and magazines, in the manner of William Randolph Hearst.
The more recent ownership trend is toward fewer but larger units in any
one medium and toward integration of several