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BB PREFACE

The front of the television tube, displaying its vast cornucopia of program
material, is viewed by almost everyone in the civilized world. It has some-
thing for everybody. For mass audiences there are news, entertainment,
and sporting events. For more specialized audiences there are programs
intended to inspire, educate, or persuade. One is not guilty of hyperbole in
comparing the recent and future impact of television as a communications
medium with that of the printing press.

The performers and public figures who appear on the front of the tube
are well known to viewers, and many are household names. By contrast,
the names and achievements of the scientists and engineers responsible for
the development of the complex electronic systems behind the tube, which
make television and its older sibling, radio broadcasting, possible, are
largely unknown outside of a small circle within their profession. As this
book’s title suggests, the history of these achievements and a description of
the current status of radio and television technology form its subject matter.

This history is a rich mixture of astounding technical progress, strong-
willed and colorful individuals, big and little business, violent controver-
sies, and rapid economic growth. Leading scientists and engineers have
exceptional minds, but they are subject to the same motives and emotions
as the rest of humankind—ambition, desire for achievement, desire for
recognition, desire for financial reward, pride, and jealousy. They have
often been at odds, not only with each other but also with the organizations
that finance and regulate their efforts. The chronicle recorded in this book is
replete with these conflicts, and it is an exciting adventure story.

The development of radio and television technology cannot be ade-
quately presented or understood as an isolated phenomenon since it oc-
curred in the larger context of the business and regulatory environment.
Technical progress has been inextricably intertwined with business growth
and governmental regulation. Each depends on the others in a major way.
The narrative includes, therefore, a history of the major trends in the
business and regulation of both radio and television.

The subject matter of this volume will be intensely interesting and profes-
sionally rewarding for those established in or preparing for a career in
television broadcasting or one of its related industries. It will also be of
interest to lay persons who want to learn more about modern technology.
Most of all, it is my wish that this book will convey to its readers some of the
excitement that was experienced by the participants during the growth of
these industries.

XV
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B B THE ORIGINS OF RADIO AND
TELEVISION TECHNOLOGY

B HISTORICAL BACKGROUND

Radio and television technology had its origins in an extraordinary blos-
soming of research, engineering, and invention during the nineteenth and
early twentieth centuries. The convergence of these technical achievements
with the vision of farsighted entrepreneurs in the 1920s led to the initiation
of the vast systems of radio and television that have developed in the United
States and throughout the world.

This technology began with the scientists. They established the physical
laws describing the nature and behavior of electricity, electromagnetism,
and sound, and they discovered the electron.

In the meantime, inventors and engineers were discovering a useful and
exciting application for electricity in long-distance point-to-point commu-
nications by wire. For the first time in recorded history, people could
communicate nearly instantaneously over long distances. Wire commu-
nications were initially accomplished by telegraphy, the transmission of
coded signals. Later, telephony, the transmission of the human voice by
wire, became possible as the result of major technical breakthroughs.

An even more exciting development was the use of the newly discovered
electromagnetic waves for long-distance wireless communications. As with
wire communications, wireless began with radiotelegraphy, which then
evolved into radiotelephony. Radiotelephony, a point-to-point service, then
evolved into point-to-multipoint broadcasting. All these evolutionary steps
in the prehistory of broadcasting required the solution of difficult technical,
regulatory, and business problems.

Research, invention, and engineering were carried out in an atmosphere
of optimism and intense excitement. Scientists were confident that they
were on the verge of unlocking the ultimate secrets of the physical universe.
Engineers and inventors were undeterred by any doubts that technical
progress was anything but an unalloyed benefit. Some of these views may
seem naive today, but the technical leaders of the time shared the conviction
that they were advancing both the knowledge and the well-being of hu-
mankind.
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B ELECTRICITY AND ELECTROMAGNETISM

The discovery of the nature of electricity and electromagnetism by nine-
teenth-century European scientists was the bedrock of broadcasting tech-
nology. Their names are immortalized in our nomenclature for electrical
and magnetic units:

Unit Scientist Nationality
Volt (electromotive force) Volta (1745-1827) Italian
Ampere (electric current) Ampere (1775-1836) French
Coulomb (electric charge) Coulomb (1736-1806) French
Ohm (electrical resistance) Ohm (1787-1854) German
Watt (electric power) Watt (1736-1819) Scottish
Farad (electrical capacitance) Faraday (1791-1867) English
Maxwell (magnetic flux) Maxwell (1831-1879) Scottish
Oersted (magnetic flux intensity) Oersted (1777-1851) Danish
Gauss (magnetic flux density) Gauss (1777-1855) German
Henry (inductance) Henry (1797-1878) American
Hertz (frequency) Hertz (1857-~1894) German

There was an irony in the fruits of the research of these scientists.
Reflecting the European academic culture of their time, most of them had
little interest in the practical consequences of their discoveries. In fact, there
was a feeling that such an interest was unscholarly and even ungen-
tlemanly. It was expressed in a humorous toast of the Cambridge University
mathematics department: “Here’s to mathematics; may it never be of any
use to anybody.” Their motive, rather, was to expand human knowledge of
the physical universe—to acquire knowledge for its own sake.

The results of their labors were totally different from their goals and quite
unexpected. As science, their discoveries were later shown to be but special
cases of much broader scientific truths. But their practical consequences
were enormous.

Static Electricity

The ancient Greeks knew of the existence of an electric charge, or static
electricity, which is produced on the surface of amber and some other
non-conducting materials when they are rubbed. The charge causes the
material to attract small scraps of paper or other light objects. Queen Eliza-
beth’s physician, William Gilbert, studied the phenomenon and named it
electrica, the Latin translation of the Greek word for amber. This was later
translated to the English word electricity.

Serious scientific studies of static electricity began in the eighteenth
century. They included the famous experiments of Benjamin Franklin,
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among which was his demonstration that lightning was an electrical phe-
nomenon. He showed this by flying a kite with a key attached to it during a
thunderstorm. (He was lucky he was not killed.) Franklin was a leading
proponent of the “one fluid”’ theory of electricity—that is, that electric
charges all have the same sign—as opposed to the “two fluid” theory,
which postulates positive and negative charges. His papers on this subject
brought him international renown.

Important contributions to the knowledge of static electricity also were
made by Aepinus, Cavendish, Volta, Coulomb, Poisson, and Faraday. By
the middle of the nineteenth century, the science of electrostatics was well
developed.

Current Electricity

Static electricity is an interesting natural phenomenon, but its practical
importance is comparatively minor. It was the discovery of current electric-
ity, the motion of electric charges along a conductor, that led to the develop-
ment of the electrical, electronics, and broadcasting industries.

Current electricity was first discovered and studied by the Italian scien-
tists Luigi Galvani (1737-1798) and Alessandro Volta. Galvani was a physi-
ologist, not a physicist, and his work was an early example of interdisciplin-
ary research. In 1780, while studying the nervous systefn of frogs, he noted
that a frog's legs contracted suddenly when its nervous system was sub-
jected to a spark from an electrostatic generator. He attributed this to the
flow of electricity from the muscles to the nerves. (Galvani’s name also lives
on in our language. A galvanic pile is a type of battery, and to galvanize can
mean either to coat a metal by electrolysis or to stimulate to action.)

Volta investigated this phenomenon further and concluded that the role
of the nerves was simply that of an electrical conductor. He did extensive
research in the flow of electric charges and in the process developed the
voltaic cell—a battery consisting of alternate layers of copper, zinc, and
paper moistened with a salt solution—which could generate a continuous
flow of electric current. He published the results of these experiments in
1800.

Volta’s paper stimulated a burst of activity by European physicists who
recognized the significance of his research. One of the most important
investigations was carried out by George Ohm. He published a paper in
1826 suggesting that the flow of electricity in a conductor is analogous to the
transfer of heat along a rod that is heated at one end; the rate of heat transfer
is then proportional to the difference in temperature between the two ends.
This led to the formulation of Ohm'’s law: “The magnitude of the current flow
in a conducting path is equal to the voltage between its two ends divided by
its electrical resistance.”
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Many other contemporary scientists engaged in research that contrib-
uted to our understanding of electric currents. All of this was a necessary
prelude to the discovery of electromagnetism and electromagnetic waves, the
most basic technical ingredients of broadcasting.

Magnetism and Electromagnetism

The relationship between electricity and magnetism was first noted by
the Danish physicist, Hans Christian Oersted, who showed that a magnetic
compass needle could be deflected by placing it in the vicinity of a current-
carrying conductor. This relationship was studied further by André-Marie
Ampére. But the most definitive research in this subject was carried out by
the English physicist and chemist Michael Faraday.

Michael Faraday and Electromagnetism Michael Faraday was
unique among European scientists of his time in that his family did not have
money, social position, or academic credentials. His father, in fact, was a
blacksmith. His formal education was limited, and it came to an end at the
age of fourteen when he was apprenticed to a bookbinder. He developed an
intense interest in science by reading books on the subject that came
through the bindery. His interest became so great that he screwed up his
courage at the age of twenty-one and wrote a letter to Sir Humphry Davy, a
distinguished scientist in the Royal Institution of Great Britain (Figure 1-1),
asking for a position in which he could begin a career in science. In spite of
Faraday’s lack of formal education, Davy granted him an interview and was
so impressed that he offered him a position as laboratory assistant.

Faraday’s appointment was dated March 1, 1813, and he continued his
association with the Institution for more than fifty years until his retirement
in 1865, two years before his death. He occupied a variety of posts at the
Institution and was appointed director of its laboratory in 1825. He was
active outside the Institution as well, serving as consultant and lecturer at
the Royal Military Academy. He was held in the highest regard by the
contemporary scientific community, and he was the recipient of numerous
honors. He was living proof that an exceptionally talented, hardworking
individual—helped perhaps by a bit of luck—could rise from humble begin-
nings to the top, even in England’s class-conscious society.

Shortly after his appointment, Faraday accompanied Davy on an
eighteen-month tour of Europe. He met nearly all of Europe’s most distin-
guished chemists and physicists, discussed their work with them, and
established lasting friendships. He stated that this trip was his university.

After his return to London, he began his career in research. He started
with experiments in chemistry but soon switched to physics and the study
of electricity. During his lifetime, he made numerous major contributions to
scientific knowledge in both chemistry and physics, but from the
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Courtesy The Royal Institution of Great Britain, with permission.

B Figure 1-1 The Royal Institution of Great Britain. This institution is
uniquely British. It was founded in 1799 by Count Rumford and is supported
entirely by private funds—donations, bequests, and membership dues. It was
granted a Royal Charter in 1800 but otherwise has no official relationship to
the government. It is not affiliated with any university, but members of its staff
have maintained close relationships with university faculties. Its purpose is to
further the advance of science, both by sponsoring the research of
distinguished scientists and by disseminating scientific information to the
public through lectures and papers.

its staff has included many extraordinarily gifted scientists and engineers.
Michael Faraday was probably the most famous, but many other scientists
and engineers of distinction have served there through the years. Among
them was Lord Rayleigh, who carried out basic research in the nature of
sound. Still others have used its facilities to announce their discoveries,
notably Sir J.J. Thomson for his discovery of the electron.

The building in which it is housed, The House, is on the original site on
Albemarle Street in London. It has been repeatedly enlarged and modified.
The present front facade shown in the photograph dates from 1838.
[Description of building courtesy A.D.R. Caroe, The House of the Royal
Institution (London: The Royal Institution of Great Britain, 1963).)

standpoint of radio and television technology, the most important was the
expansion of our understanding of the relationship between electricity and
magnetism.

He found that a force was exerted on a current-carrying wire when placed
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in a magnetic field. This led him to construct the first electric motor. Later, he
wrapped two coils of wire around a doughnut-shaped iron ring and found
that when current was started or stopped in one of the coils, current was
induced in the other. This was the first transformer. Finally, he determined
that an electromotive force (voltage) is induced in a conductor moving
through a magnetic field. This permitted him to construct the first dynamo.

Perhaps his most significant discovery was the rotation of the plane of
polarization of polarized light when passing through a magnetic field, a
phenomenon now known as the Faraday effect. This suggested that light was
electromagnetic in character. It also led to intuitive speculations that mag-
netic and electric disturbances could be transmitted through space. These
speculations were published in an article titled “Thoughts on Ray Vibra-
tions” in the Philosophical Magazine. This article aroused some criticism,
since his views had no firm scientific basis. But after Faraday’s death, the
Scottish physicist James Clerk Maxwell subjected these speculations to
mathematical rigor and confirmed, in theory, the existence of electromagnetic
radiation. Still later, this theory was confirmed experimentally by the Ger-
man physicist Heinrich Hertz.

James Clerk Maxwell and Electromagnetic Radiation Unlike Fara-
day, Maxwell came from distinguished parents, and he had the benefit of a
fine education. He graduated from the University of Edinburgh and contin-
ued his studies at Cambridge University. He held professorships at the
University of Aberdeen and King’s College in London before being called to
become a professor of experimental physics at Cambridge in 1871. There he
supervised the construction of the famous Cavendish Laboratories.

Throughout his professional career, he exhibited an extraordinary talent
for mathematics that bordered on genius. He made contributions to scien-
tific knowledge in a number of fields, including astronomy and thermody-
namics, but he is best known for the development of Maxwell’s equations,
which describe electromagnetic radiation in mathematical terms as a wave
motion (see feature on next page and Figure 1-2).

The development of these equations with no direct experimental evi-
dence that the phenomenon they described actually existed was a truly
remarkable feat of mathematical deduction. Their underlying theory was
first published in 1873, and it was immediately recognized as a landmark
contribution to physical knowledge.

Maxwell died in 1879 at the age of forty-eight. He did not live to see the
existence of electromagnetic radiation as described by his equations verified
experimentally by Hertz in 1887.

The Experiments of Hertz Heinrich Hertz, a distinguished German
physicist, is best known for his experimental confirmation of Maxwell’s
equations. He accomplished this in 1887 while a professor at Karlsruhe
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MAXWELL'S EQUATIONS

where: D = electric flux density
magnetic flux density
magnetic field

electric field

B
H
E

These equations describe the fundamental wave properties of electromag-
netic radiation in free space—radio waves, infrared light, visible light, ultraviolet
light, and X rays—in the arcane language of vector analysis.

The velocity of the waves, about 186,000 miles/second, or 3 x 108 meters/
second, is a fundamental physical constant of our universe. Einstein’s relativity
theory states that its measured value is independent of the relative motion of the
source and the observer. For example, an astronaut moving toward the moon ata
very high rate of speed would measure the same velocity for the moonbeams as
another astronaut moving away from it. This fact is not intuitively obvious, to say
the least.

Another difficult intuitive concept is that electromagnetic radiation exhibits
the properties of particles or small bundles of energy as well as of waves. In the
ranges of wavelengths used for broadcasting, the energy of each bundle is so
smali that they are not individually detectable. But they are readily measurable at
the shorter wavelengths of visible light and X rays.

Polytechnic. He found that waves emitted by the sparking of an induction
coil could be detected at a distance. (Today these emissions would be called
static.)

His experiments went far beyond the mere detection of these waves. He
showed that they had many of the same properties as light—measurable
velocity and wavelength, refraction, reflection, and polarization—and thus
confirmed the growing realization that visible light was a form of electro-
magnetic radiation.

The Electromagnetic Spectrum During the twentieth century, our
knowledge and usage of the electromagnetic spectrum (Figure 1-3), the
array of electromagnetic radiations arranged in the order of their wave-
length or frequency, has expanded enormously. The location of radiant
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B Figure 1-2 An electromagnetic wave. This drawing illustrates the features
of an electromagnetic wave traveling through space. It consists of an
alternating electric field (that is, a voltage difference in space) and an
alternating magnetic field, which are at right angles to each other and to the
direction of travel. The direction of these fields reverses every half wavelength
so that an observer passed by the wave will see the field direction reverse at
twice the wave's frequency. The wavelength, A, the fre%uency, f, and the
velocity, ¢, are related by the equation ¢ = fA = 3 X 10° meters/sec.

By convention, the polarization of the wave is denoted by the direction of
the electric field. AM broadcasting uses vertical polarization. In the United
States, FM and television broadcasting use horizontal polarization.

TV Broadcast
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Wave Wave

B Figure 1-3 The electromagnetic spectrum.
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energy in the spectrum can be indicated either by its frequency or its
wavelength. It is now customary to use frequency in the portion of the
spectrum used for radio and wavelength for infrared, visible light, ultra-
violet, and X rays.

The portions of the spectrum used for broadcasting are medium wave for
AM radio, very high frequency (VHF) for FM radio and television, ultrahigh
frequency (UHF) for television, microwave for intercity terrestrial and satel-
lite network connections, and infrared on fiber-optic cables. The character-
istics of electromagnetic radiation at different frequencies vary enormously,
and these differences have had a profound effect on the development of the
broadcast services.

B THE ELECTRON AND THE ELECTRON TUBE

Discovering and Measuring the Electron

The scientific investigations described in the previous section were di-
rected at determining the behavior of electricity. They were paralleled by
equally active efforts aimed at ascertaining its basic nature. They involved
finding answers to two questions: Is electricity an infinitely divisible fluid,
or is it discrete individual particles? If the latter, what is the nature of the
particles?

The particle view steadily gained support during the latter half of the
nineteenth century. This view was reinforced by simultaneous investiga-
tions of the nature of the atom, but final confirmation of it required the
discovery and measurement of the elemental particle.

The process of discovery and measurement began with experiments in
the passage of electricity through a partial vacuum in a cathode ray tube
(CRT), a glass bulb containing an electrode charged to a high negative
voltage (the cathode). During the 1860s, two physicists, Heinrich Geissler in
Germany and Sir William Crookes in England, noted strange effects as the
gas was progressively removed from the bulb. At first it was filled with a
pinkish glow. As the pressure was reduced further, a dark space (now
known as the Crookes space) appeared in front of the cathode. With further
reduction, a bluish beam extended from the cathode. This beam was called a
cathode ray and the CRT is sometimes called a Crookes tube.

Crookes had many other scientific interests, and neither he nor Geissler
followed up on these observations to the point of determining the nature of
the blue ray. This was left to the famed British scientist Sir ].J. Thomson
(1856-1940).

Sir J.J. Thomson Discovers the Electron Thomson was born in Man-
chester to a middle-class family. His father was a publisher and bookseller.
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His schooling began at Owens College in Manchester, but at the age of
twenty, he transferred to Cambridge, where he remained for the rest of his
life.

He joined the Cambridge faculty and in 1884 succeeded Lord Rayleigh
(see the section on sound later in this chapter) as the Cavendish Professor of
Physics, one of the most prestigious posts in the European scientific com-
munity. In 1918, he became master of Trinity College (part of Cambridge
University).

He engaged in research in many areas of electrical science, but his fame is
principally based on his confirming the existence of the electron and mea-
suring the ratio of its electrical charge, e, to its mass, m, or e/m. This research
was accomplished in the 1890s, and Thomson first announced the results
publicly at a lecture in the Royal Institution in 1897.

Thomson was noted not only for his research but also for his skills as an
author and lecturer. He wrote a number of distinguished scientific works,
the best known of which is The Conduction of Electricity through Gases pub-
lished in 1903. He frequently lectured in the United States, and he was
highly respected by American scientists. He was knighted in recognition of
his extraordinary accomplishments, and in his later years he enjoyed great
eminence and affection, both for his scientific achievements and his per-
sonal characteristics.

Thomson'’s experiments showed that electric charges are composed of
discrete, negatively charged particles, and he developed a method for calcu-
lating their e/m by measuring the magnitude of the magnetic field required
to exactly offset the deflection of a beam of electrons by an electric field. He
also determined that the particles were much lighter than hydrogen atoms,
but he did not accurately measure either their mass or their charge. This was
accomplished later by Robert Millikan (1868-1953) in his oil drop exper-
iment.

Millikan Measures the Charge of the Electron The magnitude of the
electron’s electric charge was measured precisely by Robert Millikan of the
University of Chicago in 1910. He used an imaginative experimental tech-
nique involving the measurement of the rate of fall of small oil droplets
suspended in an ionized atmosphere between two electrically charged
plates. The droplets occasionally lost or gained a charge by contact with the
atmosphere, and the amount of the change could be calculated by determin-
ing the change in the rate of fall. Millikan noted that the change in the
charge was always an integral multiple of the same number, which he took
to be the charge of the electron. By averaging the results of thousands of
measurements, Millikan calculated a charge of 16.019 x 102 coulombs.
This figure was verified by later measurements using different techniques.

Shortly after the end of World War I, Millikan left Chicago to become
director of the Norman Bridge Laboratory of Physics at the California Insti-
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tute of Technology. He received a Nobel Prize in 1923 for measuring the
charge on the electron.

Inventing the Electron Tube

With the existence of electricity, electromagnetism, and the electron
confirmed and the physical laws governing their behavior established, the
basic scientific facts needed for broadcasting technology were in place. It
was now necessary for the engineers and inventors to take over. They were
most eager to do so, and, in fact, some of them jumped the gun and made
inventions before the underlying scientific principles had been established.
The invention of the electron tube, perhaps the most important single
component of broadcasting products and equipment, was a good example.

The simplest types of electron tube are the diode and the triode (Figure
1-4). The electron source in both is a heated surface on the tube’s negative
electrode or cathode.
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= Cathode ———— bl
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A Control Grid ——ge1 ~
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B Figure 1-4 The diode and triode. The diode has two elements—a
cathode, which is coated with a material that emits electrons when heated,
and an anode (or plate), which collects the electrons when it is operated at a
positive voltage, thus causing current to flow through the tube. (Unlike the
cold cathode in the Crookes tube, which requires a high anode voltage for
electron emission, the hot cathode of the diode can operate at low voltages.)
Since electrons are negatively charged, no current will flow when the anode
voltage is negative.

The triode is a diode with a third element, the control grid, added. This is a
screenlike structure, mounted between the cathode and anode, through
which the electron current can flow. By varying the voltage of the grid, the
flow of current through the tube can be controlied: the more positive the grid,
the higher the current.



12 B BEHIND THE TUBE

Edison and the Edison Effect The emission of electrons from a heated
surface such as a tube’s cathode was probably first observed by the Ameri-
can inventor Thomas Alva Edison (1847-1931) in 1883. Just as Faraday and
Maxwell epitomized the nineteenth-century scientists whose interest was
the discovery of natural laws, Edison epitomized the Yankee inventors
whose interests were the practical application of their discoveries. Edison
was somewhat contemptuous of scientists (scientists did not think too
highly of him either), whom he said were interested in studying subjects
such as the “fuzz on a bee.” ' This was unfortunate because his productivity
asaninventor could have been even higher had he had more respect for and
knowledge of theory. As it was, he relied largely on intuition combined
with meticulous and systematic experimentation.

Fortunately, Edison lived in a time when technology was sufficiently
simple that his approach to technical problems could be effective. The
output of his laboratory was phenomenal. In addition to his discovery of the
emission of electrons from a heated cathode, referred to as the Edison effect,
he invented the first phonograph and the light bulb, and he made many
contributions to the development of electric power generating and distribu-
tion equipment. He was granted 1,033 patents during his lifetime.

In his experiments with carbon filament lamps, he noted that carbon was
deposited on the inner surface of the bulb when the filament was operated
ata high voltage. He suspected that some unknown electrical force was the
cause, and he confirmed this by connecting a small metal plate suspended
inside the bulb to an external battery. When the plate was connected to the
positive pole of the battery, he observed the flow of current with a sensitive
current-neasuring instrument. He had created the first diode.

The electron had not yet been discovered, and Edison was not particu-
larly interested in the scientific significance of his discovery. Seeing little
practical use for it, he filed a patent application but pursued it no further.

Fleming and the Diode The discovery of a practical application of the
diode was made by the English engineer Sir John Ambrose Fleming (1849-
1945) in 1904. He was a university professor who had been retained as a
consultant to the Marconi Wireless Telegraph Company to improve its
transmitting and receiving apparatus. One of the problems was to develop a
more sensitive detector for radio signals—a device called a rectifier, which
converts the alternating current produced by electromagnetic waves to
direct current. Fleming had read of Edison’s work, and he recognized that
the diode, which can pass current in only one direction, might meet this
requirement.

Fleming built a number of diodes, and they were modestly successful as
detectors of radio signals, although they did not provide an order-of-

' Wyn Wachhurst, Thomas Alva Edison: An American Myth. (MIT Press, 1981), 35.
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magnitude improvement over the crystal detectors that had been used
previously. Nevertheless, Fleming received recognition for his work when
the device was named the Fleming valve. (This term for a diode has become
obsolete, but the term valve for the electron tube continues to be used in
England.)

The utility of the diode was limited by its inability to amplify electrical
signals. This limitation was removed with the invention of the triode, a
diode with a grid structure added. By applying a low-power input signal to
the grid, an output signal of much greater power could be produced at the
anode. The electron tube could now be used as an amplifier, a key function
in communications and broadcasting systems. The inventor of the triode
was the American engineer Lee De Forest (1873-1961).

De Forest and the Triode The Nobel Prize physicist Isidor Rabi charac-
terized Lee De Forest’s invention of the triode in 1906 as almost one of the
greatest inventions of all time. Since the electron tube was the fundamental
building block of the electronics industry, this assessment is a fair one. Had
De Forest limited his activities to invention, his reputation would have been
unblemished. But he also tried to be a businessman, and his reputation was
stained by bankruptcies and charges of fraud.

De Forest was born in Council Bluffs, lowa, the son of a a Congregational
minister. When he was six, the family moved to Talladega, Alabama, where
his father became president of Talladega College, a college for blacks. The
local whites were not sympathetic to the purposes of the college, and De
Forest’s family suffered from social ostracism. Nevertheless, they were able
to send him to an excellent university, the Sheffield Technical School of Yale
University, for both undergraduate and graduate study. He was awarded
his Ph.D. there in 1899.

De Forest was a prolific inventor, with three hundred patents to his
credit. Two of them, the triode (which he called an audion) and the regenera-
tive defector, were of significant practical importance. Unfortunately, both
were involved in lengthy and acrimonious litigation.

His invention of the triode in 1906 grew out of his desire to improve the
performance of radio receivers. Whereas the diode could act only as a
rectifier—that is, it could pass current only in one direction—the triode had
the indispensable ability to act as an amplifier. It was not, however, immedi-
ately useful or profitable.

Surprisingly, De Forest did not have a clear idea of how the triode
worked. He believed that its ability to amplify was due to, or at least aided
by, gas in the tube. This faulty explanation would cause him trouble in
subsequent patent litigation.

A more serious problem was the need for extensive external circuitry in
order to use the triode’s unique ability to amplify electrical signals. The
development of this circuitry took nearly a decade, and electron tubes did
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not become a major factor in radio communications equipment until World
War I provided an urgent stimulus.

The practical use of the triode also was delayed by the bitter and incredi-
bly complex patent disputes relating both to the triode itself and to its
applications. They involved most of the leading inventors and research
institutions of the radio industry, including De Forest, Fleming, Edwin
Armstrong, Reginald Fessenden, Irvin Langmuir of General Electric (GE),
and American Telephone & Telegraph (AT&T).

The courts seemed unable to make their way through the technical
subtleties of the conflicting claims, and their decisions, usually reached after
years of litigation, often seemed to engineers to be wrong or to put the
litigants in a catch-22 situation. For example, the controversy with Fleming
reached an impasse when a court ruled that the patent for the diode portion
of the triode was Fleming’s and the control grid was De Forest’s. Its injunc-
tion forbade either party to use the other’s patent, thus making it impossible
for either to proceed.

The litigation over the regenerative detector patent lasted twenty years.
The main anatagonists were AT&T, which had bought the rights to De
Forest’s patent, and American Marconi, which had title to Armstrong’s (see
Chapter 3). General Electric, with a patent by Langmuir, and the German
company Telefunken also were in contention. Although the courts finally
ruled in De Forest’s favor, Armstrong had a large band of enthusiastic
supporters in the industry, and this conflict did not help De Forest’s already
dubious reputation.

In the end, the disputes were settled by negotiations between the parties
that resulted in extensive cross-licensing agreements and the formation of
the Radio Corporation of America (RCA) patent pool in 1920. These agree-
ments were critical to the growth of the industry, and its development
would have been seriously inhibited had resolution of the patent problems
been left to the courts.

In spite of the controversies that plagued De Forest’s career and his
contentious personality, the importance of the triode invention brought
him many honors. Among others, he served a term as president of the
prestigious Institute of Radio Engineers (IRE).

The Climax and Denouement of the Electron Tube

Stimulated by the growing demands of communications and broadcast-
ing, and later of computers, radar, and a host of other markets, electron
tube technology developed rapidly and continuously for fifty years after the
invention of the triode. Both World Wars provided an incentive for acceler-
ated engineering development and production. Hundreds of tube types
were offered in the marketplace, each filling a particular need in the grow-
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ing universe of electronic devices. The electron tube industry reached its
peak at the end of World War II, when its sales were measured in the
billions of dollars and the outlook for the future was exceedingly bright.

The brightness of this future dimmed suddenly in 1947 when William B.
Shockley of Bell Laboratories announced the invention of the transistor, a
device that used a class of materials known as semiconductors. In principle,
it could perform most of the functions of an electron tube in a tiny space and
with much lower power consumption. It clearly became the wave of the
future, as families of transistors duplicating the performance of tubes were
developed.

This did not happen overnight. Forty years of engineering development
and manufacturing experience were embodied in the electron tube, and the
transistor was still a laboratory device. But the incentive was great, and the
engineering profession rose to the challenge. Inexorably, transistors were
developed to replace tubes in one application after another. During the
1950s, transistors were widely used in consumer products—a portable
transistorized radio was popularly called a transistor—and by the 1960s
they had replaced tubes in all but a few specialized applications.

The transistor had an enormous effect on the design of broadcasting
receivers and station equipment. But progress never ends, and the transis-
tor was in turn replaced in many applications, especially those using digital
technology, by the integrated circuit.?

B SOUND AND HEARING

The Science of Sound

The development of the technology of sound was quite different from
that of electricity. Sound is a part of our everyday experience, and it is
transmitted in the air, a palpable medium. The discovery of its nature
required no scientific breakthroughs or extraordinarily creative insights. It
was accomplished, rather, by the systematic efforts of many scientists and
engineers over several decades.

The British physicist Lord Rayleigh (1842-1919) was perhaps the first and
certainly the most distinguished scientist to conduct systematic research in
the nature of sound. Unlike many of his contemporaries who were knighted
in recognition of their accomplishments, Rayleigh inherited his title. But the
excellence of his research in a wide variety of scientific disciplines was so
great that he could have earned a knighthood on his own merits.

He was a professor of experimental physics at Cambridge University’s

2 For an excellent description of the development of the integrated circuit, see T.R. Reid,
The Chip (New York: Simon & Schuster, 1984).
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Cavendish Laboratory from 1879 to 1884, a member of that extraordinary
faculty that contributed so much to the basic science of our electric and
electronic industries. He was on the staff of the Royal Institution from 1887
to 1905, and in 1908 he became chancellor of Cambridge University. He did
important research not only in sound but also in optics, vision, and hydro-
dynamics. He discovered the element argon. In 1904, he was awarded the
Nobel Prize in physics. The results of his research in sound are described in
his massive work, A Treatise on Sound. Although this volume appeared
nearly one hundred years ago, most of its material is still valid.

The research carried out by Rayleigh and his contemporaries and suc-
cessors established the following facts:

1. Sound consists of vibrations in a transmission medium that are
transmitted by a longitudinal pressure and motion wave.

2. Its velocity (about 1,100 feet per second in air) varies with the
medium, being more rapid in water or metals.

3. Sound waves exhibit the properties of all wave phenomena—
reflection, refraction, and diffraction.

Their research was the basis for the science of acoustics, the study of the

factors that determine the quality of the reception of sound in a radio or
television studio, auditorium, or other controlled environment.

Hearing

Hearing is the sense by which we perceive sound. Early scientific investi-
gations of hearing were directed at its physiology and psychology. For
example, the German philosopher and physicist Hermann von Helmholtz
(1821-1894) showed that the perceived quality of a musical tone is deter-
mined by the number and amplitude of its harmonics—that is, integral
multiples of its fundamental frequency.

The invention of the telephone stimulated extensive experimental work
in hearing by the Bell System and other organizations. Its purpose was to
quantify the human perceptions of sound and the intelligibility of speech in
order to provide guidance for the designers of telephone systems. The most
important parameters were determined to be the following:

1. Intensity, or loudness

2. Frequency, or pitch

3. The ratio of the sound level to unwanted noise (hiss, crackle, and
hum), or the signal-to-noise ratio

4. Distortion
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Weber's Law and the Decibel In 1846, the German scientist Ernst
Weber (1795-1878) determined that the perception of the magnitudes of all
physical sensations is based on their ratios rather than their numerical
differences. This characteristic of human perception is known as Weber’s
law.? This law applies to all the hearing parameters previously listed. For
example, the difference in loudness between two sounds with an energy
ratio of 2 to 1 will be perceived to be the same whether they are two very
loud sounds or two very soft ones.

The discovery of this characteristic of human perception led to the estab-
lishment of the bel (named for Alexander Graham Bell) as the unit of sound
energy. A bel represents an energy ratio of 10 to 1 (see below). Since it is
inconveniently large for many engineering purposes, it is common practice
to use the decibel (dB), which is one-tenth of a bel and represents an energy
ratio of 1.25 to 1. Very approximately, one decibel is the smallest difference
in sound volume that can be noted by the human ear. The decibel is such a

THE DECIBEL UNIT OF MEASUREMENT

The number of bels difference, Nb, in power level between two sources, P4
and Py, is:

_ Py
N, = loglO(Pz)

The difference in decibels, Ny, is:

Ng = 10]0g10(ﬂ)
P,

Power ratios corresponding to selected decibel levels are:

Decibels P,

1
3
5
10 10.0
20
30

3 Weber’s law in scientific jargon states that the increase in stimulus necessary to produce
an increase in sensation in any of our senses is not an absolute quantity but depends on the
proportion that the increase bears to the immediately preceding stimulus.
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useful unit that it is now used almost universally in the electronics industry
for the specification and measurement of electrical power ratios of all kinds.

Sound Wave Frequency, or Pitch Some of the most important re-
search in hearing was related to the perception of sound wave frequency, or
pitch. This research was necessary to establish one of the basic specifica-
tions of a communications or broadcasting system—its responses to differ-
ent frequencies in the transmitted signal.

The frequency range of audible sound for individuals with exceptional
hearing was found to be 20 Hz to 20,000 Hz. The sensitivity of the ear at the
extremes of the range is low, and very little is lost by limiting it to 30 Hz to
15,000 Hz, even in a high-fidelity sound system. Reasonable fidelity for
voice and music can be obtained with an even smaller range. If intelligi-
bility is the primary criterion, as in telephone circuits, a range of 300 Hz to
3,400 Hz is satisfactory. Figure 1-5 shows the frequency ranges of sound
sources and reproducing systems.

It was subsequently found that improving the fidelity of sound reproduc-
tion requires a balanced improvement in all of the basic parameters—
dynamic range (the ability to reproduce very loud and very soft sounds),
frequency range, noise, and distortion. If, for example, there is noise in the
signal, as from a scratchy phonograph record, more pleasing results are
obtained by limiting the frequency and dynamic ranges.

The Stereophonic Effect The stereophonic effect, the ability of the ear to
perceive the sources of sound in three dimensions, is an amazing hearing
attribute. It enables one to determine the direction of the source and to pick
out a single voice in a babble of sounds. It adds realism to the reproduction
of music, and nearly all musical recordings today are made in stereo.

Stereophonic perception requires binaural hearing—that is, with both
ears. At lower frequencies, it depends on small phase differences in the
sound as it arrives at the two ears. At higher frequencies, it depends on
differences in intensity as the head shadows the ear from sources on the
opposite side. The stereo effect can be simulated in sound reproduction
systems by recording two channels from microphones separated in space
and playing back the channels through separated loudspeakers.

B MECHANICAL PHONOGRAPHS

The mechanical phonograph was the precursor of radio broadcasting. By
making the reproduction of music in the home possible, it established the
home entertainment industry. Its basic recording medium, an undulating
groove on the surface of a disk, continued to be used in the electronic
recording and playback systems used in radio and television, and there was
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no need to invent a new medium for recording sound. Mechanically re-
corded disks could be played back on electronic phonographs, and the
extensive library of mechanically recorded records became available for
radio programs.

The effect of mechanical phonographs on the market for radios was
equally important. Their popularity had demonstrated a large demand for
an instrument that could reproduce music in the home. The large segment
of the public that had bought phonographs provided a ready market for a
radio broadcasting service and gave radio broadcasters a preconditioned
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audience. The network of retail stores established to sell phonographs and
records was available to perform the same function for radios.

At first, radio broadcasting was considered to be a competitor of the
record industry. In time, however, the industries developed a symbiotic
relationship. Radio needed records as a source of programming, and re-
cords needed radio for sales promotion.

The Edison Phonograph

The first working model of a practical phonograph was produced by
Edison in 1877. The recording medium was a spiral groove on a cylinder
covered with tinfoil. The undulations at the bottom of the groove were
vertical; this is sometimes called hill-and-dale recording. Edison intended it
to be used for voice recording as in a dictating machine rather than for music
or entertainment. He stated, "I don’t want the phonograph sold for amuse-
ment purposes. It is not a toy.”*

The first spoken words to be recorded by Edison, “Mary had a little
lamb,” were barely intelligible when played back, but with time major
improvements were made in sound quality. The use of a layer of wax
instead of tinfoil for the recording grooves was an important advancement
developed by Chicester Bell and Charles Tainter.® But the cylinder had a
fatal weakness: There was no practical way to produce large numbers of
copies cheaply for the mass market. As a result, it lost the competitive battle
with disk recordings, which could be stamped out by the thousands.

The Berliner Gramophone

Emile Berliner (1851-1929) was born in Germany and emigrated to the
United States in 1870 at the age of nineteen. Like Edison, he was a prolific
inventor. He invented two types of microphones and an aircraft engine that
was widely used in military planes during World War I. He completed his
fruitful career of invention and innovation by introducing the use of acous-
tic tile in sound recording studios during the 1920s. He was best known for
his 1887 invention of a phonograph that used a disk rather than a cylinder as
the recording medium.

Berliner’s first experiment with phonographs was based on a cylinder
like Edison’s, but the groove undulations were lateral. The groove was
traced on a lampblack coating on the surface of the cylinder and then
transferred to copper by an etching process. This device had the same

* The 50th Birthday of Victor Red Seal,” Huber News, April 1953.
5 Ibid.
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weakness as Edison’s—the difficulty of making copies—but Berliner soon
found a way to solve the problem by using a spiral groove on a disk.

He constructed the first working model of a disk recorder, which he
called a Gramophone, in 1887 and began selling the recorders in small
quantities in 1888. They were crude devices—the disk had to be rotated
with a hand crank—and the market for them would never have been large.
But by a fortuitous accident of history, Berliner met Eldridge Johnson, a
skilled mechanic and an astute businessman. Johnson supplied the neces-
sary ingredients of mechanical ingenuity, marketing flair, and executive
ability to make the phonograph an enormously successtul consumer prod-
uct. The result was the formation of the Victor Talking Machine Company
and an exciting new business.

The Technology of Mechanical Phonographs

It is remarkable that mechanical phonographs worked at all. In the
absence of electrical amplification, all the energy for operating the recording
stylus had to come from the sound wave. (The energy in a voice wave at the
level of ordinary conversation is only about 70 microwatts.) Similarly, on
playback, all the sound energy had to be generated by the motion of the
needle in the groove. A high level of mechanical and acoustical design skill
was required to produce equipment that would work satisfactorily. It is
equally remarkable that few of the inventors or other technical personnel
had much formal scientific or engineering training. They were clever me-
chanics who achieved results by experimentation, trial and error, and inno-
vative thinking. They continued to make technical improvements during
the twenty-five years when mechanical phonographs were popular,
roughly from 1900 to 1925, and it is doubtful that better results could be
obtained today in an all-mechanical system.

Continual improvements have been made in the techniques for manufac-
turing disks, and the composition of disks has changed markedly through
the years. The disks used for mechanical recording were brittle and con-
tained an abrasive material that would cause intolerable record scratch in a
high-fidelity system. With the smaller needles, lower needle pressure, and
lower lateral needle force used for electrical playback, a smooth and flexible
disk material such as vinyl can be used.

By modern standards, the tone quality of mechanical phonographs was
not very good. The low-frequency response was limited by restrictions on
the lateral excursion of the recording groove. The high-frequency response
was limited by the inability of the recording and playback styluses to record
or follow rapid groove undulations. As a result, the frequency range was
little better than that of a telephone, nominally 200 Hz to 3,000 Hz, and
recordings had a tinny sound.
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The dynamic (loudness) range of mechanical recordings likewise was
small. Restrictions on the lateral excursion of the groove, together with the
absence of amplification, limited the maximum loudness. The need to over-
ride record scratch established a minimum loudness level.

Since the technical requirements for recording the human voice are less
demanding than those for recording instrumental music, the sound quality
of vocal selections was considerably better than that of orchestral pieces.
Recordings by famous singers constituted a major part of the record compa-
nies’ catalogs. A number of these recordings, such as Enrico Caruso’s, have
been rerecorded electronically with a new orchestral accompaniment with
reasonably satisfactory results.

Eldridge Johnson and the Victor Talking Machine Company

Eldridge R. Johnson (1867-1945) was the first giant among the business
leaders of the home entertainment industry. He was born in Wilmington,
Delaware, and was trained as a machinist in the Spring Garden Institute in
Philadelphia. In 1888, he was employed by the Scull Machine Shop in
Philadelphia as foreman and manager. This small firm had been started by
Andrew Scull, a sea captain, to provide a business for his son John, who was
a graduate mechanical engineer from Lehigh University. John died sud-
denly, his father had no particular liking for the business, and he gave
Johnson considerable authority. After two years, Johnson resigned to seek
his fortune in the West. An expert machinist, he found no difficulty obtain-
ing employment in Washington State at good wages, but he saw no oppor-
tunities for advancement. In 1891, he returned to Philadelphia to rejoin
Scull as a partner in the firm of Scull & Johnson.

The next years involved hard work and meager profits. As Johnson put it
in his autobiography, ““Being the proprietor of a repair machine shop
twenty years ago was well calculated to either break a man'’s spirit or fit him
for better opportunities.” Scull became discouraged and in 1894 sold his
interest to Johnson. Scull & Johnson became Eldridge R. Johnson.

The opportunity that Johnson was seeking came quite by chance in 1896
when Berliner came to his shop to have one of his phonographs repaired.
Here is how Johnson described the meeting:

During the model-making days of the business one of the very early types of
talking machines was brought to the shop for alterations. The little instrument
was badly designed. It sounded much like a partially-educated parrot with a
sore throat and a cold in the head, but the little wheazy instrument caught
my attention and held it fast and hard. I became interested in it as [ had never
been in anything. It was exactly what [ was looking for. It was a great oppor-
tunity . . . .
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My years of hard experience in model making and repair work had well
qualified me to cope with intricate designs and processes. I immediately
undertook a course of experimenting with talking machines and made discov-
ery after discovery until a talking machine of the Gramophone type, capable of

. . reproducing the tone true to the original sound, stood in my laboratory.

It cost me $50,000 and two and one-half years of desperately hard work, but

the Victor Company’s factory is a standing testimonial that justifies the cost.®

The two and one-half years of “desperately hard work” that followed
Berliner’s initial visit were filled with complex technical, business, and
patent problems.

On the technical side, Johnson made major improvements in the design
of the machine and record manufacturing processes. He added a spring-
driven motor so that it was not necessary to crank the machine continually.
He developed a process for making metal masters from the original wax
recording. In addition, he made countless smaller improvements that en-
abled the phonograph to reproduce a “tone true to the original sound.”
Figure 1-6 shows how the phonograph evolved.

On the business side, he began manufacturing phonographs under the
Berliner patents. In Johnson’s words, “The Trade could not get enough of
them from the start.”” Sales were not a problem in starting the business.

The patent problems were more difficult to solve. He and Berliner re-
solved a dispute over their patent agreement in 1901 by forming the Victor
Talking Machine Company, which combined the Johnson and Berliner
interests. This did not solve the problem completely, however, because
third parties challenged the validity of the Berliner patents as well as his use
of the Gramophone trade name. Johnson'’s legal fees and out-of-court settle-
ments were very costly to the new company.

Licenses for the Berliner patents were granted to the Gramophone Com-
pany, Ltd., in England and to the Columbia Company, later to become
Columbia Records. This did not significantly increase competition because
the Gramophone Company did not attempt to operate in the United States
(Victor bought a half interest in the company in 1920) and Columbia was
ineffective against Victor’s excellent management.

From Gramophone, Johnson acquired the U.S. rights to the trademark
"His Master’s Voice,” showing a fox terrier, Nipper, listening to a phono-
graph (Figure 1-7). Gramophone had bought the original painting from
Francis Barraud, and it soon became the world’s most famous trademark.

The years of hard work that preceded the formation of the Victor Talking
Machine Company in 1901 were reflected in the extensive product line it
was able to offer at the outset (Figure 1-8). The new phonographs were

¢ B.L. Aldridge, The Victor Talking Machine Company (Camden, NJ: RCA Sales Corporation,
1964).
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B Figure 1-6 The evolution of the phonograph, as depicted by Victor in
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Courtesy RCA Corporation.

B Figure 1-7 His Master’s Voice trademark.

popular in the marketplace, sales increased rapidly, and Johnson demon-
strated the extraordinary versatility of his talents. The plant in Camden,
New Jersey, where Johnson had established the Victor Company was con-
tinuously expanded and at its peak encompassed more than two million
square feet. The number of employees eventually exceeded twenty
thousand.

Like Henry Ford, Johnson believed in vertical integration. Only raw
materials came into the plant. It had its own cabinet and parts fabrication
shops. It produced the record mastic according to a secret formula. It had
its own power station and water purification and sewage disposal facilities.
Its employees included some of the world’s finest machinists and cabi-
netmakers. While extreme vertical integration is not the most economical
way to run a factory, it was an important aid in achieving the rigid quality
control Johnson demanded.

Johnson was equally adept at handling the temperamental stars of the
musical world. The services of leading opera singers were eagerly sought,
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not only because of the popularity of their records but also because of the
prestige they brought to a new industry.

Victor’s greatest success came with the famed Italian tenor Enrico
Caruso. Gramophone Ltd. had placed him under contract before his reputa-
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tion was fully established but later balked at his high recording fees. John-
son, however, was willing to pay, and Victor bought the rights to his
services from Gramophone. Caruso’s fee was one hundred pounds (then
about $500) for ten records—an unheard of sum in those days—but it paid
off handsomely for both parties. Caruso received his first contract from the
Metropolitan Opera without a live audition solely on the basis of his re-
cords. He went on to be a world-famous tenor, his public reputation en-
hanced by his recordings. His fees and royalties from Victor ultimately
exceeded $3 million ($60 million in 1989 currency).

Caruso’s records were among Victor’s best-sellers—with reissues more
than one million were sold—and his stature enhanced its reputation.
(Victor’s all-time best-seller was a record of the ”"Wreck of the old 97" and
the “"Prisoner’s Song’’; it sold more than six million copies.) Most of the
famous musical artists of the time, including Ernestine Schumann-Heink,
signed exclusive contracts with Victor. To provide additional prestige for its
top stars, Johnson created an elite product line of Red Seal records.

Victor's marketing programs were first-rate. Johnson established a
strong network of distributors and dealers, and the popularity of his prod-
uct made it possible to establish a markup structure that was profitable for
everyone. He made heavy use of advertising, and his record catalogs were
classics.

As a result of the superb management of Johnson and his staff, the Victor
Talking Machine Company enjoyed great prosperity for the twenty-five-
year period from 1902 to 1927. Annual phonograph sales rose from 42,000
units in 1902 to a high of 570,000 in 1917 and an average of 350,000 during
the early 1920s (Figure 1-9). During the same period, nearly 1 billion re-
cords were sold.

The bottom line of Victor’s business was as healthy as the top. Annual
dividends increased from 6 percent of stock par value in 1902 to a high of 80
percent in 1916. During the days when $1 million was considered a large
sum of money, the company was estimated to have created more than thirty
millionaires among its top executives and stockholders.

These halcyon days began to come to an end in the early 1920s as
mechanical phonographs felt the competition of radio. It became clear that
the superior quality of electronic reproduction would doom the mechanical
phonograph. Unit sales fell alarmingly from 348,000 in 1921 to 214,000 in
1925. Victor responded in 1925 by entering intg a joint venture with RCA
and offered lines of radios and Orthophonic electronic phonographs.

These products were modestly successful, but Johnson, whose talents
were mechanical, had little interest in them, and he decided to sell his
controlling interest in Victor. In 1926, he negotiated with Speyer & Co. and
J & W Seligman, New York banking firms, to buy his interest for about $27
million. It turned out to be a bargain, as they resold the stock to the public
for $53 million. Three years later, RCA acquired the company, and the
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B Figure 1-9 Victor Talking Machine Company phonograph sales, 1901—
1929.

Victor plant in Camden became the site of major developments in radio and
television.

Johnson devoted the remaining twenty years of his life to philanthropy.
He also lived well. Among his amenities was a railroad siding in back of his
mansion in Moorestown, New Jersey, where he could board a private car
without the hassle of going to the station. He also had the satisfaction of
knowing that he had created a major industry.

B COMMUNICATION BY WIRE

The desire to communicate rapidly with distant points was so great that
wire communication was one of the first practical applications of the newly
discovered phenomenon of electricity. The Greek word tele, meaning far,
soon found itself in the vocabulary of electricity—telegraph, telegraphy,
telephone, telephony, and finally television.

Telegraphy

After current electricity was discovered near the end of the eighteenth
century, a number of scientists experimented with methods of using it for
communication. Ampeére, for example, constructed a receiving device con-
sisting of twenty-six electromagnets, one for each letter. A compass needle
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placed near each magnet was deflected when the magnet’s winding was
energized by an electric current. This apparatus required twenty-six wires
to connect it to the sending station.

The full development of telegraphy depended on two inventions by an
American artist, Samuel S.B. Morse. These were the relay repeater and the
transmission of letters and numbers by a series of electrical pulses in a
dot/dash code that still bears his name, the Morse code.

The relay repeater is an electromagnetic amplifier. Without this device,
the range of telegraphy was limited to twenty miles or less because of the
electrical resistance of the line. By inserting relays in the line at intervals, the
range can be extended almost indefinitely. Use of the Morse code with a
make/break key at the sending end and a sounder at the receiver makes it
possible to transmit numbers and letters of the alphabet, alphanumeric char-
acters, over a single circuit.

In 1838, Morse demonstrated his system to President Martin Van Buren
and his cabinet. In 1844, Morse persuaded Congress to appropriate $30,000
for a test circuit from Baltimore to Washington. His successful transmission
of the biblical phrase “What hath God wrought?” is one of the legends of
the industry.

Although the test was successful, the postmaster general declared that it
would never be practical, and the government withdrew its support. Future
developments in the United States were largely financed by private funds.

The first transcontinental telegraph circuit was completed in 1861. An
even greater technical achievement was the completion of the first transat-
lantic cable in 1866 after a number of failed attempts. This undertaking
required the solution of many problems, including raising money to finance
the risky enterprise, mechanical difficulties, and unique electrical problems.
The money was raised by American businessman Cyrus Field, and the
electrical problems were solved by engineers working under the direction
of Lord Kelvin, who was knighted for his work on the transatlantic
cable.

One of the electrical problems was the inability to overcome line losses by
inserting relay repeaters. Kelvin solved this by using stranded copper wire
of very high conductivity and developing extremely sensitive detection
devices. The other problem was the high electrical capacitance between
conductors. Kelvin calculated that, owing to the capacitance, the transmis-
sion speed was inversely proportional to the square of the length of the
circuit. This problem was solved by a technique known as line loading.

The technology of telegraphy has drastically changed as the result of the
availability of more sophisticated and higher speed transmission and
switching systems. Modern wideband transmission media and terminal
devices—such as coaxial cable, microwave, satellites, fiber optics, facsimile,
electronic mail, and computers—have made enormous advances in the
capability to transmit alphanumeric information. Nevertheless, old-
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fashioned telegraphy consisting of a telegrapher transmitting Morse code
by key and sounder has had a long and distinguished history and is still
used, particularly in wireless communications.

Telephony

The success of wire telegraphy led naturally to a desire to communicate
over long distances by voice. Early investigators, including Charles Bousel
in France and Philip Reis in Germany, attempted to transmit voice using the
make/break technique of telegraphy. It was a crude attempt to transmit
voice by digital means (on/off pulses). Their experiments were unsuccess-
ful, and it was up to Alexander Graham Bell (1847-1922), an American, to
comprehend and enunciate the principle of transmitting voice by continu-
ous, or analog, electrical signals. This transmission mode is basic to both
radio and television systems, and its conception was a major technological
advance.

Telephony made three additional contributions:

1. The carbon telephone transmitter (mouthpiece), which was the
basis for microphones widely used in the early years of broad-
casting

2. The magnetic telephone receiver (earpiece), which was the basis for
early loudspeakers

3. The electron tube amplifier

The carbon microphone and the telephone-type loudspeaker have long
been superseded in broadcasting by more modern devices, and electron
tubes have been largely (but not entirely) replaced by solid-state (transistor-
ized) components in amplifiers, but analog transmission for voice and other
audio (and video) signals continues.

Alexander Graham Bell and Analog Transmission In 1874, Bell
stated that he could transmit speech “telegraphically” (sic) if he could make
an electrical current vary in intensity precisely as the air varies in density
during the production of sound. This was the first enunciation of the
principle of analog telephone transmission. This principle seems obvious
today, but it was not at all obvious at that time, and it was a major engineer-
ing breakthrough. It is of interest to note that the analog format was con-
sidered to be a more advanced technology than digital until the 1930s. (See
Chapter 10 for a description of the analog and digital formats.)

Bell was born in Edinburgh, Scotland, and was educated at the Universi-
ties of Edinburgh and London. He came to Canada in 1870 with his father, a
widely known authority on phonetics and defective speech. He moved to
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the United States in 1871 and became a professor of vocal physiology at
Boston University. In 1872, he started a school in Boston for training
teachers of the deaf. It was during this period that he became interested in
the electrical transmission of voice. In addition to his pioneering work in
telephony, he developed a rudimentary phonograph that resembled
Edison’s and the photophone, a method of recording sound on film that
was eventually adapted for talking motion pictures.

Conceiving the principle of voice transmission was but the first step in
constructing a telephone system, and it was necessary to develop the appa-
ratus as well. By 1875, Bell had constructed a crude telephone transmitter
and receiver, both based on an electromagnetic principle. The first tele-
phone conversation of record was with his assistant, Thomas A. Watson.
The message was less biblical than Morse’s. He said, “Mr. Watson, come
here, I want you.”

Bell patented his device, but his patents were soon challenged by Elisha
Gray, who had filed conflicting ones only a few hours later. Lengthy litiga-
tion followed, but Bell’s patents were ultimately upheld. With the aid of
financial backers, Bell founded a company to exploit his patents by building
commercial telephone systems. He obtained distinguished backers (one of
them Gardiner Hubbard, became his father-in-law), and he wisely left the
administration of the company to others. He achieved great financial suc-
cess, and he was able to devote the rest of his life to educational and
technical pursuits.

The telephone company founded to use Bell’s patents evolved into the
American Telephone & Telegraph Company (AT&T) through a series of
complex business transactions. AT&T became the dominant telephone
company in the United States, and its research arm, Bell Laboratories, has
made enormous contributions to communications and broadcasting tech-

nology.

Telephone Transmitters and Microphones Emile Berliner invented
the carbon telephone transmitter in 1877. A cavity in the transmitter, or
microphone, is filled with particles of carbon in loose contact with each
other. The compression of the carbon particles varies as a diaphragm on one
side of the cavity vibrates in response to the sound wave. An external
battery causes a current to flow through the carbon, and this varies as the
electrical resistance of the carbon changes in response to the changes in
compression.

Carbon microphones have a much higher output signal than the electro-
magnetic type Bell had first used, and this discovery was a major step
forward in telephone technology. Its performance was satisfactory for tele-
phone systems, and transmitters of this type are still in use today. An
adaptation of this device was used as the microphone in early radio stations.
Its quality was not adequate for the more demanding requirements of
broadcasting, however, and it was replaced by other types of microphones.
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Telephone Receivers and Loudspeakers The electromagnetic loud-
speakers used in early radios operated on the same principle as telephone
receivers. A flexible diaphragm of magnetic material is placed in front of the
poles of a permanent magnet equipped with a magnetizing coil. The dia-
phragm vibrates in accordance with the signal current passing through the
magnetizing coil to produce the sound wave. For acoustic amplification, the
diaphragm is mounted at the throat of a horn similar to those used in
mechanical phonographs. Like the carbon microphone, this type of electro-
magnetic loudspeaker has largely become obsolete.

Electron Tube Amplifiers The losses in long-distance telegraph lines
carrying simple on/off pulses could be overcome by the use of relay repeat-
ers, but these were of no value for continuously varying voice signals,
which required electron tube amplifiers.

As noted earlier, De Forest had been slow to develop the potential of the
electron tube triode amplifier after its invention in 1906 partly because of his
patent disputes and partly because he did not understand the mechanism of
the tube’s ability to amplify signals. By 1912, however, he had constructed a
crude amplifier for voice circuits that he was able to demonstrate to AT&T
engineers.

His timing was fortuitous, for AT&T was desperately searching for an
amplifier that would make long-distance telephony by wire possible.
AT&T’s engineering staff accelerated its work on electron tube amplifiers,
and its patent department commenced negotiations with De Forest for
patent rights.

The AT&T engineers were successful. They understood the mechanism
of amplification, and in 1915 they demonstrated a transcontinental telphone
circuit using electron tube amplifiers, or repeaters. They also developed
much of the electron tube apparatus required for wireless telephony and
broadcasting transmitters.

The patent negotiations between De Forest and AT&T were exceedingly
complex, with accusations of bad faith on both sides. In an initial agreement
signed in 1913, AT&T agreed to pay De Forest $50,000 for the right to use his
patents in telephone amplifiers. Later agreements extended the coverage
but excluded amateur radio equipment. The amateur exclusion became a
big loophole after commercial broadcasting began.

B WIRELESS COMMUNICATIONS

For citizens of the late nineteenth century, communication by wireless with
no tangible connection between the terminals must have seemed even more
miraculous than communication by wire. It would have seemed still more
miraculous had it been known that this new medium would evolve into
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broadcasting to the general public. The inventor of this startling new me-
dium, or more accurately of the equipment and techniques that made it
possible, was Marchese Guglielmo Marconi (1874-1937).

Marconi Invents Wireless Communications

Marconi (Figure 1-10) was born in Bologna, Italy, of an Italian father and
a Scotch-Irish mother. Both parents were affluent: His father had a landed
estate, and his mother, Annie Jameson, was an heiress in a family of
brewers.

His education at the University of Bologna was informal but very effec-
tive. He was intensely interested in telegraphy, and this led to studies of the
work of Helmholtz, Hertz, and other electrical pioneers. He audited the
classes of Auguste Righi, a professor of physics at Bologna and himself an
early experimenter in electromagnetic waves. Encouraged by his mother,
he set up a laboratory in his home, where he conducted his own experi-
ments. His mother also helped him become fluent in English, a skill that
would be of great importance in his future career.

Hertz’'s demonstration of the existence of electromagnetic waves had
been accomplished in the laboratory with a short distance separating the
transmitter and receiver. Marconi was determined to extend the range to a
distance that would make wireless communications practical. To accom-
plish this, he experimented with all three elements of a radio commu-
nications system—the transmitter, the receiver, and the antenna for
coupling these devices to the “ether.”

Marconi developed a more powerful arc to serve as the transmitter, and
he developed an improved coherer to detect the signals. Perhaps his most
important discovery was that the range of transmissions could be increased
dramatically by connecting one of the arc terminals to an antenna, in his
design a large metal plate elevated above the ground and connected to a
spark terminal with a wire.

By 1895, he was able to communicate for a distance of a mile on his
father’s estate. In 1898, he established a link across the English Channel.
And in 1901, he performed the remarkable feat of wireless telegraphic
communications across the Atlantic from Cornwall, England, to Cape Cod,
Massachusetts.

His mother, having come from a business family, saw the commercial
potential of wireless communications, and she attempted to gain the sup-
port of the Italian Ministry of Posts and Telegraphs. Finding no interest
there, she turned to her native country, Great Britain. The British Post
Office, which was responsible for wired communications, was mildly inter-
ested and even offered to buy Marconi’s patents for a modest sum. But in
1897, his mother’s family decided the Post Office’s offer was inadequate and
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Courtesy Smithsonian Institution, with permission.

B Figure 1-10 David Sarnoff and Marchese Guglielmo Marconi.

decided to form a private company, the Wireless Telegraph and Signal
Company, Ltd., with its own funds. In 1900, its name was changed to the
Marconi Wireless Telegraph Company, Ltd. Marconi sold his patents to
the company and became its chief engineer. With good management, the
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Marconi company prospered and became the most successful of the several
wireless companies that sprang up throughout Europe and the United
States.

The Technical History of Wireless

Technical progress came slowly but steadily. Inspired by Marconi, a host
of scientists, engineers, innovative inventors, technicians, and amateurs
(hams) made contributions to wireless technology from 1901 to 1920. The
relationships among these groups were not always friendly. Scientists and
engineers with lengthy professional training tended to be contemptuous of
the empirical and undisciplined methods of those with less formal educa-
tion. The latter, like Edison, tended to regard scientists as living in ivory
towers and having no interest in or understanding of the practical uses of
technology. In retrospect, both groups were wrong. The great technical
progress in wireless communications during this twenty-year period re-
quired the contributions of everyone from Ph.D. scientists to hams.

Three basic technical problems had to be solved:

1. Establishing the physical laws that govern the propagation of elec-
tromagnetic or radio waves in the proximity of the earth’s surface
(Maxwell’s equations applied to waves in free space)

2. Inventing or developing transmitters for generating radio waves of
substantial power and, for radiotelephony, modulating the waves
with the voice or music signals to be transmitted

3. Inventing or developing equipment for the reception, detection,
and amplification of radio signals

In addition to these purely technical matters, the negotiation of interna-

tional agreements for the regulation of the transmission of radio signals was
closely related to technical progress.

The Propagation of Radio Waves

With our present knowledge of radio wave propagation, its laws seem
very logical and straightforward. To the radio pioneers, however, they must
have seemed enormously complex and confusing. Our knowledge has not
come from a single brilliant insight. Rather, it is the result of years of patient
measurements, analysis, and theoretical studies.

Prior to 1920, only the frequencies below 3,000 kHz (100 meters) were
used extensively, and it was found that their propagation resulted from two
type of waves, ground waves and sky waves.
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Ground Waves Ground waves travel along the surface of the earth and
can follow the earth’s curvature. Their range depends on their frequency,
the soil’s conductivity, and transmitter power: the lower the frequency and
the higher the conductivity, the greater the range. Higher power, of course,
also increases the range, but its effect is relatively small compared to the
effects of frequency and conductivity. Marconi’s first transatlantic transmis-
sion was possible with modest transmitter power and a crude receiver
because it used a low-frequency wave propagated over high-conductivity
seawater. At frequencies above about 3,000 kHz, the range of ground waves
is so limited that they have little practical value.

Sky Waves Sky waves result from the reflection of radio signals by
layers of ions (electrically charged molecules) in the upper atmosphere.
lonization is caused by the sun’s rays; hence the degree of ionization varies
from day to night and with the latitude, the season, and the sunspot cycle.

The existence of an ionized layer was first postulated almost simulta-
neously in 1902 by two physicists—an American, A.E. Kennelly, and an
Englishman, Oliver Heaviside—on the basis of their studies of Marconi’s
transatlantic transmissions. For many years, it was known as the Kennelly-
Heaviside layer. Later it was found that there are three and sometimes four
distinct layers ranging from the D layer at 50 to 90 kilometers above the earth
to the F; layer at 200 to 400 kilometers. Because of the complexity and
variability of these layers, hundreds of thousands of measurements were
required to obtain quantitative information concerning their reflectivity at
different times of day, during different seasons, and at different latitudes
and to establish a reasonably reliable statistical data base for making pre-
dictions. A major breakthrough occurred in 1925 when a radarlike pulse
method for measuring the height and reflectivity of the layers was de-
veloped.

Long Waves, Medium Waves, and Shortwaves Long waves (10 to
300 kHz), which are propagated by a combination of ground and sky waves
(see illustration on next page), were universally used in the early days of
wireless communications. They provide a steady, reliable signal night and
day, and their low attenuation gives them an extended range. Also, they
were the easiest to generate with the equipment available at the time. They
have the disadvantages of a high level of static (static generated by electrical
storms also is transmitted over long distances) and a limited spectrum
space. They are used primarily for telegraphy rather than telephony.

In the medium-wave AM broadcast band, 550 to 1,600 kHz, ground
waves are the primary transmission mode. Sky waves are attenuated during
the daytime, but at night they provide long-distance service from clear
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RADIO WAVE PROPAGATION

(R Medium Waves (300 kHz - 3 MHz)

The ionosphere has three distinct layers called D, E, and F. The F layer, in turn,
sometimes splits into two layers called F, and F». Their heights are as follows: D
layer, 50 to 90 kilometers; E layer, 90 to 140 kilometers; F, layer, 170 to 200
kilometers; F, layer, 200 to 400 kilometers. The D layer nearly disappears at
night, and the other layers become weaker.

Long waves are transmitted, as though in a waveguide, in the region between
the earth’s surface and the D and E layers. Medium waves are reflected back to
earth by the E layer at night, but in the daytime they are absorbed by the D layer,
which forms in the denser regions of the atmosphere. Shortwaves penetrate the
weak F layers at night and continue into space. in the daytime, the heavily ionized
F layers become very efficient reflectors of shortwaves, and long-distance com-
munication is possible with low-power transmitters.

channel stations, which are the sole occupants of their channels (see Chap-
ter 2).

The sky-wave propagation of shortwaves (3 to 30 MHz) provides an
effective long-distance transmission medium during the daytime, and
shortwaves are still used for international communications and broadcast-
ing. Sky-wave propagation is too weak to be of practical use for commu-
nications at frequencies above 30 MHz. Under abnormal conditions,
however, it can be strong enough to cause objectionable interference at
distant stations. This was the reason for relocating the FM band upward to
its present position in the spectrum (see Chapter 3).
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Wireless Transmitters

The Spark Transmitter Spark transmitters based on an extension of the
method used by Hertz for the generation of electromagnetic waves in 1887
(see below and on next page) were used for wireless communications for
more than twenty years. Their basic element was an induction coil, which
consisted of two coils of wire wound in close proximity so that they were
magnetically coupled. One of the coils, the primary, had a small number of
turns and was connected to an intermittent voltage source. The other coil,
the secondary, had a much larger number of turns, and its terminals were
connected to small metal balls to form a spark gap. When voltage pulses
were applied to the primary, high voltages were induced in the secondary,
causing radio frequency sparks to appear across the gap. These sparks were
the source of the radio waves.

THE EVOLUTION OF RADIO FREQUENCY TRANSMITTERS:
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The radio frequency generator used by Hertz was an induction coil that had its
primary connected to a Leyden jar through a switch and its secondary connected
to a spark gap. The Leyden jar was charged, and when the switch was closed, the
sudden surge of current induced a high voltage in the secondary, causing a
spark. The current was oscillatory—that is, it surged back and forth at the
resonant frequency of the secondary as determined by its inductance and distrib-
uted capacity. The amplitude of the oscillations diminished or damped rapidly
owing to ohmic and radiation losses.

The operation of the spark transmitter used the same principle, but a continu-
ous stream of electrical impulses was fed to the primary. In the original version, it
emitted a damped waveform that was rich in unwanted sidebands and harmon-
ics. By adding highly resonant tuned circuits, the amplitude of the wave was
smoothed out, thus producing continuous waves (CWs) and greatly reducing the
amplitude of the sidebands and harmonics. To make the signal more audible
through interference and static, the CW signal was interrupted at a rate of about
1 kHz.

In principle, the Alexanderson alternator was a conventional rotating electric
generator, but its operation at frequencies up to 100 kHz required new and
difficult design techniques. It was capable of very high power up to 200 kilowatts.

The electron tube transmitter produced continuous waves, and its use soon
became universal, particularly for radiotelephony, because it could be easily
modulated.

Spark transmitters had many disadvantages. The bursts of radio energy
emitted by early models had a wide band of frequency components, and
very few stations could have shared the limited electromagnetic spectrum
had a solution for this problem not been found. It was never possible to
develop a satisfactory method of modulating the amplitude of the waves for
use with radiotelephony. Their efficiency was low, and the high-power
spark produced a terrible racket. In recognition of this phenomenon, the
radio operator on board ships was traditionally called sparks.
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Only one of these problems was solved. The English physicist Sir Oliver
Lodge (1851-1940) of University College in Liverpool discovered in 1897
that the energy bursts could be smoothed into a continuous wave of con-
stant amplitude by circuits that were tuned to resonate at the transmitter
frequency (he called them syntonic). This technique increased the transmis-
sion efficiency, reduced the off-frequency radiation from the transmitter,
and made it possible to tune the receiver to the frequency of a single
transmitter. The current system of frequency allocations and usage depends
on this fundamental invention.

In spite of its disadvantages, the spark transmitter did good service for
many years. It saved many lives at sea and provided the basis for the
wireless communications industry.

The Alexanderson Alternator The Alexanderson alternator was a ro-
tating electrical generator that operated at radio frequencies rather than the
60-Hz power frequency. Its development began with a letter written in 1901
by Reginald Fessenden, an early radio pioneer, to Charles Steinmetz, the
renowned GE engineer. Fessenden asked GE to build an electrical generator
having a frequency up to 100 kHz for use by his communications company.

Nearly everyone thought a rotating generator at this frequency was
impossible, but Steinmetz and GE accepted the challenge. Steinmetz first
designed a generator to operate at 10 kHz, then gave the assignment for
designing a 100-kHz model to a young Swedish engineer, Ernst Alexan-
derson, who had just joined the company. Alexanderson delivered the first
working 100-kHz model in 1906, and he continued to improve its design
over the next ten years. The alternator could generate much higher powers
than spark transmitters, and power levels as high as 200 kilowatts were
achieved. This made it ideal for long-distance point-to-point and shore-to-
ship communications.

GE's sales were limited at first, however, because Marconi, whose com-
pany had the bulk of the world’s wireless business, steadfastly stuck with
spark transmitters. But by 1915, even Marconi had to recognize the alterna-
tor’s advantages, and the Marconi Wireless Telegraph Company ordered a
quantity of them from GE. The delivery of the alternators to Marconi was
postponed by World War I, and Marconi’s efforts to take delivery after the
war precipitated a major reorganization of the U.S. communications in-
dustry.

The alternator had serious limitations. Its maximum frequency was
100 kHz, and like the spark transmitter, it was not well adapted for tele-
phony because it was difficult to modulate. These limitations were removed
by the emergence of the electron tube.

Electron Tube Transmitters The electron tube eventually solved most
of the problems that had limited the usefulness of earlier tramsmitters.
Electron tube technology developed rapidly during World War I, and elec-
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tron tube transmitters were universally used for radio broadcasting after
the war.

Modulation Information cannot be transmitted by a continuous radio
signal that does not vary in frequency or amplitude. The transmission mode
used exclusively for radiotelephony and radio broadcasting until the late
1930s was amplitude modulation (see below), or AM. The amplitude of the
radio frequency transmission, the carrier, is varied in accordance with the
signal waveform at the transmitter. At the receiver, the signal is recovered
by passing the modulated carrier through a detector, which passes current
in only one direction.

Attempts to amplitude modulate the spark transmitter and the Alexan-
derson alternator were only marginally successful (see illustration on next
page). In one of their outstanding achievements, engineers at AT&T devel-
oped a successful method of amplitude modulating a carrier with electron
tube circuits. This enabled AT&T to demonstrate simultaneous transatlantic
and transpacific radiotelephony in a spectacular “first” in 1915. The devel-
opment of a satisfactory modulation method was one of the key links in the
chain of broadcasting technology.

Wireless Receivers

The basic functions of a wireless, or radio, receiver are tuning, amplifi-
cation, and detection—that is, the conversion of the radio frequency signal
into an audible sound. The tuned circuits developed by Lodge and his

AMPLITUDE MODULATION

A

Carrier

Modulating Signal

Modulated Carrier

The amplitude of the carrier is varied or modulated in accordance with the
signal waveform. The signal is recovered at the detector by rectification.
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A number of schemes were devised in attempts to amplitude modulate spark
transmitters and Alexanderson alternators. None of them worked very well. The
lack of a suitable means of amplifying voice signals and the difficulty of varying
the output of these generators over a wide power range were almost insuperable
barriers.

The most common methods are shown here. The impedance of a circuit
element in series with the antenna circuit was varied in accordance with the
modulating signal, thus modulating the antenna current. Microphones were
sometimes used as the variable element. The power-handling capability of a
carbon microphone was only about 5 watts, and considerable ingenuity was
exercised in developing microphones that could handle more power. A better
solution was the use of a magnetic amplifier in which the reluctance of the
magnetic path and hence the inductance of the antenna coil were made to vary
with the modulation. Neither of these devices was capable of producing a high
level of modulation. These problems were solved by the electron tube modulator
(see Chapter 2).

successors for transmitters were readily adapted for receivers, thus pro-
viding the tuning function. Developing amplifiers was more difficult—in
fact, it was impossible prior to the availability of electron tubes—and early
receivers had to operate on the energy extracted from the wave by the
antenna.

The invention of the triode in 1906 made the development of amplifiers
possible. The amplifying ability of the triode was greatly enhanced by the
invention of the regenerative amplifier by Armstrong, De Forest, and others
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in 1913. The regenerative amplifier had a very high gain, but if misadjusted
it would oscillate, or howl.

Armstrong superseded his own invention by developing the superhetero-
dyne receiver circuit while in the Army during World War I. The perfor-
mance of this circuit is so superior that it continues to be widely used today
in receivers of all types. Like electron tube generators and modulators, it is
one of the landmark inventions in the history of radio technology.

The process of detection requires a rectifier or some other circuit element
to convert the alternating radio frequency signal to a direct current that is
proportional to the amplitude of the signal. Various detectors were used in
the early days of radio.

One of the first was the coherer, a container of loosely packed iron parti-
cles. The conductivity of the mass of particles increases when subjected to a
radio frequency current, and this change can be used to develop an output
signal.

The electrolytic detector invented by Fessenden also worked on the prin-
ciple of conductivity change. A fine platinum wire was immersed in a

REGENERATIVE AND SUPERHETERODYNE RECEIVER CIRCUITS
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in the regenerative circuit, a little of the output signal is fed back to the input
and reamplified. The total gain can be very high, but the amount and phase of the
teedback must be carefully controlled or the circuit will oscillate.

In the superheterodyne circuit, an internal, or local, oscillator is tuned so that
its frequency remains at a fixed increment (the intermediate frequency, typcially
456 kHz in a radio receiver) above that of the station being received. Most of the
receiver's amplification occurs at this fixed frequency, and the amplifier's design
is enormously simplified.
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container of nitric acid. When a current was passed through the wire to an
electrode at the bottom of the container, small bubbles formed on the wire,
insulating it from the acid. The bubbles could be removed and the conduc-
tivity restored by passing the radio frequency signal through the wire. Thus
the current through the device depended on the strength of the radio
frequency signal.

The crystal detector was used by generations of radio amateurs as well as
by commercial communication companies. It consists of a small galena
crystal that is just touched by a fine wire, or “’cat’s whisker.” If the point of
contact is chosen carefully, it will act as a rectifier.

As with all the elements of wireless systems, the best solution to the
problem of detection was the electron tube. Fleming’s invention of the
diode, an electron tube rectifier, was in response to Marconi’s need for a
better detector. De Forest improved on it by inventing the triode, which can
act as both amplifier and detector.

Regulation of the Airways

Chaos reigned in the airways soon after wireless communications began.
The frequency of early spark transmitters drifted, they could not be accu-
rately tuned, and they emitted a broad band of frequencies. Anyone could
operate on any frequency, thus producing intolerable—sometimes de-
liberate—interference.

The technical improvements in spark transmitters reduced the band-
width of the transmitted frequencies and added the capability of tuning the
transmitter to a desired frequency. These changes increased the number of
stations that could operate in the available spectrum space, but government
regulation was necessary to assign channels to both commercial and mili-
tary users so that interference would be minimized. And since radio waves
do not respect international boundaries, international agreement was re-
quired.

The first international Conference was held in Berlin in 1903, having been
convened at the request of the German government. A major objective of
the German delegation was to break Marconi’s near monopoly of wireless
communications, which Marconi enforced by refusing to allow Marconi-
equipped stations to communicate with stations having equipment made by
other manufacturers. Marconi, supported by the British and Italian govern-
ments, refused to yield on this point. Although a Conference resolution
stated that coastal stations were obliged to communicate with all ships,
regardless of their equipment, it was meaningless because the British gov-
ernment refused to enforce it. Little else was accomplished at the Confer-
ence, but it did give the participants an opportunity to discuss the many
legal and regulatory problems caused by the new industry.
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A second Conference held in Berlin in 1906 was more fruitful. The issue
of Marconi’s obligation to communicate with all stations was finally re-
solved against Marconi. Specific regions of the spectrum were allocated for
commercial and military use, and many rules of a technical nature were
adopted. The United States refused to ratify the Treaty that emerged from
the Conference partly because there was strong opposition to international
regulation of “American ether.” A more reasonable objection was the lack
of adequate knowledge of radio wave propagation for setting international
rules.

As the use of wireless continued to grow, the need for increased regula-
tion became pressing. A third Conference was convened in London in 1912.
There, detailed allocations and rules were worked out for low and medium
frequencies, and the Treaty resulting from the Conference was ratified by all
the major countries.

Underlying the 1912 agreement were the principles that the electromag-
netic spectrum is public property, that regulation of its usage is a legitimate
governmental function, and that international agreement is required. These
principles are taken for granted today, but they were often strongly con-
tested in the early days of wireless.

After the London Treaty of 1912 was ratified, the U.S. Congress passed
the Radio Act of 1912. This was still in place when commercial broadcasting
began nine years later. Authority for regulation was vested in the Depart-
ment of Commerce, which received little guidance and few restrictions on
its licensing authority. From the standpoint of broadcasting, the most
significant provisions were as follows:

* Intrastate wireless communication was not regulated.

= Frequencies available for licensing under the Act were those below
187.5 kHz and above 500 kHz.

» Five hundred kHz and 1,000 kHz were reserved as distress fre-
quencies for ships.

» Amateur stations were required to operate above 1,500 kHz. (The
utility of shortwaves for long-distance communications had not yet
been discovered, and these frequencies were judged to have little
commercial value.)

» There were requirements for “pure waves” and “sharp waves”'—
that is, limitations on off-frequency radiation and the rapidity of
damping from spark transmitters. If strictly enforced, these rules
might have placed minor limits on the use of amplitude modulation
(which clearly was not contemplated by Congress).

= The licensing of stations for experimental use was specifically per-
mitted.

= The Act did not specifically contemplate broadcasting, but in 1919
the Commerce Department permitted experimental radiotelephone
stations to operate as “’limited commercial stations.”’
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Commercial Wireless Communications

The Entrepreneurs Marconi’s inventions and demonstrations of wire-
less communications stimulated the formation of several entrepreneurial
companies in Europe and the United States to exploit this exciting new
medium. Their evolution followed a strikingly similar pattern. An inventor
developed a new product or system, conceived a practical application for it,
found financial support from private investors or by selling stock to the
public, and formed a business. Thus he played a dual role as inventor and
entrepreneur. The major participants in this new industry were Marconi in
England, Slaby-Arco in Germany, and De Forest and Fessenden in the
United States.

Marconi Marconi had pioneered the technology of wireless, and his
family had pioneered the business. They were good businesspeople, and
they managed the company (the Marconi Wireless Company) wisely. It
concentrated on telegraphy and was not diverted by attempts to establish a
telephone service. After a few difficult start-up years, the company became
profitable.

Guglielmo Marconi’s family recognized that his unique talents lay not in
administration but in technology and in the conception of profitable uses of
wireless for industry, government, and the general public. They employed
competent administrators to manage the day-to-day affairs of the business,
thus allowing Marconi to devote his time to the functions for which he was
so eminently qualified.

Marconi realized from the outset that over-water transmission was the
best market for wireless communications. There was no competition from
wire circuits in ship-to-shore or ship-to-ship traffic. There was competition
from cable for transoceanic circuits, but cable was expensive and its avail-
ability limited. Further, by a happy chance of nature, radio waves travel
farther over water than they do over land owing to the high conductivity of
seawater.

To serve this market, Marconi offered leased systems that included a
communications service from shore stations and equipment for ship
stations. In part this was a strategy born of necessity because Marconi found
it difficult to persuade shipowners and other customers to make the large
capital investment required for transmitting and receiving stations. But it
also had a side effect that benefited the company for a few years.

By controlling the complete system, the company was able to establish a
near monopoly. Its operators were forbidden to communicate with stations
equipped with non-Marconi equipment. And since it had installed the most
extensive network of shore stations throughout the British Empire and in
the United States, ships and shore stations with other equipment found it
difficult to communicate. This created tremendous resentment in other
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countries. The Germans were infuriated in 1902 when Marconi stations
refused to communicate with the Deutschland, a German warship carrying
the kaiser’s brother on a goodwill trip to the United States. And, of course,
there was the issue of safety-of-life at sea. It would have been inhumane to
refuse to communicate with a ship in distress. As described earlier, the issue
came to a head at the Berlin Conference of 1906 where Marconi’s policy was
forbidden by international agreement.

By 1906, however, Marconi had a large head start on its competitors, and
it remained the dominant international wireless company until the end of
World War 1. Its start-up costs were high, and it did not turn a profit until
1910, but thereafter it was highly successful. Its most famous feat was its
communication with the liner Titanic in 1912 when the ship struck an
iceberg and sank, resulting on the loss of 1,517 lives. For many years, it was
widely reported that the messages were received by David Sarnoff, then an
employee of Marconi, at its station at the Wanamaker store in New York.
Subsequent research’ has shown that Sarnoff’s role was exaggerated and
that the primary traffic from the disaster scene was through the Marconi
station at Cape Race, Newfoundland.

Marconi eventually became conservative in his approach to new technol-
ogies. He was reluctant to abandon the spark transmitter with its damped
oscillations in favor of continuous waves. He was equally reluctant to adopt
the Alexanderson alternator, and he contributed very little to radiotel-
ephony. But his role as the original pioneer of wireless communications is
unchallenged. In recognition of this, he received the Nobel Prize in physics
in 1909.

De Forest Lee De Forest (Figure 1-11) was a gifted engineer, and he
had visions for the uses of wireless that went beyond point-to-point com-
munications. His entrepreneurial ventures in communications repeatedly
failed, however, and he made and lost three modest fortunes. He was not a
good administrator, his ethical and moral standards were elastic and those
of his associates even worse, and he made the mistake of attempting radio
broadcasting too early.

He founded the American De Forest Wireless Telegraph Company in
1901 and eventually found a backer, Abraham White. White was more
interested in selling stock to the public, often fraudulently, than in manag-
ing the business, and De Forest, happy to share in the proceeds, did not
object. A 1902 entry in his diary reads: “Soon, we believe, the suckers will
begin to bite. Fine fishing weather, now that the oil fields have played out.
‘Wireless’ is the bait to use at present."8 For a time, White was successful,
and De Forest was temporarily well off.

7 Kenneth Bilby, The General (New York: Harper & Row, 1986).
% De Forest, Diary, February 9, 1902
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Courtesy Smithsonian Institution, with permission.

B Figure 1-11 Lee De Forest and an early radiotelephone (c. 1910).

The company offered both communications services and equipment. It
promoted its services heavily, and it achieved some successes, including the
use of its equipment by the press in the Russo-Japanese War. Soon,
however, its sins and weaknesses caught up with it. The company was not
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profitable, and, when Fessenden won a major judgment against it for patent
infringement in 1906, White resigned, leaving De Forest with a company
that was virtually bankrupt. Meanwhile, De Forest had continued with his
inventions, and it was during that low point in his fortunes that he invented
the triode.

De Forest soon tried to go into business again, but this time he had a new
idea—radio broadcasting. He was probably the first to consider seriously
the use of wireless for transmitting programs directly to the general public.
In 1907, he formed the Radio-Telephone Company to engage in an elemen-
tary form of radio broadcasting. Through the French connections of his
wife’s family, he was able to lease the Eiffel Tower to mount an antenna fora
broadcast of phonograph music in 1908. Later, he carried out a series of
broadcasts from the Metropolitan Life Insurance Tower in New York.

The Radio-Telephone Company went bankrupt in 1909, but De Forest
soon formed North American Wireless. In 1910, he attempted a live broad-
cast from the stage of the Metropolitan Opera House in New York, a
performance of Pagliacci with Caruso in the leading role, in an effort to sell
stock in North American Wireless. The stock sale was unsuccessful, and De
Forest was forced to become a salaried employee of the Federal Telegraph
Company. In 1915, he tried broadcasting once again, this time to an audi-
ence of enthusiastic radio amateurs. This effort came to an end when the
United States entered World War I in 1917 and amateurs were required to
cease operations.

From a commercial standpoint, all De Forest’s attempts as a broadcaster
failed and for the same reasons. He was not a good businessman, and he did
not have a clear idea of how to derive revenue from the business. He was
often more interested in promoting the sale of stock to the public than in
creating a sound business—he very nearly went to prison in 1912 for
fraudulent practices in selling stock of the Radio-Telephone Company. But
the most important reason was that neither the spark transmitter nor the
Alexanderson alternator was capable of producing a signal that even ap-
proached broadcast quality. De Forest was simply ahead of his time.

Fessenden Fessenden'’s life was comparatively short (1866-1932), but
it was bewilderingly complex. He was born in Canada and taught at
Bishop’s College and in Bermuda. In 1886, he came to the United States to
work in Edison’s laboratory but was laid off in a reorganization in 1890. For
the next ten years, he taught electrical engineering at Purdue and the
University of Pittsburgh, was a consultant to Westinghouse, and worked
for the Weather Bureau to establish a system of wireless communications for
weather reporting.

While working for the Weather Bureau, he made his most important
contribution to wireless, and ultimately to broadcast, technology. He dis-
covered the superiority of continuous waves (CW) to the damped oscilla-
tions that were the natural output of spark transmitters.
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In 1902, he resigned from the Weather Bureau to form his own company,
the National Electric Signalling Company (NESCO) with the backing of two
Pittsburgh businessmen. The Company survived for ten years, but it ulti-
mately failed as a result of mismanagement and the inability of Fessenden
and his backers to agree on a consistent business strategy.

NESCO was primarily a radiotelegraph company, but Fessenden experi-
mented with radiotelephony and broadcasting. In 1906, using an Alexan-
derson alternator, he transmitted voice and music from his station in Brant
Rock, Massachusetts, to nearby ships—perhaps the first radio broadcast.
But like De Forest, he was unable to develop a transmitter that would
produce a signal even approaching broadcast quality. NESCO was eventu-
ally forced to declare bankruptcy, and Fessenden lost control of the patents
he had assigned to it.

Fessenden'’s final years were sad. He became bitter over the loss of his
patents and distrustful of others almost to the point of paranoia. He died
believing that he had been cheated of both money and recognition.

AT&T and the Radiotelephone AT&T'’s attitude toward wireless com-
munications was initially ambivalent. Telegraphy was competitive with its
telephone system, and wireless was competitive with its wired system. In
addition, there were sincere doubts as to the quality of radiotelephony. But
AT&T, with its desire to monopolize voice communications, could not risk
being left out if radiotelephony became practical. It would break AT&T’s
telephone monopoly, and it might force it to break its policy of nonintercon-
nection with other systems, a policy it followed as zealously as did Marconi
(and with more success).

Accordingly, AT&T followed developments in radiotelephony closely
and engaged in research in its own laboratory. After its successful develop-
ment of a radiotelephone apparatus in 1915, it added a radiotelephone
service to its system, mainly for communication with ships at sea and with
remote areas that were not yet wired.

Naval Wireless Communications

Early History With the unique ability of wireless to communicate with
ships at sea, one would have expected the U.S. Navy to embrace it immedi-
ately and enthusiastically. In fact, the Navy did embrace it but only slowly
and reluctantly. The officer corps was conservative and reluctant to try a
new and untested system. Ship captains resisted the weakening of the
absolute authority they had enjoyed while at sea and out of touch with their
superiors. And the performance of wireless systems was marginal at first.

There also were problems in procuring complex technical systems (which
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continue to plague the military). Ideally, each component of the system is
procured by competitive bidding on the basis of detailed specifications. In
theory, each bidder offers the same product, and the only variables are price
and delivery. But what if a supplier offers a superior system thatis protected
by patents? And what if individual components of other systems are incom-
patible? How, then, does the buyer obtain a competitive price for the
superior system or even components of it when only one supplier can
submit a responsive bid?

In spite of these difficulties, the advantages of wireless systems were so
obvious that the Navy proceeded to investigate them seriously. Marconi
demonstrated his equipment to the Navy in 1899. The demonstration
was so successful that the Navy wished to buy an initial test system, but
Marconi’s terms were so onerous that it could not accept them. It was
sufficiently impressed, however, that it investigated wireless equipment
manufactured by other European manufacturers and by Fessenden and
purchased some experimental equipment from them.

In 1904, President Theodore Roosevelt established the Interdepartmental
Board of Wireless Telegraphy to study the problems that had arisen in
connection with the operation of wireless systems by the government.
Among these were the relationship of the government to commercial com-
munications companies; the responsibilities of the different government
departments; the rights to the ether, or the electromagnetic spectrum; and
the rights of inventors.

The Board’s report was a clear victory for the Navy. It was given respon-
sibility for all the government’s coastal stations. Further, the claim of
Marconi and other commercial companies to special rights to spectrum was
denied, and the government was given preemptive rights. Most of these
recommendations were later codified in the international conferences in
Berlin in 1906 and London in 1912.

With these policy issues settled, the construction of shore stations and
ship installations proceeded more rapidly, although still haphazardly.
Communications was not looked upon as the road to high rank by the
professional naval officer corps, and it did not attract its most ambitious
members. The ship’s radio officer was usually an ensign. Thus, at the
outbreak of World War I, the vital importance of wireless communications
was just beginning to be realized.

World War | World War I was a proving ground for the military use of
radio, and it provided a portent of the explosion in electronic technology
that would occur in World War II twenty-five years later. Senior military
officers, both Army and Navy, came to realize that radio communications
would play an indispensable role in future warfare. The war also accelerated
technical development, particularly of the electron tube and its associated
circuitry.
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The Amateurs

A history of broadcasting technology must include a recognition of the
major contributions of radio amateurs. The number of licensed amateurs in
the prebroadcast years was not great—about six thousand in 1920—but
there were many more unlicensed ones, and no license was required to
operate a receiver. They formed a ready-made and enthusiastic audience for
early broadcasters; it was estimated that there were more than three hun-
dred thousand listeners to the broadcast of the Dempsey—Carpentier fight
in 1921, many of them amateurs.

Amateurs also constituted a pool of experienced engineers and techni-
cians who enthusiastically served the armed forces during World War 1.
After the war, they gave invaluable support to the growth of broadcasting,
which owes much to their knowledge and dedication.

Many felt that the amateurs had been shortchanged when they were
allocated only the frequencies above 1,500 kHz in the Radio act of 1912.
These frequencies were thought to be worthless because of their limited
ground-wave range.

The attitude of the professionals toward shortwaves was illustrated by an
anecdote in Paul Wright's best-selling account of the British intelligence
services.” In 1920, Wright's father was employed as an engineer by Marconi
Wireless, and he persuaded Marconi to authorize the construction of a
shortwave communication link from England to Australia. During a trip to
New York, the elder Wright described his plan to David Sarnoff, then the
general manager of American Marconi. Sarnoff expressed deep skepticism
that it would work, and he told Wright, “"You can kick my ass all the way
down Broadway if it does.” It did work, and the younger Wright reported,
"My father’s only regret was that he never took the opportunity to kick
Sarnoff ‘s ass all the way down Broadway!”

The amateurs made a virtue of necessity and discovered the potential of
sky-wave transmission for long-distance communications in the shortwave
portion of the spectrum, a capability that is still used for international
broadcasting.

The Professionals

While the amateurs were making important contributions to radio tech-
nology, it was being brought to full fruition by a group of able and dedicated
professional radio engineers. Radio engineering was initially regarded
somewhat contemptuously by the members of electrical engineering facul-

* Paul Wright, Spy Catcher (New York: Dell Publishing, 1987).



THE ORIGINS OF RADIO AND TELEVISION TECHNOLOGY B 53

ties who believed it to be a more appropriate subject for technicians. But
radio engineers of international renown, such as John Morecroft and
Michael Pupin at Columbia and G.W. Pierce at Harvard, soon gave the
profession solid respectability.

The Institute of Radio Engineers (IRE), a professional engineering soci-
ety, was founded in 1912, and its Proceedings provided a means of dissemi-
nating information about new developments and discoveries to its mem-
bers. Its pages became an archive of technical progress."’

B THE FOUNDING OF RCA AND ITS AFTERMATH

The Founding of RCA

During World War I, the U.S. Navy became concerned because Marconi
and the British had a virtual monopoly of the United States’ foreign wireless
traffic. At the outbreak of the war, all the radio transmitting stations in the
United States with sufficient power for transatlantic communications were
owned by foreign interests—three by the American Marconi Company and
two by subsidiaries of German companies, Telefunken and HOMAG. To
maintain its neutrality, the United States assumed a degree of control over
these stations to prevent them from being used for espionage.

When the United States entered the war, the German stations were
seized as enemy property, and Marconi’s stations were placed under the
control of the Navy. But the Navy still chafed at having to depend on a
foreign-owned company, even though a friendly one, for its international
radio communications. In addition, Marconi had not made many friends in
the government with its arrogance and intransigence in exploiting its near
monopoly.

The issue came to a head at the war’s end when GE advised the govern-
ment that it was preparing to fill the order for Alexanderson alternators that
American Marconi had placed before the war. The secretary of the Navy,
Josephus Daniels (remembered in naval circles for forbidding the consump-
tion of alcoholic beverages on board ship), was furious that this result of
American technology was going to a foreign company. He communicated
with President Wilson, who was in Europe having his own troubles with
the British at the peace negotiations. Wilson immediately decided that the
order for the alternators must be canceled. Franklin D. Roosevelt, Assistant

10 The first issue of the Proceedings of the IRE was published on January 1, 1913. The
following articles appeared in this issue; M. Pupin, "Experimental Tests of the Radiation Laws
of Antennas”; S.M. Hills, “High Tension Insulators for Radio Communications”’; L. De Forest,
Recent Developments at Federal Telegraph”; A.E. Kennelly, “Daylight Effects in Radio
Telegraphy.”
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Secretary of the Navy, then convened a historic meeting of Rear Admiral
Bullard, the director of Naval Commuications; Commander Hooper, one of
the Navy’s pioneers in the use of radio; and Owen D. Young, GE'’s general
counsel. From this meeting, a radical plan emerged.

It was proposed that a new company be formed as a subdidiary of GE. It
would buy out the stock of American Marconi and operate an international
communications company under American ownership. The plan was ap-
proved by the U.S. government and the GE board of directors with amazing
speed, and it remained only to negotiate the terms with Marconi.

Marconi, probably sensing the inevitable, negotiated in a cooperative
fashion. Within three months, the deal was struck, and GE's subsidiary,
named the Radio Corporation of America (RCA), bought American Marconi
for $3.5 million. Most of its staff, including its president, Edward J. Nally,
and its commercial manager, David Sarnoff, came with it.

RCA’s Charter

Soon after the sale was consummated, an internal dispute arose over the
new company’s fundamental strategy. Nally’s interest was international
radiotelegraphy. He believed that this was RCA’s charter, and he proposed
that RCA remain strictly a radiotelegraph company. With his broad experi-
ence in dealing with foreign companies (including his former employer), he
was successful in the critical task of arranging contracts with “correspon-
dents,” companies in foreign countries that handled the overseas terminals
of communications circuits. The business showed promise of prospering,
and he saw a bright future for it.

There was, however, another faction led by Sarnoff who felt that this was
far too limited a vision for the new company. Sarnoff proposed, in his
famous “radio music box” memorandum in 1915, that its horizons be
broadened to include manufacturing, radiotelephony, and broadcasting.
Sarnoff found an eager ally in Young, who sold Sarnoff s proposal to the GE
board.

The RCA Patent Pool

RCA’s broader charter soon caused serious patent problems. Certain key
patents necessary for the manufacture of broadcasting equipment were
owned by Westinghouse, AT&T, and to a lesser extent United Fruit. This
created an impasse because none of the companies owned sufficient patents
to manufacture radio receivers or equipment without infringing on others.

Owen D. Young, general counsel of GE and chairman of RCA and a
powerful figure at GE who would soon become its chairman, believed “If
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you can’t lick ‘em, join ‘em.” He commissioned Sarnoff to make AT&T and
Westinghouse an offer they couldn’t refuse—RCA stock in return for their
patents, which would be placed in a common pool. The negotiations
proceeded swiftly, and agreements were reached with AT&T in july 1920
and with Westinghouse and United Fruit in March 1921. At the conclusion
of the negotiations, the ownership of RCA was as follows:

Company Percent  Key Patents

General Electric 30.1 Marconi’s wireless patents

Westinghouse 20.6 Armstrong’s regenerative detector and
oscillator

AT&T 10.3 De Forest’s audion

United Fruit 4.1 Loop antenna, crystal detector

Public 34.9

The ‘““Radio Trust”

The agreement among the companies broke the patent impasse, but it
went far beyond the patent pool—it was in fact a trust. It was agreed that
AT&T would manufacture radio transmitters. GE and Westinghouse would
manufacture receivers but with predetermined market shares—60 percent
for GE and 40 percent for Westinghouse. RCA would continue to operate
the international telegraph business inherited from Marconi and would act
as sales agent for GE and Westinghouse receivers. With the trust’s lock on
all the essential patents, no one else could legally manufacture radio receiv-
ers or equipment.

The manufacturing agreement could not last. It was a per se violation of
the antitrust laws, and it was soon attacked on those grounds. But it was
also a bad business arrangement. A successful business requires the unified
direction of a single organization. The trust attempted to manage its affairs
with a clumsy committee structure, but it was doomed to failure, although it
did survive for a few years.

B SUMMARY

As the world entered the 1920s, the chain of technologies required for radio
broadcasting was complete.

» The basic laws of electricity and electromagnetism were known and
understood.

» The propagation characteristics of long-wave and medium-wave
radiation had been determined.
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= The means for generating AM radio signals for radiotelephone
systems had been developed, as had microphones and loud-
speakers.

* The basic laws of sound and hearing had been determined, and
primitive but workable transmitting and receiving equipment had
been developed.

* The patent impasse had been solved, albeit with an agreement that
was later judged to be illegal.

* It now remained for men of vision to apply these technologies to
practical broadcasting systems.
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B AN OVERVIEW

Radio broadcasting ranks with electricity, the telephone, the automobile,
and indoor plumbing when measured by its impact on American life. It
captured the imagination of the American public and created an atmo-
sphere of excitement that touched everyone.

For technicians and engineers, there was the excitement of a remarkable
new technology. For entrepreneurs, there was the excitement of a profitable
new business opportunity. For educators, there was the excitement of a
new medium for the wider dissemination of culture and learning. For
performers, there was the excitement of a glamorous outlet for their talents.
For advertisers, there was the excitement of a new medium for reaching the
buying public. And for the public, there was the excitement of an endless
source of news and entertainment brought directly into the home. Radio
receivers, with their glowing tubes and odor of hot Bakelite, seemed almost
alive as they brought in distant voices and music. For everyone who was
involved in this new industry in the 1920s and 1930s, it was a never-to-be-
forgotten experience.

AM radio broadcasting has prospered for nearly seven decades from its
beginning in 1920 until the present time. With the help of advances in
technology, it has been an exceedingly resilient medium, and it has contin-
ued to prosper in spite of wars, depressions, and competition from tele-
vision.

The Growth of the AM Broadcasting Station Population

One measure of the size of the AM broadcasting industry is the number
of stations on the air (Figure 2-1). The attraction of radio broadcasting as a
business and communication medium was so great that the number of
on-air stations rose to more than seven hundred shortly after the first
broadcasts in 1920. Since there was no effective instrument for technical
regulation at the time, anarchy soon prevailed. Interfaces between stations
was so severe that the number of stations remained essentially constant for
a number of years.

57
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B Figure 2-1 The growth of on-air AM radio stations, 1920-1988.

In 1927, the Federal Radio Commission (FRC) was established with the
authority to assign powers and frequencies in a manner that would mini-
mize interference. In the short term, this caused a small drop in the number
of stations as the FRC thinned their ranks, but the establishment of a policy
for frequency assignments laid the groundwork for major increases in fu-
ture years.

In 1934, the Federal Communications Commission (FCC) was estab-
lished to replace the FRC. Its attention was focused primarily on nontechni-
cal issues such as programming, but its engineering department expanded
and improved the rules for frequency assignment that had been established
by its predecessor.

The meteoric growth in the number of AM stations at the end of World
War I, inspired by the profitability of the older stations, was made possible
by the introduction of the directional antenna in the late 1930s. This key
technical development permitted many more stations to coexist on the same
channel with a level of interference judged to be tolerable.

The Growth in Radio Time Sales

Advertising time sales are another measure of the radio broadcasting
industry’s size (Figure 2-2). Even after adjustment for inflation, the growth
rate shown in Figure 2-2 is impressive. Although radio has been oversha-
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B Figure 2-2 Radio time sales, 1935-1985. (These data were compiled by
the FCC, which terminated the service at the end of 1979. FM station sales
(minor) are included through 1960. After 1960, the sales of AM/FM stations
are included.) National spot sales are made by broadcast stations to
companies that advertise on a national basis—for example, soap
manufacturers. Rates for national advertisers are higher than for companies
that advertise only locally.

dowed in recent years by television, it continues to be one of the most
cost-effective means of reaching the buying public.

The Heyday and Decline of the Networks

The shift in the mix from network sales to local sales is as impressive as
their overall growth. Prior to and during World War II, the networks domi-
nated broadcasting. Network time sales constituted more than 40 percent of
the total, while revenues from local advertising constituted less than 30
percent. With the advent of television in 1947, network advertisers began
moving to the new medium, and radio network sales declined rapidly after
1951. By 1956, network time sales were less than 10 percent of the total,
while local sales had risen to 60 percent.

Radio broadcasting had become so dependent on the networks that for a
time their decline threatened radio’s future. Fortunately, the resourceful-
ness of the free enterprise system prevented this.

In response to the loss of network income from the plush national ac-
counts, radio stations adopted drastic cost-reduction measures, many of
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them made possible by advances in technology. Broadcasting station equip-
ment became simpler and more reliable, thus permitting reductions in
technical staffs. With the introduction of magnetic tape recording and long-
playing (LP) records, along with the increased use of older 78-rpm records,
stations were able to switch almost entirely from live to recorded programs
and announcements. New control equipment made it possible for an an-
nouncer to play recordings, put commercial announcements on the air, and
adjust signal levels—functions that had once required a staff of highly paid
technicians.

Stations also reduced costs by specialization. They are now quasi-
officially classified by their primary programming format, such as Country
or Classical.

The cost-reduction efforts were successful. Based on reports to the FCC,
in 1946, the average annual operating expense of all radio stations was
$240,000. By 1956, it had dropped to $145,000in spite of inflation, which had
reduced the value of the dollar by more than one-half.

Advances in receiver technology also were effective. The miniaturization
of portable receivers, first by improved electron tubes and then by transis-
tors, created a whole new audience in automobiles and outside the home.

In addition, innovative programming formats were required to appeal to
listeners who were away from their television sets. The industry rose to the
challenge, and total radio advertising revenues continued to rise, even as
the networks’ sales were declining.

AM Radio Broadcasting Today

While radio broadcasting was prospering in total, AM broadcasting was
losing a major part of its market share to FM because of its technical
deficiencies. The coverage areas of most AM stations are severely reduced at
night by “monkey chatter,” interference from stations on the same fre-
quency. Interference from adjacent stations on adjacent channels also is a
serious problem in many locations. The bandwidth of AM channels is not
sufficient for high-fidelity service, and there is a wide variation in the
daytime coverage of AM stations depending on the power, soil conduc-
tivity, and frequency.

Some of these deficiencies can be alleviated by technical advances and
improved channel assignment policies, but none of them can be totally
corrected. This does not mean that AM will die, however, because it also
has significant advantages over FM that are important in some situations. It
provides the only coverage of many rural areas, and in densely populated
areas there are not enough FM channels to meet the demand. As a result,
AM radio continues to play an important though secondary role in radio
broadcasting.
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B PIONEERING, 1920-1926

The First Broadcasts

Where and when was the first radio broadcast? And who was the first
radio broadcaster? Credit for this accomplishment has customarily gone to
Westinghouse station KDKA in Pittsburgh for its broadcast of the Harding-
Cox presidential election returns on November 2, 1920.

The idea for the broadcast had been developed by Frank Conrad, a
Westinghouse engineer who was also an enthusiastic radio amateur, and
Henry P. Davis, a Westinghouse vice president. As a hobby, Conrad had
been transmitting opera music and announcing its source over his amateur
station. To his surprise, he received a deluge of letters from fellow amateurs
acknowledging that they had heard his transmissions. Davis, after learning
of the response to Conrad’s programs, concluded that regularly scheduled
broadcasts would stimulate the sale of Westinghouse amateur receivers. He
obtained a license from the Department of Commerce to operate an experi-
mental station on 833 kHz, a frequency below the bands allocated for
amateur use, and he gave Conrad corporate financial support to build and
operate a station at the Westinghouse plant. The broadcast of the election
returns was heavily promoted in the newspapers, and thousands of ama-
teurs were able to receive it.

KDKA's claim to have achieved the first broadcast has been challenged,
however. There were many earlier radio transmissions intended for a group
of listeners rather than a single receiving terminal. For example, there was
Fessenden'’s broadcast to ships at sea from his Brant Rock station in 1906
and De Forest’s broadcast from the Eiffel Tower in 1908. The 1920 election
returns also were broadcast from an amateur station, 8MK (soon to become
broadcasting station WWJ), installed at the Detroit News. And David Sarnoff
preceded Davis in conceiving the potential of radio to reach a mass audience
for commercial purposes.

Sarnoff ‘s concept was expressed in 1915 when he was commercial man-
ager of American Marconi. He wrote its president, Edward ]. Nally, the
famed ""Music Box”” memo:

I have in mind a plan of development that would make radio a household
utility in the same sense as the piano or phonograph. The idea is to bring
music into the house by wireless.

While this has been tried in the past by wires, it has been a failure. . . .
With radio, however, it would seem to be entirely feasible. . . . The problem
of transmitting music has already been solved in principle, and therefore all
the receivers attuned to the transmitting wave length should be capable of
receiving such music. The receiver can be designed in the form of a “Radio
Music Box’’ and arranged for several different wavelengths, which should be
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changeable with the throwing of a single switch or the pressing of a single
button.

The "“Radio Music Box” can be supplied with amplifying tubes and a
loudspeaking telephone, all of which can be neatly mounted in one box. The

box can be placed on a table in the parlor or living room. . . . There should be
no difficulty in receiving music perfectly when transmitted within a radius of
25 to 50 miles.’

Nevertheless, a good case can be made for KDKA’s claim of priority.
KDKA was one of the first stations to use electron tube technology to
generate the transmitted signal and hence to have what could be described
as broadcast quality. It was the first broadcast to have a well-defined com-
mercial purpose—it was not a hobby or a publicity stunt. It was the first
broadcast station to be licensed on a frequency outside the amateur bands.
Most significantly, it was the direct ancestor of modern broadcasting. By
contrast, the broadcasts of De Forest and Fessenden used dead-end technol-
ogy such as the spark transmitter, and they can best be described as collat-
eral ancestors.

The success of the initial KDKA broadcast gave Davis a tremendous boost
in the Westinghouse executive suite. He quickly obtained licenses for three
more stations, WJZ (now WABC) in New York, WGZ in Springfield, Massa-
chusetts (now in Boston), and KYW in Chicago (now in Philadelphia). A
Westinghouse broadcast division was created with Davis as its manager. He
brought showmanship to its programming, as the first KYW broadcast was
from the Chicago Opera House, featuring the renowned soprano Mary
Garden. He began to emphasize the broadcasting of live programs rather
than recordings, and the number of listeners grew rapidly.

Westinghouse’s success placed Sarnoff in a difficult position. It was his
vision that RCA would be the leader in both the broadcasting and manufac-
turing aspects of the radio industry. He had foreseen the potential of
broadcasting earlier than Davis with his “Music Box” memorandum (al-
though Davis was not aware of it). But now Westinghouse, a part owner of
RCA, was aggressively moving ahead of it as a broadcaster.

Sarnoff’s ability to lead RCA in an attack on its competitors (particularly
when a competitor was a part owner) was limited by his position in the
corporate hierarchy. At the time, he was only the commercial manager of
RCA, and its president, Edward J. Nally, was not enthusiastic about his
desire to expand its business beyond radiotelegraphy. Sarnoff, therefore,
decided to go over his boss’s head and appeal to Owen D. Young, RCA’s
chairman. He arranged a private dinner meeting with Young in which he

! Kenneth Bilby, The General (New York: Harper & Row, 1986), 39.
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reiterated his plans and aspirations for the company. It was a masterful
presentation, and Young agreed to support him. He also promoted him to
general manager. With Young’s backing, Sarnoff had the corporate clout he
needed to proceed with his plans.

Sarnoff’s first move was a dramatic public relations feat that diverted the
public’s attention from Westinghouse. He borrowed a transmitter from GE
and used it to broadcast the Dempsey-Carpentier world heavyweight
championship fight on July 2, 1921. It was an extremely hot day, and both
the fight and the transmitter lasted only four rounds. Dempsey knocked out
Carpentier, and the transmitter failed simultaneously from the heat. Never-
theless, the broadcast was a huge success, and more than 300,000 people
were estimated to have listened, mostly with amateur receivers. It received
widespread publicity in the newspapers, and henceforth there could be no
doubt that the radio broadcasting industry had been born, with RCA as one
of its leaders.

The First Broadcasting Stations

Westinghouse and RCA were not alone in noting the success of the
KDKA and Dempsey—Carpentier broadcasts. During the following months,
there was a rash of requests for station licenses. In response to these
requests, the Department of Commerce recognized broadcasting stations as
a distinct class and began licensing them on a single frequency, 833 kHz. By
the end of 1921, twenty-eight stations had been granted licenses, and nine
of them were on the air. Four of these were Westinghouse stations.

Present Call Letters City

WABC (formerly WJZ)  New York City

KYw Chicago (now Philadelphia)
WBZ Springfield/Boston

KDKA Pittsburgh

KQV Pittsburgh

WJAS Pittsburgh

WW] Detroit

KNX Los Angeles

KCBS San Francisco

The rush for station licenses accelerated, and 430 more were issued
during the first seven months of 1922—all on the single frequency of
833 kHz. The Radio Act of 1912 did not give the Department of Commerce
the authority to deny a license to a U.S. citizen, and stations were left to
solve the mutual interference problem among themselves.
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Chaos in the Airways and Early Attempts at Regulation

Interference became so severe that there was a return of the chaos that
had characterized the early years of wireless. The interference problems of
point-to-point communications had been largely solved by the Berlin and
London treaties and the Radio Act of 1912, but the voracious spectrum
requirements of broadcasting had not been anticipated.

At first, stations tried to solve the problem by making cooperative time-
sharing agreements. Some followed a practice of doubtful legality and used
a channel at 619 kHz that had been allocated for government weather and
crop reports. But these provided only temporary relief, and they soon
proved to be inadequate as the number of stations continued to increase.

The Department of Commerce and its secretary, Herbert Hoover, did the
best they could within the limitations of the Radio Act of 1912 to cope with
this situation. The department convened National Radio Conferences in
Washington each year from 1922 to 1925. At the 1922 conference, an addi-
tional channel, 750 kHz, was assigned for broadcasting. Stations operating
on that channel were required to operate with a minimum power of 500
watts and a maximum power of 1,000 watts and to broadcast live—that is,
they could not use phonograph records. Stations wishing to operate at a
lower power were required to remain at 833 kHz, which became much more
crowded.

The number of stations continued to grow. In 1922, the department ran
out of three-letter combinations for station calls and began to assign four
letters. It soon became clear that the two channels were inadequate to meet
the demand. The 1923 conference took the epochal step of allocating the
entire band of frequencies from 550 kHz to 1,350 kHz for broadcasting. The
1924 conference extended the band further to 1,500 kHz. These conferences
also established classes of stations: high power with a maximum of 5,000
watts, medium power at 500 watts, and low power at 100 watts. The low-power
stations all operated on 833 kHz. These three classes were the precursors of
the clear, regional, and local channels later established by the FRC.

With the Department’s limited ability to assign the operating frequencies
of stations, not even the nearly 1,000 kHz allocated for broadcasting in 1923
and 1924 was sufficient to accommodate the growing demand for licenses.
By 1925, more than seven hundred stations were on the air, and the interfer-
ence problem was becoming steadily worse. At the 1925 conference, Secre-
tary Hoover decreed that no more licenses would be issued.

Unfortunately, all these efforts to solve the interference problem were
made ineffective by a court decision in 1925. The secretary of commerce
sued the Zenith Radio Corporation to force its station, WJAZ in Chicago, to
comply with the frequency and power specified in its license. A federal
court, taking a narrow legalistic position, ruled that since the 1912 act did
not specify the criteria by which the Department of Commerce should
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exercise its ““discretion” in specifying a station’s power and frequency, it
could not preempt this power by administrative rulings. Accordingly, the
court said, the Department did not have the authcrity to regulate either the
power or the frequency of broadcasting stations. After this ruling, the chaos
progressed from serious to intolerable, and necessity forced Congress to
pass the Radio Act of 1927. This Act established the FRC and gave it the
necessary authority to regulate the technical operation of the stations. The
FRC, to be described later, laid the groundwork for the current technical
regulation of radio broadcasting.

The Economic Basis of Broadcasting

It is appropriate to ask why neither De Forest nor Fessenden was able to
establish a profitable business in broadcasting, a service for which such a
strong public demand was demonstrated in 1921 and 1922. The primary
reason was technical. Neither the spark transmitter nor the Alexanderson
alternator was capable of producing an on-air signal of satisfactory quality.
Their broadcasts were of interest to amateurs as a technical feat, but the
quality was not good enough to serve as entertainment for the general
public.

In addition, neither De Forest nor Fessenden was able to perceive a
means of making broadcasting pay. Once electron tube transmitters became
available, it was necessary for the broadcasting pioneers to turn their atten-
tion to the problem of obtaining financial support. There were four principal
possibilities:

1. The broadcasting system could be owned and operated by the
government with funds derived from taxation or receiver license
fees.

2. Stations could derive their financial support from the sale of adver-
tising.

3. Colleges and universities could operate the stations as part of their
overall educational mission.

4. Radio receiver manufacturers could operate stations in order to
provide programming availability as an incentive for the purchase
of sets.

The first and second possibilities represent opposite extremes of political
ideology. The advocates of government ownership argued that the radio
spectrum is a valuable resource owned by all the people and that it should
not be used by private enterprise for private profit. The advocates of adver-
tising as the basis of financial support argued that the incentive for high
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ratings in a laissez-faire system is the best assurance that broadcasters will
give the public what it wants.

In Europe, public ownership won the day, and most European systems
are owned and operated by quasi-governmental organizations such as the
British Broadcasting Corporation (BBC) in England. Quasi-governmental
ownership also developed in the United States as an extension of educa-
tional broadcasting. Today more than thirteen hundred public radio
stations, most of them FM, are on the air.

At first, the broadcast of advertisements was not viewed with much
enthusiasm. A number of influential radio pioneers, including Sarnoff,
objected to it on the basis that it was “unseemly.” Secretary of Commerce
Hoover stated that broadcasting advertisements was “unthinkable.” But
advertising rapidly became and continues to be the principal economic basis
of radio broadcasting in the United States. Broadcasting does not enjoy the
same degree of freedom from governmental regulation as other advertiser-
supported media such as newspapers and magazines, but it is essentially a
private for-profit institution.

The concept of manufacturer-supported broadcasting did not survive for
long, although a number of manufacturers became successful broadcasters.
The first commercial message was broadcast over AT&T’s New York
station, WEAF (later owned by NBC and eventually renamed WNBC), on
August 28, 1922. Air time was bought by a local real estate concern to
advertise the availability of apartments in a new development in Jackson
Heights, Long Island. The fee was $50 for a ten-minute commercial. The
advertisement was successful in renting apartments, and from this modest
beginning, the use of radio as an advertising medium grew exponentially.

Early Radio Broadcasting Technology

Early radio broadcasting technology was primitive, but with the twin
incentives of radio’s commercial success and the excitement of new engi-
neering challenges, it developed rapidly. At the end of the pioneering
phase, it had progressed sufficiently to provide a solid basis for the meteoric
growth of radio that followed.

Transmitters and Antennas The maximum transmitter power permit-
ted during the pioneering phase was 5 kilowatts, and most transmitters
were rated at less than 1 kilowatt. They used the modulation method
developed by AT&T for radiotelephony (low-level grid modulation). Their
efficiency was low—Iless than 25 percent—which not only increased the
power bill but also created a problem in dissipating the wasted power. Most
of this appeared as heat on the anode of the final amplifier tube, and water
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cooling was required for higher power transmitters. The anode was im-
mersed in a jacket through which water was circulated to carry away the
heat. Since the anode operated at a high voltage, distilled water (a poor
conductor) and meticulously cleaned ceramic plumbing had to be used.

In spite of these difficulties, early broadcast transmitters were compara-
tively simple devices, and skilled amateurs could and did build them. To
do so, however, they had to purchase tubes covered by patents in the RCA
pool and licensed for use only in amateur equipment.

Transmitting antennas were simple tower structures or long wires strung
betwen poles. The importance of a good grounding system was just being
discovered, and many antennas operated without one. Multitower direc-
tional antennas were not yet in use.

Radio Receivers Radio receiver design went through a major meta-
morphosis during the pioneering period. Some early receivers used a “cat’s
whisker”’ crystal detector with no electron tube amplification. Earphones
were used in place of loudspeakers, and the energy to operate them was
extracted from the radio wave. As expected, a strong signal was required,
and only nearby stations could be received. These receivers were often sold
as kits, and assembling the kits became a favorite occupation of many
teenage boys, who used a cylindrical oatmeal box as the form for the tuning
coil.

Armstrong’s regenerative detector was used in some receivers, but their
appeal to consumers was limited by their tendency to howl when improp-
erly adjusted. The tuned radio frequency (TRF) receiver was a more com-
mon design. This had a number of amplifier stages in cascade, all tuned to
the desired station. To change stations, each stage had to be retuned indi-
vidually and precisely with an array of knobs on the front panel.

The first loudspeakers were essentially telephone-type earpieces
mounted at the throat of a horn that provided acoustic amplification. These
were soon replaced by moving coil speakers, which had far better fidelity
and greater power-handling capacity and are still almost universally used
today.

Early sets were battery operated. An A battery, usually a storage battery,
was used to heat the tubes’ cathodes, a B battery provided the anode
voltage, and a C battery provided a fixed bias voltage for the tubes’ grids. In
the mid-1920s, these designs began to be superseded by receivers equipped
with Armstrong’s superheterodyne circuit (see Chapter 1) and 110-volt
alternating current (AC) power supplies. The superheterodyne circuit made
it possible to tune the set with a single knob and improved its sensitivity.
The AC power supply replaced the inconvenient and costly batteries. These
advancements revolutionized receiver design and were an important factor
in the growth of radio broadcasting during its second phase. Figure 2-3
shows two early radio receivers.
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Courtesy RCA Corporation.

B Figure 2-3 Early radio receivers. The Radiola Il (top), one of RCA's first
commercial models, was marketed in the early 1920s. It used batteries and a
headset, and the TRF circuitry required three tuning knobs. The Radiola 17
(bottom) was marketed in the mid-1920s. It included three major technical
innovations—AC power, a loudspeaker, and superheterodyne circuitry, which
reduced the number of tuning knobs to one.

Many of the technical advances were made possible by major improve-
ments in electron tube technology. One of the most important develop-
ments was the invention of the screen grid tetrode, an electron tube with a
second grid structure mounted between the triode’s control grid and the
anode. It provided an electrical barrier between the tube’s input and output
circuits and greatly increased the amplification that could be achieved with a
single tube.

The 1929 RCA receiving tube catalog provides a snapshot of the status of
electron tube technology as the radio’s pioneering phase came to a close. It
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lists twenty-one tube types—ten triode detector/amplifiers, three tetrode
amplifiers, six triode power amplifiers for driving loudspeakers, and two
diode rectifiers for converting AC to DC (direct current). A representative
sample follows:

Type Description Price

UX-240 High-gain triode detector/amplifier; amplification $2.00
factor = 30

UY-224 High-gain tetrode radio frequency amplifier; $4.00
amplification factor = 400

UX-245 Triode power amplifier; power output = 1.6 watts $3.50

UX-210 Triode power amplifier; power output = 4.0 watts $9.00

UX-280 Double diode, full-wave rectifier $3.00

The prices in this list should be multiplied by more than ten to get an idea of
what the tubes would cost in 1989 dollars.

Calculating Radio Station Coverage The development of a quantita-
tive method for calculating the coverage of radio stations and the mutual
interference between them was a critical requirement for a sound licensing
policy. The basic mechanisms of ground- and sky-wave propagation of
radio waves were understood in 1920 when broadcasting began, but there
were no methods for making quantitative estimates of coverage or intersta-
tion interference. Such methods required the development of a statistical
data base from actual measurements. To fill this need, a number of organi-
zations—the National Bureau of Standards, universities, the military, and
the broadcasters themselves—made extensive measurements of ground
and sky waves. Little by little, a data bank was assembled to provide a rough
guide for the deliberations of the FRC in 1927 and 1928 as it tried to bring
order out of the chaos.

Trouble in the Radio Trust

The controversy surrounding the FRC’s efforts to solve the problem of
frequency assignments was matched by conflict in the commercial world of
radio. Two conflicts were inherent in the structure of RCA.

The first was a basic conflict of interest among its major stockholders—
GE, Westinghouse, and AT&T. Competitive conflicts in the manufacture
and sale of equipment had presumably been resolved (probably illegally) by
share-of-market agreements. But the agreement was silent as to who had
the right to engage in broadcasting. All three stockholders and RCA itself
wished to be broadcasters, and this led to serious disputes.

The other problem was the patent pool. If its terms had been rigidly
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enforced, no one but GE and Westinghouse could have manufactured radio
receivers. In practice, these terms could not be enforced. Their legality
under the antitrust laws was seriously challenged, and they had a gaping
loophole—the exclusion of amateur equipment from the coverage of some
of the patents. For example, when De Forest sold the patent rights for the
triode to AT&T, he retained its rights for use in amateur equipment. It was
not easy to distinguish between receivers built for the public and receivers
built for amateurs, and other manufacturers took advantage of this by
claiming that their receivers were being built for amateurs.

Sarnoff set out to solve these problems in a manner favorable to RCA. He
was determined that RCA should become a broadcaster even though this
would put it in competition with its stockholders. He was equally deter-
mined to prevent the array of receiver manufactuers that had sprung up—
Atwater Kent, Stromberg Carlson, Zenith, and Philco, to name a few—
from using the patents on RCA’s pool. Being smaller and more agile than
the clumsy committee-managed consortium of GE, Westinghouse, and
RCA, these manufacturers were dominating the receiver market, which
was growing at an incredible speed.

AT&T Enters and Leaves Broadcasting

Although Westinghouse was the first of the trust's members to become a
broadcaster, Sarnoff regarded AT&T as his most formidable rival, and
AT&T’s actions gave him ample reason for concern. AT&T argued, with
some justification, that broadcasting was a natural extension of its tele-
phone business. In contrast, Westinghouse and GE were primarily manu-
facturers, and RCA'’s role was supposed to be in radiotelegraphy and the
marketing of receivers.

AT&T obtained a license for a broadcasting station in New York that went
on the air in 1922 as WEAF. It envisaged radio as a toll service similar to the
telephone. Anyone wishing to broadcast a message could do so by leasing
time, just as one would make a long-distance telephone call. (The first radio
commercial was broadcast under this arrangement.) To expand the concept,
AT&T established the precursor of the radio networks, which it described as
a toll network. It consisted of telephone line interconnections to broadcast-
ing stations in other cities so that a customer could lease time in cities other
than New York.

AT&T had a monopoly on telephone service, and for a time it sought to
extend its monopoly to broadcasting. In 1923, A.W. Griswold, an AT&T
vice president, advised its operating companies:

We have been very careful, up to the present time, not to state to the public in
any way, through the press or in any of our talks, that the Bell System desires
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to monopolize broadcasting; but the fact remains that it is a telephone job, that
we can do it better than anyone else, and it seems to me the clear, logical
conclusion must be reached is that sooner or later in one form or another, we
have got to do the job.?

AT&T sensed that its relationship with RCA might be a problem in its
efforts to become a broadcaster, and in 1922 it sold its stock in the company.
Subsequent events have shown that AT&T’s attempt to establish a monop-
oly in broadcasting was bound to fail, as the public would never have
tolerated it. But its failure was hastened by AT&T’s heavy-handed tactics in
dealing with its competitors.

AT&T tried to make use of its right under the RCA patent pool to be the
sole manufacturer of transmitters. There was widespread infringement of
these patents, and by the end of 1922, only thirty-five of the several hun-
dred stations were using transmitters manufactured by Western Electric,
AT&T’s manufacturing arm. AT&T demanded that stations using non-
Western Electric transmitters pay a license fee or be put off the air. In some
cases, it even refused to sell transmitters to broadcasters, suggesting that
they buy time on AT&T'’s stations instead.

AT&T went a step further. When RCA, GE, and Westinghouse an-
nounced a plan to compete with ATé&T with their own toll network, AT&T
refused to lease them the necessary intercity lines. This put AT&T and RCA
on a collision course.

AT&T brought the rivalry to a head by its action in an unrelated matter. It
announced plans to enter the business of receiver manufacturing, using a
Bell Laboratories’ design that allegedly avoided all the patents in the RCA
pool. This gave an infuriated Sarnoff the opportunity to invoke the arbitra-
tion clause in the agreement that had established the patent pool. He
challenged not only AT&T’s right to manufacture receivers but also its right
to engage in broadcasting.

After lengthy hearings, the arbitrator, Ronald W. Boyden, ruled almost
completely in favor of RCA. He found that under the original agreement
between the companies, AT&T was prohibited not only from manufactur-
ing and selling receivers but also from engaging in broadcasting. AT&T was
stunned, and it struck back by obtaining a legal opinion that the entire
agreement (of which it was a part) was illegal on antitrust grounds and
therefore null and void.

At this point, cooler heads prevailed. Neither RCA nor AT&T could go to
court with clean hands concerning an antitrust matter, and AT&T’s new
president, Walter S. Gifford, was more inclined to compromise. He was
convinced that AT&T’s gains from broadcasting were not great enough to
justify the antitrust risks and the adverse publicity it was receiving. Accord-

2 Ibid., 72.
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ingly, Sarnoff and Edgar Bloom, representing the Bell System, engaged in
negotiations to settle the matter out of court.

The outcome of their meetings was virtually a complete capitulation by
AT&T. It agreed to sell WEAF to RCA for $1 million. It also agreed to
discontinue its Washington station, WCAP, and gave up its airtime to the
new RCA station, WRC. In return, RCA agreed to lease AT&T’s toll network
at an annual rate of $1 million. Their agreement, which was signed on July
22,1926, was a complete victory for Sarnoff. RCA was now able to enter the
broadcasting business without fear of competition or harassment from
AT&T.

The Founding of NBC

While Sarnoff was negotiating the AT&T-RCA accord with Bloom, he
was busily engaged in making plans to take over AT&T’s toll network. By
this time, his early opposition to broadcasting advertisements had faded,
and AT&T’s toll network concept evolved in his mind into the network—
affiliate relationship that survives to this day. The result was the formation
of a broadcast radio network to be owned 50 percent by RCA, 30 percent by
GE, and 20 percent by Westinghouse. The new company, named the Na-
tional Broadcasting Company (NBC), was incorporated on September 9,
1926. The network era of radio broadcasting was about to begin.

Receiver Manufacturing and the Patent Pool

The market for radio receivers grew with incredible speed. In 1922, the
second year of broadcasting, the Federal Trade Commission (FTC) reported
that industry sales were $60 million (nearly $1 billion in today’s dollars). But
in spite of its presumed monopoly resulting from its patent position, RCA’s
sales of receivers manufactured by Westinghouse and GE were only
$11 million. The patent protection was not effective, and RCA, dependent
on the bureaucratic managements of two large companies for which radio
was a sideline, found it difficult to compete with smaller companies that
could respond more quickly to new technologies and the demands of the
market.

Competing manufacturers attempted to evade charges of patent in-
fringement by a number of ruses. One, already described, was to claim that
the receivers were for amateurs. Another was to allege that the tubes they
bought from RCA were replacements for tubes in GE or Westinghouse
receivers. Another was to sell sets without tubes, leaving it to the retail store
or the customer to supply them.
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Sarnoff was furious at this turn of events. He believed that inventors
were entitled to the fruits of their inventions and that this entitlement
passed on to the purchasers of their patents. With the approval of RCA’s
board, he took drastic actions to stop the infringement. He attempted to
block the replacement-tube loophole by requiring distributors to send back
burned-out tubes in order to receive a shipment of new ones. He dropped
distributors who sold competing brands of receivers, and he began legal
proceedings against a number of manufacturers. But unfortunately for
Sarnoff, these efforts were not successful.

His problem was that the use of RCA’s patents was essential for the
survival of the other manufacturers. Faced with the prospect of being forced
out of business, RCA’s competitors, led by Zenith’s Eugene McDonald,
fought back savagely. Their main weapon was the antitrust laws, and they
used it in Congress, in the press, and in the courts.

For a time, RCA fought back, arguing that its monopoly resulted from a
legitimate exercise of its patent rights. But as time passed, the battle became
hopeless. The FTC filed a formal complaint against RCA, GE, and West-
inghouse in 1923 charging them with a “conspiracy in restraint of trade.”
The companies were violently attacked in the press and in Congress, and
although the courts were slow to act, there was concern that they would
hold that the patent pool was illegal.

Faced with these threats, Sarnoff decided that RCA’s rigid position was
untenable and that he would have to compromise. He proposed that com-
peting manufacturers be permitted to use any or all patents in the RCA pool
for the payment of a license fee. The fee was set initially at 7.5 percent of
sales but was soon reduced to 5.0 percent. His proposal was approved by
his management and presented to competing manufacturers in 1923. Most
of them, including Zenith, accepted the plan, albeit with considerable
grumbling about “’paying tribute,” and became RCA licensees.

By taking this action, Sarnoff relieved the antitrust pressure on RCA and
established a lucrative source of income. The FTC pressed its complaint
with less vigor and eventually dropped it. The relief was only temporary,
however, and charges of monopoly were to plague the company for more
than forty years. For the moment, however, RCA had solved the problem,
albeit at the cost of allowing its licensees to compete in the marketplace on
an almost equal basis.

With the patent issue resolved, the production and sales of receivers
grew at an even faster pace, even at prices that ranged up to $400 (more than
$4,000 in today’s dollars). According to the 1939 edition of Broadcasting
Yearbook, annual receiver sales were as follows:

1922 $ 60 million
1923 136 million
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1924 $358 million
1925 430 million
1926 506 million

By the end of 1926, more than five million homes had radios.

@ THE HEYDAY OF THE NETWORKS, 1927-1950

The Networks

The networks, NBC and CBS, and, to a lesser extent, ABC and Mutual,
dominated the radio broadcasting industry for a quarter of a century from
1927 to 1950. Their influence was so pervasive that it affected all aspects of
broadcasting—programming, regulation, business practices, and technol-
ogy. When competition from television brought the radio networks’ domi-
nation to an end in the early 1950s, radio broadcasting was forced to un-
dergo a major revolution in all of these aspects in order to survive.

The Role of the Networks The relationship between the networks and
their affiliates is a textbook example of symbiosis, the living together of two
dissimilar organisms in a mutually beneficial relationship. The network
provides the affiliates with programming (hopefuily with high ratings) that
would be too costly for individual stations to produce. The stations derive
income directly from the networks and indirectly from the sale of local and
national advertising attracted by the network programs. The affiliates pro-
vide the network with nationwide coverage of its programming, thus in-
creasing its value to the network advertisers. The relationship has worked
so well that it has existed throughout the history of radio broadcasting and
was carried over into television as a matter of course.

During the heyday of the networks, their affiliates prospered with them.
While a network affiliation was not essential for a radio staion to be profit-
able, possession of one almost guaranteed it. To own a station with a major
network affiliation in a metropolitan area was tantamount to a “’license to
print money,” even in the depression years. With an assured income,
network affiliates could afford to construct elaborate and costly technical
facilities and to employ large staffs in order to produce quality local pro-
grams to complement those produced by the networks.

The radio networks had another effect: They brought to the fore the two
individuals, David Sarnoff (Figure 2-4) and William S. Paley, who were
destined to become the giants of American radio and television broadcast-
ing for more than forty years.
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Courtesy RCA Corporation.

B Figure 2—-4 David Sarnoff.

David Sarnoff (1891-1971) David Sarnoff ‘s role as the driving force in
the early years of RCA and the radio broadcasting industry has already been
described. Largely as the result of his vision and determination, both RCA
and the industry became major factors in the nation’s economy. Unlike
many chief executives, he did not inherit an empire; to a large extent, he
created one.

His early years have taken on legendary proportions—how he arrived in
New York from Russia in 1900 at the age of nine; how he quickly learned the
language and by hard work and ability rose from newsboy to office boy and
then to telegrapher for the Marconi Wireless Company of America; how asa
Marconi office boy he first met the famous Guglielmo Marconi, who for a
time was his mentor and role model; and how he rose in the American
Marconi organization to become its commercial manager in 1919. From this
position, he eventually rose to become RCA'’s chairman of the board.
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Sarnoff ‘s name will appear repeatedly in this volume. He was a
dominant leader in the initiation and growth of radio, television, and color
television broadcasting and the technologies upon which they are based.
Although he was not an engineer, he had much respect for science and an
intuitive understanding of its practical applications. His interests encom-
passed all aspects of broadcasting, from technology to talent. His influence
was enormous, and the history of broadcasting would have been quite
different without his leadership.

Like most great leaders, Sarnoff had king-size faults. Although he be-
came chief executive of a company with major manufacturing divisions, he
had little expertise in manufacturing. He was intensely interested in re-
search and the marketplace, but he had an imperfect understanding of the
intermediate and very difficult step of translating laboratory outputs to
manufacturable and salable products. The lack of understanding of product
engineering and manufacturing by RCA’s top management continued after
Sarnoff ‘s retirement and was a major corporate weakness.

Sarnoff also had personal faults, most of them the result of the classic
flaw of hubris—arrogance and self-pride. He was not a gracious winner,
and his victories often left a residue of bitterness. When his ego or interests
were threatened, he could be ruthless. His treatment of Edwin Armstrong
in the FM patent dispute (described in Chapter 3) was unnecessarily cruel.

His vanity was boundless. An otherwise excellent biography by his
cousin, Eugene Lyons,®> was nearly ruined by Sarnoff’s insistence that
every negative comment, no matter how mild or justified, be expunged. As
a result, he is portrayed in the book as an unreal, two-dimensional
figure—the exact opposite of the intended result. He was especially proud
of his rank of brigadier general in the U.S. Army Reserve, and he insisted on
being addressed as General. Not satisfied with this rank, he shamelessly—
and unsuccessfully—pursued a promotion to major general through politi-
cal channels (although his efforts were not successful). These weaknesses
should not, however, obscure Sarnoff’s enormous accomplishments. By
comparison, his faults were trivial, and he will be remembered as one of the
great industrialists of the twentieth century.

Sarnoff s final years were sad. In 1968, at the height of color television’s
commercial success, he contracted an incurable neurological disease. His
physical and mental faculties slowly ebbed, and he died on December 12,
1971.

William S. Paley (1901-) Like Sarnoff, William S. Paley was of Russian
Jewish ancestry. Both had extraordinary qualities of innovation and leader-
ship, and both were responsible for the growth of major corporations. But

% Eugene Lyons, David Sarnoff (New York: Harper & Row, 1966).
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they also differed widely in their personalities and in the particular skills
they brought to the business world.

Sarnoff’s humble beginnings as an immigrant and the insecurities of his
early life led to an enormous ego and a prickly vanity. Paley was one
generation removed from the old country, his ancestors were more affluent,
his father was a prosperous cigar merchant and manufacturer, and he
moved easily and confidently in the best social circles. His second wife was
the society beauty, Barbara Cushing, the daughter of the widely known
neurosurgeon Dr. Harvey Cushing. Paley excelled in the leisure arts ad-
mired in upper-class society; he was a gourmet, a collector of fine art, and a
lover of good music. Although, like Sarnoff, he had a well-developed ego, it
was more carefully concealed. His memoir contains refreshing touches of
modesty and even admissions of occasional mistakes and failures.

Sarnoff’s and Paley’s approaches to business also were quite different.
Paley accurately described these differences in his memoir:

The general and I had a long, continuing, avuncular relationship down
through the years. From the earliest days of radio when he was the “grand old
man” and I was that “’bright young kid,” we were friends, confidants, and
fierce competitors all at the same time, and we understood each other and our
relative positions. I always had the greatest respect and admiration for him.
He had a sharp mind and a keen sense of competition. I always thought his
strengths lay in the more technical and physical aspects of radio and televi-
sion, while mine lay in understanding talent, programming, and what went
on the air.*

To this, one could add that Sarnoff had a broader vision than Paley. It
encompassed the entire broadcasting industry, including the role and
promise of technology, whereas Paley’s interest was concentrated—with
enormous success—on its programming and business aspects. For practical
purposes, he was the founder of the Columbia Broadcasting System (CBS),
and, coming from behind in both radio and television, he brought it to a
position of leadership.

Paley’s major business weakness was a lack of understanding of technol-
ogy, which forced him to depend too heavily on his technical counselors,
particularly Peter Goldmark. Although CBS had a superb engineering de-
partment at the operational level, Paley frequently received bad advice
concerning new technologies at the strategic level. This led to costly mis-
takes as CBS moved into television broadcasting and manufacturing. In
total, they cost CBS hundreds of millions of dollars. But Paley’s great talent
for programming kept CBS in a position of profitable leadership, both

4 William S. Paley, As It Happened (Garden City, N.Y.: Doubleday, 1979).
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in radio and television, and in this area he consistently bested Sarnoff
and NBC.

As of this writing (1989), Paley at 88 is a highly respected elder statesman
of the industry. One of his major contributions in this role was the creation
of the Museum of Broadcasting in New York, which preserves the classics of
early radio and television programs for posterity.

A Brief History of the Radio Networks The circumstances surround-
ing the formation of NBC, the first major radio network, in 1926 were
described earlier. NBC’s owners, RCA, GE, and Westinghouse, collectively
owned two stations in New York City, WEAF, which NBC had bought from
AT&T, and Westinghouse’s WJZ. To avoid duplicate programming on
these stations, NBC was split into two divisions, the Red Network with
WEAF as its flagship station and the Blue Network with W]Z as its flagship.
Generally, NBC put its most popular programs on the Red Network, and it
became the dominant division in the company. NBC was under continuous
attack on antitrust grounds, and to reduce the legal risks, both to NBC and
themselves, GE and Westinghouse sold their interests in 1930 to RCA,
which then became the sole owner.

Paley’s founding of CBS resulted from something of an accident. After
graduating from the Wharton School of the University of Pennsylvania in
1922, he entered his father’s cigar business in Philadelphia, expecting to
devote his life to it. His interest in radio began with a highly successful
pioneering use of WCAU to advertise the family brand of cigars. He became
more and more deeply involved in radio, including a stint as program
producer for the La Palina Smoker, a program sponsored by the family cigar
business, and this interest culminated in the purchase with his father of a
majority interest in a struggling new network, the United Independent
Broadcasters (UIB) on September 26, 1928.

It was an unequal contest at first. UIB, which became CBS (it had been
identified over the air by its corporate relationship with Columbia records),
had only sixteen affiliates and a dozen employees. Its sales in 1929 were
about $4 million. In contrast, NBC, with its two networks, had control of
most of the intercity transmission circuits and a far greater variety of pro-
grams. With a combination of determination, business acumen, an able
staff, and Paley’s programming skills, CBS steadily narrowed the gap.

In 1948, CBS surged ahead of NBC when Paley’s tax attorneys devised a
scheme whereby entertainers could incorporate themselves and save hun-
dreds of thousands of dollars in taxes. Paley offered this deal to NBC's top
stars, and when NBC refused to match the offer, there was a mass defection
from NBC to CBS. The defectors were the elite of NBC’s entertainers. They
included Amos ‘n’ Andy, Jack Benny, Red Skelton, Edgar Bergen, Burns
and Allen, Ed Wynn, Fred Waring, Al Jolson, Groucho Marx, and Frank
Sinatra. CBS’s audience soared, and now it was NBC's turn to scramble
from behind.
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The American Broadcasting Company (ABC) was founded in 1943 as a
result of antitrust pressure on the existing networks, which culminated in
the FCC’s Chain Broadcasting Regulations. These regulations forbade the
networks to have more than one affiliate in a single city. This forced NBC to
divest itself of one of its networks. NBC sold the Blue Network, the weaker
of the two, to Edward Noble, the Life Saver manufacturer, for $9 million.
Nobel renamed the network the American Broadcasting Company.

For many years after its founding, ABC struggled to achieve a respectable
position as a radio network against its two powerful rivals. It was handi-
capped by a lack of resources, and this problem became even more severe as
it entered the far more costly medium of television in 1947. The resource
problem was solved by its merger with Paramount Theaters in 1953, but by
this time radio networks were beginning to wane in importance.

In addition to NBC, CBS, and ABC, there was the Mutual Broadcasting
System. It found a niche, albeit a marginally profitable one, in providing
less prestigious programs to a host of low-power stations.

Technical Regulation during the Network Era

In 1926, the airways were so chaotic that broadcasting probably could not
have survived had the Radio Act of 1912 remained in effect. The court
decision in the Zenith case (discussed earlier) made the Commerce Depart-
ment powerless to assign station power or frequency. Each station could go
its own way, and the result was a free-for-all. One symptom of the indus-
try’s poor health was a drop in receiver sales from $506 million in 1926 to
$425 million in 1927. In a belated response, Congress replaced the Radio Act
of 1912 with the Radio Act of 1927. The 1927 act was in turn superseded by
the Communications Act of 1934, which is still in effect today.

The Radio Act of 1927 and the FRC The Radio Act of 1927 established
the Federal Radio Commission (FRC) as an arm of the Department of
Commerce. It was supposed to have five members, each representing one
of the zones into which the United States was divided. It was originally
authorized as a temporary commission with a life of two years, but it was
soon made permanent.

The FRC’s authority was far broader than that of the Department of
Commerce under the Radio Act of 1912. It had the power to do the fol-
lowing;:

1. Grant and deny licenses under the general criterion of the "public
interest, convenience, and necessity”’

2. Establish classes of radio stations

3. Prescribe the nature of service to be rendered by stations
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4. Allocate bands of frequencies to the various classes of stations and
assign frequencies to stations operating in each class

- Make regulations applicable to chain (network) broadcasting

6. Regulate the technical operations of stations, including the specifi-

cations of the equipment and the qualifications of the operators

Conduct administrative hearings

8. Designate stations’ call letters

wn

S

The FRC got off to a rocky start. President Coolidge appointed the five
members, but only three were confirmed by the Senate before it adjourned.
Two of the three confirmed members died before the Commission could
begin to act, and its initial work was carried out by the one confirmed
member, Eugene O. Sykes, a former justice of the Mississippi supreme
court, and the two unconfirmed members, Henry N. Bellows, a broad-
caster, and Orestes H. Caldwell, a writer for electrical technical journals.

Bellows and Caldwell were victims of the dilemma the government so
often faces in drafting laws and regulations. The greatest expertise often lies
with industry representatives, who are not disinterested parties. The ties of
Bellows and Caldwell with the industry they were to regulate made them
suspect, and their confirmation was long delayed. But feeling an obligation
to the industry, they served as unconfirmed and unpaid members, and they
made major contributions to the development of rational assignment pol-
icies.

The FRC's Frequency Assignments The FRC faced an enormously
difficult task. It was required to establish classes and power levels of
stations and to make frequency assignments that would minimize interfer-
ence while maximizing the total number of operating stations. It had to be
done on the basis of radio wave propagation data that were far from
complete. Its task was made even more difficult by the political pressure
exerted by members of Congress who were seeking choice assignments for
their constituents (and sometimes themselves). The pressure was under-
standable because it was clear that a station license would become an
extremely valuable franchise. In view of these problems, the Commission,
aided enormously by the expertise of Orestes Caldwell, was remarkably
effective in developing policies and administering the assignment of fre-
quencies to stations.

Four classes of stations were established:

ClassIA  Clear channel, unduplicated

ClassIB  Clear channel, duplicated but nighttime sky-wave coverage
protected

Class II Channel shared with Class IB
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Class III Regional channel, ground-wave coverage protected day and
night
Class IV Local channel, only daytime ground-wave coverage protected

The maximum power of the clear channels was set at 50,000 watts,
regional channels at 5,000 watts, and local channels at 100 watts (later
increased to 250 watts, and still later to 1,000 watts). The objective was to
provide a measure of service to all areas of the country. The nighttime
sky-wave coverage of the clear channels was to serve rural areas beyond the
ground-wave coverage of any stations. Small towns and cities were to be
served by the local stations. Larger cities were to be served by regional and
clear channel stations.

After more than a year of concentrated effort, the FRC decided that it
would be impossible to accommodate all 732 stations currently on the air
with the spectrum space available and the state of the technology (the
directional antenna with its ability to squeeze more stations on the same
channel had not yet been developed). Accordingly, it issued “show cause”
order to 164 stations requiring them to prove that they should be allowed to
continue broadcasting.

These orders became the subject of lengthy and acrimonious hearings in
which stations, often supported by their congressional representatives,
fought for their right to exist. The Commission received hundreds of thou-
sands of letters inspired by announcements broadcast by the threatened
stations urging that they be allowed to continue broadcasting.

One of the Commission’s problems was the absence of established stan-
dards upon which it could choose between stations when necessary. Pro-
gramming was considered to be too intangible a factor, and great emphasis
was placed on the technical equipment used by the stations. In every case,
however, the decision was related to “’the public interest, convenience, and
necessity,” a phrase that the FCC would later make famous.

As a result of the FRC’s policy of reducing the number of stations to
minimize interference, the number of stations declined between 1927 and
1930. The attrition of educational stations was particularly heavy, with more
than fifty of them going off the air. As expected, a number of disappointed
stations contested the commission’s actions in the courts, but the Commis-
sion was upheld in every case.

Under these conditions, no regulatory body could escape severe
criticism. Probably the best indications that the FRC’s actions were reason-
ably rational and fair were accusations on the one hand that it was “dicta-
torial and arbitrary” and on the other that it was a “jellyfish Commission.”
With the perspective of time, it appears that the FRC did the best it could in
solving a problem that had no perfect solution.

The stations that survived the FRC'’s thinning process and the depression
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were lucky. They went on to become the fat cats of the industry, rich and
envied.

The Communications Act of 1934 and the FCC The Communications
Act of 1934 was passed at the request of President Franklin Roosevelt, who
wanted to put the regulation of wired and wireless communications under
the control of a single agency. It created the seven-member (reduced to five
in 1986) Federal Communications Commission (FCC) with authority to
regulate all communications systems except those operated by the federal
government. On radio matters, the FCC coordinates with the National
Telecommunications and Information Administration (NTIA), which exer-
cises its authority over federal radio systems through the Interdepartmental
Radio Advisory Committee (IRAC). It is independent of the Department of
Commerce, and its members are appointed by the President and confirmed
by the Senate.

The provisions of the Act with respect to radio are not greatly different
from those of the Act of 1927, and this provided continuity from the FRC to
the FCC. Until recently, however, the FCC took a broader and more aggres-
sive role in the regulation of broadcasting. It involved itself deeply in the
programming policies of stations, and it adopted policies and practices that
encouraged increased competition among broadcasters.

The FCC’s policy of increasing competition was aided by technical ad-
vances. The introduction of the directional antenna in the 1930s greatly
increased the number of AM radio stations that could be accommodated in
the available spectrum space. The introduction of frequency modulation
(FM) and the opening of the VHF frequency band doubled the number of
radio stations. The development of UHF transmitters and receivers and the
allocation of a portion of the UHF spectrum for television broadcasting
greatly increased the number of available television channels.

The FCC’s Standards of Good Engineering Practice The publication
of the Standards of Good Engineering Practice for AM Radio Stations in 1939 was
one of the notable achievements of the early FCC. It was prepared under the
direction of the FCC's able and irascible assistant chief engineer, Andrew D.
Ring, who later became a prominent consulting engineer. The document
established minimum performance standards for station equipment and
provided detailed rules for AM station frequency assignment. It soon be-
came the bible for engineers planning new stations.

Frequency Assignment Policies and Rules

Spacing between Channels The Standards of Good Engineering Practice
formalized the de facto 10-kHz channel spacing standard that had been
used in the earliest frequency assignments of the Department of Commerce.
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This spacing between channels was adequate for the technology of the time,
but it became a serious limitation in later years when high-fidelity programs
became commercially important. The sidebands of a high-fidelity signal
extend for 15 kHz on either side of the carrier, and the sidebands from
stations on adjacent channels overlap (see below). Most AM receivers limit
their bandwidth to avoid adjacent channel interference and improve their
sensitivity.

To minimize this interference, the Standards of Good Engineering Practice
established minimum separation for stations operating on adjacent chan-
nels, but the restriction is not severe enough to permit high-fidelity trans-
missions. In the more congested parts of the country, adjacent channel
interference is a serious problem even for low fidelity.

The Frequency Assignment Rules For the most part, the frequency
assignments of the seven hundred stations that were on the air when the
FCC was given jurisdiction over the radio broadcasting industry in 1934
were considered to be a fait accompli. With few exceptions, they were not
required to change their frequency or power. The assignment rules were
applied mainly to new stations and to power increases for the old ones.

OVERLAPPING SIDEBANDS FROM ADJACENT CHANNELS
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Sidebands extend above and below the carrier by an amount equal to the
highest frequency component in the audio signal. It would be necessary to limit
the audio bandwidth to 5 kHz to keep the bandwidth of the transmitted signal
within the 10-kHz channel width. Broadcast stations are allowed to transmit
10-kHz audio signals, and this causes emissions in adjacent channels, as is
shown in the drawing.
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The most basic policy governing the assignment rules provided existing
stations a high degree of protection from interference from new stations. An
applicant for a new station was required to demonstrate that it would not
cause “‘objectionable interference” within the “normal service area” of any
existing station. The terms objectionable interference and normal service area
were defined very precisely, and they acquired a quasi-legal status. The
overall effect of this policy was to give older regional stations a significant
competitive advantage over the newer ones. Their coverage was protected,
but the newer stations had to accept the interference levels that existed
when their applications were filed. The FCC also had a policy of encourag-
ing competition, however, and this caused it to bend the rules to allow more
new stations to come on the air—with somewhat unfortunate results. The
application of the assignment rules involved a complex set of calculations
(see below) that were usually carried out by consulting engineer specialists.

STATION SERVICE AREAS

The service area of a radio station is the area in which its signal strength is
sufficient to provide reasonably satisfactory reception. The FCC defined ‘“nor-
mal” service areas, bounded by “protected contours,” as follows:

Class Daytime Nighttime

Clear 0.1 mv/m ground wave 0.1 mv/m ground wave
0.5 mv/m sky wave

Regional 0.5 mv/m ground wave Existing interference-free

ground-wave contour,
typically 2.5 to 10 mv/m
Local 0.5 mv/m ground wave Not defined

To determine the normal day and night service areas of a station, the locations
of its protected contours are calculated using the ground-wave nomographs
developed by Norton (see text). For regional stations, the level of existing night-
time interference must be calculated to determine the protected contour.

To provide a uniform criterion for judging the severity of cochannel interfer-
ence, the FCC established the quasi-legal concept of objectionable interference,
which was defined as the level at which the aural effect of the interfering signal
was not significant. Somewhat arbitrarily, it decreed that an interfering signal
was not objectionable if its strength was less than one-twentieth of the desired
signal. If one or more interfering signals were already present, any new additional
signal was deemed not to be objectionable if its level was less than 70 percent of
the strongest existing interfering signal (later modified to less than 50 percent of
the root sum square of all the existing signals).
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Stations’ Service Areas

A combination of the laws of nature and the effect of the FCC’s Rules led
to enormous inequalities in the size of stations’ service areas. The most
obvious difference was the wide range of authorized transmitter power—
from 250 watts for local stations to 50 kilowatts for clear channels—but
differences in ground-wave propagation and sky-wave effects caused equal
or greater disparities.

Ground-Wave Service All classes of stations rely on the ground wave
for their primary service. The ground-wave range varies widely with fre-
quency and soil conductivity and, to a lesser extent, the station’s power.
The calculation of this range requires the solution of a series of complex
equations—a difficult task in the precomputer era. This task was accom-
plished by an able FCC engineer named Kenneth A. Norton.’

B SERVICE RADIUS OF AM RADIO STATIONS
(distance in miles to 0.5 millivolts/meter contour)

5 kw 50 kw
Soil Conductivity 600 kHz 1,500 kHz 600 kHz 1,500 kHz
Good 60 40 120 65
Poor 40 20 65 30

Note that a 5-kilowatt station operating at 600 kHz in an area of good
soil conductivity has twice the range of a 50-kilowatt station operating at
1,500 kHz where the soil is poor.

Sky-Wave Effects During nighttime hours, the sky waves provide
nationwide secondary service from clear channel stations, which are the
sole occupants of their frequencies or have only limited duplication. Al-
though sky-wave transmission is erratic and variable, even at night, it
provides a usable level of service to rural areas that do not receive primary
ground-wave service from other stations. In addition to the positive benefits
that clear channel stations derive from sky waves, they do not suffer a
nighttime reduction in their primary ground-wave coverage as a result of
interference from other stations.

S KA. Norton, "“The Calculation of Ground Wave Field Intensity Overa Finitely Conduct-
ing Spherical Earth,” Proceedings of the Institute of Radio Engineers, December 1941.
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In contrast, sky waves are a serious problem for regional stations and a
near-disaster for local stations. In every case, their nighttime ground-wave
coverage is significantly reduced by sky-wave interference from other
stations on the same channel.

The amount of service area reduction on the regional channels varies
widely from station to station because of differing levels of interference. It is
generally much less severe for older stations that have had their original
service areas protected by FCC policy. Newer stations have usually had to
accept much higher levels of interference at their locations. Local stations
receive no protection against sky-wave interference, and the result is a
cacophony of interfering signals, sometimes at a distance of only three or
four miles from the transmitter.

Because of differences in soil conductivity, operating frequency, and
interference from other stations, the coverage of AM stations varies widely.
Figure 2-5 shows the coverage of the different classes of stations.

- Regional station,
Day

-Local station
Day

~— Regional station
Night

\ - Local station
Night

Clear channel station
Day and Night
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B Figure 2-5 Radio station coverage by station class, day and night. The
clear channel station is operating at 50 kilowatts, the regional at 5 kilowatts
with a directional antenna at night, and the local at 250 watts. The same
frequency and soil conductivity are assumed for each.
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Equipment Technology

The Impact of World War Il  AM radio was a relatively mature technol-
ogy at the outbreak of World War II, and most of the electronics research
inspired by the war was directed toward newer technologies such as radar
and higher frequency communications. Unlike FM and television, AM
broadcasting received very little direct benefit from wartime research.

Instead, the benefit was in the other direction. Engineers and technicians
from the broadcasting industry as well as radio amateurs provided a pool of
experienced manpower that provided invaluable assistance during the war.
The military returned an even larger pool of electronics technicians to
civilian life after the war, which made the rapid expansion of radio and
television broadcasting possible in the postwar years.

Directional Antennas The enormous growth in the number of AM
stations that began in 1935 and accelerated in the postwar years was made
possible by the development of the directional antenna in the mid-1930s by
George H. Brown of RCA and others. The directional antenna made an
important contribution to the broadcasting industry and brought new radio
services to millions of Americans.

A directional antenna consists of an array of two or more towers in which
the amplitude and phase of the currents are adjusted to cause the strength of
the radiated signal to vary in different directions. It permitted new stations
to operate by limiting their radiation toward existing stations, thus reducing
the interference below the level defined as “‘objectionable” by the FCC. It
had a secondary purpose of increasing the signal intensity over the most
densely populated regions in the service area, but its most important role
was in enabling new regional stations to comply with the FCC frequency
assignment rules. (Directional antennas were not needed for clear channel
stations and were not permitted for local stations.) Figure 2—-6 shows how
directional antennas are used.

Most prewar directional antennas were simple two- or three-tower ar-
rays. After the war, they became more complex because of the more
stringent requirements imposed by the growing congestion of the AM
frequency spectrum and made possible by improved techniques for de-
signing and adjusting arrays. Arrays with six or more towers were some-
times used, and four-tower arrays became commonplace. A paper on direc-
tional antennas by G.H. Brown® became a standard reference for
consultants who specialized in the design and adjustment of antennas.

¢ G.H. Brown, "Directional Antennas,” Proceedings of the Institute of Radio Engineers, January
1937.
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Station A

Station B

Station C

Antenna
radiation
pattern

Station D

B Figure 2-6 Directional antenna use. This directional antenna is used

to reduce the radiation in the direction of existing stations A, B, C, and

D, operating on the same frequency. The objective is to reduce the
interference level at these stations below the level defined as “objectionable’
by the FCC.

Prior to the advent of the computer, antenna designers were constrained
by the difficulty of calculating the radiation patterns of any but the simplest
geometric figures. Most arrays were either in-line or parallelograms. The
computer made more complex arrays possible, but by the time it was
available, the demand for new directional antennas had fallen off.

Transmitters The development of radio broadcast transmitters
proceeded steadily but with no spectacular breakthroughs. At first, the two
major manufacturers were Western Electric and RCA. Western Electric,
AT&T’s manufacturing arm, had been the chosen instrument of the radio
trust to manufacture transmitters, but with the breakup of the trust, RCA
was free to enter the business. Later, Gates Radio, a small company in
Quincy, lllinois, founded by Parker Gates, began the manufacture of trans-
mitters, primarily for lower power stations.

There were many changes in the business of transmitter manufacturing
after World War II. Gates was purchased by Harris Intertype, later to
become the Harris Corporation, in 1958 and is now a leading transmitter
supplier. A number of other companies, including CCA and Continental
Electronics, entered the business. Western Electric stopped manufacturing
transmitters in 1947 in compliance with an antitrust consent decree, and
RCA withdrew completely from the broadcast equipment business in 1986.

The first Western Electric transmitters employed low-level grid modula-
tion (see illustration on next page). They were solidly built in accordance
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with telephone company standards and were expected to last for decades.
The lower efficiency of grid modulation not only increased the power bill,
but it necessitated the use of water-cooled tubes to carry away the wasted
energy. They were also expensive, and they required extensive routine
maintenance.

RCA followed a different technical course, high-level or plate modulation
(see illustration on page 90). High-level transmitters were more efficient and
used air-cooled tubes. Their disadvantage was that they required an expen-
sive high-powered audio amplifier for the modulator, a formidable techni-
cal challenge with available technology.

RCA was winning the competitive battle until a quiet and serious engi-
neer from Bell Laboratories, William Doherty, developed a new circuit,
which came to be known as the “Doherty amplifier.” It modulated the
signal at the final stage without using a high-powered audio amplifier, and
its efficiency was nearly as great as with high-level modulation. It was not
without its problems; it was difficult to tune, and it did not work well into
sharply tuned directional antennas. Nevertheless, it equalized the RCA-
Western Electric competition until Western Electric was forced to withdraw.

In the meantime, RCA was being pressed competitively by others, partic-
ularly Gates, and its high-level transmitters became overpriced. As a cost-
reduction measure, it developed the ampliphase modulation circuit, which
had good efficiency but was difficult to tune. In later years, still other
modulation methods were developed in an effort to avoid the inefficiency of
grid-modulated transmitters, the high cost of plate modulation, and the
tuning difficulties of the Doherty and ampliphase transmitters (see page 91).

AM TRANSMITTER MODULATION METHODS
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Low-Level Grid Modulation

The carrier signal is modulated at a very early stage in the transmitter, and the
modulated signal is amplified in a series of amplifiers that must be adjusted fora
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very high degree of linearity to avoid distortion of the modulation envelope. The
maximum theoretical efficiency of the final amplifier is 25 percent.

Oscillator r-f Ampilifier

E
+
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High-Level Plate Modulation

High-level plate modulation is an outgrowth of the Heising, or constant-
current, modulated oscillator, named for its inventor, R.A. Heising. The modulat-
ing signal is applied to the anode circuit of the final power amplifier. It is capable
of efficiencies as high as 80 percent.
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This method was developed by Harris and is in common use today. The audio
signal is converted into a pulse train with wide pulses at the peaks and narrow
pulses in the valleys. The varying duty cycle of the pulse train then directly
determines the voltage applied to the power amplifier plate circuit without the
use of a modulation transformer or reactor.
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Other Modulation Methods

A number of alternative modulation methods have been developed to avoid
the low efficiency of grid-modulated transmitters and the need for high audio
power with plate modulation.

The Doherty amplifier: This circuit was developed by W.H. Doherty of Bell
Laboratories. Through a clever circuit arrangement, it uses high-level grid modu-
lation, which requires very littie modulator power. The efficiency is about 60
percent, but it tends to have high distortion, particularly when feeding a sharply
tuned directional antenna.

The ampliphase circuit: This circuit was developed by RCA. Two unmodulated
carriers are applied to the final stage through phase modulators. In the absence
of a modulating signal, the carriers are in quadrature. For 100 percent modula-
tion, their phase relationship is varied from 0 to 180 degrees, thus causing the
output signal to vary from zero to twice the carrier level.

Screen grid modulation: This method, developed by Continental Electronics,
uses two tetrodes in the power amplifier stage, one of which provides the carrier
power and the other the additional power for modulation peaks. The modulation
signal is applied to the screen grids, and very little audio power is required.

There has been an increasing use of transistorized circuitry in AM trans-
mitters, first in lower power stages and then as complete low-power trans-
mitters as suitable solid-state devices became available. Figure 2-7 shows
two RCA AM radio transmitters, one from 1930 (Figure 2-7, top) and
another from 1960 (Figure 2-7, bottom).

The apogee of AM transmitter design was reached with the construction
of a huge 500-kilowatt transmitter for station WLW in Cincinnati, which
went on the air in May 1934. It had been authorized under the somewhat
permissive standards of the FRC at the behest of Powell Crosley, the aggres-
sive founder of the Crosley Radio Corporation, the owner of WLW, and a
leading receiver manufacturer.

The transmitter was designed and constructed jointly by RCA, GE, and
Westinghouse and was installed under the supervision of WLW's chief
engineer, Joseph Chambers, who later became a successful Washington
consultant. The construction of the transmitter was an enormously chal-
lenging feat, and participating in the program was a rite of passage for the
radio engineers of the time. In later years, scores of engineers claimed to
have been involved, and it was said that the Queen Mary ocean liner was not
large enough to accommodate all of them.

The superpower WLW installation also included one of the first AM
directional antennas. Its purpose was to reduce radiation in the direction of
Canada to the equivalent of a 50-kilowatt station, a requirement imposed by
complaints of interference with adjacent channel stations by the Canadian
government. It was designed by a team led by George Brown.
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B Figure 2-7 AM radio transmitters. (Top) A 1930 RCA 5 kw transmitter.
(Bottom) A 1981 RCA 50 kw transmitter.
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Unfortunately perhaps, all the expense and effort of WLW'’s superpower
station eventually came to naught. It was discovered that a clause in the
North American Regional Broadcasting Agreement (NARBA), a treaty to
which the United States was a signatory, forbade the use of transmitter
power in excess of 50 kilowatts, and WLW was forced to restore its power to
that level.

On a less cosmic scale, the progress in transmitter design has been
extraordinary. Consider, for example, the following: In 1940, a typical 5-
kilowatt transmitter required 500 square feet of floor space, 25 kilowatts of
primary power, and the constant attention of at least one engineer. It cost
$35,000 in depression dollars. In 1980, a typical 5-kilowatt transmitter with
better performance and reliability required 100 square feet of floor space and
8 kilowatts of primary power. It operated unattended and cost $20,000 in
1980 dollars.

Studios Most radio stations were extremely profitable during the net-
work era, and their affluence was reflected in their studio designs. The
studios were often as much showcases as workplaces, designed to impress
advertisers and the public with the glamour of the medium. Although
affiliates depended on the networks for the bulk of their programming, their
studios were lavish. A network affiliate in a medium-size city might have
five: a large audience-participation studio with a seating capacity of one
hundred or more, two medium-size studios for musical or dramatic groups,
asmall plush studio for interviewing VIPs, and a small workhorse studio for
newscasts and interviews with less exalted individuals. Figure 2-8 shows a
typical station studio.

Each studio had its own manned control facilities, which fed into the
master control. In turn, the master control selected the program source to be
aired. These facilities required large and expensive technical staffs.

Great attention was paid to the acoustical design of studios. It was
believed that the criteria for designing a studio were different from those for
a concert hall because the reverberation of the room in which the receiver
was located would be added to the reverberation of the studio. Toscanini
was never completely happy with the acoustics of the studio that NBC built
for the NBC Symphony Orchestra, which he directed. He called it sec, or
“’dry,” meaning that it had a short reverberation time.

A recognized U.S. authority on acoustical design for studios was Harry F.
Olson of RCA. His research in sound encompassed acoustics, microphones,
loudspeakers, and hearing. He wrote a number of technical papers and
definitive textbooks on the subject, and he introduced advanced concepts
into the design of microphones and loudspeakers. (Unfortunately, his dis-
tinguished reputation as a scientist in acoustics and sound systems was
somewhat tarnished by his subsequent failure in video recording technol-
ogy; see Chapter 6.)
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Courtesy RCA Corporation.

B Figure 2-8 A radio station studio of the World War Il era. Note the
elaborate paneling, which was used to control reverberation.

Studio Equipment The design of audio equipment for studios kept
pace with the design of studios. Although the individual components of an
audio system are relatively simple, the systems themselves are complex,
and their design requires specialized engineering talent. The principal com-
ponents are microphones, amplifiers, recording and playback equipment,
and control equipment.

Microphones Microphone technology advanced enormously from the
crude carbon devices used in radio’s pioneering years. Transducers, the
elements that convert sound to electrical energy, were either magnetic,
electromagnetic, or piezoelectric. (The last type is based on the use of
piezoelectric crystals, which generate a voltage when subjected to pres-
sure.) They also could be classified as pressure or velocity types. Pressure
microphones respond to variations in the pressure of the sound wave.
Velocity microphones respond to variations in the velocity of the medium.

One of the most popular microphones was the RCA 77-D, an electromag-
netic velocity microphone in which the transducer was a thin metallic strip
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suspended between the poles of a magnet. When it was set in motion by
velocity variations of the air transmitting a sound wave, it electromagneti-
cally generated a signal voltage. Its distinctive shape, a cylinder capped by
two hemispheres, came to be the standard symbol of a microphone for
cartoonists. The small lavaliere microphones that have become so popular
in television require the use of transistors, which did not become available
until later. Figure 2-9 shows some examples of microphones.

Recording and Playback Equipment In the earliest days of radio, pho-
nograph records were played over the air by placing a microphone in front
of a mechanical playback phonograph. This method was replaced in the
mid-1920s by the use of electrical phonographs, which generated signals
that could be broadcast directly.

Some stations had facilities for making disk recordings for storage and
playback. They used sixteen-inch disks and operated at 333 rpm. The
recording equipment was costly, required considerable skill to operate, and
was not well adapted for making copies or for editing. This system was
abandoned soon after World War II when high-quality magnetic tape re-
corders became available.

. /4

Courtesy RCA Corporation.

B Figure 2-9 Examples of microphones.
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There was strong opposition to the use of recordings on the air, both by
the musicians’ union and by many broadcasters who took pride in "all-live”
programming. The networks refused to use any recordings until ABC broke
the ice in 1946 by allowing Bing Crosby to use them in order to lure him from
NBC. Recordings also had copyright problems. As a result, the use of
recordings was limited until the end of the network era made extensive use
necessary and the introduction of magnetic tape recording made it possible.

During World War II, Peter Goldmark of CBS began research on the use
of 33} rpm for records. The result was the introduction of long-playing
(LP) records by Columbia Records in 1948. They not only operated at a
slower speed, but the grooves were finer. As a result, nearly thirty minutes
could be recorded on one side of a twelve-inch record, as compared with
four minutes on a standard 78-rpm recording (see Figure 2-10). In addition,
vinyl was introduced as the disk material, which greatly reduced record
scratch.

RCA responded with a 45-rpm system that used a small disk with a large
hole in the center to facilitate record changing. About seven minutes could
be recorded on each side. A rapidly operating record changer also was
developed. In spite of these innovations, 45-rpm records never quite made
it in the marketplace, much to Sarnoff’s chagrin, and the technology was
eventually abandoned.

Control Equipment The console (Figure 2-11) is the basic piece of con-
trol equipment. It is an array of volume controls, switches, and sometimes
tone controls that can be used to adjust the levels of individual microphone
or recorder signals and to mix them. Consoles vary in complexity from a
simple device with a few channels to the huge mixing panels used in the
production of records or sound tracks. Mixing audio signals is an art that
requires highly skilled practitioners.

Receivers Receiver design progressed steadily throughout the net-
work era, but real breakthroughs did not occur until the introduction of the
transistor, which coincided with the decline of the networks. The transistor-
ization of receiver design was a major factor in enabling AM radio to adjust
to a world of weak networks.

Battery-operated receivers for home use disappeared, but improvements
in electron tubes permitted the design of battery-operated portable receiv-
ers. They were heavy and bulky by transistor standards, but their design
was a major achievement that opened up a new listener market. Automo-
bile radios also were developed, which opened up an even larger market.

The use of the superheterodyne circuit in receivers (see Chapter 1) be-
came universal, leading to low-cost, single-knob tuning and good sensitiv-
ity. A few manufacturers, notably Magnavox, produced combination
radio—phonograph sets with audio systems that approached high-fidelity
performance.
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Courtesy CBS.

B Figure 2-10 Peter Goldmark. This illustrates the dramatic reduction in the
number of records made possible by Goldmark’s invention of the 33}-rpm LP
recording format. The material recorded at the original 78-rpm standard on
the albums to the right and left was rerecorded on the small stack of LP
records in the middle. Goldmark’s inventions in color television and electronic
video recording were not as successful (see Chapters 5 and 6).

The reduction in receiver costs, stimulated by vigorous competition,
improved designs, and the economies of scale, was impressive. Receiver
prices were remarkably stable and in some cases even dropped between
1926 and 1950 in spite of inflation.
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Courtesy RCA Corporation.

8 Figure 2-11 A radio control console.

The End of the Radio Trust

The breakup of the GE, Westinghouse, AT&T, and RCA radio trust—
which was inevitable from its founding because of its fatal legal and com-
mercial flaws—had already begun in 1923 with the agreement to issue
patent licenses to all comers and in 1926 with the withdrawal of AT&T from
broadcasting. There still remained the problem of receiver manufacturing,
however. The GE, Westinghouse, and RCA consortium, with its clumsy
and slow-moving management structure, continued to find it impossible to
compete profitably with the more agile companies that specialized in re-
ceiver manufacture. All of RCA’s radio profits came from patent royalties,
and Sarnoff became convinced that the only solution was for RCA to acquire
its own manufacturing facilities and operate independently of its corporate
parents.

The problems of the Victor Talking Machine Company provided the
opportunity. As described in Chapter 1, Eldridge Johnson, Victor’s presi-
dent, had neither the resources nor the will to make the transition from
mechanical to electrical phonographs, and he sold his controlling interest to
a banking syndicate, which resold it to the public in 1926. Ealier, in 1924,
Victor had begun marketing a radio-phonograph combination designed by
RCA engineers. This alerted Sarnoff to Victor's problems, which he sensed
to be RCA’s opportunity.
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Sarnoff proposed that RCA purchase the Victor stock, which was now in
the hands of the public, and thus acquire Victor’s extensive manufacturing
facilities in Camden, New Jersey. RCA would use these facilities to manu-
facture radios and phonographs and would manage the enterprise without
interference from its corporate parents.

At first, Westinghouse vehemently opposed the plan, as it did not relish
the thought of competition from its offspring. But after a lengthy debate and
with the support of Owen D. Young, GE's chairman and Sarnoff’s longtime
mentor and sponsor, the RCA board—including its Westinghouse
members—approved the proposal in 1929. The Victor stock was acquired
through exchange for RCA stock, and the RCA Victor Company was incor-
porated, owned 50 percent by RCA, 30 percent by GE, and 20 percent by
Westinghouse.

Sarnoff was still not satisfied with this arrangement. He wanted RCA to
own all the stock of NBC and the RCA Victor Company. He proposed this to
GE and Westinghouse, and to his surprise they agreed to his plan with little
opposition. All the assets of these subsidiaries owned by these companies
were transferred to RCA in return for more than six million shares of RCA
common stock.

The final step in the dissolution of the trust occurred as the result of an
antitrust action brought by the Department of Justice in 1930. The trust was
charged with criminal violations, which, had they been proved in court,
would have resulted in some executives (possibly including Sarnoff ) being
sent to prison. RCA also would have lost its licenses for NBC's stations.

Sarnoff decided to make a virtue of necessity and he proposed that all the
agreements among the members of the trust be dissolved and that this be
proposed to the Justice Department as the basis for a consent decree.
Deciding that prudence was the better part of valor, GE and Westinghouse
agreed. Discussions with the Justice Department were begun, and after
lengthy negotiations, the decree was signed on November 21, 1932.

The decree provided for the complete divorcement of GE and West-
inghouse from RCA. They were required to distribute their RCA stock to
their shareholders, and all their executives were required to resign from the
RCA board of directors. Sarnoff was now free to operate RCA as an inde-
pendent entity and to lead it in its next momentous step, the development
of a television system.

Station Population and Revenues

Except for a slight dip during the depths of the depression, the number of
stations on the air increased steadily from 1926 to 1950 (see Figure 2-1).
From 1926 until the United States’ entry into World War II in 1941, this
number increased from about seven hundred to just over one thousand.
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Owing to the enormous profitability of stations during the war, there was a
rash of applications for licenses immediately following it. As the network
era drew to a close in 1950, the number of stations had more than doubled to
twenty-two hundred.

The growth in AM broadcasting revenue was equally impressive (see
Figure 2-2). In 1935, the first year in which the FCC compiled statistics,
revenues totaled $80 million; by 1950 they had grown to $455 million.

B THE POSTNETWORK ERA, 1950—-PRESENT

The Decline of the Radio Networks

In 1950 the radio networks had dominated radio broadcasting for twenty-
five years, and they and their affiliates had been enormously profitable.
Affiliation with a major network was an eagerly sought after prize. Net-
works had a near monopoly on the most popular talent, and it was a sellers’
market for network time and for national and local spot advertising on the
affiliates. It was a time of great prosperity for the radio broadcasting in-
dustry.

The advent of television brought this period of prosperity to a close in the
early 1950s. The home audience for television exceeded that for radio,
especially during the prime evening hours. Television was a more effective
medium for advertising, and the choice national accounts switched to it.
Lured by higher salaries, the leading personalities in the entertainment
world moved to television. Network revenues dropped dramatically from
$141 million in 1948 to $48 million in 1956, and their net profit declined until
they were all operating at a loss. The economic foundation of radio broad-
casting as it had operated in the past crumbled.

The Era of Local Radio

In the face of the disintegration of radio’s economic mainstay, the net-
works, the medium proved to be remarkably adaptive, and the growth in
local advertising more than offset the network decline. From 1948 to 1956,
local advertising revenues rose from $116 million to $298 million, and by
1979 they had risen to more than $2 billion.

These increases were due in part to inflation and the increase in number
of stations, factors that did not increase the profitability of individual
stations. But they also reflected the skill of broadcasting station manage-
ment in adjusting to the new environment. Stations were aided in this by a
number of technical and nontechnical developments.
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Favorable technical developments included the increase in reliability and
stability of transmitters and studio equipment, the introduction of magnetic
tape recording, and the advent of small transistorized portable receivers.

Favorable nontechnical developments included the heaith of the econ-
omy in the postwar years, the breakdown of barriers to the use of recorded
music, the increase in outside-the-home listeners due to portable and auto-
mobile radios, and a reduction in the stringency of FCC programming and
operating regulations. All these factors contributed to the reduction in
operating costs and the changes in programming formats that were needed
to make radio broadcasting profitable.

Radio programming came to be based predominantly on recorded mate-
rial, either records or tape cassettes. Whereas the use of records by radio
stations was once vigorously opposed by the musicians’ union and record
companies, they later recognized the advertising value of radio and at-
tempted to have their releases featured on the air.

Most stations became spedialists in broadcasting programs of a single
format. The most common formats were Adult Contemporary, Agriculture
and Farm, American Indian, Big Band, Black, Classical, Contemporary Hit,
Country and Western, Educational, Ethnic, Gospel and Religious, Jazz,
Middle of the Road, News, Oldies, Progressive, Spanish Language, and
Variety.

One technical development was favorable to broadcasting in general but
unfavorable to AM. This was the development of FM, AM’s competitor for
the radio audience. FM broadcasting did not become a serious competitor
for more than twenty years after the beginning of the postnetwork era, but it
eventually prevailed and became the primary radio broadcasting medium.

Technical Regulation during the Postnetwork Era

During the 1960s, a number of regulatory problems came to a head at the
FCC. Most of them were related to frequency assignment policies resulting
from a demand for spectrum space that exceeded the supply. The FCC had
atterapted to follow two mutually exclusive policies: On the one hand, it
tried to authorize as many stations as possible to provide increased compe-
tition, but on the other, it wanted to afford existing stations a high degree of
protection from interference. These policies have continued to the present,
and the Commission has vacillated between rigid enforcement of its assign-
ment criteria and great permissiveness. For the most part, however, the
desire to authorize more stations has taken precedence, and as a conse-
quence most AM stations are suffering from serious interference problems.

Overly lax administration of the frequency assignment rules, exacerbated
by malfunctioning directional antennas, has led to serious problems of
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nighttime interference on regional channels. The problem of adjacent chan-
nel interference has become much more serious than was originally antici-
pated. This has been aggravated by the practice of preemphasis—that is,
boosting the higher audio frequencies to improve the signal’s fidelity. Yetin
spite of the large number of stations that have been authorized, some areas
of the country are still not served or are underserved by AM stations,
particularly during nighttime hours. A perfect solution to this problem does
not exist, but the FCC has continued to attempt simultaneously to increase
the number of services and reduce mutual interference.

In 1964, alarmed by the growing complaints of interference, the FCC
announced that its assignment rules would be enforced more rigidly. This
slowed but did not stem the flow of applications for new stations. In 1968,
the FCC announced a freeze during which no applications would be ac-
cepted pending an outcome of a study of its policies.

The freeze was lifted a year later with additional restrictions imposed on
new stations. One of the criteria the FCC had originally used in making
assignment decisions was the extent of the "white area” (the area with no
other service) that the new station would cover. White area was originally
defined as having no other AM service, but after the freeze it was redefined
as a much smaller area with neither AM nor FM service. The effects of the
new policy were twofold: It significantly reduced the number of authori-
zations for new AM stations, and it gave a further impetus to the develop-
ment of FM.

The new policy was not completely effective, however. When it was
adopted, there were 4,125 AM stations on the air. Subsequently, 800 addi-
tional stations have been added, some of them made possible by the
breakdown of the clear channels. In addition, daytime-only stations are
now allowed to operate at night. The result is that mutual interference
between stations, both cochannel and adjacent channel, is worse than at the
end of the freeze in 1969.

Breakdown of the Clear Channels The original FRC/FCC assign-
ments had resulted in two categories of clear channels—Class IA, in which
no nighttime duplication of the dominant station was permitted, and Class
IB, in which nighttime operation by Class Il stations was permitted but with
stringent requirements for protection of the sky-wave service of the domi-
nant station.

The Class 1A channels were eyed covetously by would-be broadcasters
and by the FCC. Hearings were held as early as 1946 for the purpose of
investigating the “breakdown of the clears”—that is, allowing nighttime
Class II station operation. The licensees of the Class IA stations fought back
vigorously and for many years were successful in maintaining their night-
time exclusivity. But the pressure to change the policy eventually became
too great; duplication was allowed on Class IA channels, and, in effect, all
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Class IA channels became IB. In addition, duplication of clear channels
assigned to Mexico and Canada is now permitted, provided only that their
borders be protected.

Daytime-Only Stations The AM spectrum can accommodate more
daytime-only than full-time stations because sky-wave interference is not
significant in the daytime. During radio’s network era, the greatest revenue
came from nighttime service, and it was assumed that daytime-only stations
were economically marginal. One of the results of television competition
was to reduce the value of nighttime service for radio stations. At the same
time, new radio programming formats had an increasing appeal to daytime
listeners in automobiles or out-of-doors. These developments, coupled with
reduced operating costs, made daytime-only stations potentially profitable.

As a result of the spectrum availability and the improved profit potential
of daytime-only stations, they became increasingly popular. More than half
of the new stations authorized during and after the 1950s were daytime-
only.

Daytime-only stations were initially licensed to operate from local sunrise
to local sunset. This was a reasonable broadcast day in the spring and
summer months, but it was a serious handicap in the fall and winter. It was
a particular problem in respect to automobile commuters, who were a
significant part of the AM radio audience. Daytime-only broadcasters,
therefore, put pressure on the FCC to extend the broadcast day.

The FCC'’s first step was to take advantage of the fact that the transition
between nighttime and daytime propagation does not occur sharply at
sunrise and sunset. It adopted a complex set of rules for issuing presunrise
service authorizations (PSRA) and postsunset service authorizations (PSSA)
for stations to begin operations for a period (typically beginning at 6 A.M.
local time) before sunrise and to continue for a period afterward. Operation
was restricted to low power, 75 to 500 watts, and it was judged that the
added service was of greater value to the public than the small loss of service
to full-time stations resulting from increased interference.

Later, the restrictions on daytime-only stations were relaxed even fur-
ther, and full-time operation is now allowed provided the station’s power is
reduced sufficiently to avoid objectionable interference with full-time
stations. Often this requires power levels as low as 10 watts or even 1 watt at
night.

Efforts to Improve AM Service Quality

Shaken by the ever-increasing loss of market share to FM, AM broad-
casters and the FCC have addressed the problem of improving the technical
quality of AM service. The FCC has instituted more stringent control of
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directional antennas. It has declined to establish standards for AM stereo
broadcasting, but the industry is in the process of establishing de facto
standards. Looking to the future, the National Radio Systems Committee
(NRSC), a joint venture of the National Association of Broadcasters (NAB)
and the Electronic Industries Association (EIA), has proposed rule changes
that it believes will improve AM reception.

Control of Directional Antennas As the AM band became more
crowded, antenna systems became more complex and difficult to maintain
in adjustment, and the FCC took steps to regulate the performance of
directional antennas more closely. It defined certain antennas as "’critical”
and required that the current amplitudes and phases be adjusted within
tighter tolerances than those required for less critical arrays. These ad-
justments require the use of special high-precision monitors and more
frequent measurement of the adjustment of all directional antennas.

AM Stereo  All AM stereo systems suffer from the limited bandwidth of
AMradio channels, and AM stereo will never be able to match the fidelity of
FM. The ability of AM systems to transmit and reproduce higher audio
frequencies would be further limited by attenuation of out-of-band trans-
missions as recommended by the NRSC. Nevertheless, the use of stereo
significantly improves the attractiveness of AM broadcasting and goes
partway in matching the technical quality of FM.

The FCC established transmission standards for FM stereo, but it waffled
in its attempts to do so for AM. The Reagan administration’s policy of
deregulation, plus the historical example of serious FCC errors in establish-
ing technical standards (for example, the CBS color system) led the Com-
mission to let the marketplace decide. Left to make the decision, broad-
casters had the choice of five stereo systems. Two of these, the Kahn and
Motorola systems, very quickly took the lead, and as of this writing, it
appears that Motorola’s C-Quam® system is headed toward total industry
acceptance.

In the C-Quam system, the sum of the left and right signals (L + R)
amplitude modulates the carrier, which is then received and detected by
standard monaural receivers, thus resulting in compatibility. The difference
between the left and right signals (L — R), usually of lower amplitude than
L + R, is transmitted by a form of phase modulation that does not affect the
amplitude of the carrier. This signal is decoded by special circuitry in a
stereo receiver. The left and right signals are recovered by adding and
subtracting the L +R and L — R signals:

[ _L+R+(L-R)

2
R=¢+m;@—m
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The response of the marketplace to the C-Quam system has been good.
As of the end of 1988, Motorola reported that it had shipped more than
16.5 million C-Quam decoders to receiver manufacturers.

The Recommendations of the NRSC In October 1988, the NRSC
prepared a report in which it summarized its recommendations to the FCC
for improving the quality of AM reception. They included the following:

1. Stricter limits on out-of-band emissions and a standard preem-
phasis of higher frequencies. This is to reduce adjacent channel
interference and to provide a guide to receiver manufacturers.

2. Reduction of the permissible level of sky-wave interference from 50
percent of the root-sum-square (RSS) of existing interfering signals
to 25 percent.

3. Reduction of the permissible level of adjacent channel interference
from 0 dB to —16 dB (from 1:1 to 1:40).

The FCC is seriously considering these proposals, some as formal rule
changes.

Technology in the Postnetwork Era

Studios The elaborate radio studios of the network era were among the
first casualties of television competition. With the transition from costly live
productions to recorded programming, they became an anachronism. All
that was needed were announce booths for news broadcasts and disk
jockeys and other announcers to put the recorded material on the air.
There might be one small studio for the recording of commercials and short
program segments, but complex live productions with costly studio facili-
ties became a thing of the past.

Magnetic Tape Recording The development of a satisfactory method
for recording audio signals on magnetic tape was one of the technical
breakthroughs that enabled radio broadcasting to adapt to the postnetwork
era. Tape recorders made it possible for stations to prerecord commercials
and program segments with equipment that was relatively inexpensive and
did not require a high degree of technical skill to operate. Magnetic record-
ing was a key element in broadcasting’s transition from live to recorded
programming and to smaller technical staffs.

Magnetic recording of audio was first proposed by a Danish scientist, V.
Poulsen, in 1900.7 For several decades thereafter, desultory efforts were

7 V. Poulsen, Ann. Phys. (Leipzig) 3(1900): 754.
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made to develop a satisfactory commercial product using the principle
described by Poulsen. Most of them used a thin iron wire pulled past a
recording head as the recording medium. None was very satisfactory. The
quality of the recorded sound was poor, and the iron wire was easily broken
or snarled.

The breakthroughs that led to the excellent performance and versatility
of today’s recorders were made by German engineers during World WarII.
They replaced the iron wire with a strip of plastic tape coated with fine
grains of a magnetic material (see below). Plastic tape worked far better,
mechanically and electrically, than wire. A second breakthrough was the
use of high-frequency bias (see illustration on next page), which made
low-distortion recordings possible. The exact mechanism of the bias tech-
nique is still not completely understood, but it is extremely effective,

The performance of the equipment developed by the Germans was good
enough for on-air use by their radio stations. The value of the German
technology was immediately recognized by American engineers who en-
tered Germany at the beginning of the occupation, and it was transmitted
quickly to the United States.

Tape recorders originally were reel-to-reel (Figure 2-12) and usually used

THE PRINCIPLE OF MAGNETIC TAPE RECORDING
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As the tape is pulled past the magnetic head, the magnetic pattern that has
been recorded on its surface causes variations in the flux in the magnetic path
through the coil. These changes induce a replica of the signal voltage in the coil
winding.
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ELECTRICAL BIAS FOR AUDIO RECORDING

This drawing, the normal BH curve, shows a fundamental problem with mag-
netic recording. The curve is very nonlinear, and if the audio signal were rec-
orded directly, a high level of distortion would result. (This was one of the
problems with early wire recorders.) This difficulty is overcome by adding (not
modulating) the audio signal to a high-frequency (50- to 100-kHz) bias signal.
This carries the composite recorded signal well out of the nonlinear region of the
BH transfer characteristic.

quarter-inch tape, although some special multitrack recorders used wider
tape. Standard tape speeds of 15 and 7.5 inches per second (ips) were
established, with corresponding audio bandwidths of 15 and 7.5 kHz.

Subsequently, there were major improvements in tape and recording
head technology that permitted equal or better performance at lower tape
speeds. Standard tape speeds of 3.75 and 7.5 ips have been established for
reel-to-reel recorders and 1.875 and 0.938 ips for cassette recorders. Record-
ers are available in 4-track configurations, and a frequency response up to
20 kHz can be achieved.

The development of the tape cassette greatly increased the utility of tape
recording for radio stations. Cassettes are more easily handled, and it is
practical to use a separate cassette for each commercial or programming
segment. This led to partially automated radio stations. The individual
program segments are prerecorded on individual cassettes, and automatic
players play back the segments in sequence with no human intervention.
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Courtesy RCA Corporation.

B Figure 2-12 A reel-to-reel recorder.

Transistors Probably no single technical innovation has had as pro-
found an effect on broadcasting, both radio and television, as the transistor.
Its use became ubiquitous, both in professional broadcasting equipment
and in receivers and recorders used by the public. In its total impact, it was
even more important than the tape recorder in radio’s adjustment to tele-
vision.

Transistors began to be used in station equipment in the early 1950s, and
little by little they replaced electron tubes as a greater variety of transistor
types became available. The resulting equipment designs were smaller,
required less power and maintenance, were more reliable, and ultimately
were cheaper. These designs permitted major reductions in technical per-
sonnel and were an important factor in the cost-reduction policies stations
were forced to adopt.
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The impact of transistors on receiver design was even greater. As televi-
sion preempted the home audience in the prime evening hours, radio
programming was directed more to the outdoor and automobile audiences.
Transistors made truly portable radios for outdoor use possible, and transis-
tor became a generic term for a small hand-held radio. With their lower heat
generation, greater reliability, and smaller size, transistor radios were
superior for automobiles, and their use became universal.

The influence of the transistor is illustrated dramatically by the growth in
the number of portable radios sold in the United States:

B RADIO SALES IN THE UNITED STATES

(thousands of units)

Table/Clock Automobile Portables
1955 5,245 6,863 2,082
1960 8,291 5,501 9,740
1965 9,818 10,037 21,871
1970 10,588 10,378 23,461

Source: EIA.

The Beginning of the Japanese Invasion

As the transistor began to supersede the electron tube for radio receivers

in the 1950s, the Japanese began an all-out effort to master its technology
and to use it as the basis for an assault on the world electronic markets. Akio
Morita, the founder of Sony, reported:

Miniaturization and compactness have always appealed to the Japanese. Our
boxes have been made to nest; our fans fold; our art rolls into neat rolls;
screens that can artistically depict an entire city can be folded and tucked
neatly away, or set up to delight, entertain, and educate, or merely to divide a
room. And we set as our goal a radio small enough to fit into a shirt pocket.
Not just portable, I said, but “pocketable.” Even before the war RCA made a
medium-sized portable using tiny “’peanut’’ vacuum tubes, but half the space
was taken up by an expensive battery, which played for only about four hours.
Transistors might be able to solve that power and size problem.

We were all eager to get to work on the transistor, and when word came
that it would be possible to license the technology, I went to New York to
finalize the deal in 1953.°

8 Akio Morita, Made in Japan (New York: E.P. Dutton, 1986).
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Morita then described the difficulties he encountered with Japan’s Minis-
try of International Trade and Industry (MITI) in obtaining permission to
remit $25,000 to Western Electric for the initial license fee. But he prevailed,
and Japan was set on a course that would eventually lead to its near
domination of the world’s commercial electronics industry. At first, its
engineers and scientists copied the West, but dedication, determination,
and a great deal of natural talent combined to create a highly educated cadre
of Japanese engineers and scientists who soon became among the world’s
leaders in solid-state technology.

The translation of technology into salable products was not accomplished
overnight, and it was not until the late 1950s that transistorized radios were
first offered in the Japanese market. Significant quantities of exports to the
United States began in 1961 with 5.2 million units. U.S. imports grew
rapidly thereafter to 17.6 million in 1965 and 34.7 million in 1969 (not all of
these came from Japan). Since 1969, Japan and Third World countries have

" virtually monopolized the U.S. radio market.

American electronics manufacturers were not greatly alarmed at first by
the Japanese penetration of the radio market. It was much smaller than the
television market, and radio was regarded as a product in which the Japa-
nese excelled because of their talent for miniaturization. History has shown
that this was a vast underestimation, since it was only the opening wedge.
From radio and audio equipment, the Japanese progressed to monochrome
television, color television, video recorders for the home, and finally com-
plex capital equipment for television broadcasting stations and production
houses.

The Decline of AM and FM’s Revenge

AM radio, which had succeeded so brilliantly in adapting itself to the
competition from television, was not as successful against its sister me-
dium, FM. The emergence of FM as the primary radio medium after decades
in the economic wilderness is described in Chapter 3. At this point, it
suffices to say that the main reasons were technical. FM'’s capability for high
fidelity and stereo, its freedom from static, and the superiority of its night-
time coverage were the dominant factors. FM’s gain was AM’s loss, and in
1988 AM commanded only about 25 percent of the radio audience.

The role of high-fidelity stereo in FM’s competitive position is under-
scored by demographic studies of the audience. One study reported that
FM had three times as many teenage listeners as AM and that AM had 20
percent more listeners in the over-55 age-group. The presumption is that
teenagers listen to rock music, which demands high fidelity and stereo,
while older listeners prefer news and quieter music, which demands less
fidelity.
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The pioneers in FM broadcasting found sweet revenge in its triumph. For
many years after World War I, it was regarded somewhat contemptuously
by members of the AM broadcasting establishment. For at least two de-
cades, their contempt seemed justified. The FM listening audience grew
with painful slowness, and FM-only stations, considered as a group, oper-
ated at a loss until 1976.

In the meantime, the pioneers endured seemingly endless years of losses
and the jibes of the AM broadcasting establishment. Their anguish was
increased by the honest doubts that FM would ever succeed. It is unfor-
tunate that many of these pioneers did not live to enjoy FM's final victory.

For those who persevered, the rewards have been great. FM profits are at
an all-time high, and the market value of FM stations continues to rise. As a
final irony, in 1986 the FCC repealed the rule that limited simulcasting, the
simultaneous broadcasting of the same material on FM and AM. Simul-
casting was permitted in the early days of FM to help it survive. As FM
became more profitable, the FCC required increasing amounts of nondupli-
cated programming. In 1986, complete duplication was permitted—this
time to help AM survive.

B A LOOK AHEAD

It is dangerous to play prophet in the broadcasting industry. The history of
broadcasting is replete with bad forecasts by the industry’s foremost au-
thorities. Some of the worst have been made by zealous advocates of new
technologies who were overly anxious to predict that earlier technologies
would become obsolete. Their favorite analogy is the buggy whip.

It was predicted that radio would eliminate phonographs; it did not. It
was predicted that television would elimnate radio; it did not. It was pre-
dicted that satellites and cable systems would eliminate over-the-air broad-
casting for the delivery of television programs; they have not. Finally, it was
predicted that FM broadcasting would supersede AM. Since the future of
AM will be shaped in large part by its competitive position in relation to FM,
the accuracy of this prediction is the key issue in evaluating the future
of AM.

FM has won its position by virtue of its technical superiority, and pro-
ponents of AM are trying to meet this challenge by improving AM technol-
ogy. The problem of AM stereo standards is being solved, although the
results will not be as good as those for FM stereo. The recommendations of
the NRSC, when adopted by the FCC, will improve AM performance. A
more questionable change, a reduction in channel width from 10 kHz to
9 kHz, would increase the number of channels but at the expense of in-
creased adjacent channel interference.
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All these developments will be helpful and are to be encouraged, but
given the inherent propagation and bandwidth characteristics of the AM
broadcast band and the vast investment of the public and broadcasters in
the present technology, it appears that future technical improvements will
come slowly and be limited. The quality of AM radio may improve, but it
will not equal that of FM.

If one accepts this premise, it follows that the future, perhaps even the
survival, of AM will depend on an overall shortage of radio channels, the
clear channel stations’ ability to serve rural areas at night, and nontechnical
factors such as FCC regulation and programming.

Even though there are more than nine thousand commercial stations
(about forty-nine hundred AM and forty-one hundred FM) and more than
one thousand educational stations on the air, there is still a shortage of
channels in some areas. The great diversity in public tastes and program
materials, along with the low cost of operating a station, have created a
demand for station licenses. This demand cannot possibly be met by FM
stations alone under current assignment policies—even if they were modi-
fied in accordance with proposals in FCC Docket 80-90 that could add as
many as seven hundred new FM stations. The channel shortage is so great
that the FCC is proposing to extend the AM band upward an additional
100 kHz to 1,700 kHz. This expansion was authorized in principle by the
1979 World Administrative Radio Conference (WARC) for North and South
America. The assignment rules have not yet been established, but one
proposal is that all stations operate with 1 kilowatt of power, nondirec-
tional, day and night. In any case, the survival of a few high-power clear
channel stations with their unique ability to cover vast unserved rural areas
seems assured under almost any set of assumptions.

The FCC is seriously considering a change in its ancient duopoly rule
(common ownership of two stations in the same market) that would permit
a single individual or corporation to own and operate more than one station
in a market. This could lead to economies of scale and other efficiences that
would improve AM'’s economic condition.

Perhaps the greatest opportunity for AM radio lies in using program
formats that minimize the effect of its technical deficiencies. High-fidelity
stereo is not needed for a news broadcast or for many types of music. Many
AM stations are currently using such formats.

The overall outlook for AM radio, then, is one of cautious optimism. It
has serious competitive problems, and its glory days are over. But it has
survived major challenges in the past, and perhaps innovative management
operating in a free enterprise system can continue to make AM radio profit-
able and provide an important additional service to the public.
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On January 31, 1954, Edwin Howard Amrstrong, a distinguished inventor
and professor of electrical engineering at Columbia University, returned to
his Manhattan apartment, dressed himself meticulously in formal clothes,
then stepped out the window to his death thirteen floors below. This tragic
act culminated the bitter conflicts that marked the introduction of FM broad-
casting in the United States.

The controversial issues were

1. Who invented FM?
2. Should FM broadcasting be permitted?
3. What portion of the radio spectrum should be allocated to it?

Although these issues stemmed from the conflicting economic interests of
the participants, they were greatly aggravated by pride, envy, and anger—
three of the seven deadly sins. Armstrong’s suicide resulted from his de-
spondency over the interminable patent litigation he was carrying on
against RCA. He wished to win this litigation not so much for the financial
rewards (he was already a modestly wealthy man, and the legal costs of the
litigation approached or exceeded the judgment he hoped to receive) but to
satisfy his pride by obtaining formal recognition that he was the inventor of
FM. His antagonist, David Sarnoff, was similarly motivated, and the resuit
was an impasse that could not be resolved by money.

B MAJOR EDWIN HOWARD ARMSTRONG

If one were to rank the engineers and scientists who contributed most to the
development of broadcasting technology, Edwin H. Armstrong (known as
Howard to his family and friends and shown in Figure 3-1) would be
among those at the top of the list. His inventions displayed a high order of
creativity, were commercially important, and had a lasting effect on the
industry. Broadcasting owes much to his inventive genius.

From a technical standpoint, his invention of the superheterodyne circuit
for radio receivers may have been the most significant (see Chapter 1), but
he is best known for the development and advocacy of wideband frequency
modulation for radio broadcasting. He was more responsible for the intro-

113



114 B BEHIND THE TUBE

Courtesy Smithsonian Institution, with permission.

8 Figure 3—-1 Major Edwin Howard Armstrong.

duction of FM broadcasting in the United States than any other individual.
Itis appropriate, therefore, to introduce this subject with a short biography
of this distinguished engineer.

Armstrong was born in New York City in 1890 to cultured and modestly
affluent parents. His father was manager of the U.S. branch of the Oxford
University Press, and his mother was a schoolteacher. He enjoyed a happy
childhood first in New York and then in suburban Yonkers where his
parents moved in 1902.

His interest in becoming an inventor began in 1904 when his father,
returning from England, brought him a book titled, The Boys’ Book of Inven-
tions. Soon after, he began experiments in wireless telegraphy, using an
attic room in his Yonkers home. Still later, his high school physics teacher
allowed him to construct a transmitting and receiving station on the roof of
the school.

He entered Columbia University in 1909, majoring in electrical engineer-
ing. As in most electrical engineering departments of the time, the curricu-
lum was heavily weighted toward power, a subject that did not interest him
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in the least. This lack of interest, together with his irreverent attitude
toward the power engineering faculty, made him unpopular and from time
to time jeopardized his academic standing.

The attitude of the electrical power faculty toward the communications
curriculum, which they sometimes described as “the study of piddle cur-
rents,” was condescending. Nevertheless, the communications faculty in-
cluded a number of distinguished pioneers in communications, including
John Morecroft and Michael Pupin. These men defended Armstrong
against the attacks of the power engineering faculty and were an important
influence in his development as an inventor.

His extraordinary talent for invention was displayed while he was an
undergraduate, for it was during this period that he conceived the regenera-
tive receiver circuit. His father, fearing that his preoccupation with inven-
tion was interfering with his studies, refused to loan him the $150 necessary
for the patent filing fee until he graduated. Armstrong graduated in June
1913, his father made the loan, he filed the application, and the patent was
granted in October 1914. In the meantime, his supporters on the faculty
were successful in having him appointed as an instructor at a salary of $600
per year.

Unfortunately, this invention initiated the continuous dispute over pat-
ents and inventions that was to mar Armstrong’s life and embitter his
personality. Three other inventors, Lee De Forest (patent assigned to
AT&T), Irving Langmuir (patent assigned to GE), and Meissner (patent
assigned to Telefunken) claimed priority on the patent for the regenerative
circuit. Litigation dragged on for two decades, and finally, in 1934, the U.S.
Supreme Court decided in favor of De Forest.

It was a terrible blow to Armstrong, and shortly thereafter, in a highly -
emotional scene at an annual meeting of the Institute of Radio Engineers
(IRE), he publicly returned the medal he had received from the Institute for
this invention many years previously. Despite the Supreme Court ruling,
however, many engineers believed the honor belonged to him, and he
continued to have strong support from the broadcast and communications
technical communities.

When the United States declared war on Germany in World War I,
Armstrong entered the Army as a signal officer. He was sent almost imme-
diately to the front lines in France to observe the communications systems
being used by the French and U.S. armies and to update the wireless
communications system for the U.S. Army. He received the French Che-
valier de la Legion d’'Honneur for his wartime service, but his most impor-
tant accomplishment during the war years was the invention of the super-
heterodyne circuit, an activity only indirectly related to his official duties.

His application for the superheterodyne patent was challenged, but he
successfully withstood this, and the patent was granted on June 8, 1920.
Soon afterward, on October 5, he sold it to Westinghouse for $350,000 but
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retained the rights for amateur equipment. These rights were lucrative, and
for a time his royalty income was more than $10,000 a month.

Shortly after the armistice, he was promoted to the permanent rank of
major, and ever afterward he was known in the industry as Major
Armstrong. His prolific efforts as an inventor continued after he returned to
civilian life, and his next major invention was an improved version of the
regenerative circuit, the superregenerative circuit. Although it had a num-
ber of important applications, it could not withstand competition from the
superheterodyne. Sarnoff, however, was sufficiently impressed to convince
RCA to purchase the patent for $200,000 plus sixty thousand shares of RCA
stock (later increased to eighty thousand shares).

At this time, Armstrong and Sarnoff were good friends. In the course of
his visits to Sarnoff ‘s office, Armstrong fell in love with Sarnoff’s secretary,
Marian Maclnnes, whom he married on December 1, 1923. Thus years later,
when he was engaged in a venomous FM patent battle with RCA, he was
not only one of RCA’s largest stockholders but also was married to its
chairman’s former secretary.

The income from his patents allowed him to live in modest affluence and
to establish his own research laboratory in Alpine, New Jersey. There, he
and a small staff of loyal and enthusiastic employees carried out research in
radio circuitry and systems for nearly three decades. In addition, he re-
joined the electrical engineering faculty at his alma mater, Columbia Uni-
versity.

In the estimation of Armstrong and his body of supporters, the culmi-
nation of his career as an inventor came with his development of frequency
modulation (FM) as an alternative to amplitude modulation (AM), the
method then used universally in radio broadcasting systems. After filing his
FM patent applications during the early 1930s, his enthusiasm for it soon
grew far beyond the normal paternal instinct of an inventor. He became a
zealot with a mission to bring the benefits of the new medium to the public.
He was FM'’s evangelist, and for the remainder of his life, he devoted his
considerable talents as an engineer and salesman to its promotion and the
defense of his patent position. In the end, these activities led to his death.

Armstrong was so convinced of FM’s superiority that he could not con-
ceive that an objective engineer or broadcast executive could fail to share his
enthusiasm for it. When some elements of the industry did not, he immedi-
ately assumed that it was the result of their greed and their desire to
enhance their private economic interests by maintaining the status quo,
even at the expense of the public interest. This was his appraisal of the
attitude of RCA and his old friend David Sarnoff when the latter refused to
support the development and promotion of FM after choosing to concen-
trate his company’s resources on television.

Armstrong’s final battle with RCA came in 1948, when he filed a lawsuit
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charging infringement of his FM patents. The resulting litigation, which
ended with Armstrong’s suicide, is described later in this chapter.

Armstrong’s life was an archetype of the classical Greek tragedy in which
the hero is destroyed by a single fatal flaw—the sin of excessive pride. But
his achievements live on for the rest of the world to enjoy.

B THE BASIC TECHNOLOGIES OF FM BROADCASTING

Invention and Development

The question “Who invented FM?” and the circumstances surrounding
its invention were debated at length in the acrimonious patent litigation
between Armstrong and RCA during the post-World War II years. This
complex issue is discussed later in this chapter.

The next phase in the evolution of any new technology is its develop-
ment, the transformation of an invention into a practical product or system.
There can be no doubt that much of the credit for the early development of
FM belongs to Armstrong.

The concept of FM is simple, perhaps even obvious. It began to appear in
the technical literature in the early 1920s, and a number of technical papers
on the subject were published during the next decade. But a recognition of
its unique properties and the application of these properties to a practical
broadcasting system required a high degree of creativity and years of pa-
tient study and experimentation. It was in performing this function that
Armstrong made his greatest contribution to FM technology.

Frequency Modulation

As its name implies, FM, or frequency modulation, differs from AM, or
amplitude modulation, in that the frequency rather than the amplitude of the
radio frequency signal is varied or modulated in accordance with the audio
signal being transmitted.

There are two distinct types of FM, narrow-band and wideband. Narrow-
band systems, in which the frequency variations are small, are widely used
for radiotelephone communications and other applications that do not re-
quire high-fidelity sound reproduction. Wideband systems, with large fre-
quency swings, are used for broadcasting. (See illustration on next page.)

Armstrong’s most important contribution to FM technology was the
discovery of the dramatic improvement in performance that resulted from
the use of wideband FM. This also was the basis for his patent position.
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This drawing shows the waveform and frequency spectrum that result from
the frequency modulation of a radio frequency carrier with an audio signal. The
distribution of energy in the radio frequency spectrum is a representation that is
more useful to the engineer than the waveform.

To conserve spectrum space, radio communication systems typically use
small deviations and narrow channels. This is known as narrow-band FM. For
example, land mobile systems are limited to a deviation of +5 kHz.

To achieve optimum performance, broadcast FM stations use wideband FM
with large deviations and wide channel bandwidths. In the United States, the
deviation is +75 kHz, and the bandwidth is 200 kHz. Wideband FM is also used for
the television sound channel, although the deviation of +25 kHz is not as great as
that used for FM broadcasting.

The spectrum of a wideband FM waveform is complex. In theory, the side-
bands extend indefinitely above and below the carrier. In practice, nearly all the
sideband energy is contained within a well-defined frequency band that extends
above and below the carrier by an amount equal to the frequency deviation plus
the frequency of the modulating signal.
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Specifically, he claimed the following advantages of wideband FM over AM
and narrow-band FM:

s Virtual freedom from atmospheric interference or static from elec-
trical storms. Wideband FM is inherently more immune to this type
of interference.

= Greater freedom from man-made interference, such as that pro-
duced by arcing power lines and electrical appliances

= Greater immunity to interference from stations operating on the
same frequency. With AM, a weak interfering signal from a distant
station having a strength of as little as one-twentieth that from the
desired station can still be heard in the background. With FM, an
interfering signal must have a strength of more than half the de-
sired signal to be heard at all.

» The capability for higher fidelity reproduction, particularly with
respect to dynamic (volume) range and frequency response.

Having discovered these unique characteristics of wideband FM,
Armstrong became its missionary. His goal was the creation of a broadcast-
ing system that was technically as perfect as possible. To achieve this, he
was unwilling to make any compromises. His most important recommen-
dation, which the FCC ultimately adopted, was 200-kHz spacing between
channels—twenty times the 10-kHz spacing in AM broadcasting. Only the
major improvement in performance resulting from wideband channels
could justify such prodigal use of a limited resource.

With the benefit of hindsight, one might conclude that the choice of a
200-kHz channel width was overkill for monaural broadcasting. On the one
hand, excellent performance, even for the most demanding program mate-
rial, can be obtained with narrower channels. On the other hand, 200-kHz
channels provide the capacity for high-quality stereo broadcasting, now in
common use but not contemplated during the prewar years when the
200-kHz standard was established. Armstrong and the FCC probably chose
the optimum channel bandwidth, although possibly for the wrong reason.

Very High Frequencies

The requirement for spectrum space resulting from the choice of the
200-kHz channel width dictated the location of FM in the VHF region of the
radio frequency spectrum—30 to 300 MHz. There simply was not enough
space at lower frequencies. Even at VHF, FM had to compete for spectrum
space with television, and this became another point of contention during
the birth and growth of FM.

The necessity of locating FM in the VHF portion of the spectrum was
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fortuitous because the advantages of the broadcast system Armstrong had
proposed did not resuit solely from its use of FM. In part, they were the
consequence of the bandwidth of the FM channels and their location in the
spectrum. If AM had wider channels and a similar spectrum location, it
would have enjoyed many of the advantages of Armstrong’s FM system,
and it would have lacked some of its disadvantages. In their zeal to sell FM,
Armstrong and his supporters were not always careful to explain this.

While the necessity for locating FM in the VHF region was obvious and
uncontested, its optimum position within this band was not. The establish-
ment of this position led to one of FM’s most acrimonious disputes.

VHF Propagation The propagation mechanisms of the VHF radio
waves used for FM broadcasting, 88 to 108 MHz, are quite different from
those of the medium-wave frequencies, 550 to 1,600 kHz, used for AM
broadcasting. The relative advantages of AM and FM broadcasting are
determined as much by these differences as by the inherent differences
between AM and FM modulation. VHF transmission is more nearly like that
of light rays, and it essentially follows a line-of-sight path with a range of
thirty to sixty miles depending on the terrain and the antenna height. Like
light, it is subject to the phenomena of reflection, refraction, and diffraction.

VHF waves are reflected from both the earth and terrestrial objects, and
the received signals are a complex mixture of direct and reflected waves.
Under some conditions, reception of this mixture results in multipath distor-
tion and a serious distortion of the audio signal.

Refraction bends the path of VHF waves around the earth’s curvature as
they pass into the less dense layers of the upper atmosphere. This increases
the distance to the radio horizon to about one and one-third times the
distance to the geometric horizon.

Diffraction bends the paths of waves as they pass over sharp obstacles. It
often makes reception possible behind buildings and other obstacles in the
direct path of the wave.

A third characteristic of VHF is that long-distance nighttime ionospheric,
or sky-wave, transmission is eliminated or greatly reduced. This has both
advantages and disadvantages. The advantages are that stations are not
subject to nighttime interference from distant stations operating on the
same frequency and their day and night coverage areas are essentially the
same. The disadvantage is that the useful range of FM stations is more
limited. They cannot duplicate the nighttime coverage of remote rural areas
that clear channels provide in the AM broadcast band.

Fourth, the severity of atmospheric static is less at VHF than in the AM
broadcast band. Similarly, the severity of man-made interference is less at
VHF frequencies.



FM RADIO BROADCASTING B 121

The Effect of Antenna Height A typical FM antenna is a structure
twenty-five feet high mounted on a supporting tower. Unlike an AM an-
tenna, the tower is not a radiating element but merely serves as a support.

The height of the antenna has a major effect on the station’s coverage for
two reasons. First, increasing the height of the antenna increases the dis-
tance to the horizon and hence the range of the station. Second, increasing
the antenna height, even at locations between the station and the horizon,
results in a more favorable phase relationship between the direct and re-
flected waves and thus increases the strength of the received signal. The
effect is quite large. For example, increasing the antenna height from five
hundred to one thousand feet produces the same effect as increasing the
power by a factor of 5.

B THE EARLY DEVELOPMENT OF FM

Armstrong’s Initial Research

From 1928 to 1933, Armstrong worked diligently at his Columbia Univer-
sity lab (Figure 3-2) to construct a working model of an FM system. With the
limitations imposed by the primitive state of vacuum tube technology at the
time, his experimental circuits required as many as one hundred tubes. He
was a thorough investigator, and he made more than a hundred thousand
measurements of the performance of FM modulated signals. It was during
this period that he discovered the unique properties of wideband FM. From
July 1930 to January 1933, he filed four FM patent applications; all were
granted simultaneously on December 26, 1933.

Two years later, on November 5, 1935, he made the first public demon-
stration of FM to the New York chapter of the IRE together with a paper
titled *’A Method of Reducing Distrubances in Radio Signaling by a System
of Frequency Modulation.” An amateur station in Yonkers owned by his
friend Randy Runyon transmitted the signal for the demonstration. Curi-
ously, it made little initial impact on the assembled engineers.

In the years prior to 1933, RCA and AT&T engineers also experimented
with FM. They were generally unimpressed and were unable to note any
advantages over AM. This may have resulted from their failure to recognize
the great difference in the characteristics of wideband and narrow-band FM.

RCA Turns Its Back

From the outset, Armstrong recognized that the support of a substantial
number of radio manufacturers and broadcasters was required if FM were to
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B Figure 3-2 Armstrong's Columbia University Laboratory.

be successful. He had no desire to be a manufacturer or broadcaster. His
rewards were the patent royalties and the honor and prestige of being
recognized as the inventor of FM. But someone had to build and market the
receivers and transmitting apparatus, someone had to construct and oper-
ate the broadcasting stations, and he needed as much support as he could
muster to persuade the FCC to authorize FM broadcasting.

Armstrong was so convinced of the superiority of FM that he anticipated
no difficulty in obtaining the industry’s support. It was with this attitude
that he approached David Sarnoff to enlist the aid of RCA and NBC. It was a
logical step. Sarnoff and Armstrong were friends, RCA was the leading
manufacturer of radio transmitters and receivers, and NBC was the leading
radio network. With their support, the success of FM was almost guar-
anteed.

For a time, RCA cooperated. Armstrong first demonstrated FM to Sarnoff
in December 1933. This was followed by visits from RCA engineers, who
were sufficiently impressed to recommend field tests. In response to this
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recommendation, Armstrong, with RCA’s agreement, installed a test trans-
mitter on the Empire State Building in 1934. It shared facilities with RCA’s
television field-test transmitter, and for two years it carried out tests of FM
broadcasting,.

The reactions of RCA’s engineers to these tests were mixed. Some were
favorable, but other were cautious or clearly unfavorable. One of the more
optimistic reports was issued by Harold Beverage, a highly regarded engi-
neer, who stated that frequency modulation with a deviation of 100 kilocy-
cles would increase the service radius by 3 to 5 times as compared with AM.
RCA'’s sales, patent, and legal departments, however, were concerned
about FM's threat to the corporate position and opposed RCA’s support.

Faced with conflicting advice and wishing to save RCA’s resources for
television development, Sarnoff made his decision. In 1936, he advised
Armstrong that RCA would cease any further activity on behalf of FM.
(RCA’s engineers, however, quietly continued a modest program of experi-
mental work to protect the company’s patent position.) He stated that,
whatever advantages it might have over AM, it was only another form of
radio broadcasting. In contrast, television was a completely new and poten-
tially much more powerful medium, and Sarnoff had decided that RCA
should devote all its research efforts to the development of television. As a
tangible sign of this decision, he asked that Armstrong’s experimental FM
antenna be removed from the Empire State Building and replaced with a
television antenna.

Armstrong was amazed and outraged. He could not believe that Sar-
noff’s desire to give television a higher priority was his real reason for
turning his back on FM. Sarnoff ‘s real motive, he decided, was to protect
NBC and other AM broadcasters from FM competition and RCA from a
threat to its patent position. AM broadcasters were prospering greatly in
spite of the depression, and much of their success resulted from their
licenses for the limited number of high-power AM stations. FM would
increase the number of available channels, thus increasing competition, and
it would provide approximately equal coverage for all stations.

Sarnoff’s stated position seems reasonable enough today, but in trying to
understand Armstrong’s reaction, it is important to remember that televi-
sion’s ultimate success was by no means assured. It had major unsolved
technical and economic problems, and the latter appeared almost insur-
mountable in light of the depression. As Armstrong saw it, television was a
costly and highly speculative venture with a long-term payout at best, while
radio was a proven medium and FM scemed to be a sure thing. He con-
cluded, therefore, that the decision to abandon FM in favor of television
must have resulted from ulterior motives. The long-standing friendship
between Armstrong and Sarnoff came to an end.

Like every coin, this one had two sides. If Armstrong was correct in his
belief that Sarnoff’s motive was to protect AM broadcasters, how can
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Sarnoff’s costly and single-minded development of television, a medium
that was a far greater threat to AM radio than was FM, be explained? The
broadcasting establishment feared television more than FM, and Sarnoff
was the object of vicious attacks by many radio broadcasters.

Finally, if fear of competition was an element in RCA’s decision to
withdraw its support of FM, the motives of Armstrong and other FM
enthusiasts were not entirely pure either. The success of the AM broad-
casters who were licensed to use the scarce AM channels aroused envy in
FM'’s proponents. Throughout the literature of FM's early years, evidence of
this envy is never far beneath the surface and is sometimes quite obvious.
There was an enormous desire to “get the fat cats,” and this was surely one
of the reasons for the messianic zeal that developed in the FM estab-
lishment.

The FM Establishment Takes Form

Having failed to obtain RCA’s support, Armstrong pressed ahead, aided
by some of RCA’s principal competitors, notably Zenith and GE. RCA was
not the only game in town, and soon a strong and vocal FM establishment
formed. At times its members seemed to live to oppose RCA as much as
support FM. Whatever their motives, Armstrong had no dearth of suppor-
ters in the manufacturing industry.

The Development of FM Technology

A number of major technical tasks had to be performed before a proposal
could be made to the FCC to allocate a block of frequencies for FM broad-
casting. It was necessary to persuade a skeptical engineering community
that wideband FM would do all that Armstrong claimed. Extensive field
tests had to be carried out to establish performance under real-life condi-
tions. Transmission standards had to be developed. A number of critical
electric circuits had to be developed as a basis for receiver and transmitter
designs. In short, the process of bringing FM out of the laboratory and
making it a practical operating system was a major engineering task.

To carry out this task, Armstrong enlarged his laboratory at Columbia to
engage in an expanded program for the development of FM. In 1936,
following RCA’s decision to remove his FM field-test antenna from the
Empire State Building, he began construction of a test transmitter in Alpine,
New Jersey, that included a four-hundred-foot tower to support the an-
tenna. (Ironically, the transmitter was manufactured by RCA.) He was able to
test the range and performance of FM signals over a wide variety of terrains
with this installation. Armstrong also developed limiter, discriminator, and
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preemphasis/deemphasis circuits, three of the basic circuit types required
in an FM system. And he established the 200-kHz channel width for FM
broadcasting.

Unfortunately, Armstrong’ popularity and influence were not enhanced
by his self-righteous pronouncements and combative disposition. An exam-
ple of Armstrong’s attitude was his response to a mathematical paper that,
having drawn the conclusion that narrow-band FM would not be practical
for broadcasting, failed to make a distinction between narrow-band and
wideband. Angered, Armstrong wrote a scathing paper titled ‘"Mathemati-
cal Theory vs Physical Concept” that attacked mathematics as a tool of
physical research.

Nevertheless, the technical development of FM proceeded rapidly. In
1939, the Yankee Network erected an experimental FM transmitter on
Mount Asnebumskit in New England. Two weeks later, RCA quietly ap-
plied for an experimental license. In all, some twenty experimental stations
were constructed during this period, and by the middle of 1939, sufficient
engineering information had been collected to provide the technical basis
for a petition to the FCC for an allocation of a substantial portion of the
spectrum for FM broadcasting.

@ THE FCC ACTS

The FM Rule-Making Hearing

Late in 1939, the FCC convened a Rule Making hearing to determine
whether to allocate VHF spectrum space for the purpose of commercial FM
broadcasting. Frequencies for experimental broadcasting had been assigned
since 1935, but licensees of experimental stations were not permitted to
accept advertising or to derive any income from them. FM’s advocates
believed the time had come to permit regular commercial broadcasting and
were lobbying vigorously for this authorization.

The FCC addressed three questions in this hearing:

1. Should VHF frequency bands be allocated for radio broadcasting?

2. If so, should it be AM or FM?

3. Where and how much of the spectrum should be allocated for
broadcasting? This quesion was directly related to the second, since
the amount of spectrum needed would depend on the choice of FM
or AM.

The first question was almost no contest. There was a legitimate argu-
ment that an allocation of an additional frequency band for radio broadcast-
ing would make a greater variety of programming available to the public. In
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addition, the regulators believed that opening up a new band would in-
crease the competition to AM broadcasters who were waxing fat, protected
from free competition by the scarcity of channels. These broadcasters, while
they did not welcome additional competition, were in no position to oppose
it. To have done so would have been seen as opposing the public interest.
Thus, there was no question that the Commission would establish a VHF
broadcasting service.

The answer to the second question, AM or FM, was not as simple. Some
of the advantages claimed for FM were the result of its position in the VHF
spectrum rather than of the type of modulation. Furthermore, it was prodi-
gal in its use of spectrum space, and FM receivers were expected to be more
expensive.

These arguments could not withstand the onslaught of Armstrong and
his supporters. For them, the promotion of FM was a crusade. They played
skillfully on the dissatisfaction of the academic, literary, and artistic commu-
nities with the programming available on standard AM radio. In 1938 and
1939, Armstrong addressed innumerable groups, clubs, and technical soci-
eties touting the advantages of FM. This public relations effort was highly
effective, as he promised a continuous flow of high-quality programs trans-
mitted with superb technical quality. After a time, FM broadcasting ac-
quired something of a mystique in the public’s mind.

The Position of RCA and CBS

The official position of RCA and CBS was that FM was an interesting
technical development that did not have much commercial significance
because the public was not interested in high fidelity. This position particu-
larly angered Armstrong. It was their opinion, he said sarcastically, that the
public wanted to hear conductor Leopold Stokowski in “low fidelity” (un-
der his premise that vast numbers of the public wanted to hear Stokowski).

RCA'’s ability to oppose FM at the FCC, assuming it might have wished to
do so, was limited. Given the temper of the times and RCA’s dominant
position in the industry, aggressive opposition to FM would have been
counterproductive. RCA and its subsidiary, NBC, chose, therefore, to as-
sert their request strongly for VHF spectrum space for television but to
maintain a low profile with respect to FM. Late in 1939, RCA petitioned the
commission to allocate VHF spectrum space for thirteen 6-MHz television
channels. This would have reduced the space available for radio broadcast-
ing, but RCA suggested that this problem could be solved, even with FM,
by reducing the frequency deviation and the channel width.

Outside of the regulatory arena, RCA opted to encourage FM as little as
possible, to maintain a modest level of FM engineering development to
protect its patent position, and to challenge Armstrong’s patents, if neces-
sary, in court.
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The FCC Chairman

The cause of FM’s proponents was aided by the predilections of the
FCC’s strong-willed chairman, James Lawrence (Larry) Fly. He honestly
believed that FM was a superior medium for aural broadcasting, he was
irritated by RCA’s aggressive demand for spectrum space for commercial
television, and he had a populist resentment of the huge profits being made
by AM broadcasters. Accordingly, his response to RCA’s request for thir-
teen television channels was that there could be no allocation of television
channels until the needs of FM had been considered and met.

Toward the end of the hearing, RCA, sensing the inevitable, softened its
position toward FM. It stated publicly that FM was ready for commercial
development. In addition, Sarnoff offered to buy Armstrong’s patent rights
for $1 million, an offer Armstrong rejected.

The FCC’s Report and Order

With a pro-FM chairman, a strong and effective FM lobby, and FM’s
opposition muted, it is not surprising that the FCC acted with unprece-
dented speed. On May 20, 1940, it issued a Report and Order stating in
summary that “Frequency modulation is highly developed. It is ready to
move forward on a broad scale and on a full commercial basis.”

The Report further stated that FM was technically superior to AM for
broadcasting at frequencies above 25 MHz, citing “unanimous” industry
opinion as evidence. It accepted Armstrong’s recommendation for 200-kHz
channels.

The Report noted that the opening of a new high-frequency band would
correct the inequalities of the standard broadcast band; it stated, “These
inequalities result from the scarcity of frequencies, their technical character-
istics and the early growth of broadcasting without technical regulation.”
The new band would allow some communities to have their first station and
to increase the number of services available in others. The disparity in
service areas between stations would be eliminated: “Competitive broad-
cast stations in the same center of population will insofar as possible be
licensed to serve the same area.”

The decision was to allocate forty 200-kHz channels in 8 MHz of spectrum
space—from 42 to 50 MHz—for commercial and educational FM broadcast-
ing. Commercial broadcasting was authorized on thirty-five channels and
educational broadcasting on five. It was a complete victory for Armstrong.

The choice of FM over AM for VHF broadcasting was the right one, but it
did not result from an impartial hearing. Industry opinion favoring FM was
not as unanimous as the FCC indicated in its Report. But, with the exception
of RCA, there were no vested interests that had reason to support AM. The
AM broadcasting establishment did not welcome any VHF competition, but
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given its inevitability, AM broadcasters perceived (correctly for the next two
decades) that FM would be difficult to introduce. Accordingly, they gave it
lukewarm support.

For RCA, the decision was a defeat. For the first time since the earliest
days of radio, its technical leadership in broadcasting was challenged. This
affected its potential royalty income, and it piqued Sarnoff’s pride. Also,
the frequency band allocated to FM overlapped a portion of the channel that
had been tentatively planned for television channel 1. It was one of the
factors that ultimately led to the elimination of this channel and a reduction
in the number of VHF channels from 13 to 12.

The report included a number of caveats. First, it noted that the service
area of FM stations would be limited though greater than the primary
service area of many standard broadcast stations. Second, it pointed out
that FM would not have long-distance coverage in the VHF portion of the
spectrum. Thus there would be a continuing need for AM in the standard
broadcast band to provide rural service. The report also refused to forecast
that FM would supplant AM: “The extent to which in future years listeners
will be attracted away from the standard band cannot be predicted.”

Finally, the report raised a serious question as to whether the 42- to
50-MHz band was optimum for FM broadcasting because of potential sky-
wave interference: “The effect of sky-wave interference will not be known
until additional stations are placed in operation in various parts of the
country. If later developments should favor the use of higher frequencies,
the Commission will consider the facts at that time.”” This simple statement,
which seems to have been ignored by most of the industry, was a pre-
monition of a battle that would tear the industry apart a few years later.

Commercial FM Broadcasting Begins

The FCC decision was received enthusiastically by the FM establishment.
There was a rush for licenses by both newcomers and established AM
broadcasters. The intensity of competition for licenses was enhanced by the
terms of the FCC Order, which established three classes of stations by
power level based on the clear, regional, and local station hierarchy of AM
broadcasting. Licenses for the higher power stations, particularly in major
markets, were especially desired. FM broadcasting soon had its own would-
be fat cats.

By the time station construction was halted by the United States’ entry
into World War 1I, Construction Permits (the preliminary to licenses) had
been granted for 58 stations—seven to educational broadcasters, twelve to
new broadcasters, and thirty-nine to the licensees of AM stations. The AM
licensees, generally not eager to promote FM but not wanting to be left
behind, constructed stations as a defensive measure and for the most part
duplicated the programming of their AM stations.
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RCA’s lukewarm support of FM was evidenced by the fact that NBC
constructed only one station, in New York. CBS was a little more optimistic
and built stations in New York, Chicago, and Philadelphia.

A number of manufacturers, most aggressively Zenith, began the pro-
motion and sale of FM receivers. The initial response of the public was
good, and when receiver production was halted by the war at the end of
1941, nearly 400,000 sets had been produced and sold. FM appeared to be
off to a good start.

B THE WORLD WAR Il HIATUS

Soon after the United States entered World War II, the FCC ceased authoriz-
ing new FM stations. The construction of stations authorized but not yet
completed became difficult or impossible because of government restric-
tions on the use of critical materials. The manufacture of FM receivers also
was halted. Thus FM broadcasting was essentially frozen at its December 7,
1941, level.

The hiatus in the growth of FM broadcasting did not extend to its technol-
ogy. On the contrary, just as World War I had provided a strong stimulus
for the development of AM broadcasting technology, World War II pro-
vided the stimulus and funds for an enormous expansion in radar and radio
communications research, much of which was directly applicable to FM
broadcasting.

At the beginning of the war, VHF technology was in its infancy. Vacuum
tubes and circuit components that could operate in this region of the spec-
trum were just being developed. Knowledge of the properties of VHF radio
waves, particularly their propagation characteristics, was limited. Few engi-
neers or technicians had formal training or experience in the design and
maintenance of VHF equipment.

Wartime research changed this. Like FM, long-range search radar oper-
ated in the VHF region of the spectrum. Short-range tactical radio commu-
nications moved upward in the spectrum to VHF and shifted from AM to
FM. Much of the technology developed for these critical military products
could be transferred directly to FM broadcasting equipment and systems.
An enormous array of vacuum tubes, circuit components, and system
technologies developed under forced draft during the war for radar and
communications equipment became available to the designers of FM trans-
mitters and receivers.

Equally importantly, thousands of young men came out of the armed
services trained in the maintenance of VHF equipment. FM broadcasting no
longer had to develop its own technicians.

As a consequence, while the short-term effect of the war was to halt the
growth of FM broadcasting, its long-term effect was to accelerate technical
development.
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The war greatly enhanced the size and stature of the electronics engineer-
ing profession that evolved from radio engineering. The IRE later merged
with the electrical engineers’ professional society, the American Institute of
Electrical Engineers (AIEE), which had once treated it with condescension,
to form the Institute of Electrical and Electronics Engineers (IEEE).

World War II also provided a field test of public acceptance of FM broad-
casting. The results were inconclusive. No overwhelming public preference
for FM could be detected. FM stations were not profitable, in vivid contrast
to AM stations that were making more money than ever. FM enthusiasts
pointed out, correctly, that it was not a valid test. The limited number and
type of receivers in the field did not encourage programming that would
demonstrate the high-fidelity capabilities of FM. For the most part, pro-
gramming was similar to or a duplication of that available on AM. In
addition, the owners of FM-only receivers had the choice of only a limited
number of stations. The common chicken-and-egg problem of a new broad-
casting service was not yet solved.

Because of these ambiguous resulits, industry opinion was divided as to
the future of FM. For the most part, AM broadcasters, possibly engaging in
wishful thinking, were not optimistic. But the prewar FM enthusiasts did
not lose their zeal, and they eagerly resumed the task of building a profit-
~able FM industry.

B THE GREAT SPECTRUM BATTLE

But for a problem that resulted indirectly from wartime research, the war-
time hiatus might have ended shortly after May 7, 1945, when Germany
capitulated. With Germany defeated and Japan’s position becoming in-
creasingly desperate, the War Production Board announced that it would
soon lift its restriction on the manufacture of radio receivers. But the manu-
facture of FM receivers could not be resumed until the uncertainty concern-
ing the location of FM broadcasting in the spectrum was resolved. Would it
remain in the 42- to 50-MHz band, or would it be moved to some higher
frequency? This issue was raised as the result of War Department measure-
ments of VHF sky-wave propagation, and it was the basis of the great
spectrum battle. This conflict began in 1944 and was not settled until March
1946. In the meantime, manufacturers could not begin the sale of receivers,
and no new stations could be authorized or built.

Norton’s Research

The catalyst for the spectrum battle was Kenneth Norton, a quiet and
highly competent engineer on the FCC staff during the prewar years. In an
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unspectacular way, he had made important contributions to the broadcast-
ing industry. His equations for calculating the ground-wave coverage of
radio stations in the AM broadcast band were described in Chapter 2.

At the outbreak of the war, Norton was transferred temporarily to the
War Department. There, he became privy to the results of classified experi-
mental programs in the sky-wave propagation of VHF signals.

The lower limit of the VHF range, 30 MHz, is also the upper limit of
frequencies at which long-distance sky-wave transmission normally occurs
(see Chapter 1). But nature abhors sharp discontinuities, and under ab-
normal ionospheric conditions, sky-wave transmission sometimes occurs in
the lower portions of the VHF spectrum. There was sufficient prewar evi-
dence that this might be a problem for FM broadcasting to cause the FCC to
include a warning in its authorization of the 42- to 50-MHz band. Wartime
field measurements added greatly to the bank of available data, and Norton
reexamined the question.

He combined the War Department resuits with data obtained from the
Bureau of Standards and from measurements on a commercial FM station,
WGTR, in Paxton, Massachusetts, to develop new predictions of the extent
of VHF sky-wave transmission. He then calculated the amount of cochannel
interference in the 42- to 50-MHz FM band that would result. These calcula-
tions indicated that objectionable interference would occur much more
frequently than had previously been estimated. They also showed that this
interference would occur much less frequently at higher VHF frequencies.

Norton reported his calculations confidentially to the FCC, and he
strongly urged that the FM broadcast band be moved to a higher frequency.
His forecast of the number of hours per year that listeners at the edge of the
service area would receive E-layer sky-wave interference after all the chan-
nels were occupied was indeed sobering:

Frequency (MHz) Hours per Year
43 830-2,410
48 475-1,400
66 55-190
104 0.65-2.6

The FCC took Norton’s report seriously, partly because of its respect for
his competence and partly because he confirmed the FCC's earlier suspi-
cions voiced in its original allocation of the 42- to 50-MHz band. It re-
sponded by convening a hearing late in 1944 to consider this new evidence.
Since classified information was disclosed, the hearing was not open to the
public, but industry representatives with proper clearance were admitted.
Norton was the FCC’s principal witness. He presented his data and re-
peated his recommendation that the FM band be moved.
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The FCC’s Dilemma

The commission had developed its rules for the spacing between cochan-
nel FM stations on the basis of the signals propagated through the tropo-
sphere, the lower level of the atmosphere. Their range was limited, and
spacing of less than two hundred miles was permitted. This spacing made it
possible to assign a large number of stations on the same channel. But if
sky-wave propagation had to be considered, it would be necessary to in-
crease the spacing and reduce the number of cochannel stations drastically.

In addressing Norton's report at the hearing, the FCC had to answer two
questions. First, how often would objectionable interference occur in the 42-
to 50-HMz band? This was a technical question. Second, how much interfer-
ence could be tolerated before it became objectionable? This was a judgment
call. Norton’s recommendation presented the FCC with a serious dilemma.
On the one hand, the FCC did not wish to saddle the new service perma-
nently with an inferior spectrum allocation. On the other hand, it had to
recognzie the serious impact of adopting Norton’s recommendations on FM
broadcasters and equipment manufacturers and on the development of the
industry. Among the effects were the following:

= Some 400,000 receivers in the hands of the public would become
obsolete.

* Transmitter and receiver manufacturers would be faced with costly
redesign and retooling programs.

* The time required to carry out these programs would delay the
postwar resumption of FM’s growth.

* Broadcasters would be faced with the expense of replacing their
transmitting equipment and would lose their existing audience
base—the owners of the 400,000 receivers.

* The service areas of stations operating at higher frequencies might
not be as great, particularly in hilly or mountainous terrain.

The Industry’s Position

Given these adverse effects, it is not surprising that the manufacturers
and broadcasters who had pioneered FM reacted violently to the Norton
recommendation. Their concern for the problems resulting from moving
the band was aggravated by a terrible sense of injustice. As they saw it, they
had risked considerable resources to initiate this new service. The war had
interrupted its growth before they could recoup their investment. And now
companies such as RCA, which had invested little or nothing in the indus-
try, could compete with them on an equal basis.

The consequence was that Norton, one of the least combative of individ-
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uals, found himself embroiled in an acrimonious dispute with most of the
FM broadcasting industry, both manufacturers and broadcasters. As time
passed and it appeared that his views carried a lot of weight with the
Commission, the debate became venomous. Norton stuck to his position,
and in the end it prevailed.

In a broad sense, the dispute was not over technical issues but over
policy. The FCC wanted to provide FM service to all parts of the country,
including the most sparsely populated. It was in these areas on the fringes
of the stations’ coverage that sky-wave interference would be the most
serious. Hence the commission wished to minimize it.

The industry’s priorities were different. Providing totally interference-
free service to a few listeners on the remote edges of their service areas was
of minor commercial importance to broadcasters. Their primary interest
was service to the population centers in the metropolitan areas they served.
They had located their transmitters to provide strong signals in these areas,
where even Norton did not claim that interference would be a problem.

Politically, however, the FM industry could not explicitly oppose the
Commission’s desire to provide interference-free service to rural areas. The
industry’s political problems were aggravated by a curious reversal of roles.
A few years before, it had portrayed itself as a white knight attacking the
monopoly of the greedy AM establishment. Now it was a new establish-
ment defending the status quo and its own monopoly with equal vigor.

Since its political position was weak, the industry had to base its opposi-
tion on technical grounds. Norton’s calculations, which admittedly were
based on a number of assumptions and extrapolations, were forcefully
attacked. Determining the extent of sky-wave interference was a statistical
problem requiring measurements over a long period of time—ideally over
an eleven-year sunspot cycle—and ata number of distances and latitudes. It
was impractical to take sufficient measurements to provide a definitive
answer, however, and any forecasts were subject to some degree of uncer-
tainty.

Norton’s assumption that the desired signal must be at least ten times as
strong as the interfering signal was a clear weakness in his calculations.
Armstrong pointed out that this ignored the unique ability of wideband FM
signals to override interference and that a 2: 1 ratio was more appropriate.
This was the weakest link in Norton’s calculations, and industry engineers
probably should have challenged it more strongly.

In addition, the FM industry alleged that the performance of higher
frequencies would be inferior in a number of important respects. Lower
frequencies would have greater coverage, particularly in hilly terrain. The
higher frequencies were said to be more vulnerable to interference resulting
from long-distance atmospheric transmission under certain weather condi-
tions. Severe reservations were expressed concerning the difficulties in
designing and manufacturing transmitting and receiving equipment to op-
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erate at higher frequencies. Finally, great emphasis was placed on the delay
in bringing this new service to the public should the spectrum shift occur.

The FCC Decides

In the end, these arguments were not persuasive with the FCC and
particularly its engineering staff, which had great confidence in Norton’s
knowledge and judgment. By contrast, the industry’s position was believed
to be not only technically weak but also self-serving and therefore suspect.

The industry’s technical evidence concerning propagation was even
sparser and less conclusive than Norton’s. The concerns it expressed as to
the manufacturability of higher frequency equipment were not credible in
view of the rapid advances in technology resulting from wartime research.
As for the delay, the Commission’s engineering staff viewed this as a
temporary problem that did not outweigh the problem of permanently
allocating an inferior portion of the spectrum.

The recommendations of the FCC’s engineering staff were crucial in
establishing the Commission’s position. A change in its chairmanship in late
1944 from Fly to Paul Porter had little effect on the momentum that had built
up among the staff favoring a change. And so, on January 5, 1945, the FCC
issued a report that recommended moving the FM band to 84 to 102 MHz.
This subjected existing FM broadcasters not only to the expense and tempo-
rary loss of audience resulting from the change in frequency but also to the
potential cs twice as much competition because of the number of available
channels.

In desperation, the industry proposed compromises. The Radio Techni-
cal Planning Board, an industry advisory group, recommended extending
the upper limit of the band from 50 to 58 MHz. None of the stations then on
the air would have to move, and they could be heard by existing receivers.
Armstrong recommended moving the band to 48 to 66 MHz, thus preserv-
ing at least a portion of the original allocation. Neither of these proposals
was persuasive, and on May 9, 1945, the FCC issued a tentative and condi-
tional order in which it proposed to move the FM band to 84 to 102 MHz, the
frequency range recommended in its January Report.

The Commission’s order recognized that the propagation data upon
which it had based its decision were not completely adequate. Partly to
strengthen its position but mostly to appease the industry, it ordered one
more measurement program. The decision to move the band was made
contingent on the completion of another set of measurements on sky-wave
transmission that were to be made during the summer of 1945.

This contingency was soon overtaken by events. On May 7, 1945, just
two days before the FCC issued its conditional decision, the War Production
Board announced its plans to permit the manufacture of radio receivers.
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This action put tremendous pressure on the FCC for an expeditious final
decision. Manufacturers could not begin the production or even the engi-
neering design of FM receivers as long as there was any uncertainty as to
FM'’s location in the spectrum.

The Commission did not wish to hold up receiver production, so on June
5, without waiting for the results of the additional measurements, it ordered
another oral argument on the location of the FM broadcasting band, a
necessary procedural step before making a final decision. The oral argu-
ment was held on June 22 and 23. The result was predestined, and less than
a week later, on June 27, the Commission issued a final decision to move the
FM band. This was surely something of a speed record for bureaucratic
action, and it suggested that the decision had already been made. The oral
argument was only a formality.

In its written decision, the Commission weighed the evidence meticu-
lously. On the basis of the available technical data, it stated, stations at
distances of one thousand to two thousand miles from other cochannel
stations would suffer substantial sky-wave interference at the outer edges of
their service areas in the 42- to 50-MHz band. In the 84- to 102-MHz band,
the interference would be negligible.

Because of the incompleteness of the data, the precise amount of interfer-
ence was uncertain. In addition, the amount of interference that could be
tolerated was strictly a judgment call. But the Commission was determined
that every possible step should be taken to ensure interference-free service
to rural areas. In its view, this required that FM be moved in spite of the
many problems it would cause. Norton’s recommendations had prevailed
over those of the entire industry.

The Industry’s Reaction

Very few FCC decisions have been so unpopular. The pioneer broad-
casters, who had established FM stations before the war and had no profit-
able AM stations to support a costly program schedule, had to begin from
scratch. They felt betrayed by the same Commission that had so enthusias-
tically supported and encouraged FM in 1939 and 1940.

The pioneering manufacturers were in the same position. They had
made major investments in the design of 42- to 50-MHz eqipment and
receivers. Now they had to start over on an equal footing with manufac-
turers that had spent and risked nothing on lower frequency designs.

Zenith was the most bitter opponent of the FCC decision. As both an FM
broadcaster and manufacturer, it had regarded FM not only as a profitable
business but also as a means of breaking the dominance of its hated compet-
itor, RCA. With the movement of the FM band upward and with the



136 B BEHIND THE TUBE

increase in the number of channels, Zenith lost most of the advantages it
had hoped to enjoy as a result of its costly pioneering effort.

On January 2, 1946, Zenith filed a petition with the FCC based on
additional measurements that purported to discredit Norton’s studies. The
petition requested that dual-band operation be permitted. The measure-
ments were analyzed by an FCC-industry committee in a series of informal
meetings. They were marked by a heated attack on Norton by Zenith
engineers. Norton withstood the abuse quietly.

Two months later, on March 5, the FCC rejected Zenith's petition on the
grounds that its measurements were incomplete and inconclusive. Addi-
tionally, it pointed out the disruptive effect of dual-band operation. And, in
a statement that must have been particularly galling to Zenith, it pointed
out that dual-band operation would give an unfair advantage to manufac-
turers, such as, Zenith, that already had low-band product designs.

Zenith responded angrily, but it was useless. The location of the FM band
was set at 88 to 108 MHz.

Throughout the battle, RCA had maintained a low profile, but Sarnoff
could not have been unhappy with the decision.

What 1§?

With the perspective of time, it is interesting to speculate about the
wisdom of the FCC’s decision. The best guess is that changing frequencies
made very little difference in the growth of the industry but that increasing
the number of channels was highly desirable.

Undoubtedly, the FCC overestimated the seriousness of sky-wave inter-
ference in the lower band. Still, although moving the band may have caused
some delay in FM growth, there were far more fundamental factors, to be
described subsequently, that inhibited the initial growth of FM. In the long
run, the effect of the spectrum change was minor.

As for the number of channels, they are in short supply today in many
areas, even with the availability of two and a half times as many channels as
in the original allocation. This is evidence enough of the wisdom of increas-
ing their number. Of course, this may not have been the view of the FM
pioneers who would have preferred less competition!

B TECHNICAL REGULATIONS

The main purpose of the FCC’s Report and Order was to move the FM band
upward in the spectrum, but it also included specifications and rules for
channel widths, power, antenna height, and frequency assignments. On
the whole, these were less controversial.
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Channel Widths

The Order preserved the 200-kHz bandwidth of each channel in spite of
some testimony that questioned it as being overly prodigal of spectrum
space. Spectrum space was originally allocated for ninety channels, twenty
educational and seventy commercial. A few months later, on August 24, the
commission added ten more channels, and the band was extended to its
present limits, 88 to 108 MHz. This gave FM one hundred channels, two and
a half times as many as in the pre-war allocation.

Power and Antenna Height

Three classes of stations were established: Class A local stations with a
maximum radiated power of 3 kilowatts, Class B regional stations with a
maximum radiated power of 50 kilowatts in the crowded northeast section
of the country, and Class C regional stations with a maximum radiated
power of 100 kilowatts for the remainder of the country. (Radiated power is
the product of the transmitter power, minus transmission line losses, and
the antenna gain.)

The limits on power were significantly lower than had been previously
established in the 42- to 50-MHz band. There would be no superpower fat
cat stations in FM broadcasting. Some of the pioneers who had hoped to be
fat cats grumbled that they would be at a disadvantage in relation to AM
clear channel stations, but their complaints fell on deaf ears.

The power and antenna height limits have undergone a number of
revisions since the Commission’s 1946 order. In part, the changes were an
attempt to compensate for the rigidities in the frequency assignment prin-
ciples that had been adopted. Three subclasses of stations were created to
provide greater flexibility in station assignments, and southern California
was added to the Northeast as a congested area requiring lower power.
Current station classes with their permitted power levels and antenna
heights are as follows:

Class Min. Radiated Power® Max. Radiated Power Max. Height
A 100 w 3kw 328 ft.
B1 3 kw 25 kw 328 ft.
B 25 kw 50 kw 492 ft.
2 3kw 50 kw 492 ft.
1 50 kw 100 kw 961 ft.
C 100 kw 100 kw 1,968 ft.

» The power is the product of the transmitter power (less transmission line losses)
and the antenna gain.
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Class A, B, and B1 stations may be authorized in the Northeast and
southern California. Class A, C, C1, and C2 stations may be authorized in
the remainder of the country. The maximum antenna height may be ex-
ceeded if the transmitter power is reduced accordingly.

Circular Polarization

The original FCC rules for FM broadcasting specified horizontal polari-
zation—that is, the electric field in the wave was to be horizontal. The
original FM Standards of Good Engineering Practice, issued in September 1945
immediately after the end of the war, permitted circular polarization, but
this was not incorporated in the rules until January 1956. Horizontal polari-
zation generally requires a horizontal receiving antenna for optimum recep-
tion (although in some cases the apparent plane of polarization may be
rotated by reflections). A circularly polarized wave has both vertical and
horizontal components, and it frequently produces better results with in-
door rabbit ears and other nonhorizontal antennas.

Another important advantage of circular polarization is that the FCC
permits the radiated power of both the vertically and horizontally polarized
components to equal the maximum values specified in the table. This per-
mits stations to double their total radiated power.

In spite of the advantages of circular polarization, it was seldom used in
the early years of FM broadcasting because of its cost. In the early 1960s, a
few FM stations began to feel sufficiently affluent to afford it, and in more
recent years its use has become common.

Preemphasis/Deemphasis

The Rules contained a requirement for preemphasizing the high-
frequency components of the audio signal—that is, amplifying them more
than the low frequencies before transmission. The amount of preemphasis
was specified precisely so that complementary deemphasis circuits with
reduced gain at higher frequencies could be incorporated in FM receivers.
Since the background noise in FM systems is greatest at the higher frequen-
cies, reducing the receiver gain reduced the noise in the output.

Frequency Assignment Principles

As with AM, FM frequency assignments were originally made on a
demand basis. An applicant for a new FM station would engage an engi-
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neering consultant to make a “frequency search” to identify a channel that
met the FCC’s minimum separation criteria for cochannel and adjacent
channel stations. He or she would then file an application for that channel,
and, assuming there were no competing applications and that the applicant
was otherwise qualified, the FCC would grant the application.

This policy was changed in November 1964. The rule changes were
motivated by the FCC’s experience with its AM assignment policies, which
it felt were too lax and led to excessive levels of interference. The Commis-
sion was determined not to repeat the same mistake with FM.

Following the practice it had established for the assignment of television
channels at the conclusion of the 1949 freeze (see Chapter 4), the Commis-
sion established a Table of Allotments that assigned specific channels to
each city. The basis of this table was a set of rigid mileage separation criteria
for cochannel and adjacent channel stations. In the interest of administra-
tive simplicity, the commission ignored the laws of nature and defined the
distance between cities for radio interference purposes as the distances
between their post offices.

Other provisions included the following:

» The Table of Allotments is a part of the FCC’s Rules and can be
changed only as the result of a formal Rule Making proceeding. It
cannot be changed by a simple administrative order.

» The required mileage separations cannot be violated under any
circumstances, not even for extraordinary terrain features such as a
mountain range between the cities. If the post offices in two cities
fail to meet the minimum mileage separation criteria by even a few
feet, an assignment of cochannel or adjacent channel stations is
forbidden.

» Transmitter sites also must meet the minimum separation criteria.

= Directional antennas are permitted for the purpose of improving
coverage but not to reduce spacing between stations. The effective
radiated power in any direction cannot exceed the maximum speci-
fied for the station class.

These Rules were so rigid that the FCC subsequently introduced some
degree of flexibility by defining the station subclasses B1, C1, and C2 witha
selection of minimum mileage criteria. Further flexibility has been added by
allowing low-power drop-ins it they meet the FCC’s interference criteria.
Some members of the industry are concerned that yielding to the pressure
for more channels in the FM band will eventually lead to the same problems
of excessive mutual interference as AM has experienced.
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B THE POSTWAR FM BROADCASTING INDUSTRY

Initial Postwar Enthusiasm

FM started smartly enough soon after the FCC issued its Order moving
the band to higher frequencies. As with its prewar introduction, there was a
rash of applications for licenses, some from newcomers seeking to make a
fortune and some from AM broadcasters seeking to protect their positions.
During the second half of 1945, 456 stations were authorized. Three years
later, by January 1, 1949, 976 stations had been authorized and 687 were on
the air.

The rush for licenses was matched by the rush of equipment manufac-
turers to design and produce transmitters and antennas. Contrary to the
dire predictions of those who had opposed moving FM upward in the
spectrum, the difficulties in producing higher band equipment did not
materialize, and FM transmitters and antennas were soon available.

The design of FM receivers that were as simple, foolproof, and inex-
pensive as AM receivers was more of a problem. Early FM receivers were
hard to tune and had a tendency to drift. Unlike AM receivers, they could
not be accurately tuned by adjusting for maximum volume. While these
defects were seemingly trivial to engineers, they were serious barriers to the
public’s acceptance of FM. The engineers solved these problems later by the
addition of automatic frequency control (AFC), but this was not available in
FM'’s early years.

FM Stagnates

Although the initial enthusiasm of would-be FM broadcasters was great,
something very disturbing happened as stations went on the air. There
were very few listeners. Few receivers were being sold, and most FM
stations were operating in the red. The forecasts of the skeptics were con-
firmed. FM acquired an aura of failure in the broadcasting establishment,
and its enthusiasts were regarded as quixotic idealists. Worse yet, it became
the subject of ridicule.

The failure of FM to fulfill the expectations of its enthusiasts was reflected
in a reduction in the number of new stations. At the beginning of 1948, the
number of stations authorized (granted construction permits) reached a
peak of more than one thousand, but many of these were never built. The
number of on-air stations reached a peak of slightly more than seven hun-
dred in 1950 and then began to decline. Many authorizations were allowed
to expire, and a number of stations went dark as the result of intolerable
operating losses.

Armstrong and the FM establishment naturally blamed FM’s woes on the
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FCC decision to move the frequency band. But with the passage of time, it
appeared that there were more fundamental reasons.

Neither the technical deficiencies of AM nor the virtues of FM were
particularly important to most of the public at that time. The majority of the
population lived in urban areas where strong local signals overcame static
and nighttime sky-wave interference. Most rural listeners lived beyond the
range of VHF stations, and they continued to rely on AM for radio service.
As for high fidelity, the broadcasting station was only one link in the
system. All the links—studios, recordings, intercity lines, and receivers—
had to be upgraded to take advantage of FM'’s potential. (Only since about
1980 have satellites provided the potential for nationwide distribution of
high-fidelity network programs). In addition, high-fidelity receivers were
expensive, and few members of the public were willing to invest in them.

Furthermore, the only type of programming on the air at that time that
could benefit from high-fidelity reproduction was classical music. High
fidelity was of little value to news and sports programs, situation comedies,
and soap operas. Most of the popular music of that era lacked the dynamic
range and the emphasis on percussive effects that require high-fidelity
reproduction and characterize the music of the 1970s and 1980s.

Classical music, then as today, appeals to only a small minority of the
listening public. Armstrong and his supporters, most of them well educated
and culturally sophisticated, seemed unwilling or unable to grasp this fact.
It was a bitter pill for them to swallow, and they tried to place the blame on
everything but this fact. As evidence, only forty-four of the thirty-eight
hundred commercial FM stations on the air today describe their program
format as Classical.

FM had another serious problem: a lack of programs with wide popular
appeal. Radio was still in the network era, and the major networks with
their extensive affiliate groups had all the highest rated shows. They were
so costly that FM stations could not compete for them. The most popular
programs on FM were those of the network affiliates, which were already
available on AM.

FM also had some technical problems. The problems of receiver tuning
and drift have already been described. In addition, multipath propagation
in hilly and congested terrain, often leads to signal distortion, a problem
that continues today.

Finally, as television grew in popularity, the automobile audience be-
came increasingly important to radio broadcasting. Few automobiles had
FM receivers.

The result was a dark decade for FM from 1948 to 1957. After the number
of on-air stations reached a peak of 733 in 1951, it declined steadily to a low
of 530 in 1957. Few FM stations could generate sufficient revenues to cover
the costs of even modest program schedules, and many simply gave up.
Others obtained a small incremental revenue by adding a wireless "’wired
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music” service on a subcarrier, thus taking advantage of some of the gener-
ous capacity of the 200-kHz bandwidth. Most AM broadcasters with FM
stations reduced costs as much as possible by duplicating programs. With
the perspective of time, this ten-year period does not seem long, but for the
FM broadcasters who lived through it, it seemed like an eternity.

FM Blossoms

But “don’t ever say never!” Beginning in 1957, something happened.
The decline in the number of FM stations was halted, and it began to climb,
very slowly at first and then more quickly. What caused this turnaround?

First, there were steady technical improvements, particularly in receiv-
ers, which became more sensitive. The tuning problem was solved with
AFC, and the development of the transistor permitted a major reduction in
the size, weight, and portability of receivers. AM/FM radios became stan-
dard equipment in most new cars.

In addition, the public demand for stereo broadcasting grew. The 200-
kHz FM channels provided ample capacity for high-quality stereo transmis-
sion, and the FCC authorized stereo broadcasting in 1961.

Finally, high fidelity came into its own as a commercially important
service. This came about not because of an order-of-magnitude change in
the number of classical music lovers, but because of a new form of popular
music generically described as rock. Rock music lovers like it loud and
with plenty of percussive effects, and both of these qualities require high-
fidelity reproduction.

An equally important factor in the growth of FM was the basic change in
the nature of radio broadcasting after television became popular. This
change, described in Chapter 2, made it possible for radio broadcasters to
operate their stations more economically and to make a profit with a frag-
mented audience. This led to a demand for more channels that could not be
satisfied with AM. Beginning in the mid-1950s, it became virtually impossi-
ble to find an available full-time AM channel, even with elaborate direc-
tional atnennas, except in the most sparsely populated parts of the country.
By 1965, it became difficult to find a channel even for daytime-only opera-
tion. Thus FM was the only way new stations could go on the air on a
full-time basis. It is fortunate, perhaps, that Armstrong did not live to see
that the initial success of FM was due to a scarcity of AM channels, not to its
superiority as a form of broadcasting.

With an increasing number of FM stations coming on the air, the public
had more incentive to buy FM receivers, and this in turn made FM broad-
casting more profitable. The chicken-and-egg cycle was restarted, and it led
to a growth in the numbers of both.
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The Renaissance of the Networks

One development that was helpful to both AM and FM broadcasting, but
particularly to FM, was the renaissance of the radio networks. Their eco-
nomic influence is far less than it was during the network era, but networks
provide an attractive additional source of programming for their affiliates.

The renaissance, which began in the 1970s, resulted from the confluence
of a number of favorable developments. First, the FCC loosened its regula-
tion of radio networks, which were permitted to offer multiple program
services to more than one affiliate in a single city. In addition, the technical
developments that helped radio stations adapt to the postnetwork era (see
Chapter 2), such as magnetic tape recording, made it possible for networks
to offer program services at much lower costs. Network managements also
learned to adapt their programming to appeal to radio audiences in the
television era. Finally, the advent of satellite distribution of radio programs
provided a flexible and cost-effective method of distributing high-fidelity
programs to affiliates throughout the country.

The result of these favorable developments has been a proliferation in the
number of networks. ABC has been the most aggressive with seven pro-
gram services—Contemporary, Rock, Information, Entertainment, FM,
Talkradio, and Direction. CBS offers two program services, CBS Radio-
Radio. Westwood One purchased the Mutual Broadcasting System and, in
1988, the three services of the NBC network. A newer network, the United
States Radio Network, offers three program services. Other networks serv-
ing the general public include Fox Broadcasting Company and the Sheridan
Broadcasting Network.

In addition, a number of national networks serve special audiences.
Among these are the National Black Network and National Public Radio.
The 1988 Broadcasting Yearbook also lists ninety-five regional networks.
Clearly, networks are again an important part of radio broadcasting, al-
though they do not enjoy the dominance of its earlier years.

FM’s Growth Record

Share of Radio Listening Audience The most dramatic indicator of
FM’s growth is its ever-increasing share of the radio audience (Figure 3-3).
It reached parity with AM in 1979, and by 1988 its share had risen to 75
percent.

On-Air FM Stations As the FM listening audience increased, the num-
ber of on-air FM stations grew correspondingly (Figure 3-4). As of mid-
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B Figure 3-3 AM~FM share of the radio listening audience. Note the

dramatic growth of FM radio and the corresponding decline of AM. (Data from
NBC radio research.)
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B Figure 3-4 Number of commercial and public FM Stations on the air,
1946-1986. This illustrates the rise, fall, and rise of FM broadcasting in the
post—World War |l era.
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1988, there were 4,085 commercial stations and 1,339 public stations on the
air. In total, this exceeded the number of AM stations.

Revenues The ultimate measure of the growth of FM broadcasting has
been the increase in its revenues (Figure 3-5). FM broadcasting has become
a healthy and prosperous industry. FM-only stations as a group became
profitable in 1976, and their profitability continues to grow.

FM offers the public a wide choice of program material, including high-
fidelity stereo service to lovers of both rock and classical music. The number
of classical stations is small, but at least one service is available in most large
cities and in many college and university towns. After a rocky start, FMis a
financial success, although not exactly what Armstrong had expected. He
did the right thing, albeit for different reasons, and broadcasting and the
listening public owe him much.

B POSTWAR TECHNICAL DEVELOPMENTS

Transmitters and Antennas

With the rapid progress in the development of vacuum tube technology
during and after World War II, the design of FM transmitters did not pose
any extraordinarily difficult problems. FM transmitters (Figure 3-6), with
constant output power, had none of the problems of AM transmitters
resulting from the variation in power output throughout the modulation

cycle.
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B Figure 3—-5 FM Station revenues, 1965-1985.
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Courtesy RCA Corporation.

B Figure 3—6 An FM transmitter.

The most complex FM transmitter component is the exciter, which gener-
ates the FM signal. Exciters originally used electron tubes, but they were
replaced by solid-state components as suitable transistors became available.
The exciter drives a series of amplifiers and finally a power amplifier, which
delivers power to the antenna. With typical antenna gains of 6, 20- and
40-kilowatt power amplifiers became the standard sizes used to produce
effective radiated powers of 100 kilowatts for horizontal and 200 kilowatts
for circular polarization.

Several antenna configurations were offered by manufacturers in the
immediate postwar years, some of them consisting of complex arrays of
dipole antennas. These designs were superseded by the simple pylon an-
tenna, which consists of a slotted vertical steel cylinder acting as both
radiator and mechanical support (Figure 3-7, left). More complex structures
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Courtesy RCA Corporation, with permission.

Courtesy RCA Corporation.

B Figure 3-7 FM antennas. (Left) A pylon antenna. (Right) A circularly
polarized antenna.

(Figure 3-7, right) were required to radiate circularly polarized waves after
this type of transmission was permitted by the FCC.

Receivers

As with transmitters, the escalation of electron tube development in
World War II helped greatly in the design of postwar receivers. Their
biggest problems were difficulty in tuning and a tendency to drift. Both
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these problems were solved by the addition of AFC, which locks the re-
ceiver to the station once it is manually tuned to approximately the correct
frequency.

As with AM receivers, transistors revolutionized FM receiver design, and
they are now universally used. They were particularly useful in the design
of combination AM/FM receivers.

Stereo

The growth in the number of rock music listeners, supplemented by the
small but influential classical music audience, led to the increasing impor-
tance of stereophonic transmission. Fortunately, the 200-kHz FM band-
width, one of Armstrong’s imperatives, accommodates high-fidelity stereo
transmission, and the need for stereo was seen long before the demand
became great.

STEREO TRANSMISSION SPECTRUM

Pilot carrier -\ { Suppressed
carrier

Amplitude ————»

L+R \ L-R L-R
audio ] audio audio
(baseband) I (lower sideband) | (upper sideband)
i

I
15 19 38
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This diagram illustrates the spectrum of the signal transmitted for FM stereo
broadcasting. The left and right channels, L and R, are added and transmitted as
the base band. This signal can be received on a monaural receiver, thus pro-
viding compatibility. The L — R signal, usually of low amplitude, amplitude mod-
ulates a 38-kHz subcarrier, which is then suppressed. A pilot carrier operating at
one-half this frequency is transmitted to reconstitute the subcarrier at the re-
ceiver. The L and R signals are derived from the L + R and L — R signals. Stereo
transmission degrades the signal-to-noise performance of the system somewhat.

FCC Rules permit the authorization of a second subcarrier, a Subsidiary
Communications Authorization (SCA), at a frequency above the stereo sub-
carrier for the transmission of auxiliary services, such as background music for
restaurants and offices. This service was originally allowed as a financial aid to
FM stations when most of them were unprofitable.
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The National Stereophonic Radio Committee was formed in 1959 to
examine various methods proposed for transmitting stereo sound. After
extensive studies and field tests, the system proposed by GE was recom-
mended and subsequently approved by the FCC in 1961. The approval of a
single system ensured compatibility between transmitters and receivers,
and a high percentage of FM broadcasts are now in stereo. Unfortunately,
as noted in Chapter 2, the FCC has refused to approve a single standard for
AM stereo.

Laser Recording

The laser, an acronym for light amplification by stimulated emission of
radiation, is an exciting new technology for generating infrared and visible
radiation having unique properties (see Chapter 10). Laser beams are used
in radio and television for audio and video recording (see Chapter 9) and
fiber-optic cable transmission (see Chapters 7 and 10). For audio and video
recording, their most important property is their ability to be focused on
extremely small spots.

The technical quality of audiodisk recordings has been improved enor-
mously by the invention of laser recording. Because of their small size, the
records are usually called compact disks, or simply CDs. The frequency and
dynamic range of the recorded sound, together with the total absence of
record noise, result in extremely high quality sound.

For laser recording, the sound signal must first be digitized (see Chapters
1 and 10). The digital signal then modulates a very sharp laser beam,
focused on a photosensitive master, and records a pattern of dots. The
playback disk has a shiny reflecting surface, and the dot pattern on the
master is transferred to it as a series of tiny nonreflecting pits.

On playback the process is reversed (see Figure 3-8). A laser beam is
focused on the disk and is made to track the spiral path of the recording. The
nonreflecting pits on the disk modulate the reflected laser beam with the
recorded digital information, which is then reconverted to analog form. The
size of the spiral track on a CD is only about 1.5 millionths of a meter wide,
comparable to the wavelength of infrared light and 3 thousandths of the
diameter of a human hair.

Satellite Program Distribution

Communications satellites (see Chapter 8) were available for radio pro-
gram distribution by the networks in the early 1970s, but they did not begin
to be used widely for this purpose until 1980. At first, little need for satellites
was perceived by radio broadcasters. The networks were in a decline, and
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medium-fidelity distribution facilities were readily available through the
telephone system.

But innovative radio networks, particularly ABC, recognized that satel-
lites could mean their revival. Networks could not meet the growing de-
mand for high-fidelity stereophonic programs with the technical limitations
of the telephone system’s intercity network, and satellites provided an
economical solution. The cost of receive-only earth stations steadily de-
clined as a result of the relaxation of FCC requirements, competition, tech-
nical advances, and economies of scale until it reached an affordable figure
for most stations (less than $5,000 in 1988).

ABC was the first major radio network to use satellites. It took advantage
of the bandwidth available on a satellite channel by transmitting the signal
in digital form, thus improving the quality further. ABC was followed by
other networks, and satellite distribution is now widely used.

B THE RCA-ARMSTRONG PATENT BATTLE

No history of FM broadcasting would be complete without a description of
the epic RCA-Armstrong patent battle. While FM was struggling to achieve
commercial acceptance in the decade following the end of World War II, an
equally intense struggle was in progress in the nation’s courts over the
question “Who invented FM?”

The Contestants

The issue was as much pride as money, and the contestants, David
Sarnoff and Edwin Armstrong, were two very proud men. Sarnoff had an
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enormous pride in RCA, which to a large extent was his company. A small
indication was that he never referred to it as “RCA”; it was always “The
RCA.” RCA had been the leader in radio technology since its early days,
and Sarnoff was upset by FM’s challenge to its leadership. In addition, as
described in Chapter 2, the RCA patent pool was a major source of its
profits, and much of RCA’s future depended on obtaining and maintaining
most or all of the basic patent for radio systems and apparatus. The pool was
under severe attack from the Justice Department and RCA’s competitors on
antitrust grounds, and Armstrong’s FM patents, if determined to be valid,
would be another crack in the structure.

The patent issue was joined near the end of World War II. RCA, although
notably unenthusiastic about FM, felt it necessary to market FM transmit-
ters and receivers in order to maintain its position as the leading radio
manufacturer. Sarnoff refused to pay patent royalties to Armstrong on the
ground that his FM patents were invalid.

Much of the rest of the industry, accustomed to following RCA’s lead in
patent matters, followed suit. At the same time, however, another contin-
gent of manufacturers, led by Zenith, agreed to pay. Among other effects,
this put them at a cost disadvantage as compared with RCA and its fol-
lowers.

Armstrong continued to be infuriated by RCA’s unwillingness to give FM
its total support, and RCA’s refusal to pay him patent royalties made him
even more furious. In this state of mind, he was unwilling to seek a com-
promise and instead insisted on unconditional surrender, which meant
RCA’s unqualified recognition that he was the inventor of FM.

Armstrong could ill afford to take this position. His income from his
earlier patents was dwindling, and his FM royalty income had been greatly
reduced by the refusal of RCA and others to pay. His legal expenses were
enormous, and he had the continuing costs of his research programs. His
lawyers repeatedly urged him to negotiate a settlement, but he refused.

Michael Pupin, a distinguished engineer and one of Armstrong’s men-
tors at Columbia, remarked that when one’s claim to an invention is dis-
puted one will fight for it just as a tigress would fight for her cub. Ina similar
vein, Carl Dreher stated, “Beyond a certain point, devotion to a cause,
however admirable, enters the realm of pathology.”! Both statements accu-
rately reflected Armstrong’s state of mind.

With Armstrong’s refusal to be satisfied with nothing less than RCA’s
complete capitulation and Sarnoff equally unwilling to yield, a court battle
was inevitable. On July 22, 1948, after months of preparation with his
lawyers, Armstrong filed suit against RCA and NBC, charging them with
willfully infringing and inducing others to infringe on five of his basic FM
patents.

! Carl Dreher, “E. H. Armstrong: The Hero as Inventor,” Harper's, April 1958.
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Patent law is an arcane subject, full of subtleties and fine distinctions that
are almost incomprehensible to the layperson. The arguments in this case
were extremely complex, and rival those of medieval theologians discussing
the number of angels who can dance on the head of a pin. This history will
not attempt to describe them in depth but rather to give a simplified sum-
mary of the case.

The Issue

The fundamental issue was whether wideband FM, the essence of
Armstrong’s patents, was sufficiently different from narrow-band to be
separately patentable. Was there a quantum difference between the charac-
teristics of wideband and narrow-band systems, or did they differ merely in
degree? If the former was held to be the case, Armstrong could obtain a
basic patent, and his position would be extremely strong. If the latter was
found to be true, only specific circuits or concepts for the generation and
reception of FM signals could be patented, and these could probably be
circumvented with new and different designs.

RCA naturally took the latter position and based much of its defense on
the development of new FM apparatus—the Beers receiver by George L.
Beers of RCA, a new transmitter by Murray G. Crosby of Bell Laboratories,
and the ratio detector by Stuart L. Seely, also of Bell Laboratories. RCA had
patent rights to all these circuits and devices through its cross-licensing
arrangements. They were alleged to be entirely new developments, disso-
ciated from Armstrong’s system.

This allegation enraged Armstrong. He was equally enraged by the qual-
ity of the FM receivers being manufactured. Philco, for example, offered a
receiver without a limiter, a basic element in the FM system as perceived by
Armstrong.

The Trial

The trial began on February 14, 1949, with depositions in the offices of
Armstrong’s legal counsel, the prestigious (and expensive) Cravath, Swain
& Moore. Armstrong was the first witness, and RCA’s strategy of attrition
was soon disclosed. He was questioned about every aspect of his career, his
accounting practices, his relationship with Columbia University, his use of
the university’s letterhead, and on and on, almost ad infinitum. After
several months, his attorneys appealed to the court to end his examination.
The court responded by ordering questioning of Armstrong to cease by the
end of the year—more than ten months after he had taken the stand.

Armstrong'’s attorneys retaliated by obtaining a ruling requiring RCA to
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produce from its files all documents having any reference to FM. This huge
mass of data was collected and analyzed under a special master, Judge P. J.
McCook, a process that took two more years. The trial had become an
endurance contest.

In February 1953, four years after the trial had begun, Sarnoff took the
stand. He was admittedly a nontechnical witness, and his testimony did
little to shed light on the technical issues of the case. He stated that his
decisions had been made on the basis of advice from his technical experts, of
whom he said he “had more than a dog has fleas.”? He made one statement
that infuriated Armstrong anew: “I will go further, and I will say that the
RCA and the NBC have done more to develop FM than anybody in this
country, including Armstrong.”® This hardened Armstrong’s resolve to
refuse a negotiated statement, even in the face of his attorneys’ advice and
his wife’s urgent pleas.

And so the trial dragged on. The basic issues of the case had long since
been buried under mountains of irrelevancies and minutiae. A new genera-
tion of RCA lawyers employed at the end of World War II had spent their
entire careers on the Armstrong case. Armstrong himself devoted virtually
every waking hour to it. His wife became increasingly concerned, and one
story has it that she swallowed her pride and took the desperate step of
calling on Sarnoff, her former boss, to settle the case, pleading that it was
ruining her husband’s health. She urged, so the story goes, that this could
be done at very little cost to RCA. All her husband wanted, she said, was
RCA's public recognition that he had invented FM. Sarnoff refused. She
also repeatedly begged her husband to settle the lawsuit, but he also re-
fused.

Armstrong’s Suicide

Armstrong was depressed not only by the burden of the trial but by other
unfavorable events. In 1953, Zenith, his strongest supporter in the manu-
facturing community, notified him that it was ceasing FM royalty pay-
ments. FM broadcasting, contrary to his hopes and expectations, was still a
commercial failure. Matters finally came to a head on Thanksgiving night in
1953. Faced with her husband’s intransigence and ill herself, Marian
Armstrong left her husband and went to Connecticut to live with her
recently widowed sister. Two months later, on January 31, 1954, Edwin
Armstrong committed suicide.

2 Kenneth Bilby, The General (New York: Harper & Row, 1986).
3 Lawrence Gessing, Man of High Fidelity: Edwin Howard Armstrong (New York: J. P. Lippin-
cott, 1956).
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The Settlement

The adversaries, sobered by the tragedy and drained by the years of
litigation, were soon able to negotiate a settlement, and RCA and
Armstrong’s estate signed an agreement. The basic question of who in-
vented FM went unresolved, but RCA paid the estate $1 million for in-
fringement of Armstrong’s FM patents, all of which by then had expired.
This was an insignificant amount compared with the direct and indirect
legal costs to the contestants, and but for the excessive pride of the two
principals, the same result could have been achieved years earlier.

The hostility between the RCA and Armstrong camps continued for
many years. There was no doubt in the minds of Armstrong’s supporters as
to who invented FM, regardless of the outcome of the case.

B A LOOK AHEAD

The future of FM broadcasting looks bright indeed. The major technical
problems that plagued its early years have been solved. Receivers are stable,
reliable, and easily tuned. AM/FM automobile radios are readily available
and commonly sold or supplied in new cars. The FM broadcasting system is
well adapted to the transmission of stereo programs, and a high percentage
of FM broadcasts are in stereo. Program production has benefited from the
same advances in studio equipment that have been so important in AM
radio and the sound channel for television. Laser disks have brought audio
recording to a high degree of quality. Transmitters are stable and efficient.
While advances in audio technology are by no means at an end, there are no
major technical weaknesses in today’s FM broadcasting system.

As a result of these technical advances, FM now has complete public
acceptance. The chicken-and-egg cycle of receivers and programming has
been broken. As an industry, it is profitable. It probably will not supplant
AM, but FM will continue to be the primary radio broadcast medium.
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It was September 1947, and NBC's affiliates had convened for their annual
meeting with the top network executives during the National Association of
Broadcasters (NAB) convention in Atlantic City. It was an especially impor-
tant meeting because the NBC contingent was headed by David Sarnoff,
who was scheduled to make a major address.

The affiliates were a happy lot. They were basking in the aftermath of ten
years of unprecedented prosperity in radio broadcasting. NBC was the clear
leader among the networks, and the affiliates were sharing in its prosperity.
For the most part, the prospects for the future looked equally bright.

There were a few clouds on the horizon, but most of them were no bigger
than a man’s hand. CBS, under the able leadership of William Paley, was
becoming a competitive threat, but it would be more than a year before
Paley would score the greatest coup of his career by luring NBC's top
entertainers such as Jack Benny and Amos ‘n’ Andy to CBS. FM radio was
receiving much publicity, but it was not considered to be serious compe-
tition. The affiliates’ only real concern was television.

Sarnoff had been ardently espousing the cause of television since his
interest was aroused by a historic meeting with a young Westinghouse
engineer, Vladimir Zworykin, in 1927. He had committed a substantial
portion of RCA’s research and engineering budget to its development. He
had lobbied vigorously with the FCC for the approval of transmission
standards and the allocation of a major segment of the radio frequency
spectrum for television broadcasting. This effort had come to fruition in two
FCC actions: (1) an Order in late 1945 reinstating the standards and channel
allocations approved just before the outbreak of World War II, and (2) a
denial of the CBS petition to permit color broadcasting with the incompati-
ble field sequential system. Now Sarnoff ‘s task was to get the broadcasters’
support—the encourage them to build stations for the NBC network and to
provide programs that would be an inducement for the public to buy
television sets.

Television broadcasting is now so profitable that it is difficult to imagine
that there was once considerable doubt about its future. Some radio broad-
casters were blatantly hostile toward it. They had a good thing going in
radio; why risk spoiling it with this very costly new medium? Sarnoff’s
promotion of television had not made him any friends among this group.
CBS’s actions confirmed his opponents’ opinions. It had decided not to

155
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apply for any stations other than its New York flagship, and it had publicly
advised its affiliates to wait for color. This was the situation facing Sarnoff as
he addressed the NBC affiliates.

He began by citing industry statistics. There were 13 television stations
on the air and 150,000 television sets in use. He forecast that there would be
50 stations and 750,000 sets by the end of 1948. (There were actually to be 51
stations and more than 800,000 sets.) He also forecast a television audience
of 5 million viewers at that time.

Sarnoff then reviewed the status of the industry and outlined his fore-
casts for its future—the prospects for local and network television, its
programming, its future as an advertising medium, its manufacturing prob-
lems, and its potential for profits. He ended with a remarkably prescient
peroration, which was one of his finest hours. He did not talk down to his
audience, did not threaten or bully them, and did not give them a slick sales
speech. Instead he spoke to them as one businessman to another, urging
them to consider the potential of television in their future:

Affiliates of the NBC: This is the message I would like to bring to you. I do not
want to ask you to buy television stations, or to erect them, or to urge you to
enter television beyond your own convictions, or to promise you immediate
profits. But I feel that I should be less than frank if I did not on this occasion,
particularly when you are all assembled, share with you the thoughts I hold,
not only about the future possibilities of television—and my enthusiasm is
unlimited as to them—but also about the possible effects that television may
have upon the present broadcasting business.

I have lived through several periods of development in the fields of com-
munication and entertainment. I remember the day when wireless as a service
of transoceanic communication was regarded by some as a joke. In the days
when I worked as a wireless operator, a cable company could have acquired
the Marconi Wireless Telegraph Company of America for a few million dol-
lars. Those who owned cables could not see wireless as a competitor of cables.
Who, they asked, would send message that were secret through the air? Who
would entrust important messages to a medium that was filled with static?

Today, the law says to Western Union [International]: “You must divest
yourself of the cables.” But now it is difficult to find a buyer for cables. Today,
radio is the medium of international communications and can reach every
country directly.

I'lived through the day when the Victor Talking Machine Company—and
they did a great job in their day—could not understand how people would sit
at home and listen to music that someone else decided they should hear. And
so they felt that the “’radio music box”” and radio broadcasting were a toy and
would be a passing fancy. What was the result? Not many years after their
fatal dream, RCA acquired the Victor Talking Machine Company, and the little
dog changed its master.

I'saw the same thing happen in the field of talking motion pictures. It was
urged by many that people would not go to a movie that made a lot of noise
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and bellowed through an amplifier and disturbed the slumber of those who
enjoyed the silent movie. That, they said, was a preposterous idea! The very
virtue of a silent movie, they contended, was its silence. And then—in 1927—
came Warner Brothers with “The Jazz Singer”” and Al Jolson. Almost over-
night a new industry was born. The silent actor became vocal, and the silent
picture was given an electronic tongue. Today, who goes to a silent movie?

Now, I should like to impress upon those of you engaged in radio, that for
the first time in its history, radio has a stake in the present. It must be careful
not to act like the cable companies, which looked upon the new children of
science as ghosts of obsolescence that might affect their established busi-
nesses. In their desire to perpetuate and to protect their existing businesses,
some of them stubbornly resisted change and progress. Finally, they suffered
the penalty of extinction, or were acquired by more progressive newcomers.

Let me assure you, my friends, after more than forty years of experience in
this field of communications and entertainment, I have never seen any
protection in merely standing still. There is no protection except through
progress. Nor have I ever seen these new scientific developments affect older
businesses, except favorably, where those who were progressive gave careful
thought and study to the possibilities of new inventions and developments for
use in their own businesses.

Despite the fact that the Victor Talking Machine Company passed into
radio hands, more phonograph records are made and sold today than ever
before. And so it is with the entertainment industry. Talking pictures saved
that industry at a time when it needed saving and has kept it prosperous ever
since. Television in the theater may be as much of a stimulant to an industry
which at the moment, at least, needs a new stimulant as sound was to the
silent movie. [Forty years later, theater television has failed to have a signifi-
cant impact on the entertainment industry. One reason is the lack of a satisfac-
tory large-screen television projector.]

Therefore, may I leave you with this final thought: [ am not here to urge you
to enter the field of television beyond the point where you yourself think it is
good business for you to do so; nor to urge that you plunge in all at one time.
Rather [ would suggest that you reflect carefully and thoughtfully upon the
possible ultimate effects of television upon your established business if you do
nothing, and of the great opportunities for your present and future businesses
if you do the right thing!'

Not everyone in the audience liked Sarnoff, but they all respected him.
Most of them followed his advice and applied for television stations in their
cities, and those that did became wealthy. His speech was the catalyst the
industry needed to start it on its way to becoming one of the free world’s
major industries after several decades of technical progress and the resolu-
tion of contentious regulatory issues.

! David Sarnoff, "'Television Progress,” Broadcast News, December 1947, 26-27.
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B THE BASIC MONOCHROME
TELEVISION TECHNOLOGIES

Early History

Like most major technologies, television was developed rather than
invented. Many scientists and engineers contributed to its development,
and it was a multinational effort.

In 1873, Joseph May, a British engineer engaged in the operation of the
transatlantic cable, noted that selenium produces an electric current when
exposed to light. He published this information in a letter to the Society of
Telegraph Engineers that was disseminated widely in the technical com-
munity.

In 1875, an American engineer, G.B. Carey, proposed a method of trans-
mitting pictures that would use a camera consisting of a rectangular array of
selenium cells, each connected to a light bulb in a corresponding array in the
receiver. The large number of circuits required to connect the cells with the
light bulbs made such systems impractical. To overcome this difficuity, the
scanning principle was invented. This made it possible to transmit a television
signal over a single circuit.

The Scanning Principle

The scanning technique (Figure 4-1) is fundamental to all television
systems. It was an indispensable initial step in the development of televi-
sion technology, and it was a major breakthrough. It did not have a single
inventor but appears to have occurred to a number of engineers simulta-
neously.

The picture is viewed as an array of small picture elements (pixels), and
brightness information from these elements is transmitted sequentially
rather than simultaneously. This method takes advantage of the retentivity
of human vision, which perceives the rapidly repeated sequential display of
picture elements on the receiver tube as a single continuous image.

Television Cameras

The technology of cameras and other devices for generating television
signals has progressed through three phases: scanners, storage tubes, and
most recently charge-coupled devices (CCDs), which use solid-state com-
ponents.

The earliest scanners, such as the Nipkow disk, were mechanical. They
were followed by the flying spot scanner and the image dissector, which used
electronic scanning.
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B Figure 4-1 The scanning principle. In the television camera, an optical
image of the scene is scanned vertically and horizontally to form a raster. A
signal-generating device converts the variations in brightness along the
scanning pattern into an electrical signal. The picture tube or other display
device reverses the process. The variations in the electrical signal are
reconverted to brightness variations, thus reconstituting the picture.
Synchronizing the scanning patterns in the camera and picture tube is an
essential requirement of this technique.

BANDWIDTH REQUIREMENTS AND INTERLACED SCANNING

Even lines

— — — Odd lines

The scanning technique in effect divides the picture into a grid of picture
elements (pixels). The height of each element is equal to the spacing between
scanning lines. Its width is determined by the bandwidth of the system and is
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equal to the amount by which the scanning beam moves during one-half cycle of
the highest frequency of the band. In order to resolve fine detail in the picture, it
is necessary that the picture elements be very small; this leads to the requirement
for a wide transmission band and the voracious spectrum requirements of televi-
sion systems.

The number of picture elements that can be transmitted is 2Cf./R,, where
C = the fraction of the frame time devoted to transmission of the picture informa-
tion; f; = the bandwidth of the system; and R; = the number of complete pic-
tures, or frames, transmitted per second.

The number of picture elements and hence the sharpness of the picture can
be increased without increasing the bandwidth by reducing the frame repetition
rate, R;. If R, is reduced too far, however, annoying flicker results. Also, the frame
rate should be an integral multiple or submultiple of the primary power frequency
to minimize the visibility of hum bars in the picture. The effect of these con-
straints was minimized by the use of interlaced scanning, in which odd and even
numbered lines are scanned in alternate fieids. (This major breakthrough in
television technology was invented by an RCA engineer, Raymond C. Ballard, in
1932.) This makes it possible to reduce the frame rate by a factor of 2 without
increasing the flicker.

In the United States and other countries in which 60 Hz is the standard power
system frequency, the field rate is 60 Hz and the frame rate is 30 Hz. In Europe and
other areas that use 50-Hz power systems, the field and frame rates are 50 Hz and
25 Hz. The lower frame rate of European television causes some sensation of
flicker, particularly with very bright pictures observed in the periphery of the
viewer's vision.

For U.S. broadcasting systems, C = 0.75; f, = 4.25 x 10%; R, = 30; and the
number of picture elements = 210,000.

Scanners suffered from low sensitivity because all the signal-generating
information had to be obtained during the brief period when the scanning
spot swept across the scene. This problem was overcome by the use of
storage tubes in which an image of the scene was focused continuously on a
photosensitive surface. The signal-generating information was stored there
until it was removed by an electron beam that scanned the surface.

The earliest of the commonly used storage tubes was the iconoscope. It was
followed by the image iconoscope, the image orthicon, the vidicon, the Plum-
bicon, and the saticon.” The iconoscopes and the image orthicon are photoe-
missive devices that take advantage of the property of some materials to emit
electrons when illuminated. The vidicon, Plumbicon, and saticon are photo-

? Several other pickup tubes were developed, some of them intermediate steps in the
development of more advanced tubes and others designed for specialized applications. They
include the orthicon, the CPS emitron, the multiplier orthicon, the image isocon, the silicon intensifier
tube, the chalnicon, and the newvicon.
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conductive, which means they rely on the property of other materials to
change their electrical resistance when illuminated.

The development of CCDs was made possible by rapid advances in
solid-state technology along with innovative circuit designs. They are cur-
rently displacing storage tubes for some types of color television cameras
and may ultimately replace them completely.

Scanners, iconoscopes, image orthicons, and vidicons were widely used
in monochrome television systems, and the history of their development is
described in this chapter. Plumbicons, saticons, and CCDs came later, after
color television had replaced monochrome for broadcasting, and their his-
tory is related in Chapter 5.

Television Display Devices

Like television cameras, display devices progressed from mechanical to
electronic. Mechanical displays typically consisted of a light source whose
brightness could be varied by applying the signal voltage to it. The light
from the source was then projected in a scanned raster onto a screen or
other viewing area by one of a number of optomechanical configurations.
Mechanical viewers had serious limitations of resolution and brightness,
and during the 1930s they were superseded by the CRT, or kinescope (see
Chapter 1). This device was nearly ideal for the purpose, and its use has
been almost universal.

B MECHANICAL TELEVISION SYSTEMS

Inventors anticipated the public demand for television even before the
beginning of radio broadcasting. So many scientists, engineers, and experi-
menters devoted their talents to its development during the late nineteenth
and early twentieth centuries that it is impossible to answer the question
”Who invented television?”’ The efforts of a few, however, were so impor-
tant that they deserve recognition as television’s pioneers. Since the basic
components required for an electronic television system had not yet been
invented, all the early systems were based on mechanical components.

Paul Nipkow

Paul Nipkow proposed the first practical mechanical scanner (Figure 4-2)
in Germany in 1884. The basic scanning device was a rotating disk with
perforations arranged in a spiral around its periphery. Light passing
through the perforations as the disk rotated produced a rectangular scan-
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Light source

Photo tube

B Figure 4-2 Nipkow disk television system. A disk with perforations
arranged in a spiral around its periphery, later named the Nipkow disk, was
the basic component of Nipkow's system. In Nipkow's conception, the scene
to be televised was brightly illuminated and its image focused on the plane of
the disk. As the disk rotated, the image was scanned by the perforations, and
light from different portions of it passed through to the photocell. The number
of scanned lines was equal to the number of perforations, and each rotation
of the disk produced a television frame.

In a later version, the process was reversed. The photocell in the scanner
was replaced by a light, and the disk perforations caused the scene to be
scanned by a bright spot. Light reflected from the scene was then picked up
by a photocell located outside the scanner.

In the receiver, the light source was a neon glow tube whose brightness
was controlled by the signal voltage. The light from the tube passed through a
synchronously rotating perforated disk and formed a raster in the field lens or
on a projection screen.

ning pattern, or raster, which could be used either to generate the electrical
signal from the scene or produce an image from the signal at the receiver.

Nipkow’s concept existed only on paper, for he never built a prototype.
Its basic principle—the use of a rotating mechanical device to produce the
scanning effect—was, however, used in all the subsequent television sys-
tems until all-electronic systems became practical.

John Logie Baird and Charles Francis Jenkins

In the years following the publication of Nipkow’s concept, a number of
experimenters dabbled with it in an attempt to develop a practical working
system. It was not until the 1920s, however, that two independent inven-
tors, Baird in England and Jenkins in the United States, and two major
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research laboratories, GE and AT&T, constructed systems that performed
well enough to have commercial promise.

John Logie Baird was a Scottish engineer-inventor who became inter-
ested in television in 1923 at the age of thirty-five. His first apparatus, based
on the Nipkow principle, was extremely crude. It had only 8 scanning lines,
each of which had 50 picture elements, resulting in a total of 400 picture
elements per frame. (Compare this with the 210,000 picture elements pro-
vided by the current U.S. broadcasting standards.) Further, it was not
capable of transmitting hafltones and was limited to silhouettes. With im-
provements, however, it was good enough to attract venture capital, and a
new company, Television, Ltd., was formed in 1925 to exploit Baird’s
invention.

That year also marked a successful demonstration of the system to
Gordon Selfridge, the American-born owner of Selfridge’s department store
in London. Selfridge was so intrigued by television’s promotional possibili-
ties that he engaged Baird for a sum of 20 pounds per week to demonstrate
his apparatus three times a day in the store’s front windows.

These demonstrations not only publicized Baird’s system but also at-
tracted more venture capital, and the Baird Television Company was
formed to exploit it commercially. With additional funds available for re-
search, Baird was able to improve the system further, and on June 26, 1926,
he sought the imprimatur of the scientific community by demonstrating the
system in his Soho Street laboratory to a select audience that included
members of the prestigious Royal Institution. The demonstration was suc-
cessful, and it encouraged him to continue to develop the system.

By 1929, it had been improved sufficiently to attract favorable attention
from the British Broadcasting Corporation (BBC), and it began regular
experimental broadcasts on September 30. Although the system had been
greatly improved since the early 1923 experiments, it was extremely crude
by today’s standards. The number of scanning lines had been increased
from 8 to 30, and the system was now capable of reproducing halftones. To
keep the bandwidth within the 7,500-Hz audio standard, the frame rate was
only 12 per second. This picture rate produced highly objectionable flicker
with receivers of reasonable brightness, but it was tolerable with the dim
pictures of Baird’s receivers. In spite of these limitations, public interest was
high, and Baird’s copany sold a fair number of receivers.

In the meantime, laboratories in both the United States and Great Britain
were working to develop all-electronic systems. In Britain, the effort was led
by Electric & Musical Industries, Ltd. (EMI). EMI formed a joint venture
with the Marconi Wireless Telegraph Company to demonstrate to the BBC a
system using an electronic storage tube (the emitron, a version of the icono-
scope) in the camera. The EMI system, with 405 interlaced scanning lines
per picture and 25 frames per second, approached current scanning stan-
dards.
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To meet this competition, Baird proposed three alternatives. One was a
refinement of his original Nipkow disk system with 240 lines and 25 nonin-
terlaced frames per second. A second proposal was designed to overcome
the low sensitivity of the mechanical system when used for live pickups by
photographing the scene on motion picture film, developing it rapidly (in
about one minute), and scanning the film mechanically. A third alternative
yielded on the issue of an all-mechanical system and proposed the use of the
Farnsworth image dissector tube in the camera.

The BBC subjected the Baird and EMI systems to competitive on-air tests
beginning in November 1936. The test period was originally planned to last
two years, but the superiority of the EMI system was so overwhelming that
it was chosen after only three months. The last BBC transmissions using the
Baird system were on February 13, 1937.

Baird was devastated by the BBC decision, for it effectively repudiated
his lifework. In the eyes of the British public, however, he was the inventor
of television. His role and his reputation with the public were described
much later by a Marconi historian:

It is ironic that Baird, who contributed not a single invention to television as
we know it today, should be regarded by the general public as its Father
figure, while the names of those who were truly responsible should be known
only in electronic circles. But let no one begrudge Baird his niche in the public
mind; he was, after all, the first man to produce true television pictures and
even though his success led many along the blind alley of mechanical scan-
ning, he was, as P.P. Eckersley once remarked, the aphrodisiac which stimu-
lated others to research, and ultimately to produce a more rewarding system.>

While Baird was inventing, developing, and promoting his mechanical
system in England, an American inventor, Charles Francis Jenkins, was
following a parallel course with another mechanical system in the United
States. Its basic component was a flat rotating ring. The thickness of the ring
increased gradually around its circumference, thus forming a rotating
prism. As a light beam passed through the ring, its path was bent in
proportion to the ring's thickness at the point of passage. Thus the beam
could be made to scan a scene or a frame of film with each rotation of the
ring. By using two rings overlapping at right angles, the beam could be
made to scan both horizontally and vertically, thus forming a raster. Jenkins
called these components prismatic rings.

Like Baird, Jenkins had a flair for publicity and an entrepreneurial nature.
He began by using his prismatic-ring system for facsimile, the transmission
of still images to a receiver where they are recorded photographically. In
October 1922, he demonstrated the transmission of photographs and maps

3 W.]. Baker, A History of the Marconi Company (London: Methuen & Company, 1970).



MONOCHROME TELEVISION B 165

between a number of locations in Washington, D.C., to representatives of
the Navy and Post Office. The quality of the transmission was good enough
to be used by the Navy for sending weather maps to ships at sea.

In 1923, he was able to demonstrate the transmission of moving pictures
in a laboratory environment, and by 1925 he had perfected it sufficiently for
a public demonstration. The source of the pictures was a short motion
picture film of a Dutch windmill. The film was scanned by a light beam from
a neon tube that passed through the rotating prismatic rings to a photocell.
The receiver also used a beam from a neon light source that varied in
intensity with the signal and was made to form a raster on a small screen, six
by eight inches, by another set of prismatic rings rotating synchronously
with those in the transmitter.

The picture quality was marginal to say the least—the images were small,
dim, and fuzzy, and they had no halftones—but the novelty of television
was so great and speculative fever so intense that Jenkins had no difficulty
in raising a very substantial sum to develop and promote his system. In
1927, he obtained the first license for an experimental shortwave television
station, W3XK, from the FRC and began broadcasting a series of film shorts
that could be received at distances of several hundred miles. Investment
bankers were impressed, and they were willing to underwrite a stock
offering worth $10 million for the Jenkins Television Corporation. He estab-
lished a receiver manufacturing plant in Jersey City and a studio for pro-
ducing programs in New York. Since his license was experimental,* he
could not receive advertising income, and his profits had to come from the
sale of receivers. He sold several thousand units at prices ranging from $85
to $135, clearly luxury items at the time. This demonstrated the novelty
value of television, since buyers received only small, blurred pictures for
their money.

Jenkins's system and his company ultimately failed for the same reason
as Baird’s: The picture quality was not good enough to compete with the
electronic systems that were becoming available. Jenkins died heartbroken
in 1934 at the age of sixty-seven after a long illness.

AT&T, GE, and RCA

The 1920s were the era of the radio trust (see Chapter 2), and three of its
members—AT&T, GE, and RCA—took an intense interest in the develop-
ment of television. Although they provided potentially strong competition

4 The distinction between “experimental” and “commercial” stations was fundamental.
Experimental stations were permitted to engage in broadcasting for the sole purpose of field
tests. They were not allowed to sell advertising or otherwise charge for the use of their
facilities.
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to Jenkins, their activities actually helped him because they added an aura
of respectability to the medium.

AT&T first demonstrated a television system in 1927 under the direction
of one of Bell Laboratories’ scientists, Herbert E. Ives. It used Nipkow disks
at the transmitter and receiver and sent eighteen 50-line pictures per sec-
ond. Two receiving devices were shown, one a projection system with a 2-
by 2i-foot screen and the other a 2- by 2}-inch personal viewer intended
as an adjunct to the telephone. The system was capable of handling rudi-
mentary halftones. Video transmission was demonstrated both by wire and
with a 1,575-kHz radio carrier.

About a year later, GE demonstrated a new television system developed
by Ernst Alexanderson of Alexanderson alternator fame. Its receiver used a
Nipkow disk that was two feet in diameter, and it produced a three-inch-
square picture that had to be observed through a viewing aperture. The
video signal was transmitted from the GE laboratory in Schenectady, New
York, by a 7.9-MHz shortwave transmitter, and the sound was broadcast
over GE’s AM broadcasting station, WGY.

During this period, RCA had no laboratory or manufacturing facilities,
and its role was to act as a sales agent for GE and Westinghouse radios (see
Chapter 2). Sarnoff, however, followed television’s technical developments
with deep interest, correctly forecasting that it would one day become a
major communications medium. The timing of his forecast was in error,
however, as he predicted that television would be well established by the
late 1930s. In fact, it took ten years longer.

Sarnoff was outwardly enthusiastic about the AT&T and GE demonstra-
tions, and RCA obtained licenses for three experimental stations in the New
York-northern New Jersey area. Privately, he had growing doubts about
the ultimate success of mechanical systems. This was consistent with his
faith in electronics, which remained with him throughout his life. Accord-
ingly, when the GE-Westinghouse-RCA trust was dissolved in 1929 and
RCA obtained its own research facilities, one of his first acts was to initiate a
long and costly research program in electronic television systems.

FRC Regulation

In view of the hopelessly inferior quality of the television pictures pro-
duced by mechanical systems, the number of entrepreneurs and major
corporations that wished to become broadcasters was extraordinary. In
1927, this forced the FRC, which had just been formed and had its hands full
with AM radio problems, to take action.

The FRC recognized the inadequacies of the available mechanical sys-
tems, and it wisely refused to license stations for commercial operation until
much-improved picture quality could be achieved. It also came to grips with
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television’s bandwith problem. Its 1928 annual report quoted a memoran-
dum from RCA's chief engineer, Alfred N. Goldsmith, as follows:

A 5-kilocycle [kHz] band will permit the television broadcast of a crude image
of a head with comparatively little detail. A 20-kilocycle band will permit the
broadcasting of head and shoulders. . . . An 80-kilocycle band will permit
transmission of the picture of two or three actors in fairly acceptable detail.

The allocation of bands 100 kilocycles wide for television is strongly advo-
cated, since this is clearly the minimum basis for a true television service of
permanent interest to the public.

Television channels now occupy 6 MHz, sixty times the 100 kHz Gold-
smith advocated as a minimum. It is doubtful that television service would
be “of permanent interest to the public”” today if it were constrained to
100-kHz channels, and even by 1928 standards it was marginal.

Goldsmith’s analysis pointed out the dilemma that faced the FRC. There
was not enough spectrum space in the medium-wave band occupied by AM
radio, even for 100-kHz channels. The shortwave spectrum was wider, but
stations operating there were subject to severe interference from distant
stations. Finally, satisfactory transmitting and receiving equipment for the
VHF portion of the spectrum was not yet available. It was clear that the
limitations of mechanical systems were not the only problems inhibiting the
progress of television.

Under the circumstances, the FRC did the best it could. It authorized
limited service in the AM broadcast band with 10-kHz bandwidths. It
allocated four 100-kHz channels in the 2,000- to 3,000-kHz range, and it
allocated three much wider bandwidth channels in the 43- to 80-MHz range.
Unfortunately, the three wider bandwidth channels were barely usable
because of the primitive state of the VHF equipment.

The establishment of scanning standards was also an FRC responsibility,
and the Radio Manufacturers Association (RMA) established a committee to
make recommendations. Motivated by its commercial desire for inmediate
approval of some system, no matter how inferior its performance, the
committee unanimously recommended fifteen frames, or pictures, per sec-
ond (noninterlaced) and forty-eight lines per frame. Fortunately, the FRC
refused to approve this standard, which would have resulted in pictures of
unacceptable quality.

Broadcasting with Mechanical Systems

In spite of television’s many technical difficulties and the prohibition
against the sale of advertising by experimental stations, the number of
stations continued to grow. Licensees had a variety of motives—to create a
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market for receivers, to gain technical experience, to obtain publicity, and to
achieve grandfather status for the assignment of commercial licenses when
they became available.

In 1929, fifteen experimental stations were licensed to operate. In addi-
tion to RCA’s three stations in the New York City area, GE had three in
Schenectady, Jenkins had one in Washington, Westinghouse had one in
Pittsburgh, the trade publication Radio News had two in New York, the
Chicago Federation of Labor had one in Chicago, and entrepreneurs in New
York and Chicago had four others.

During the next three years, more than fifteen additional stations were
licensed in all areas of the country, but by 1932 the growth in the number of
stations had ended, and many of them had gone off the air. None of them
was obtaining any immediate financial benefits, either directly or indirectly,
and as time progressed, it became obvious that the inherent limitations of
mechanical systems were so serious that they had no long-term future.
Although the situation was exacerbated by the depression, it was the poor
performance of these systems that caused them to fail.

In the meantime, great strides were being made in the development of
all-electronic systems, both in England and the United States, and it was
here that the future of television lay.

B EARLY ALL-ELECTRONIC SYSTEM DEVELOPMENT

Alan A. Campbell-Swinton’s Proposal

All-electronic television was not a new idea in the 1920s. As early as 1908,
Alan A. Campbell-Swinton, a prominent and respected consulting electrical
engineer in London, proposed a system that used CRTs for generating the
electrical signal at the transmitter and displaying the picture at the receiver.

In his concept, the receiver CRT would operate as a conventional kine-
scope, or picture tube, with electromagnetic scanning to form a raster. CRT
technology had progressed far enough to make this an achievable proposal.

The transmitter tube was another matter. Campbell-Swinton postulated
a tube in which an electron beam would electromagnetically scan a special
screen mounted behind the tube’s faceplate. The screen consisted of an array
of small cubes of a metallic photosensitive material. He described the
screen’s operation when an image of the scene was focused on it as follows:
“On one side of this screen the cathode-ray beam impinges and on its other
side is a chamber filled with sodium vapor or any other gas which conducts
electrons more readily under the influence of light than in the dark. The
metallic cubes readily discharge electrons when the scanning beam strikes,
the discharge being proportional to the amount of illumination on the
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particular cube.”® The discharged electrons were then conducted through
the gas to be amplified and generate the video signal.

Although Campbell-Swinton continued to describe his proposal both in
lectures and in the literature, he never carried it to the point of a working
system. One reason was that he questioned its commercial value. In 1924,
he addressed the Radio Society of Great Britain on the possibilities of
television with wire and wireless. In the discussion period that followed, a
Mr. L.B. Atkinson expressed the view that his proposal could be developed
into a working system with “perhaps one or two years research.” In re-
sponse, Campbell-Swinton stated, “'I wish to say that I agree entirely with
Mr. Atkinson that the real difficulty in regard to this subject is that it is
probably scarcely worth anybody’s while to pursue it. That is what I have
felt all along myself. I think you would have to spend some years of hard
work, and then would the result be worth anything financially?"

In spite of Swinton’s lack of enthusiasm for the commercial possibilities
of television and his failure to pursue his proposal to the point of a working
system, it included the essence of modern all-electronic systems. Some of
the concepts he proposed for the signal-generating tube, while never used
in precisely the form he described, were incorporated later in practical
tubes. Synchronized electromagnetic scanning of the signal-generating and
display tubes is an integral part of modern television systems. And CRTs
are used for picture display exactly as he proposed.

Swinton’s proposal also highlighted the major missing link in all-
electronic systems—the lack of a suitable electronic signal-generating de-
vice that could convert optical images into electrical signals. Solving this
problem was the key to the successful development of all-electronic tele-
vision.

Television Signal-Generating Tubes

Credit for inventing the first practical television signal-generating, or
pickup, tubes must be shared by two engineers, Vladimir K. Zworykin and
Philo T. Farnsworth. Zworykin’s invention was the iconoscope, which
evolved into the image iconoscope, and Farnsworth’s was the image dis-
sector.

5 Alan A. Campbell-Swinton, “Presidential Address” (Speech to the Roentgen Society, 7
November 1911).
¢ George H. Brown, and part of which I was (Princeton, N.J.: Angus Cupar, 1982).
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Zworykin and the Iconoscope Vladimir K. Zworykin (1891-1982) was
born in czarist Russia, the son of an affluent ship-owning family. He studied
electrical engineering at the University of St. Petersburg, where he attracted
the attention of Professor Boris Rosing, one of the pioneers in television
picture tube technology. Rosing disappeared during the Bolshevik Revolu-
tion of 1917-1919, but Zworykin was able to escape and emigrated to the
United States in 1919.

Zworykin was employed by Westinghouse as a research engineer, and
for a time he was able to continue his work in all-electronc television. The
result was the invention of the iconoscope (Figure 4-3), which he was first
able to demonstrate to Westinghouse executives in 1923.

Courtesy RCA Corporation.

B Figure 4-3 Vladimir Zworykin and the iconoscope.
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The quality of the pictures produced by the first iconoscopes was quite
poor, although it was a quantum leap ahead of pictures from mechanical
scanners. It was not good enough, however, to persuade Westinghouse’s
executives to fund further research. Discouraged, Zworykin left West-
inghouse for a time but returned after he was unsuccessful in finding a
corporate sponsor for his work elsewhere. It was at this time, while RCA
was still partly owned by Westinghouse, the he received an audience with
Sarnoff.

Sarnoff listened enthusiastically to Zworykin’s heavily accented but im-
passioned description of the commercial potential of the iconoscope for
television broadcasting, and he immediately decided to find a way to fi-
nance its development. He asked Zworykin how much it would cost to
develop a television system based on the iconoscope. Zworykin estimated
that it would require about $100,000. After RCA had spent more than $50
million, Sarnoff repeatedly told this story in mock humility as an example
of Zworykin’s salesmanship and his own gullibility.

In 1929, about a year after this meeting, the radio trust was dissolved,

THE ICONOSCOPE TUBE

Televised Photomosaic
Scene Camera

Signal

Electron Gun

The photomosaic was the critical element in the iconoscope tube. It consisted
of tiny particles of a photoemissive material mounted on a mica insulator, which
in turn was mounted on a metal signal plate. When light from the scene was
tocused on the mosaic, electrons were emitted from the particles in proportion to
the intensity of the light, leaving them positively charged. When the mosaic was
scanned by the electron beam, the number of electrons absorbed by each parti-
cle was determined by the amount of its positive charge. The resulting current
was transferred to the signal plate by the capacitance between the particle and
the plate.
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and RCA’s relationship with Westinghouse was ended. Many West-
inghouse engineers, including Zworykin, were transferred to the Camden,
New Jersey, plant, which RCA had just purchased from the Victor Talking
Machine Company, and Sarnoff was able to keep his promise by giving
Zworykin the financial support he needed.

Zworykin proceeded enthusiastically, his progress closely followed by
Sarnoff. By 1931, Sarnoff was convinced. He made a corporate decision to
cease all further work on rotating disks and to commit major resources to
the development of electronic systems. He hastened the demise of mechani-
cal systems by buying Jenkins’s troubled company for $500,000, much to the
relief of Jenkins’s bankers. In return, he received the rights to certain
patents and the services of some of Jenkins’s talented engineers. It was a
courageous decision to embark on this program in the depths of the depres-
sion, but Sarnoff never lacked the courage of his convictions.

By 1932, Zworykin had perfected the iconoscope sufficiently to begin
field tests of an all-electronic system at RCA’s Camden plant. Improve-
ments continued, and the iconscope was clearly the winner of its intense
prewar contest with Farnsworth’s image dissector.

Its major advantage over the image dissector was its substantially greater
sensitivity, although it was still inadequate for many broadcasting applica-
tions. In 1934, Zworykin and RCA’s German licensee, Telefunken, devel-
oped a more sensitive model, which Zworykin called an image iconoscope.
This gave the iconoscope a further competitive advantage over the dissec-
tor, but it confused the patent situation because the modification was the
addition of an imaging section that closely resembled the dissector.

Compared with modern tubes, the sensitivity of the image iconoscope
was low, it was difficult to operate, and its performance was only fair. Still,
its performance was good enough to be the basis for an all-electronic televi-
sion system that received tentative FCC approval for commercial broadcast-
ing just before the United States entered World War II.

After the war, the image iconoscope was replaced by the image orthicon,
a product of wartime research. The original iconscope design continued to
be used for film pickup, where plenty of light was available, until it was
replaced by the vidicon in 1954.

Zworykin spent the remainder of his career basking in the glow of his
success with the iconscope and Sarnoff ‘s fulsome praise. He was furnished
a private laboratory in RCA's research center in Princeton, New Jersey, and
he served as a gadfly—not always welcomed but always heeded because of
his relationship with Sarnoff—to the company’s technical community. He
continued to work there until his death in 1982.

Farnsworth and the Image Dissector Philo T. Farnsworth was a Mor-
mon, born on a farm in 1906 and educated at Brigham Young University,
where he majored in engineering. He was forced to leave college before
graduating because of the strain on his family’s finances resulting from his
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father’s death. In 1926, he opened a radio store in Salt Lake City, and he
began work on television pickup tubes in its shop. The store soon failed, but
he was able to persuade two groups of financial backers, firstin Los Angeles
and then in San Francisco, to support his research. He displayed a creativity
that bordered on genius while working with incredible speed, and in 1927
he applied for a patent on his invention, which he called an image dissector.

The image dissector was a nonstorage scanner, and it suffered from the
inherent problem of all devices of this class—extremely low sensitivity.
Farnsworth was losing the competitive battle with the iconoscope because
of this problem, and he developed a number of modifications and improve-
ments in an effort to improve its sensitivity. Some of them were moderately
successful, but none of them could bring the sensitivity up to the level of the
image iconoscope or even the iconoscope. To obtain more capital for this
endeavor, he entered into an alliance with Philco, one of RCA’s radio
competitors, in 1929, but this partnership was dissolved after two years as
the result of Philco’s dissatisfaction with the results.

Although the image dissector was never a commercial success,
Farnsworth’s patents caused big trouble for RCA. In 1932, he filed a patent
interference suit alleging that the iconoscope infringed on his dissector
patents. His case was strengthened when Zworykin added an electron
imaging section in the image iconoscope that was very similar in concept to
this component of the dissector. In 1935, both the patent examiner and the
appeals court ruled in favor of Farnsworth, and Sarnoff ‘s entire program
was at risk, particularly the use of the image iconoscope, whose sensitivity
was almost essential for live pickup.

Rather than appealing the case further, Sarnoff decided to make a deal.
He first tried to buy Farnsworth’s patents, but Farnsworth refused. He was
finally forced to enter into a cross-licensing agreement that involved the
payment of significant license fees. Agreeing to pay others for the use of
their patents was totally foreign to the RCA patent department, and legend
has it that one of RCA’s lawyers had tears in his eyes as the agreement was
signed.”

Farnsworth went on to found a successful electronics company, the
Farnsworth Television and Radio Corporation in Fort Wayne, Indiana (later
merged with Federal Radio), which he served for a number of years as vice
president for research. He was well liked, even by Sarnoff, who was not
known for charitable feelings toward his competitors. Years later, Sarnoff
paid him a gracious tribute in testimony before a Senate hearing: "It is only
fair that I should mention this—an American inventor who I think has
contributed, outside of RCA itself, more to television than anybody else in
the United States, and that is Mr. Farnsworth of the Farnsworth television
system.’®

7 Kenneth Bilby, The General (New York: Harper & Row, 1986), 128.
% Ibid., 128.
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Television Display Tubes

The technology of television display tubes is much simpler than that of
pickup tubes, and its history can be told quickly.

It was recognized at the outset that the CRT (originally called the Crookes
tube) provided an almost perfect solution to the problem of an electronic
display device, and it never had serious competition for home receivers.
The technology of producing, focusing, and deflecting electron beams had
been developed by Sir J.J. Thomson and others in connection with his
measurement of the properties of the electron. The use of these techniques
to form a scanning raster was suggested by a number of engineers, notably
Alan Campbell-Swinton. There remained the problem of causing the elec-
tron beam to produce a visible image on the faceplate of the tube (which was
called a kinescope by Zworykin, from the Greek words kinein, “to move,” and
skopein, ""to watch”).

The first scientist to use a phosphor coating on the inside of the CRT bulb,
which would glow when struck by electrons, may have been Karl F. Braun
in Germany in 1897. The technology was developed further by Max Dieck-
man in Germany (1906) and Boris Rosing, Zworykin’s mentor at the Univer-
sity of St. Petersburg (1907).

With the basic technologies of kinescopes established, further progress
required thousands of man-years of intense and meticulous engineering
effort. Phosphors that would glow with white rather than green light had to
be developed. Many incremental improvements were made in the electron
gun, which generates the electron beam, the focusing and deflection com-
ponents and circuitry, and the construction of tubes that were sturdy
enough to withstand accidental implosion in a home environment. Above
all, it was necessary to develop techniques and machinery for producing
tubes in mass quantities at low cost.

The electronics industry has succeeded admirably in these efforts as the
result of the dedicated work of a host of engineers who have worked in
anonymity. The performance of tubes was brought to a high state of perfec-
tion, accidents involving the implosion of tubes have been extremely rare,
and the cost of tubes has been steadily reduced, even in the face of an
inflationary economy.

B ALL-ELECTRONIC TELEVISION
BROADCASTING BEGINS

By 1935, the key components of all-electronic television systems were suffi-
ciently perfected to produce acceptable picture quality, although it was far
below present-day standards. But there was a long road ahead. Complete
systems of studio and transmitting equipment had to be designed and built.
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Receivers had to be designed, manufactured, and sold. Programming had
to be made available. In the United States, where broadcasting was handled
by private industry, there was the ever-present chicken-and-egg problem
for new broadcast services—no incentive to broadcast programs without
receivers and no incentive to buy receivers without programs. Transmission
standards had to be established and huge segments of radio spectrum space
allocated to meet the enormous demands of television.

The three leading countries in the development of television were Eng-
land, Germany, and the United States. Each country approached these
problems differently in accordance with its business and governmental
policies.

England and Germany

England and Germany, which were about to go to war, shared one
common characteristic in their broadcasting systems: They were both run
by quasi-governmental companies. This solved the chicken-and-egg prob-
lem because governmental organizations, undeterred by the need to show a
profit, could begin broadcasting before any receivers were available.

The early broadcasts of the BBC, beginning in 1929 with Baird’s mechani-
cal system and progressing in 1936 to the EMI-Marconi electronic system,
were described earlier in this chapter. The leading figure in the EMI pro-
gram was Isaac Shoenberg, its chief engineer and like Zworykin a Russian
émigré. (Shoenberg is still recognized today in England as the father of
electronic television.)

In Germany, the two competing companies were Telefunken and
Fernseh. Telefunken used a system similar to the BBC’s with “ikonoscope”
pickup tubes and 441 scanning lines (later superseded by the “super-
ikonoscope,”’ or image iconoscope). Fernseh offered a variant of one of the
systems proposed by Baird in England. It used an image dissector, and to
solve its sensitivity problem, the scene was first photographed on film and
then converted to an electrical signal by the dissector. The battle between
Telefunken and Fernseh was really no contest, and Telefunken won it
hands down. (After the war, however, Fernseh emerged as Germany’s
leading supplier of television studio equipment. It was eventually acquired
by Robert Bosch, a manufacturer of automotive components.)

After the war began in 1939, progress in television technology in both
Germany and England nearly came to a halt, as their electronics industries
were converted to the war effort. The BBC stopped television broadcasting
entirely.

The United States did not enter the war until two years later, and this
permitted it to continue developing its systems. The U.S. television indus-
try received an additional boost from government-sponsored television
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research even during the war, which gave it a clear lead over Europe in
television technology.

The United States

To a large extent, the prewar history of television in the United States is
the history of RCA. Mechanical systems failed because of inadequate per-
formance. Farnsworth never made it with his low-sensitivity image dissec-
tor. Other companies, especially Philco and Dumont, made important con-
tributions, and CBS caused great confusion with its ill-fated and premature
attempts to establish color television. But the driving force behind the
development of television was RCA.

In May 1935, Sarnoff announced that RCA was prepared to spend $1
million for the development of a complete television system. That was an
enormous sum in the middle of the depression and would include not only
the cost of research but also an experimental transmitting station on the
Empire State Building in New York, a studio in the RCA building, a pro-
gram service, and test receivers located in the homes of VIPs and RCA and
NBC employees. The press greeted the announcement with enthusiasm,
although it correctly prophesied that Sarnoff’s plan would cost far more
than $1 million. One by-product of the plan was RCA'’s insistence that
Edwin Armstrong remove his FM antenna from the Empire State Building
to make room for the television transmitting station.

RCA’s plan proceeded on schedule. The first test transmissions from the
Empire State Building occurred in 1935 with a 4-MHz VHF channel and a
carrier frequency of 49.75 MHz (just below the present channel 2). Initial
tests were at 343 interlaced lines and 30 frames per second. Iconoscope
pickup tubes were used for studio cameras. By 1937, the number of lines
was increased to 441, and in 1939 the image iconoscope, with its much
greater sensitivity, was introduced. Receiver kinescopes were small, typi-
cally five to ten inches, but this had the advantage of obscuring the sys-
tem’s relatively low definition.

The FCC cooperated by allocating blocks of the VHF spectrum for experi-
mental television broadcasting. As had happened earlier with mechanical
television systems, a number of broadcasters and manufacturers opted to
operate experimental stations, and by the end of 1937, seventeen of them
were broadcasting signals generated by electronic systems.

RCA’s competitors were not idle. Although Philco had long since broken
off its relationship with Farnsworth, it began demonstrations of its system
in 1936 using an image dissector camera, and it announced its intention to
manufacture television receivers. Farnsworth continued to promote the
image dissector, and he increased its sensitivity by adding a secondary
emission multiplier. Unfortunately, this caused new problems, and it was
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not successful. CBS built an experimental VHF station on the Chrysler
Building in New York for experimental broadcasts with both iconoscopes
and image dissectors. Its efforts were sidetracked, however, by the un-
successful attempt by its principal scientist, Peter Goldmark, to develop a
color system.

RCA also encountered a major problem in initiating a commercial televi-
sion system. This problem, the regulatory delay that resulted from the
violent controversy concerning transmission standards and channel allo-
cations, arose as RCA sought FCC approval for these key parameters of the
system. The great standards battle was about to begin.

B THE GREAT STANDARDS BATTLE

The Issue and the Contestants

Television has been described as a lock-and-key system in which the
scanning of the receiver kinescope must be synchronized precisely with the
scanning of the optical image in the camera. The required precision of the
timing is extreme—a fraction of one-millionth of a second. (The precision
required for color television is even greater.) This characteristic makes it
necessary to establish transmission standards so that the scanning of the
receiver kinescope will follow that of the camera. The specification of these
standards for television broadcasting in the United States, together with the
related problem of frequency allocation, is the FCC’s responsibility.

The major issue in the standards battle was not the content of the stan-
dards, although this was the subject of some dispute, but rather the timing
of their approval. For television broadcasting to begin, it was necessary that
the FCC establish these standards, allocate spectrum space, and approve
the use of broadcasting stations for commercial purposes.

On one side of the battle were RCA, Farnsworth, and a few progressive
broadcasters such as the Milwaukee Journal. Sarnoff, who in 1935 had com-
mitted $1 million to develop electronic systems, was understandably anx-
ious to start reaping the financial rewards of this expenditure by the sale of
receivers and broadcasting by NBC. By 1938, he believed that the technol-
ogy of television had progressed far enough to enable the FCC to establish
standards for commercial broadcasting, and he pressed for expeditious
action. Although Farnsworth was competing with RCA on a technical level,
he shared Sarnoff’s desire for an early decision.

On the other side were most other manufacturers, especially Philco,
Dumont, Zenith, CBS, and many broadcasters. They wanted a delay or an
indefinite postponement of the standards for a variety of reasons. Some had
honest doubts as to whether technology had progressed far enough to
establish standards that could withstand the test of time. A stronger motive,
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however, was their commercial interests. RCA was ahead of them, and they
needed time to catch up. They also were concerned that standards estab-
lished with a strong RCA influence would put them in a poor patent
position. Zenith was doing well in radios, and it would have been happy to
have television postponed indefinitely.

The opposition by Philco and Zenith also was influenced by personali-
ties. Their chief executives, Lawrence Gubb and Eugene McDonald, were
bitter enemies of Sarnoff, and they opposed him as a matter of principle.
CBS, acting on the advice of Peter Goldmark, advocated that monochrome
television be skipped and that the country proceed immediately to color.

Radio broadcasters were prospering in spite of the depression, and they
were reluctant to jeopardize this with a risky and costly new medium. Many
of them strongly disliked Sarnoff for threatening their businesses with a
competing service.

The FCC was ambivalent. On the one hand, it had a statutory obligation
to encourage and foster new technologies. This should have put it on the
side of RCA. On the other hand, it feared RCA’s alleged monopoly, and it
was reluctant to take any action that would strengthen RCA.

The FCC’s concern over RCA’s monopoly sharpened when the able and
strong-minded James Lawrence Fly was appointed chairman by President
Roosevelt in 1939 (see Chapter 3). Fly was an ardent New Dealer, and he
fully subscribed to Roosevelt’s description of big businesses as malefactors
of great wealth. He was particularly critical of RCA, which he regarded as
one of the worst of the monopolists. He had a populist’s desire to act as a
handicapper to give the “little fellow” a chance. His visceral reaction was to
side with RCA’s opponents and do nothing for a time. Only irresistible
political pressure could persuade him to change his mind.

The Content of the Standards

The parameters of a television signal that require standardization include
the picture repetition rate, the number of scanning lines, the bandwidth of
the transmission channel, the locations of the sound and picture carriers in
the channel, the type of modulation, and the form of the electrical signal.

Frame Rate, Number of Scanning Lines, and Bandwidth By the late
1930s, when the question of establishing official standards was first seri-
ously addressed, most of the industry (with the important exceptions of
Philco and Dumont) was in agreement that the frame rate should be thirty
per second, half the standard power source frequency. The value of inter-
laced scanning for reducing the bandwidth without sacrificing picture
sharpness also was recognized.

The major problem was to specify the number of scanning lines—a
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trade-off between picture sharpness and bandwidth. Increasing the number
of lines.improved the picture’s sharpness, but the bandwith increased with
the square of the number of lines (assuming horizontal and vertical sharp-
ness were improved proportionally). The problem was to find the right
compromise between picture quality and bandwidth.

The Video Waveform The video waveform (see below) must carry
three types of information:

1. The synchronizing signals, which synchronize the scanning of the
receiver and camera

2. Blanking pulses, which black out the picture at the end of each line
and at the bottom of the picture so that the scanning beam is not
seen as it returns to the left or top of the picture

3. The video information itself

Considerable ingenuity was shown in developing the video waveform, and
it was not particularly controversial.

Method of Modulation This standard caused very little controversy.
FM was chosen for the sound channel but with only one-third the frequency

THE VIDEO WAVEFORM
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deviation permitted for FM broadcasting. FM was not even considered for
the picture channel (although subsequent experience with FM in video
recording showed that it might have been a better choice), but a form of AM
known as vestigial sideband (see below) was chosen. Developed by Walde-
mar Poch and David Epstein of RCA, vestigial sideband modulation nearly
cut in half the amount of spectrum required for the transmission of a given
picture bandwidth.

The RMA Acts

In 1936, encouraged by Sarnoff and Farnsworth and with the FCC’s tacit
approval, the RMA established two committees to make recommendations
to the FCC concerning television. One of them was to consider transmission
standards, and the other was to consider the question of frequency allo-
cations.

TELEVISION BROADCASTING CHANNEL
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The allocations committee acted expeditiously and recommended that
seven 6-MHz channels be allocated for television broadcasting. Late in the
year, the standards committee recommended a preliminary standard of 441
lines and 30 frames per second with interlaced scanning. Video modulation
was double sideband, which limited the video bandwidth to 2.5 MHz in the
6-MHz radio frequency channels. In 1938, the recommendation was modi-
fied to specify vestigial sideband modulation for the video signal, thereby
increasing its bandwith to 4 MHz in the 6-MHz video frequency channel.

The FCC Responds

The FCC held a series of hearings to consider these recommendations,
and the deep divisions in the industry soon surfaced, even though the RMA
presumably spoke for all. To confuse the issue further, Dumont and Philco
proposed two different standards. Dumont’s was 625 lines and 15 frames,
and Philco’s was 605 lines and 24 frames.

The FCC’s first actions related to frequency allocations, which were less
controversial than the transmission standards. In 1936, it allocated 42 to
56 MHz, 60 to 86 MHz, and a number of channels above 110 MHz for
experimental television broadcasting. These allocations were expanded on
October 13, 1937, when the FCC issued its report and order concerning
Docket 3929, a proceeding that considered the allocation of the spectrum
from 10 kHz to 300 MHz very broadly. This order allocated nineteen
6-MHz channels for television broadcasting (but still limited to experimental
broadcasting pending an agreement on transmission standards), the lowest
being 44 to 50 MHz and the highst 288 to 284 MHz.

After a lengthy series of hearings, the FCC affirmed this action in an
Order issued on March 19, 1939, stating, “The Commission believes that in
order to permit television to be inaugurated on a nationwide basis a mini-
mum of 19 channels should be reserved below 300 MHz.”” The Commission
added that more channels would undoubtedly be required above 300 MHz.

These statements by the FCC were remarkably prescient, particularly
since the technologies of both television and VHF were in their infancy and
UHF (above 300 MHz) had scarcely been born. The 6-MHz channels are still
the standard today, and nineteen VHF channels would not be sufficient to
provide a nationwide competitive television service.

The Commission’s orders did not solve the industry’s allocation and
regulatory problems, however. One of the nineteen channels was reallo-
cated to FM in 1940 (the missing channel 1 in today’s system) leaving
television with eighteen. Moreover, the Commission steadfastly refused to
establish transmission standards or authorize commercial broadcasting,
and in 1938 it tightened the eligibility requirements for experimental li-
censes. In the future, they were to be granted only to organizations engaged
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in technical research. This put a number of stations that had been engaging
in programming development off the air.

RCA Makes lts Move

Sarnoff, impatient with the repeated delays and concerned that RCA’s
competitors were catching up, decided he could wait no longer. In October
1938, he stated, “Television in the home is now technically feasible. The
difficulties confronting this difficult and complicated art can only be solved
from operating experience, actually serving the public in their homes.””® He
announced that RCA would begin manufacturing receivers according to
RMA recommendations and that NBC would begin regular broadcasts,
albeit experimental, in 1939. The inaugural program would be a broadcast of
the opening of the New York World’s Fair on April 20, 1939 (Figure 4-4).
Sarnoff, Mayor La Guardia, and President Roosevelt would share the
podium.

The plan was a calculated risk. Commercial broadcasting, including the
sale of advertising, was not permitted, and all the costs of the program
would have to be borne by the corporate treasury. It was certain to increase
the animosity of RCA’s competitors, and it was likely to antagonize the
FCC. But Sarnoff was gambling that it would stimulate the public’s desire
for television and cause irresistible political pressure.

Sarnoff’s gamble paid off. RCA’s competitors were furious, and they
protested its actions to the FCC, but public pressure did increase. An
example was the action of the the Milwaukee Journal, a pioneer radio broad-
caster. It filed for a commercial television station even though doing so was
not allowed by the FCC’s rules. In its November 6, 1938, issue, just two
weeks after Sarnoff’s announcement, the Journal stated that "experiments
and investigation have shown that television has developed beyond the
laboratory stage and is now ready for a service to the public.” It also said
that “adoption by radio manufacturers of RCA specifications for television
equipment as trade standards is further justification for The Journal’s new
undertaking.”

Sarnoff increased the pressure by keeping his promises. NBC increased
its programming to twelve hours per week, and RCA receivers priced from
$395 to $675 were offered on the market. More stations, all limited to
experimental broadcasting, came on the air in New York, Philadelphia, '
Schenectady, and Los Angeles.

% Bilby, The General, 132.

" The programming for the Philadelphia stations was informal and unprofessional and
was frequently handled by engineers rather than skilled program personnel. There is a legend
that the Philco station in Philadelphia installed a camera, often left unattended, at the Univer-
sity of Pennsylvania swimming pool. The engineers forgot to note that at certain hours bathing
was limited to nude members of a single sex. The response from the viewers gave a good
indication of the size of the audience.
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Courtesy RCA Corporation.

B Figure 4-4 David Sarnoff demonstrating television at the 1939 World's
Fair. This demonstration on April 20, 1939, which opened the 1939 New York
World's Fair, marked the start of a regular schedule of television
programming by NBC. It was a huge success. Only a few thousand were able
to see it off the air or on monitors at the fair, but Sarnoff and television
upstaged President Roosevelt and Mayor La Guardia in the press—no small
accomplishment. The equipment remained at the fair, and hundreds of
thousands of people were able to see television for the first time.

Not surprisingly, in view of the limited programming and the possibility
of technical obsolescence, there was no rush to buy the high-priced receiv-
ers. Sarnoff had forecast that twenty thousand to forty thousand receivers
would be sold in New York the first year. In fact, only eight hundred were
sold. Rather than reducing the political pressure, however, the lack of
receiver sales was taken as further evidence of the need for FCC action as a
means of reassuring the public.

The FCC Compromises

The pressure for FCC action eventually became unbearable, and Fly
reluctantly agreed to reconsider the question in a formal hearing in January
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1940. The outcome was a compromise that satisfied no one and left the
situation more confused than before. On February 29, the FCC issued an
order that did not establish transmission standards but did authorize limited
commercial broadcasting. Limited was defined as meaning that advertising
sponsors could cover the cost of programming but that the stations would
have to pay for operating costs. The new rules were to become effective in
September. Like many other compromises, it turned out to be ineffective.

This order was only a small opening, but it was all that Sarnoff needed.
With full-page ads in major New York newspapers, he announced that RCA
would begin regular commercial broadcasts in September and that twenty-
five thousand sets would be offered for sale at reduced prices. It was
implied that this was the first step in a program that would result in the
RMA recommendations becoming the de facto standards.

Again the industry was cast into turmoil. Philco engaged in a counter-
publicity campaign advising the public not to buy RCA receivers because
higher performance sets with more scanning lines would soon be available.
It withdrew from the RMA, claiming that the organization was merely a
puppet of RCA.

Fly was outraged. He took the unusual step of going on the air himself on
the Mutual radio network. For an entire hour, he portrayed RCA as a bully
and a monopolist and himself as the champion of the “little fellow.”

In May 1940, the FCC rescinded its earlier order allowing limited com-
mercial broadcasting and stated that the FCC would not approve full com-
mercial broadcasting until the engineering opinion of the industry was
agreed on standards.

Now it was Sarnoff’s turn to be outraged. He fought back, using the
potent political support he was able to elicit. He obtained favorable editorial
comment from influential newspapers such as the Philadelphia Inquirer and
the New York Times. The latter described the FCC decision as “absurd”” and
“unsound.” The issue became so heated that it reached the desk of Presi-
dent Roosevelt.

It also reached the halls of Congress. Senator Burton Wheeler (D) of
Montana chaired a hearing to determine whether the FCC had exceeded its
authority. Fly accused RCA of "’blitzkrieg’’ tactics and of openly defying the
commission’s intent. Wheeler’s committee did not take a definite position,
but it strongly suggested that the Commission settle the issue promptly and
unambiguously.

The First NTSC and the Final Standards Decision

Faced with this criticism, Fly resorted to a technique that would be
repeated ten years later in the color television battle. He appointed an ad
hoc committee, the National Television System Committee (NTSC), to
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study the issue of television transmission standards and to make recom-
mendations to the FCC. The chairman of the NTSC was W.R.G. Baker, a
distinguished GE executive, who was able to add an aura of objectivity to
the committee. One of his most important qualifications was that he had no
connection with RCA.

The committee was formed in July 1940, and its final meeting was held on
March 8, 1941. It submitted a set of recommended standards to the FCC
specifying 525 scanning lines, a frame rate of 30 per second with interlaced
scanning, and FM sound. These are essentially the same standards that
are used for monochrome television today.

Fly and the remainder of the FCC, faced with growing political and public
impatience and presented with the recommendations of a committee that
included manufacturers, broadcasters, and other interested parties, acted
with unprecedented speed. In April 1941, it adopted the NTSC recommen-
dations as the standards of Good Engineering Practice Concerning Televi-
sion Broadcasting Stations.

Thus ended the television standards controversy. Commercial broadcast
television was free to proceed and would have done so had World War Il not
intervened. At the end of 1941, when the United States entered the war,
thirty-two experimental stations had been authorized to begin commercial
broadcasting. With receiver manufacturing and station construction forbid-
den by wartime regulations, only six of these were operating as commercial
stations at the war’s end.

B THE WARTIME HIATUS

The following six stations continued commercial operation during the war:

1989 Call Letters Location

WNBC-TV New York
WCBS-TV New York
WNEW-TV New York
WRGB-TV Albany/Schenectady
KYW-TV Philadelphia
WBBM-TV Chicago

With a shortage of parts and most of their skilled technical personnel
transferred to defense work, staying on the air was a touch-and-go proposi-
tion. There were very few receivers in the hands of the public, and there was
little incentive to offer a full-time program schedule. Most of these stations
operated only a few hours a day and at a considerable expense to their
owners. The war truly caused a hiatus in the growth of television broad-
casting.
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But the war did not create a hiatus in the development of television
technology. Even more than for FM, it was a powerful stimulus. Television
technology and the war effort had a synergistic relationship that benefited
both.

One of the decisive technical developments of the war was radar, a
British invention but one that owed much to American engineering. Radar
and television use several of the same technologies—VHF and UHF trans-
mission and reception, as well as nonsinusoidal, or pulse, signals—and
engineers experienced in television were able to transfer their skills and
knowledge directly to radar.

Similarly, the enormous financial support given by the Allied govern-
ments to the development of radar was beneficial to television broadcasting
when it was resumed at the end of the war. And, as with FM, the engineers
and technicians trained in radar proved immensely useful in the postwar
development of television.

The greatest contribution of World War II to television technology was
not related to radar, however. It was the development of the image orthicon
pickup tube by Albert Rose of RCA.

The Image Orthicon

The image orthicon pickup tube was developed as the image transducer
of the Block equipment, the code name for a family of unmanned radio-
controlled flying bombs that were guided to their targets with the aid of
on-board television cameras. The need for these bombs had arisen from the
desire to destroy targets such as the German submarine pens along the
French coast. Heavily protected by thick concrete walls and roofs, they were
virtually impervious to bombing unless the bomber approached at water
level and entered the pen at its opening. The Japanese could have solved
this problem without advanced technology by ordering kamikaze pilots into
the pens on suicide missions. But this solution was not acceptable to West-
ern culture, and the Block equipment was developed instead.

As a weapon system, the Block equipment was only modestly successful,
but the image orthicon camera was an enormous step forward in television
technology. At the end of the war, it replaced the iconoscope as the stan-
dard pickup tube for studio and field cameras, and its position of domi-
nance continued for twenty years until 1965, when it began to be replaced
by the Plumbicon.

The image orthicon was a marvel of ingenuity. Its development required
the services of skilled professionals in chemistry, electron optics, vacuum
technology, and other sciences. Its manufacture was an intricate process
involving a host of specialized skills and techniques. Its operation is com-
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THE IMAGE ORTHICON
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An optical image of the scene is formed on the front of the photocathode, and
the electrons emitted from its rear form an electron image on the target mesh
assembly, an extremely fine mesh spaced close to a thin glass membrane. Most
of the electrons from the photocathode pass through the mesh and strike the
glass membrane, causing secondary electrons to be emitted. These are collected
by the mesh. This leaves the glass membrane positively charged, and electrons
are absorbed by the scanning beam. The return beam provides a negative
image—that is, its current is highest in dark areas of the picture where very few
electrons are absorbed from the scanning beam.
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plex, but basically it is a photoemissive tube in which the signal is derived
from the emission of electrons from a surface on which an optical image of
the scene is formed.

Its performance was a quantum leap forward from the iconoscope. It was
far more sensitive, and good pictures could be obtained at light levels
comparable to those used in photography. It was easier to operate than the
iconoscope, although operators were normally assigned to the camera con-
trols to make more or less continuous electrical adjustments. It also had a
second-order effect that seemed to be a defect but actually enhanced the
quality of the picture. This was an overshoot in the signal at the transition
between dark and light areas in the picture and had the effect of increasing
its apparent sharpness.

Its major defect was a high level of electrical “noise,” or picture
graininess. It was this defect that resulted in its ultimate replacement by the
Plumbicon.

In Summary

World War II brought the growth of television broadcasting to a halt, but
it stimulated enormous advances in television technology. With the end of
the war, the industry was well positioned technically to proceed with the
introduction and development of commercial television.

B THE BEGINNING OF COMMERCIAL TELEVISION

The Industry Prepares

As the end of the war approached, the television manufacturing industry
began to gear up for production. RCA, GE, and Dumont designed lines of
studio and transmitting equipment. With the notable exception of Zenith,
most major radio manufacturers joined the protelevision camp and began
converting their plants for receiver production. NBC made plans to increase
the number of hours of programming.

AT&T was busy constructing its L-1 coaxial cable network, primarily to
handle an expected increase in telephone traffic, but, unlike the older
open-wire lines and twisted pair cables, it would also be capable of distrib-
uting television network programming throughout the country. By the end
of 1945, fifteen hundred miles of cable had been laid.

On the regulatory front, late in 1945 the FCC reinstated the prewar NTSC
transmission standards and allocated a total of thirteen VHF channels for
television broadcasting. It also announced that it would begin accepting
applications for commercial television stations.
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All the pieces seemed to be falling in place for the resumption of the
growth of commercial television broadcasting after the wartime hiatus and
for the beginning of a major new industry.

A Slow Start and Broadcasters’ Concerns

At first, there was no rash of applications for station construction per-
mits. Only six new stations went on the air in 1946 and only four more in
1947. Had there been a greater demand for stations, there would have been
a hardware problem. The manufacturers of station equipment did not have
the capacity to satisfy a huge demand in 1946 and 1947. But the reluctance of
potential television broadcasters to apply for stations had a different basis—
their fear that operating a television station might not be good business.

The construction cost of a television station was many times more that of
a radio station. For example, the cost of a single image orthicon camera
system, or “chain,” was about $15,000. This sum was sufficient to buy the
equipment complement for a small radio station. Construction costs for
television stations, including studio equipment, transmitter, antenna and
tower, buildings, and construction, were measured in the hundreds of
thousands of dollars and could easily exceed one million. Radio broad-
casters were not used to these sums.

Operating costs were equally high. Television stations required much
larger staffs than radio, and other expenses were larger in proportion.
According to FCC reports, in 1949 ninety-eight television stations reported
annual operating expenses of $59.6 million, an average of $608,000 per
station. In the same year, 1,824 radio stations reported expenses of $342.9
million, an average of $108,000 per station. The disparity in cost grew with
the passage of time. In 1979, thirty years later, 723 television stations re-
ported expenses of $6.2 billion, or $8.55 million per station, while 7,207
radio stations reported expenses of $2,624 billion, or $364,000 per station.

Programming was an equally serious problem. There were no facilities
for the nationwide distribution of television programs. For a number of
years, stations were forced to rely on locally produced programs or films.
The production of live programs required techniques that were entirely
different from those used in filmmaking. In addition, there was no large
pool of talent, programming personnel, or technicians experienced in tele-
vision production. New production techniques had to be developed, and
everyone had to rely on on-the-job training. Perhaps the most serious
problem in producing programs was the lack of a satisfactory method of
making video recordings. Audio recording for radio stations was intro-
duced shortly after the end of the war (see Chapter 2), but it would be ten
years before a practical video recording system would become available.

Finally, there was the chicken-and-egg problem. According to the EIA,
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by the end of 1946, there were fewer than 100,000 television sets in use;
179,000 were added in 1947. This was far too small a base for a profitable
television broadcasting industry. Clearly the broadcasters would have to
break into the chicken-and-egg cycle and put programs on the air at a
substantial loss until the number of receivers increased by several orders of
magnitude.

These problems would have been overcome sooner, however, had there
not been a doubt about the future of monochrome television. The radio
broadcasting industry included many entrepreneurs who had become rich
by taking risks, and they were not reluctant to take another one. But CBS,
whose judgment in broadcasting matters was highly respected, took the
position that the future of television was color and that monochrome was
already an obsolete technology.

The Position of CBS

William Paley was a brilliant business leader, and his judgment in pro-
gramming matters was unmatched in the industry. He had no technical
background, however, and this made him vulnerable to misleading demon-
strations and sales presentations by engineers who were also persuasive
salesmen. In Peter Goldmark CBS had a senior engineering executive with
an extraordinary talent for selling his ideas, even when they were bad ones.

Goldmark had started work on the field sequential color television system
(see Chapter 5) at CBS in 1937, and he had managed to continue it during
the war. Goldmark’s conception was a mechanical system that used rotating
color filter wheels at the camera and receiver. It was capable of producing
attractive pictures with brilliant colors under controlled conditions, but it
had inherent limitations that made it unattractive as an ultimate color
system.

Goldmark was particularly skilled in staging demonstrations that empha-
sized the desirable features of his system and covered up its deficiencies. In
1940, in the middle of the bitter controversy over monochrome standards,
he had demonstrated the system to the NTSC. Although it did not receive
Committee acceptance because of its mechanical nature and other limita-
tions, even CBS’s competitors had to agree that the pictures were impres-
sive. In 1945, he made formal demonstrations to two of CBS's top execu-
tives, Paul Kesten and Frank Stanton, who were running CBS while Paley
was serving on General Eisenhower’s staff. Had they been more experi-
enced in technical matters, they might have recognized that the brilliance of
Goldmark'’s pictures was superficial and it obscured the serious limitations
of the system. But they were not, and Goldmark mesmerized them. Here is
Paley’s own description of subsequent events:
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So there we stood at the end of 1945 poised for action with the RCA black-and-
white system virtually assured of FCC approval and the CBS system not yet
approved but, in our estimation, far superior to the black-and-white system.

Soon after my reutn to CBS [from service on Eisenhower’s staff], Kesten,
Stanton, and Dr. Goldmark made a major presentation to me of the CBS color
system, including a demonstration of one of Dr. Goldmark’s models. They all
were absolutely enthusiastic about the system and our chances of FCC ap-
proval which would make CBS color television the standard for the entire
industry. In color technology we were far ahead of RCA which had focused its
research on black-and-white transmissions. . . . The dilemma, of course,
was that the two systems were incompatible. But, argued Stanton and Kesten,
everyone agreed that color television was vastly superior, technically and
aesthetically, to black-and-white. It was just a matter of the public waiting
perhaps one more year for the fully developed color system to be approved by
the FCC rather than buying black-and-white sets immediately. In fact Kesten
had indicated publicly eighteen months before, in April 1944, that CBS would
soon be putting color television on the market and that the public should not
be sold inferior black-and-white sets which would soon become obsolete. That
had thrown the television industry, particularly the manufacturers of sets,
into utter turmoil. How could they gear up for manufacturing television sets
when RCA and CBS might be telecasting on two completely different sys-
tems?!!

Receiver manufacturers made strenuous efforts to dissuade CBS from
pursuing color at that time, but Paley refused to be persuaded. In the
summer of 1946, as RCA was putting its black-and-white sets on the market,
CBS petitioned the FCC to authorize commercial color broadcasting using
the CBS system in the UHF band. It backed up its words with action by
making a deliberate corporate decision not to apply for the four additional
stations it was permitted under the FCC Rules. (CBS already had one station
operating in New York.) CBS went a step further and advised its affiliates
not to apply for black-and-white channels.

This decision turned out to be Paley’s biggest mistake in all the years he
ran CBS. CBS was ultimately forced to pay more than $30 million for VHF
stations in Los Angeles, St. Louis, Philadelphia, and Chicago that could
have been had for the asking in 1946. It was equally costly for the CBS
affiliates who took his advice.

Although this CBS decision was risky and ultimately very costly, ithad a
certain rationale at the time. There was the prospect that millions of mono-
chrome sets would be sold before the CBS system was approved. Because of
the incompatibility of the color and monochrome standards, this would
create an enormous and probably insuperable barrier to the introduction of

Y William S. Paley, As it Happened (Garden City, N.Y.: Doubleday, 1979).
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the CBS system. (The events of 1950, when an improved field sequential
system was approved, showed that this concern was real.) The essence of
the CBS strategy, then, was to receive speedy approval of its system, or,
failing that, to block further growth of monochrome before large numbers of
monochrome receivers were in the hands of the public. Its decision to
discourage the growth of monochrome television by failing to establish its
own network was part of that strategy.

The Second Standards Battle

The CBS petition set off another major industry controversy. All of the
old shibboleths of monopoly and market dominance were dragged out. CBS
cast itself in the role of a “little fellow” with a superior system being
overwhelmed by the vast RCA, which was using its power to foist an
obsolete system on the public.

For Sarnoff, who was eager to get television going, it began a period of
intense frustration. To quote Yogi Berra, the New York Yankees’ master of
the malapropism, It was déja vu all over again.” In fact, it was a twofold
déja vu. It reopened both the standards dispute, which had torn the indus-
try apart before the war, and the mechanical versus electronic controversy,
which Sarnoff thought had been resolved by the rejection of the Baird and
Jenkins systems.

This time there were differences, however. RCA had the support of
nearly all the television manufacturing industry. CBS found itself with no
important allies among this group except Zenith, which claimed that it
would never build a monochrome receiver. In addition, the FCC had a new
chairman, Charles Denny, appointed in March 1945, who did not share
Fly’s antipathy toward RCA.

The FCC convened a hearing to consider the CBS petition. It was
highlighted by RCA and CBS demonstrations of their color systems. Al-
though the quality of the CBS color picture at that time was far superior,
the FCC ruled in January 1947 that neither the CBS system nor UHF was
sufficiently perfected to justify the authorization of their use for commer-
cial broadcasting. It denied the CBS petition but permitted experimental
color broadcasts to continue in the UHF band. CBS was stunned (see
Chapter 5).

For Sarnoff, the FCC’s decision was a total victory. One of the major
uncertainties about the future of monochrome television had been re-
moved. Now the ball was in his court, and he had to persuade broadcasters
that television was a good investment.
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B TELEVISION BROADCASTING BURGEONS

The Rush for Licenses

In the months following the denial of the CBS color petition, the enthusi-
asm for monochrome broadcasting grew steadily. Sarnoff 's September 1947
speech to the NBC affiliates, quoted earlier in this chapter, was the catalyst.
By the middle of 1948, there were not enough channels to meet the demand
in the larger markets, and a round of competitive hearings was begun to
select the successful applicants. The growing number of construction per-
mits granted by the FCC was reflected, after delays for construction, in the
number of stations on the air:

Year's End On-Air Stations

1945 6
1946 12
1947 16
1948 51
1949 98
1950 107

The Interference Problem and the ‘‘Freeze”

As the number of stations on the air increased, the FCC began to receive
disquieting complaints of excessive cochannel interference. The Commis-
sion was very sensitive to this issue because there was a growing sentiment
that it had been too lax in its assignment policies for AM stations, many of
which were now receiving severe nighttime interference from cochannel
stations. The FCC was determined not to repeat in television what was
perceived as a mistake in AM radio.

An example of this interference problem was the situation in Princeton,
New Jersey (the location of RCA Laboratories), which was about 45 miles
from the NBC channel 4 transmitter in New York. Viewers in this area
experienced considerable interference from NBC’s channel 4 station in
Washington, 255 miles from New York and 180 miles from Princeton. The
effect was a venetian blind pattern of horizontal bars on the set resulting
from interference between the two carriers.

With the problem affecting their home receivers, RCA engineers in Prin-
ceton had a personal motive in seeking a solution. In 1949, Alda V. Bedford
and Gordon Fredendall found one in the technique of offset carriers. The
carrier frequency of one of the cochannels was deliberately detuned from
the other by one-half the scanning line rate, or by 7,875 Hz. The result was
to make the “’blinds” so narrow that they were barely visible.
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The offset carrier technique was extremely effective and is still used
today, but it came too late to dissuade the FCC from taking another step. On
September 30, 1948, the FCC announced that it would take no action on
pending applications until it had completed an exhaustive review of its
policies for assigning new stations. This was the beginning of the famous
(or infamous) ““freeze.”

When the freeze was imposed, 124 stations had been authorized and 45
were actually on the air. Sixty-three more of the authorized stations were
built, and the number of on-air stations was capped at 108 until the end of
the freeze, nearly four years later in April 1952.

Other Prefreeze Events

Receiver Manufacture RCA was the pioneer in receiver manufacture,
and it was quickly followed by a host of competitors. As the public re-
sponded enthusiastically to the new medium, manufacturers strained to
meet the demand for receivers. The particulars of the progress in receiver
technology and sales are described later in this chapter.

Broadcast Station Equipment RCA dominated the broadcast equip-
ment market in the prefreeze era. Its Broadcast Equipment Division had a
mandate from Sarnoff to develop a complete line as a part of his plan to
develop a television market for NBC and RCA’s Receiver Division as quickly
as possible. As noted earlier, RCA had benefited enormously from gov-
ernment-sponsored research during the war. It had an able and aggressive
marketing organization headed by Walter W. Watts and Theodore A. (Ted)
Smith, the former having learned the trade at Montgomery Ward under the
irascible Sewell Avery.

There was also an intangible in RCA’s success in the early days of
television. Broadcasting was both a career and a way of life for its managers,
salesmen, and professional personnel. For GE, RCA’s major competitor at
the time, broadcast equipment was just another business, and it did not
benefit from the enthusiasm and singleness of purpose that marked RCA’s
operation. The results were reflected in market shares. RCA obtained 80
percent of the business during this period, while GE struggled to get most of
the rest, about 15 percent.

Television Time Sales Television time sales were negligible in 1946,
grew slightly in 1947 and 1948, and reached a total of only $30 million in
1949, the first year of the freeze. Starting a television station at that time was
an act of faith.
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B ALLOCATION AND ASSIGNMENT POLICIES

In FCC parlance, the term allocation describes the designation of blocks of
spectrum space to specific services, such as television broadcasting. Assign-
ment refers to the designation of channels within these blocks to specific
localities or licensees.

Postwar Television Channel Allocations

Prefreeze Allocations The prewar allocations of television channels
by the FCC were described earlier in this chapter. Television was originally
given nineteen VHF channels, but one of these was lost to FM in 1940, and
at the beginning of the war, it retained eighteen channels.

Television lost six more channels at the end of the war, five of them as the
result of the relocation of the FM broadcast band (described in Chapter 3).
On March 25, 1945, the FCC issued a proposed decision in which it reduced
the number of television channels from eighteen to thirteen. Surprisingly,
there was very little opposition from the television broadcasting industry.

On June 27, 1945, the FCC issued a decision allocating the VFH channels
as they exist today except that it included channel 1. At the same time, it
affirmed the NTSC transmission standards adopted in 1941. It also allocated
a portion of the UHF band for experimental UHF broadcasting as a prelimi-
nary step for expansion of commercial television beyond the thirteen VHF
channels.

On June 27, 1946, the Commission issued a Public Notice in which it
reaffirmed its 1945 allocation but with a footnote that all channels except
channel 6 must share with other services. The sharing concept turned out to
be intolerable, and on May 5, 1948, after receiving much evidence, the
Commission issued a notice of proposed rule making that eliminated shar-
ing but reallocated channel 1 to other services. This proposal was adopted,
and television broadcasting was allocated the exclusive use of the twelve
VHF channels that it continues to occupy today.

Postfreeze Allocations The hearings that the FCC conducted during
the freeze were lengthy and contentious, and it was not until April 11, 1952,
nearly four years after the freeze was imposed, that it was lifted. Although
the major issues addressed during the freeze were frequency assignment
policies and color transmission standards, an indirect effect was thata major
portion of the UHF spectrum was allocated to television broadcasting. This
was because the new assignment policies reduced the number of assign-
ments that could be made in the existing VHF channels—which was already
inadequate before the freeze.
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The number of VHF channels available in most major cities was so limited
as the result of the post-freeze assignment policies that VHF channels alone
could not satisfy the Commission’s criterion of a nationwide competitive
system. To provide a reasonable number of channels in these cities, the FCC
decided to reallocate the television channels in the UHF spectrum from
experimental to commercial. The April 11, 1952, Order that ended the freeze
established seventy 6-MHz channels extending from 470 to 890 MHz and
designated channels 14 to 83. Channels 66 to 83 were designated as “’flexi-
bility channels” and, unlike the lower channels, were not assigned to
specific cities.

In allocating the UHF channels for commercial broadcasting, the com-
mission was attempting to achieve two conflicting objectives. On the one
hand, it was seeking to extend the interference-free coverage of the VHF
channels and thereby improve service to rural areas. One of the FCC’s
strongly held views was that a resident of a remote rural village had as much
right to television service as a resident of a large city. On the other hand, it
wished to increase competition among broadcasters by authorizing more
stations.

In attempting to achieve these conflicting objectives by allocating a por-
tion of the UHF spectrum for commercial broadcasting, the FCC was
obliged to indulge in wishful thinking and place hope before experience.
Some of the provisions of the allocation and assignment notice appeared to
be an attempt to overrule the laws of nature by executive fiat. The serious
problems of radio wave propagation and receiver performance in this por-
tion of the spectrum were well known, but the Commission, in its desperate
attempt to resolve its dilemma, closed its eyes to them. The resulting trials
and tribulations of UHF television are described in more detail later in this
chapter.

One consequence of UHF’s problems was that usage of these channels
was considerably lower than the FCC had hoped, and the higher frequency
flexibility channels were hardly used at all. In the meantime, the demand
for channels in adjacent regions of the spectrum by the land mobile service
grew astronomically, and the disparity between the crowded land mobile
bands (used by public safety and commercial organizations for two-way
vehicular communications) and the lightly used regions allocated to broad-
casting became painfully apparent.

Faced with this disparity and extreme pressure from land mobile manu-
facturers and users, the FCC in 1971 agreed to permit the land mobile
service to share channels 14 to 20 in eleven of the largest cities, where the
crowding of the land mobile channels was the most severe. The areas were
chosen because they were sufficiently removed from UHF television assign-
ments to avoid harmful interference.

Pressure from the land mobile industry continued, however, and, noting
that the higher UHF channels were hardly used at all, the FCC allocated
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channels 70 to 83 to the land mobile services. This allocation remains in
effect today.

Assignment Policies for Television Channels

The allocation of spectrum space for television broadcasting, while com-
plex and not without conflicts of interest, was relatively uncontroversial. No
major and immediate vested interests were at stake, and allocations were
made on a reasonably rational basis.

The assignment of television channels, however, involved major con-
flicts of interests, and it required significant public policy decisions. The
result was that it commanded a large portion of the FCC’s attention during
the decade after World War II.

Prefreeze Assignments At the outset, the FCC decided that channel
assignments would be made on a demand basis but in accordance with a
master plan that would be embodied in a table of city-by-city assignments. It
issued the first table in 1945, which included assignments to 140 metropoli-
tan districts. The assignments were based on preliminary engineering stan-
dards of radio wave propagation and tolerable interference levels derived
from the best data available at the time.

As the demand for channels increased in late 1947 and early 1948, the
number of assignments in the first table was inadequate, and the Commis-
sion issued a revised table in May 1948 that added assignments to some
cities and provided assignments to others that were not on the original list.
But adding assignments was contrary to the evidence that was appearing
with respect to cochannel interference. To address this problem, the Com-
mission scheduled a series of hearings during the summer of 1948. The
evidence introduced at this hearing included new information on tropo-
spheric propagation at distances from fifty to two hundred miles. It clearly
showed that the existing engineering standards, which were based on
average tropospheric conditions, did not accurately predict the interference
levels that would exist for significant periods of time during abnormal
tropospheric conditions.

This was a frightening discovery. The result could be chaos from cochan-
nel interference if too many stations were licensed. It was in response to this
concern that the Commission instituted the freeze in September 1948.

The Freeze and Postfreeze Assignments During the nine months
following the imposition of the freeze, the FCC considered the evidence
available to it and on July 10, 1949, issued a notice of further rule making.
This was a notice informing the public of proposed changes in the rules and
invited comments.



198 B BEHIND THE TUBE

The notice proposed a redesignation of UHF television channels from
experimental to commercial and three classes of stations:

*  Community stations (UHF only), limited in 20 kilowatts

= Metropolitan stations, limited to 100 kilowatts on VHF and 200
kilowatts on UHF with a five-hundred-foot limitation on antenna
height

* Rural stations, with greater power and antenna height allowed
under certain specified circumstances

In recognition of the more recent data on tropospheric propagation, the
minimum cochannel spacing was increased to 220 miles for VHF and 200
miles for UHF. These spacings, however, were established as desirable
objectives and not absolute requirements.

The FCC received many comments in response to this notice, and they
were generally favorable. By a careful reshuffling of assignments, the num-
ber of VHF channels assigned to most of the major markets was reduced
very little and, except for in Albany, New York, never by more than one.
Furthermore, there was reasonable flexibility in the proposed rules, and it
appeared that additional assignments could be made on a case-by-case basis
with a proper engineering showing. It was anticipated that engineering
consultants, who had shown great ingenuity in squeezing in more AM
radio channels, would perform the same function in television.

Signs of the rigidity that was to characterize the final decision had begun
to appear, however. The use of directional antennas to reduce the spacing
between cochannel stations was forbidden, as was the assumption of any
improvement from offset carriers. Most importantly, the FCC proposed a
set of priorities that it would follow in making additional channel assign-
ments. The first priority was to provide at least one television service to all
parts of the United States. The fifth and last priority was to make additional
assignments to cities that already had two or more. This sequence is pre-
cisely the opposite of the result of a free market. Major metropolitan areas
would be denied additional television service so that channel reservations
could be held for sparsely populated rural areas that would be unable to
support stations economically.

The proposed set of priorities was a symptom of the dichotomy that has
always characterized the FCC'’s attitude toward broadcasting. On the one
hand, it is regarded as an essential public service, like the post office, to
which every citizen is entitled. On the other hand, it has been regarded as a
business that is regulated by the risks and rewards of the free market and is
disciplined by the market to meet the needs and desires of the public.
Broadcasting in the United States always has been suspended between
these two worlds.

During the year following the issuance of the July 10, 1949, Notice, the
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FCC'’s attention was almost totally taken up with the protracted color televi-
sion hearings (see Chapter 5). Little attention was paid to the assignment
problem except by a small group of engineers on the Commission’s staff
headed by its chief engineer, Curtis Plummer. These engineers were dissat-
isfied with the principles and policies proposed in the Notice, and they
worked diligently on a series of revisions. The revisions were ultimately
adopted, and they have had a profound effect on the development of
television broadcasting.

The staff’s dissatisfaction with the Notice stemmed from its experience
with AM broadcasting. The policy with AM was to grant any new applica-
tion provided it included engineering evidence that the station would not
cause interference with existing stations above an amount specified as a
maximum in the engineering standards.

This policy, the staff felt, led to undesirable excesses. As the demand for
new licenses continued and the number of stations on each channel in-
creased, the interference with existing stations became increasingly severe,
even though it was held below the legal maximum for each new station.
Another problem with this policy was that its administration was costly,
contentious, and time-consuming.

The staff ‘s solution was to develop a set of policies that were “simple and
straightforward’’ and that would establish the Table of Assignments on the
basis of rigid rules. To ensure the rules’ rigidity, the staff went to extraordi-
nary lengths to make sure there were no loopholes that an enterprising
consultant might find to drop in additional assignments.

The mileage separation between cities to which cochannel stations were
assigned was stated to be an absolute minimum with no exceptions. Mile-
age was to be measured between arbitrary points in the cities, usually the
post offices. There was no flexibility; even a miss of a few feet would be
disqualifying. Offsetting this rigidity somewhat was the minimum spacing
for VHF stations, which was reduced from 220 miles to 180 miles on the basis
that the offset carrier technique reduced the effect of interfering signals.

The three station classes were eliminated, and for assignment purposes
all stations were assumed to be operating at the maximum operating power
of 100 kilowatts for low-band (channels 2 to 6) and 200 kilowatts for high-
band (channels 7 to 13) VHF. This policy led to some absurdities, which
Commissioner Jones pointed out in an acerbic dissent. For example, Elko,
Nevada—population 6,000—was presumed for assignment purposes to
have stations as powerful as those in New York City. The staff recognized
that this solution would greatly reduce the number of VHF channel assign-
ments, but in its view this was not too high a price to pay for adminsitra-
tive simplicity and the avoidance of creeping erosion of stations’ service
areas.

The staff’s recommendations were adopted by the commission and is-
sued on March 21, 1951, as the Third Notice of Proposed Rule Making. (In
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1964, eight years later, similar policies were adopted for the assignment of
FM stations; see Chapter 3.)

For the industry, the overall effect was a drastic reduction in the number
of commercial VHF channels assigned to major metropolitan areas. This
effect was exacerbated by the policy, assiduously lobbied by Frieda Hen-
nock, the first female commissioner, of reserving one channel, VHF if
possible, in every city for educational or public broadcasting. In thirty-seven
of the fifty largest television markets, the number of commercial VHF
channels was reduced. For example, in Chicago commercial channels were
reduced from 7 to 4, in San Francisco from 7 to 4, in Boston from 5 to 3, in
Cleveland from 5 to 3, in Dallas/Forth Worth from 6 to 4, in Houston from 4
to 2, in San Diego from 4 to 2, and in Scranton/Wilkes-Barre from 4 to 0.

The impact on the ABC network was particularly severe. It was then the
weakest of the three major networks, and it was usually the third choice of
local stations for affiliation. Thus, if there were only two VHF stations in a
city, they would almost certainly choose NBC and CBS. In these markets,
ABC was forced to beg for a few hours of released time from the NBC and
CBS affiliates or to make do with a UHF affiliate. This further weakened its
position vis-a-vis the other networks and delayed its becoming fully com-
petitive.

Several hundred comments were filed in response to the Commission’s
third notice. They were directed both to the general assignment policies and
to situations in individual cities. The thrust of most of them was a plea that
the Commission assign more VHF channels to the major population
centers.

The FCC’s final response and the end of the freeze came on April 14,
1952, with the adoption of the Sixth Report and Order. In addition to the
general statements of policy, each individual comment had to be addressed
and a decision rendered. As a result, it was a massive document of more
than five hundred pages.

The Sixth Report made a few revisions in the Table of Assignments, and
itincreased the maximum permissible power to 316 kilowatts for high-band
VHEF (316 is a multiple of the square root of 10) and 1,000 kilowatts for UHF.
It amended the minimum spacings of cochannel stations to 170 miles for
VHF and 155 miles for UHF in Zone 1 (the Northeast), 190 miles for VHF
and 175 miles for UHF in Zone 2 (the South, Midwest, and West), and 220
miles for VHF and 205 miles for UHF in Zone 3 (Florida, Texas, and the Gulf
Coast). Smaller spacing was allowed in Zone 1 in recognition of the closer
spacing of its cities. Greater spacing was required along the Gulf Coast
because of the greater range of tropospheric propagation in that area.

This Report was even more rigid with respect to policies that might allow
deviations from the minimum mileage spacings. The prohibition of the use
of directional antennas to reduce cochannel station spacing was reaffirmed.
Although mountain ranges were recognized to be effective barriers against
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the propagation of VHF signals, terrain features were explicitly barred as a
basis for reduced spacing. A related rule proscribed the use of field mea-
surements to demonstrate the possibility of reduced spacing. The proposed
rule forbidding a reduction in spacing by assuming less than the maximum
power by one or both of the stations was affirmed. Finally, the Commission
further tightened the Table of Assignments by increasing the number of
assignments to small towns, thus making it even more difficult to locate
stations in nearby large cities. In Nevada, for example, assignments were
made to tiny hamlets such as Goldfield, population 336.

In short, the FCC made it clear that none of the techniques that might
lead to a more flexible assignment policy would be acceptable, no matter
how compelling the reasons. For practical purposes, the Table was cast in
concrete, and since that time very few changes have been made.

Except for the fortunate holders of prefreeze licenses, who could scarcely
contain their delight, the industry was almost universally critical of the
Third Notice and its affirmation, the Sixth Report. With a little more flexibil-
ity, a number of additional assignments could have been made, and the
Commission’s action was widely regarded as a triumph of bureaucratic
rigidity over common sense.

With a passage of time, it appears that this judgment might have been a
bit severe. In support of the FCC’s actions, one could state the following:

1. The assignment policies were clearly successful in achieving their
major objective—the elimination of serious interference between
cochannel and adjacent-channel stations.

2. The demand for channels in many metropolitan areas was far
greater than could be satisfied by VHF stations, even with a more
flexible set of assignment principles. It was imperative, therefore,
that UHF be developed to supplement the VHF system. If more
VHF stations had been assigned, there would have been fewer
UHEF stations, and its progress would have been even more dif-
ficult.

3. In spite of its early handicap resulting from the shortage of VHF
channels, ABC was able to progress, and with good management
and superior programs, it became an industry leader.

Perhaps the most questionable decision was the rejection of the principle
of deintermixture—that is, the assignment of VHF-only or UHF-only chan-
nels to each city. This would have avoided competition between VHF and
UHF in the same city, and the acceptance of UHF would have been greatly
accelerated. It also would have made the use of VHF-only or UHF-only
receivers possible in many areas, thus effecting savings in receiver costs. To
have made such a decision, however, would have required considerable
political courage, and the FCC lacked this. For its part, the industry had to
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face up to the fact that UHF was for real. The limitations on the number of
VHF assignments were too severe to satisfy the needs of the marketplace.

B THE GROWTH OF VHF TELEVISION

The Rush for Licenses

With the end of the freeze, the Commission was faced with the herculean
task of selecting the successful applicants for the limited number of available
VHF channels. Television had now proved itself as a profitable medium,
and there was a rush of applications. Within six months after the end of the
freeze, hundreds of applications had been filed and there were very few
uncontested vacant VHF channels in the fifty largest cities. The FCC'’s
engineering staff had been successful in easing its own burden by advocat-
ing a rigid assignment policy, but it had made the selection problem more
dfficult for the Commission by limiting the number of available channels.

The successful applicants were selected as the result of administrative
hearings at which their qualifications were examined. Given the rigid engi-
neering rules, technical factors were rarely important in the decision. In-
stead, intangibles were emphasized, including program plans, local own-
ership, diversity of media control, and occasionally financial qualifications.
The hearings were lengthy and costly, and success depended more on the
skill of the applicant’s attorney to present a case that fit the Commission’s
predilections than on his or her ability to manage a television station.

Denver had the honor of receiving the first postfreeze grants for VHF
stations. It had no prefreeze stations, and it had retained its five prefreeze
VHF channel assignments (although one of them was designated as an
educational channel). Surprisingly, there were three uncontested applica-
tions, and these were granted on July 11, 1952, just three months after the
end of the freeze. Grants of the contested applications trickled out more
slowly, but by the end of 1954, nearly all of the most desirable channels had
been taken, and the great rush was over.

VHF Station Growth

The objective of most of the successful applicants was to get on the air as
quickly as possible. The growth in the number of VHF stations on the air,
which had been haited by the freeze from 1949 to 1952, resumed with a
spectacular increase from 1953 to 1955. In 1956, the growth rate of new
stations began to decrease rapidly, as the most valuable channels were
occupied. By 1960, all the commercial VHF channels in the larger markets
were occupied, and most of the remaining growth came from educational
stations and commercial stations in secondary markets (see Figure 4-5).
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The surge in new stations created an enormous market for studio and
transmission equipment, and manufacturers, which had seen very lean
years during the freeze, suddenly enjoyed great prosperity. Demand ex-
ceeded supply, everything sold at list price, and sales were limited only by
the ability of the factories to produce. RCA was the dominant supplier with
about 60 percent of the market. GE, then its major competitor, was a distant
second with 20 percent, and the rest was divided among a number of
smaller manufacturers. By the end of 1954, however, the rush to buy
equipment was over, and the broadcasting equipment industry languished
for two years untilit was revived in 1956 by the introduction of the spectacu-
lar videotape recorder by Ampex.

Growth in the Number of Television Homes

The growth in the number of stations on the air was matched by an
equally rapid growth in the number of television homes—homes having at
least one television receiver (Figure 4-6).

Growth in VHF Stations’ Revenues and Profits

The revenues and profits of the VHF broadcasting industry in the years
preceding the freeze explain the reluctance of many broadcasters to apply
for licenses that a few years later would be worth many millions of dollars.
As the number of stations increased from 1946 to 1949, the total industry
losses increased even more rapidly. A realistic analysis of television’s cost
and revenue prospects could easily have convinced one that it could never
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be profitable. It took courage and faith in the prophesies of respected
industry leaders, such as Sarnoff’s 1947 speech to the NBC affiliates, to
persuade radio broadcasters and other entrepeneurs to proceed.

They did not have long to wait for their reward. Losses reached their
peak in 1949, they were considerably less in 1950, and the industry became
highly profitable in 1951. The 107 stations that had received their construc-
tion permits before the freeze were often described as lucky, but they were
also courageous.

A longer range look at VHF stations’ revenues and profits is even more
impressive. Their total revenues (Figure 4-7) grew from $106 million in 1950
to $8.1 billion in 1980, an average annual growth rate of 15 percent. Few
industries have matched this rate for such an extended period.

The profit growth rate (Figure 4-8) was even greater, from a pretax loss of
$19.2 million in 1950 to a profit of $1.6 billion in 1980, an enormous rate of
return on sales. And since the book value of the tangible assets of most
stations is comparatively low, the return on investment was even more
impressive.

Industry profits continued to grow after 1980 until 1986 when they began
to drop, partly as the result of competition from cable and VCRs and partly
as the result of rapidly escalating program costs. The era of uninterrupted
profit growth appears to have come to an end.

12 The FCC stopped compiling revenue and profit totals for the industry after 1980. The
most authoritative source of recent industry figures is the Television Financial Report published
annually by the NAB. Since it is based on the voluntary disclosure of financial data by stations,
it is not complete and the sample may not be representative. It showed that the average UHF
station made a profit of $702,000 in 1984 but suffered a loss of $422,000 in 1986.
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B THE TRIBULATIONS OF UHF

While VHF broadcasters were prospering beyond their wildest dreams,
UHEF broadcasters were beginning a long and costly struggle. At the end of
the freeze, UHF left the world of wishful thinking and administrative fiats
that had declared VHF and UHF practically equal and entered the real
world. And a hard world it was! As UHF broadcasters went on the air, they
found that everything was against them.
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UHF’s Problems

UHF had many problems, some inherent and others inherited. First, the
propagation characteristics of UHF are not as favorable for broadcasting as
are those of VHF. With its shorter wavelenegth, UHF is attenuated more
rapidly by terrain, buildings, and vegetation. The small UHF receiving
antennas also are not as effective in extracting energy from a passing radio
wave as are the larger VHF units. In addition, the UHF sections of television
receivers were not as sensitive as the VHF section. And UHF had the
chicken-and-egg problem. All-channel receivers were more expensive than
those for VHF only, and many viewers were not sufficiently interested in
UHF programming to pay a premium to receive it.

UHF’s most serious problem was programming. Networks would not
affiliate with a “U” if a V" were available, and most of the U’s had to
operate as independents. Today there are program sources for independent
stations that approach or exceed the networks in popularity. But these
sources did not exist in 1952 or for many years after, and most of the
programs on independent UHF stations were second-rate or worse.

The Ebb and Flow of the UHF Station Population

The UHEF station population went through four distinct phases (Figure
4-9). At the end of the freeze, many entrepreneurs, eager to participate in
the profitable business of broadcasting and encouraged by the FCC's opti-
mistic evaluation of UHF, applied for UHF construction permits. By the end
of 1953, 112 UHF stations were on the air, more than the number of pre-
freeze VHF stations.
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B Figure 4-9 UHF stations on the air.
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This first phase ended very quickly. The new UHF broadcasters soon
learned that VHF and UHF were not the same, and disillusionment set in.
The number of UHF stations reached a peak of 125 in 1954 and then declined
steadily as mounting losses caused many of them to go dark.

This was the beginning of the second phase, a period of losses and
discouragement, which lasted from 1955 to 1965. During this period, fewer
than one hundred UHF commercial stations continued to broadast.

The third phase began in 1965 with another triumph of hope over experi-
ence. Industry revenues began to increase, and, although expenses in-
creased even faster, a number of favorable developments encouraged entre-
preneurs to believe that the industry would ultimately become profitable.
The number of commercial stations increased rather rapidly from 1965 to
1970, when it reached another plateau of about two hundred.

The industry finally became profitable in 1976, although the profitability
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of individual stations varied widely. This marked the beginning of the
fourth phase, another period of rapid growth in the number of stations.

UHF Stations’ Revenues and Profits

The revenues and profits of UHF stations through 1980 are shown in
Figure 4-10. In comparison with VHF, their revenues were pitifully small.
Total industry revenues did not exceed $100 million until 1969, sixteen years
after the first stations went on the air. In that same year, VHF station
revenues were $1.8 billion and radio station revenues were more than $1
billion.

Positive Developments for UHF

The breakthrough in industry revenues and profits in 1975 after two
decades of stagnation resulted from the cumulative effect of a number of
favorable developments. The most important of these were the overall
growth of the broadcasting industry, the increasing availability of popular
programs, the all-channel receiver law, FCC regulatory actions, the effect of
cable television, and technical progress.

Broadcasting Industry Growth The total revenues of the television
broadcasting industry in 1952, the year in which the freeze was lifted, were
$324 million. By 1986, industry revenues had grown to more than
$21 billion, an annual growth rate in excess of 20 percent. The demand for
television advertising became so great that VHF stations did not have the
capacity to handle it.

Program Availability As the result of the huge demand for program-
ming by television broadcasters (and in recent years by cable television
services), a multibillion-dollar industry has developed to produce and dis-
tribute television programs. The tabulation of program production and
distribution companies in the 1988 edition of the Warren Publishing Com-
pany’s Television & Cable Factbook gives an indication of its scope. It lists
nearly eight hundred companies, including more than twenty news ser-
vices. An active trade association, the National Association of Television
Program Executives, Inc. (NATPE), has been formed to further the interests
of the industry. Its conventions are an active marketplace for the industry’s
wares.

The major networks with their enormous buying power have first call on
many of the most popular programs, but independent stations have a wide
choice of program offerings, including reruns of programs that have proved
their popularity by initial showings on the networks.
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The All-Channel Receiver Law The 1934 Communications Act was
amended in 1963 to require all television receivers to be designed to receive
both VHF and UHF channels. It gave the FCC the authority to reject sets for
sale if the performance of the UHF channels did not meet satisfactory
standards.

Its major proponent was Newton Minow, the FCC chairman who was
best known for his description of television programming as a “vast waste-
land.” He was distressed by the competitive advantages enjoyed by VHF
broadcasters, and he lobbied hard and successfully for the bill. It was
opposed by most of the industry on the grounds that it interfered with the
workings of a free market and forced the public to pay for a feature whether
they wanted it or not. It was probably necessary, however, to solve UHF’s
chicken-and-egg problem.

The first all-channel sets did not completely solve the problem because
the UHF band was difficult to tune, and they lacked sensitivity. The FCC,
using its authority under the Act, tightened the specifications, and, manu-
facturers were required to improve the sets’ performance and ease of tun-
ing. A number of years elapsed before all-channel sets with satisfactory
UHF performance were in general use, but the long-term trend was pos-
itive.

FCC Actions The FCC was eager, in fact almost desperate, for UHF to
succeed, and it looked with favor on any proposal that would be helpful in
achieving that objective. One step was to increase the maximum permitted
power and antenna height for UHF stations. The Commission’s first pro-
posal as the freeze was nearing its end was to limit the power to 200
kilowatts and the antenna height to 500 feet, the same as channels 7 to 13 on
VHF. In the final Order ending the freeze, the limits were raised to 1,000
kilowatts and 1,000 feet. In 1957, they were raised to 5,000 kilowatts and
2,000 feet. The maximum powers and antenna heights now permitted are as
follows (limits for VHF are lower in the Northeast):

Max. Power Max. Antenna Height
VHF channels 2-6 100 kw 2,000 ft.
VHF channels 7-13 316 kw 2,000 ft.
UHF 5,000 kw 2,000 ft.

The 5,000-kilowatt maximum for UHF was academic at first because
transmitters that could achieve this power level did not become available
until the early 1960s. The capital and operating costs could not be justified
economically in many markets, and even this power level does not provide
as complete coverage in most areas as lower powers at VHF. But raising the
limits did provide UHF some degree of equality with VHF.

An equally important FCC action was to raise the limit of the number of
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UHF stations that could be owned by one individual or corporation. Ini-
tially, this limit was seven stations, of which no more than five could be
VHF. Currently, a single owner can be licensed to operate as many as
fourteen stations, provided that the total population served by all the
stations does not exceed 25 percent (30 percent for minority owners) of the
nation’s population. In making this calculation, only 50 percent of the
households covered by UHF stations are counted.

Cable Television Cable television was a mixed blessing for UHF. On
the one hand, UHF signals could be received as well as VHF on cable
systems. On the other hand, by importing the signals from distant broad-
cast stations and satellite-distributed programs (see Chapter 7), cable in-
creased the amount of competition to UHF stations. On balance, cable has
usually had a positive effect on local UHF stations in mixed UHF-VHF
markets but a negative effect in all-UHF markets.

Technical Developments The growth of UHF was encouraged and
enhanced by major technical developments. Transmitter powers and an-
tenna gains were steadily increased, thus making it possible for stations to
approach or equal the maximum radiated power permitted by FCC Rules.
Major improvements were made in the sensitivity and ease of tuning of
UHEF receivers. The invention of a method of recording video on magnetic
tape (see Chapter 6) was a key factor in making the proliferation of program
sources for independent stations possible. And the introduction of color
(see Chapter 5) was one of the developments that led to the enormous
increase in broadcasting revenues, which UHF shared.

Summary In spite of the positive developments for UHF listed in the
previous section, it still has an uphill battle in markets where it must
compete with VHF. The 1978 reversal in profit trends shown in Figure 4-10
was followed by erratic results over the next decade. The drop in profits
after 1984, which was experienced by VHF stations owing to competition
from cable and increased programming costs (see above), was even more
severe for UHF. As a result, the industry again fell into the red.

The Lost Opportunity of Deintermixture

Many of UHF’s problems could have been avoided if the FCC had had
the political courage to incorporate deintermixture in the order ending the
freeze. The effectiveness of deintermixture is demonstrated by a compari-
son of the profitability of stations in Peoria, Illinois, and Fargo, North
Dakota, two cities with an almost identical number of households in their
Areas of Dominant Influence (ADIs). These are the figures for 1980:
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Peoria Fargo
Number of stations 3 UHF 3 VHF
Revenues $11,257,271 $8,791,942
Pretax profits $1,615,531 $1,367,632

Subsequent to the freeze, the FCC took some small steps in the direction
of deintermixture. For example, it deleted the single VHF channel assigned
to Fresno, California, thus making it an all-UHF market. But by the time the
effectiveness of deintermixture was recognized, it was too late to make
major changes in the Table of Assignments.

UHF’s Future

In spite of its recent progress, after more than 30 years, the cumulative
sum of UHF stations’ operating losses, the write-offs of facilities, and the
losses incurred by equipment manufacturers that financed many of these
stations have probably exceeded the profits. What then of the future?

In spite of all the technical advances that have aided UHF, it is inherently
inferior to VHF as a broadcasting medium. Its short wavelength causes the
signal strength to vary widely within very short distances, and the signal is
so weak in the low points that no practical amount of transmitter power can
bring it up to a satisafactory level. An ideal broadcast transmission medium
would produce a uniform signal strength within each small region of its
coverage area. UHF deviates the most widely from this ideal, and in com-
petitive situations VHF stations will always have a significant advantage.

In addition, like all broadcast media, UHF will experience growing com-
petition from cable-distributed programs. Being less affluent than VHF,
UHEF stations will not be able to afford the quality of programming to enable
it to compete as effectively with cable.

Nevertheless, UHF has a promising future in markets where there is no
VHF competition or where the number of VHF stations is insufficient to
provide an adequate variety of programming services or outlets for adver-
tisers. In these markets, UHF stations are prospering and will continue to
do so.

B INTERCITY VIDEO CIRCUITS

The lack of intercity transmission facilities posed a major barrier to the
growth of television in its early years. It was obvious that networking would
be as essential to television broadcasting as it had been to radio, and the
need for a nationwide intercity video transmission system was urgent.
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Intercity circuits for radio networks were essentially upgraded voice
circuits, and they were a natural extension of AT&T’s telephone network,
both technically and economically. Intercity video circuits posed much
more difficult problems. Their bandwidth, which was measured in mega-
hertz rather than kilohertz, required the use of entirely different technol-
ogies.

AT&T readily assumed responsibility for providing these circuits. This
was consistent with its perception that it had both the obligation and the
right to be the sole supplier of intercity communication circuits of all kinds
(except telegraphy). Since wideband circuits could also be used for the
transmission of voice, it was also consistent with its obligation to carry out a
major expansion of its intercity telephone capacity.

Coaxial Cable Versus Microwave

Two competing technologies, coaxial cable and microwave, had become
available to AT&T for wideband intercity circuits. As its name implies,
coaxial cable consists of an inner conductor—a solid or stranded wire—
which is held in the center of a cylindrical outer conductor, typically 3/8 inch
in diameter, by insulating spacers. The attenuation of the high-frequency
components of a signal with coaxial cable is much less than with the twisted
pairs used for voice circuits. This gives it the capability of transmitting
broadband video signals over great distances. (Coaxial cable was first devel-
oped, however, for the transmission of a multiplicity of voice circuits and
thus to replace twisted pairs for this purpose.) The attenuation is not zero,
however, and it is necessary to insert amplifiers or repeaters at intervals to
compensate for the cable losses. Increasing the bandwidth of the cable
requires the installation of repeaters at more frequent intervals, and the
bandwidth specification is a trade-off between cost and performance.

The technology of microwave transmission systems, typically operating
at frequencies of about 4,000 MHz, had developed rapidly during World
War II. These systems could handle the wideband requirements of televi-
sion with ease.

The cable/microwave controversy in AT&T pitted its traditionalists
against its Young Turks. The traditionalists had worked with cable all their
lives, the nitty-gritty techniques for installing and maintaining it had been
established through years of experience, and they felt more comfortable
with a tangible connection between terminals than with an intangible radio
link—""Nothing is as reliable as a wire!”

The traditionalists, quite rightly as it turned out, also were concerned
that AT&T would lose its monopoly of intercity connections if the use of
microwave became common. AT&T had an extensive existing network of
rights-of-way for cable installations and, as a public utlity, could use the
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government's right of eminent domain to extend it. Private nonutility com-
panies did not have this right, but it was unnecessary for microwave
systems.

The Young Turks, schooled in the technologies spawned during the war,
strongly urged the adoption of microwave, claiming that it was more eco-
nomical than cable and was the wave of the future.

As befitted its conservative policies and deep pockets, AT&T settled this
controversy by using both media. With the passage of time, a hybrid system
evolved that used cable for short, high-density routes and microwave for
longer hauls. Still later, satellites (see Chapter 8) became widely used for
video transmissions, and in the future fiber optics will be a strong con-
tender.

The L-1 Cable Network

Having made a decision to use both cable and microwave, AT&T
proceeded to install a nationwide network (although not nearly fast enough
to satisfy the impatient broadcasters). The first circuits, installed between
New York and Washington, used the L-1 cable system. The cable was 3/8
inch in diameter, and repeaters were installed at intervals that resulted in a
bandwidth of 2.7 MHz—adequate for monochrome but not wide enough
for the 4.2-MHz bandwidth required for NTSC color transmission.

Once the massive AT&T organization began to move, it had the re-
sources to act rapidly. As noted earlier, fifteen hundred miles of cable had
been laid by the end of 1945, and cable circuits were soon extended to major
cities throughout the South, Midwest, and East and finally to the West
Coast.

The Microwave Network

While the L-1 cable network was being installed, AT&T and many elec-
tronics manufacturers were hard at work developing microwave equipment
and systems for intercity transmission of voice, video, and data circuits. The
fears of the AT&T traditionalists that microwave would result in compe-
tition were soon justified. Pipelines, electric utilities, and other bulk users of
communication services began to install private microwave systems. This
was the first crack in the AT&T monopoly and would eventually lead to
divestiture and deregulation. Initially, however, the owners of private sys-
tems could not sell their services to others, and AT&T continued to be the
major supplier of intercity service to the broadcast industry.

AT&T soon began the installation of its microwave system. It was capable
of handling both voice and video, and the video bandwidth was adequate
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for NTSC color. Its routes often paralleled the L-1 system, but it provided
the additional capacity required to handle the rapidly growing volume of
communications traffic.

The AT&T system operated in the 3,700- to 4,200-MHz common carrier
band. Its design was extremely conservative and costly. Repeater stations
were installed at intervals of about twenty-five miles. They were massive
structures, sometimes of masonry, and were built to withstand severe
storms. Redundant (duplicate) facilities were provided so that no single
failure would cause the station to cease operation. The cost of the system
was considerably higher than that of private links, and this caused some
grumbling by broadcasters, but they eventually felt that the added reliabil-
ity was worth the cost. By 1960, the microwave network reached most of the
major cities and had largely replaced cable for intercity video transmission.

B MONOCHROME BROADCASTING SYSTEMS
AND EQUIPMENT

The basic technologies and components of monochrome television—such
as the interlaced scanning principle, vestigial sideband transmission, the
iconoscope, the image orthicon, and the vidicon—were largely the work of
single inventors or small teams of engineers and scientists. As the technol-
ogy progressed from basics to products, the engineering effort shifted from
invention to product design.

Product design is an exceedingly difficult engineering discipline. Its
practitioners must have a thorough knowledge of the basic technologies,
but they also must have an understanding of manufacturing processes and
the demands of the marketplace. The design of a high-quality product that
can be manufactured at a low cost, is reliable and easy to use, meets the
needs of its application, and is appealing to customers in a highly competi-
tive environment requires exceptional skill and experience. (As will be seen
later, it is a skill that Japanese engineers possess in abundance.)

Product design is not as glamorous as invention, and it is unfortunate
that its importance and difficulties are not recognized by the general public
or often by the top managements of manufacturing companies. The design
of the products described in the remainder of this chapter did not result
from spectacular breakthroughs by individuals but from the dedicated work
of hundreds of able and dedicated engineers working in the laboratories of
manufacturing companies.

The Technical Components of a Broadcasting Station

The basic technical elements of a television broadcasting station are
shown in Figure 4-11. The program sources are the network, one or more
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B Figure 4-11 Television broadcast station system diagram. Note the
synchronizing generator, which generates the timing pulses required to
synchronize the scanning of the cameras and other program sources with the
scanning of the receiver.

studios for live productions, film reproducing equipment for films and
slides, and magnetic tape recorders that can be used for both recording and
playback. The outputs of these sources can be combined for transmission.

The combination of program sources can be accomplished by a simple
switch from one source to another or by a wide variety of fades, lap dissolves,
or other special effects. The apparatus that produces these effects is often quite
elaborate and is generally described by the generic term terminal equipment.
The final program assembly is accomplished in master control, and its
output is carried to the transmitter by cable or microwave.

Television Studios: Design and Production Practices

Designers of pretelevision radio studios paid great attention to their
acoustic design. In contrast, television studio designers have given acous-
tics a rather low priority. There are several reasons for this. Radio studio
designers were probably overly attentive to acousticsand had a tendency to
surround their profession with a mystique that enhanced their prestige.
There also had been a major improvement in microphones that had made
them more tolerant of poor acoustics. But the most important reason was
that television is primarily a visual medium, and viewers are not as con-
scious of the acoustical properties of the studio. As a result, the acoustical
treatment of television studios is usually limited to lining the walls with
sound-absorbent material and providing sound insulation from adjacent
rooms and corridors.
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The emphasis in television studio design has been in lighting, camera
mobility, and the facilitation of the movement and storage of scenery and
sets. In all these areas, the television industry borrowed heavily from tech-
niques developed for the production of motion pictures.

There was, however, one fundamental difference between television and
motion picture production practices. Motion pictures are usually produced
with a single camera that shoots one short scene at a time. After the
shooting is complete, the film is edited, in principle simply by splicing
successive scenes together. In practice, this process—including the integra-
tion of the sound track—is highly complex and requires the services of
many skilled and highly paid professionals. The quality of their work can
have a major effect on the finished product.

Television production uses muitiple cameras, and editing can be accom-
plished by switching from camera to camera as the action proceeds. Prior to
the invention of video recording, this was the only method of production
and editing. After the development of video recording, it became possible to
perform the editing after the camera work was complete. Television practice
then moved in the direction of film, although it has retained some of its
multiple-camera techniques.

The design of television studios followed the evolution of production
practices. Early television studios were equipped with elaborate control
rooms located high above the studio floor and overlooking it through glass
windows. Here the production personnel directed the action and per-
formed visual and audio editing. With the passage of time, it became
obvious that it was not necessary for these personnel to have a view of the
studio, and today it is not uncommon to see scenery stacked up against the
control room windows, blocking the view of the studio. In short, studio
techniques have become simpler and editing more complex since the early
days of television.

Studio and Field Cameras

The monochrome television era in the United States lasted from 1946 to
1964, and during this period studio and field cameras used the image
orthicon tube almost exclusively. The vidicon tube was sometimes used in
live cameras after its introduction in 1952, but its limited sensitivity re-
stricted it to industrial and low-cost closed-circuit applications. For broad-
casting, the image orthicon was the overwhelming choice in spite of its high
cost ($1,200), short life (less than a thousand hours), and complexity.

RCA had a near monopoly of the manufacture of the image orthicon, and
for many years it dominated the U.S. market for cameras. Aided by its close
relationship with the RCA Tube Division and benefiting from the user’s
advice it received from NBC, the cameras produced by the RCA Broadcast
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Equipment Division in Camden, New Jersey, were the standard of the
industry. GE and Dumont produced cameras, but they were based largely
on copies of the RCA design, and they enjoyed only a small market share.

The RCA TK-10 and TK-11 Cameras The first postwar television cam-
era was the RCA TK-10. It was a fine example of industrial design, and it
performed its intended functions admirably. A complete camera chain”
consisted of the camera itself, a control panel, a “master monitor” for
observing both the picture and signal waveform, and a power supply. The
zoom lens had not yet been perfected, and the camera contained a turret on
which four lenses could be mounted. For field use, the monitor, controls,
and power supply were compressed into a single case. In this configuration
it was called the TK-30.

The camera had no automatic circuitry, and it required rather constant
adjustment. As a result, each camera chain required two people, a camera
operator to aim and focus the camera and a technician to keep the electronic
circuitry in adjustment.

The TK-10 and its field counterpart, the TK-30, were replaced in 1951 by
updated versions, the TK-11 (Figure 4-12) and TK-31. They contained no

Courtesy RCA Corporation.

W Figure 4-12 The RCA TK-11 television camera.
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radical changes, but there were numerous smaller ones that greatly im-
proved the cameras’ performance and reliability. (The most visible differ-
ence was the addition of aluminum carrying handles on the camera. These
were immediately copied by GE.)

The Marconi Mark IV Camera RCA’s cameras were never seriously
challenged by U.S. competitors, but stiff competition from foreign compa-
nies began in 1957 when the British company Marconi Communications
Systems, Ltd., introduced the Mark IV image orthicon camera. It was a
superb product and was the apogee of monochrome television camera
design.

Its most visible feature was the use of a larger image orthicon tube—4}
inches versus 3 inches in previous cameras. The larger tube produced a
sharper and less noisy picture, but its superiority did not end there. It
incorporated numerous advanced features and was an outstanding exam-
Ple of product excellence. It soon became the leader in the world market
outside the United States, and by the late 1950s it had begun to penetrate the
U.S. market. RCA’s leadership in television cameras quickly began to
erode.

The RCA TK-12 and TK-60 Cameras The Marconi challenge to RCA'’s
position in cameras could not have come at a worse time for the company. It
was already reeling from the disastrous defeat by Ampex in videotape
recording, and to be threatened in a product line where its leadership had
been taken for granted was an especially serious blow to its prestige and its
pocketbook.

With the benefit of hindsight, it might have been better for RCA to have
done nothing in response. The market for monochrome cameras virtually
disappeared five years later, and the cost of designing and putting a totally
new product into production could have been better spent elsewhere (or
returned to the stockholders). But this was not evident in 1958, and RCA
decided that it had to meet the Marconi competition with its own 43-inch
camera.

The engineering program that was begun to design the camera was a
near disaster. Many of the best engineers in RCA’s Broadcast Equipment
Division were engaged in a desperate attempt to catch Ampex in videotape
recording, and the average level of competence of the engineers assigned to
the camera program was not as high as it otherwise might have been. The
outcome of their efforts was the TK-12 camera, introduced in 1959. It had
many good features, and with the help of RCA’s reputation and strong sales
organization, it sold well at first. Unfortunately, it suffered from a host of
design problems that adversely affected its stability and reliability.

RCA elected to institute a massive redesign and recall program. It re-
turned one of its top design engineers, Norman Hobson, from the tape
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Courtesy RCA Corporation, with permission.

B Figure 4-13 The RCA TK-60 camera.

program to manage the redesign. Eventually the problems were solved, and
the rebuilt TK-12s were returned to their owners. A new camera design, the
TK-60 (Figure 4-13) emerged late in 1962. It was a fine product, but very few
were sold, as the market for monochrome cameras collapsed at the begin-
ning of the color boom.

Film Reproduction Equipment

In the early days of television before videotape recording was developed,
photographic film was the only available medium for storing picture infor-
mation. This gave the reproduction of film over television systems a particu-
lar importance. A high percentage of nonnetwork programming and some
network programming originated with film. Equally importantly, most
commercials, the stations’ source of revenue, were recorded on film.

Motion picture theaters used 35mm film almost exclusively, but its high
cost and the stringent safety regulations that governed its use (a relic of the
early motion picture days when highly flammable cellulose nitrate film
stock was used) caused most stations to use 16mm. The networks used
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35mm film for high-revenue shows, but the quality improvement was only
marginal because of the bandwidth and scanning line limitations of the
television system.

A basic problem in the reproduction of film in a television system is the
incompatibility of the standard film rate of twenty-four frames per second
and the television frame rate. In Europe, where the standard television rate
is twenty-five frames per second (synchronous with Europe’s fifty-hertz
power systems), the problem was solved very easily simply by speeding up
the film to twenty-five frames. In the United States, this was not possible
because the difference in speeds was too great.

This incompatibility was an important factor in the choice of film re-
production systems. In Europe, flying spot scanners are widely used. The
raster from a very bright kinescope is focused on the film, the light passing
through the film is focused on a phototube, and an electrical signal that is
inversely proportional to the density of the film at that point is generated.
Flying spot scanners produce very high quality pictures, and they have the
additional advantage for color of not requiring registration of three color
images. But the conversion from twenty-four to thirty frames is so difficuit
for scanners that storage tube systems are almost universally used in the
United States.

Film Projectors In the storage tube system, the image of a film frame is
focused onto the photosensitive surface of the tube in the film camera. The
shutter on the projector allows light to pass through the film for a period,
after which the image on the tube is scanned off at the television rate. The
exposure of the tube to light and the scanning need not be simultaneous,
since the tube is able to store the information. It is this property that makes
the conversion of frame rates possible.

One widely used film projector was the RCA TP-6. It used a “’3/2 pull-
down,” meaning that the alternate pulldown intervals were 3/60 and 2/60 of
a second. The combination of this uneven pulldown rate with the storage
capability of the tube accomplished the frame rate conversion.

Film Cameras RCA dominated the market for film cameras as well as
for studio cameras during the monochrome television era. Its first film
camera, the TK-20, used the same iconoscope tube employed by pre-war
live cameras (but which was superseded for live pickup after the war by the
image orthicon). The iconoscope was a difficult tube to operate, and the
quality of the picture left much to be desired. Nevertheless, it was the best
tube available until 1952, when RCA achieved another breakthrough in
television pickup tubes with the introduction of the vidicon.

Vidicons had many advantages for film pickup over the iconoscope.
Vidicon film cameras had a better signal-to-noise ratio, were free of shading
and other defects, and were smaller, cheaper, and easier to operate. Their



MONOCHROME TELEVISION & 221

advantages were so overwhelming that they quickly superseded icono-
scope cameras for film reproduction.

Television Transmitter Systems

The principal elements of a television transmitter system are shown in
Figure 4-14. The video and audio signals are received from the transmitter
and are connected to the input to the transmitter, where they modulate the
visual and audio carriers. The carriers are then combined, or multiplexed,
and carried up the tower to the antenna in a single transmission line. The
effective radiated power (ERP) of a station is equal to the product of the
transmitter power and the antenna gain (see illustration, bottom of next
page) minus the transmission line losses.

VHF Transmitters and Antennas

Transmitters The first television transmitter to come on the market
after World War Il was the RCA TT-5A (Figure 4-15), which was rated at 5
kilowatts of visual power. Wartime research did not produce a satisfactory
tube for VHF television, and the TT-5A used the infamous 8D21 (Figure
4-16), a tetrode in which all of its elements—anode, screen grid, control

OPERATION OF THE VIDICON TUBE
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Unlike the iconoscope and the image orthicon, which are photoemissive, the
vidicon is photoconductive. It has a layer of photoconductive material that varies
in resistivity with the amount of light falling on it. The layer is deposited on a
transparent conducting substrate, and when an image is focused on it, its resis-
tivity varies from point to point depending on the brightness of the image. The
layer is then scanned with an electron beam, and the current through the layer to
the tube’s output varies with the brightness.
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B Figure 4-14 A television transmitter system.
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The power gain of a television antenna is defined as the ratio of its radiated
power density toward the horizon to the radiated power density from a half-wave
dipole. The drawing shows the radiation patterns of a half-wave dipole, a
medium-gain antenna, and a high-gain antenna.

The gain of antennas used in television broadcasting is approximately propor-
tional to the ratio of their height to the wavelength. Typical gains are 4 to 10 for
low-band and 6 to 12 for high-band VHF antennas. The gains of UHF antennas are
much higher, ranging up to 50.

The use of the half-wave dipole as the reference was based on the desire of
engineers to be able to construct it in real life. The early work in microwave and
satellite technology was done by scientists, and they preferred to use the iso-
tropic radiator as their reference. This is an imaginary device that radiates
equally in all directions.
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Courtesy RCA Corporation.

B Figure 4—15 The RCA TT-5A television transmitter. The 5-kilowatt TT-5A
was the first television transmitter to come on the market at the end of
the war.

grid, and filament terminals—were water cooled. The connections to these
terminals were tiny, easily plugged up, and prone to leak. Engineers found
that the leakage problem could be solved by placing sanitary napkins under
the water connections, and station auditors were sometimes puzzied to find
purchase orders for these products from all-male engineering departments.

Electron tube technology developed rapidly after the war, and both RCA
and GE were quick to take advantage of newer tubes as they became
available. At the end of 1952, RCA was offering an extensive line of VHF
transmitters, all using air-cooled tubes. GE’s line was not quite as extensive,
but it was generally competitive.

The range of power levels in the manufacturers’ product lines was dic-
tated by the FCC's restrictions on effective radiated power. In low-band
VHF, with an ERP limit of 100 kilowatts, transmitters with rated visual
powers of 2 kilowatts to 25 kilowatts were offered. In high band, with a limit
of 316 kilowatts, the range of transmitter powers was 2 kilowatts to 50
kilowatts.



224 B BEHIND THE TUBE

Courtesy RCA Corporation, with permission.

B Figure 4-16 The RCA 8D21 power amplifier tube. The many connections
for cooling water are shown at the bottom of the tube. These are in addition
to the electrical connections.

After the introduction of higher power air-cooled tubes, the changes in
transmitter design were evolutionary with no major breakthroughs. Reli-
ability and stability were improved, performance was upgraded to meet the
more demanding requirements of color, solid-state circuitry was incorpo-
rated in the lower power stages, and provisions for remote control were
added. The performance of modern transmitters is excellent, and they are
remarkably trouble free.

Antennas VHF television antennas must meet a variety of require-
ments that had not been encountered in antennas for other services. One of
the more difficult, particularly for low-band channels, is providing suffi-
cient bandwidth. The 6-MHz channel bandwidth is 10 percent of the carrier
frequency on channel 2, and broadbanding an antenna to this extent is a
challenging engineering problem. In addition, antennas must be mechani-
cally rugged, be able to withstand severe winds and icing conditions, be
capable of being installed by nontechnical riggers, and, of course, have the
desired gain and radiation pattern.
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RCA'’s first offering for VHF was the superturnstile, or batwing, antenna
(Figure 4-17) in which the dipoles are large, flat structures rather than rods.
Combined with suitable circuitry to couple the antenna to the transmission
line, this construction provided the necessary bandwidth.

The superturnstile antenna was a very satisfactory design that was
copied by GE and other manufacturers and is still in use today. For high-
band, high-gain antennas, the design had the problem of complex wiring
harnesses needed to feed the many layers of dipoles. To simplify the me-

Courtesy RCA Corporation.

B Figure 4-17 A superturnstile antenna. Two sets of flat plate dipoles are
mounted at right angles to each other around the supporting pole. When fed
in phase quadrature, they produce an approximately circular pattern in the
horizontal plane. The gain of the antenna is approximately equal to the
number of layers. For example, an antenna with twelve layers of dipoles will
have a gain of about 12.
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chanical construction, RCA developed the traveling wave antenna in which a
vertical cylindrical tube is the radiating element. Currents are induced on
the surface of the cylinder through vertical slots coupled to the feed line in
its center. GE also had an alternative offering, the helical antenna, although it
was more commonly used for UHF antennas.

Multiantenna Systems Many forces motivated all the television
stations in a city to locate their antennas in close proximity. Often a single
mountaintop or tall building provided an ideal antenna site. In such cases,
FCC rules forbid a single broadcaster to monopolize the site. The Federal
Aviation Administration (FAA) encouraged, and in some instances re-
quired, all tall towers to be located in a single area to reduce the hazard to air
navigation. Placing antennas in the same location also made it possible to
point television receiving antennas in a fixed direction rather than requiring
them to be rotated as the receiver was tuned from station to station.

In some cases, the solution was an antenna farm, a collection of towers in
the same general area. In other cases, it was a multiple-antenna system.
These were of two general types—stacked arrays in which the antennas are
placed on top of each other and candelabra arrays in which they are mounted
side by side on a single platform. There are also combination arrays in which
two or more stacks are placed on the same platform. The design of these
arrays was an engineering tour de force, since it required the solution of
complex mechanical and electrical problems. Figure 4-18 shows some mul-
tiantenna arrays.

The first multiantenna array was erected on the Empire State Building in
New York. It was a stacked array that initially included antennas for all New
York’s stations except WOR-TV, which built its own tower across the Hud-
son River in New Jersey. This was an unsatisfactory location for WOR
because all the city’s receiving antennas were pointed toward the Empire
State Building, and it was eventually forced to move there at a considerable
expense.

During the 1970s, the New York Port Authority constructed the huge
World Trade Center Buildings on the southern end of Manhattan Island.
New York's television stations objected to their construction on the grounds
that reflections from their surfaces would cause ghosts in the pictures
received in New York’s northern suburbs. After lengthy political and court
battles, the Port Authority agreed to pay for the construction and installa-
tion of antennas for all the New York stations on the roof of one of the
buildings. RCA was the prime contractor for this project, and it designed
and built two stacks of antennas, which are now a prominent feature of the
city’s skyline.

The first candelabra array was built for stations WFAA and KRLD in
Dallas/Fort Worth. It was soon followed by a three-station array for WMAR-
TV, WBAL-TV, and WJZ-TV in Baltimore. In each case, the antennas were
mounted on the corner of a triangular platform, which in turn was mounted



Courtesy RCA Carporation.

B Figure 4—18 Multiple-antenna arrays on the Empire State Building (top)
and in Baltimore (bottom).
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on a tall tower. Since then, a number of multiantenna arrays have been
built, including arrays on Mount Sutro in San Francisco and on the John
Hancock Building in Chicago.

The design and construction of multiantenna systems is very costly, and
a theologically inclined participant in the Empire State Building antenna
program discovered a passage in the Holy Scriptures that was frequently
quoted: “Which of you, intending to build a tower, sitteth not down first
and counteth the cost, whether he have sufficient to finish it?"’ (Luke 14:28).

UHF Transmitters and Antennas

Transmitters Wartime research produced a tube that was ideally
suited for UHF transmitters. It was the klystron tube, invented by the Varian
brothers. It had a very high power gain and was ultimately capable of power
outputs up to 60 kilowatts. Its performance was satisfactory, and klystron
transmitters were simple and reliable.

GE was quick to recognize the advantages of the klystron, and its earliest
UHF transmitters consisted of a 100-watt driver stage (which could also be
used as a low-power transmitter) followed by a 30-kilowatt klystron am-
plifier.

RCA was not as wise. Its Broadcast Equipment Division allowed its
engineering judgment to be overshadowed by internal political considera-
tions. There was pressure to use nothing but RCA tubes, and RCA did not
manufacture klystrons. The outcome was good politics but bad engineer-
ing. RCA’s first transmitters used conventional water-cooled “gridded”
tubes and were rated at 2 kilowatts and 10 kilowatts. This put its salespeople
in the uncomfortable position of trying to persuade customers that 10
kilowatts from RCA were equal to 30 kilowatts from GE.

RCA'’s prestige in the broadcasting industry was so great that it sold a
surprising number of transmitters with gridded tubes. It eventually devel-
oped models with power ratings up to 50 kilowatts, but the gridded tube
was in an unequal contest with the klystron. Gridded tube transmitters
were more expensive, more complex, and less reliable. The klystron was a
better technical choice for transmitters in this frequency range, and RCA
was forced to swallow its pride and turn to the klystron.

RCA's first klystron transmitter, the 30-kilowatt TTU-30A (Figure 4-19),
was introduced in late 1964. Fortunately for the company, this coincided
with an upsurge in the number of new stations, and it was able to recapture
a respectable market share (although many customers of both GE and RCA
later went bankrupt because of UHF's difficulties).

The power ratings of UHF transmitters offered on the market were
established by the maximum power permitted by the FCC. The initial limit
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OPERATION OF THE KLYSTRON TUBE
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The input signal from the driver stage induces a radio frequency electromag-
netic field in the first cavity. The alternating field alternately slows and acceler-
ates the electrons in the beam and causes them to collect in bunches. The
bunches induce a much stronger field in the second and third cavities. The
energy extracted from the field in the third cavity by a coupling device is the
transmitter output.

was 1,000 kilowatts ERP. This could be achieved with a 30-kilowatt trans-
mitter and an antenna with a gain of 40. When the limit was raised to 5,000
kilowatts, it could be achieved by affluent stations that were able to afford
two 60-kilowatt transmitters operating in parallel and feeding an an-
tenna with a gain of 50.
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B Figure 4-19 The RCA TTU-30A UHF television transmitter. The 30-kilowatt
TTU-30A resulted from RCA's belated entry into the manufacture of
transmitters using klystron tubes.

Antennas RCA’s initial UHF antenna offerings were more felicitous
than its transmitters. Its highly skilled antenna engineering department
developed the pylon antenna, which for many years was the industry stan-
dard. Like the VHF traveling wave antenna, it consists of a slotted cylinder,
which is the radiating element. Currents are induced on the surface of the
cylinder by coupling the slots to a conductor running up its center. It differs
from the traveling wave antenna in that the current on this conductor forms
a standing wave.

As transmitter powers increased, RCA offered the V-Z antenna with
greater power-handling capability as an alternative to the pylon. This an-
tenna had a vertical five-sided supporting structure with zigzag conductors
spaced a few inches from each face as the radiating elements.

GE's approach to UHF antennas was entirely different. It offered the
helical antenna, which consisted of a cylindrical supporting structure sus-
rounded by conductors wrapped around it in right- and left-handed helixes.
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The horizontal components of the radiation from these helixes add, but the
vertical components cancel each other, thus producing a horizontally po-
larized wave.

UHF antennas usually have very high gains, typically 40 to 50, and this
results in a thin, pancake-shaped beam. The horizon, as seen from the top
of a very tall tower, is a fraction of a degree below the horizontal, and if the
beam were exactly horizontal, most of the energy would miss the earth and
go out into space. It also would miss the areas between the tower and the
horizon. To solve these problems, two techniques, beam tilt and null fill
(Figure 4-20), are used.

B MONOCHROME RECEIVERS

Television receivers are now commonplace in nearly every home, and they
appear to be very simple devices compared with the intricate equipment
found at television stations. Their simplicity is deceptive, however, because
it results from years of costly and intensive engineering work. In the early
years of television, one RCA engineer calculated that the amount of engi-
neering per tube devoted to the design and production of receivers was ten
times as great as that for television cameras.

This engineering effort has been accomplished by hundreds of engineers
and scientists working diligently and anonymously in industrial laborato-
ries and plants throughout the world. The objectives have been high perfor-
mance, ease of operation, reliability, stability, ease of maintenance, and,
above all, low cost.

Center of beam =

I
BEAM TILT: ~17 |

X

Locations below
main beam

miles® - ol
! *(Not to scale)

B Figure 4-20 Beam tilt and null fill. For high-gain antennas mounted on
high towers, it is necessary to tilt the beam downward slightly so that it is
aimed at the horizon for distant coverage. For close-in coverage, it is
necessary to fill in the nulls in the pattern below the horizontal. Only a few
degrees or fractions of a degree are involved in these adjustments, and the
antenna measuring apparatus must be very precisely calibrated.
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The television industry, spurred by vigorous competition, has succeeded
brilliantly in achieving these objectives. The first monochrome receivers
with ten-inch picture tubes sold for about $385. In 1988, a portable set with a
similar size picture tube can be purchased for $100 or less. In the meantime,
the Consumer Price Index has risen at least five times, so in constant dollars
the customer is getting at least nineteen times as much for his or her money.
This amounts to a compounded productivity growth rate of nearly 8 percent
per year for forty years, a record unmatched by few if any industries. The
Japanese have been responsible for some of this, but U.S. industry and its
wholesale and retail distribution systems have made large contributions.

RCA'’s Early Leadership

RCA was the world leader in pioneering the development of mono-
chrome receivers and their key component, the picture tube. Development
work was under way prior to World War II, and RCA announced plans to
offer receivers for sale to the public twice, once in 1938 and again in 1940. In
both cases, its plans were stymied by standards disputes and the FCC.

At the end of the war, RCA’s engineering and production facilities were
put into high gear, and in 1946 it introduced the 630TS, which is sometimes
described as the Model T of the television industry. (The 6 was the model
number, 30 was the number of tubes, and TS meant television and sound.)
The receivers were manufactured in RCA’s Camden plant using picture
tubes produced in its Lancaster plant.

The 630TS clearly put RCA in the lead among television receiver manu-
facturers, and RCA surprised the industry in 1947 when, motivated by what
it perceived as enlightened self-interest, it made its manufacturing draw-
ings available for free to its competitors. Most of the other companies were
cynical about RCA’s motives, but RCA was probably sincere when it stated
that the industry was bigger than any single company and that helping its
growth would help everyone, including itself. RCA immediately increased
the market for its picture tubes, NBC’s audience, and its income from patent
licensing and technical aid."”

'3 RCA also hoped that this action would defuse the charges of violations of antitrust laws
that continued to swirl around it. It was not successful in achieving this objective. Competing
manufacturers and the Department of Justice continued to object to RCA’s patent pool prac-
tices, and Philco, Zenith, and the Justice Department all filed antitrust suits. The Justice
Department'’s civil suit contained strong implications of criminal charges against Sarnoff to
follow, and in 1958 he decided to settle. RCA pleaded nolo contendere, paid a fine of $100,000,
and abandoned the pool principle of patent licensing, agreeing to license individual patents
instead. Its monochrome patents were put in the public domain, and U.S. manufacturers were
allowed to use the color patents without payment of royalties. It was widely believed that
Sarnoff was saved from personal criminal charges by the intervention of President Eisenhower.
(See Bilby, The General.)
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Automated Versus Old-Fashioned Hand Wiring

Initial technical advances in receivers were directed toward cost reduc-
tion and increasing the size of picture tubes, first to twelve, fifteen, and
sixteen inches and later to nineteen and twenty-one inches. Solid-state
circuitry and automated assembly were introduced cautiously. Zenith de-
liberately moved slowly in these areas as a marketing strategy. While other
manufacturers were using automated assembly of circuit boards, Zenith
vigorously advertised "‘old-fashioned hand wiring,” including photo-
graphs of the maze of wires in its sets, which it touted as a virtue. This
marketing program had no rational basis, but it succeeded brilliantly—
aided by the fact that Zenith sets performed well and had an outstanding
reputation for quality and reliability. Eventually the cost of hand wiring
became excessive, the cost pressures from the Japanese increased, and
Zenith was forced to adopt more modern designs and manufacturing meth-
ods. Today, all monochrome sets are based on highly automated assembly
and all-solid-state design except for the picture tube.

Zenith Achieves First Place

RCAs’s market share dwindled as its competitors proliferated. By 1953,
Zenith and Philco had emerged as the strongest competitors, although GE,
Sylvania, Dumont, and even a flamboyant new manufacturer, “Mad Man
Muntz,” achieved significant market shares. Philco’s position eroded rap-
idly during the mid-1950s, and for a number of years Zenith was in first
place, with RCA a very close second and other manufacturers far behind.

The Japanese Invasion Begins

The first indications of the Japanese invasion of the U.S. television mar-
ket occurred in the early 1960s. Japanese manufacturers had already made
inroads in the audio and radio markets, and monochrome television was
their next target. Their market share increased rapidly, and by the mid-
1970s most monochrome sets sold in the United States were imported from
Japan or other offshore sources.

The Growth and Decline of the Monochrome Receiver Market

The number of monochrome sets sold in the United States rose rapidly
and reached a peak in the mid-1950s as saturation of the market ap-
proached. Somewhat surprisingly, sales rose again in the mid-1960s céinci-
dentally with the growth of the market for color receivers. Most of the sales
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Deluxe television receiver
Courtesy RCA Corporation,

B Figure 4-21 (Above) A 1939 RCA monochrome receiver. (Facing page)
The postwar Dumont monochrome receiver.
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Courtesy RCA Corporation.
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B Figure 4-22 Industry sales and average unit prices of monochrome
receivers. The sales and unit price figures are at the factory sales level for
receivers manufactured domestically and at the landed cost for imported
receivers.

in this era were for small portables or table models purchased as second
sets. The trend to smaller sets continued, and by 1970 the production of
large console models had virtually ceased.

With dwindling unit volume, the disappearance of higher priced con-
soles from the market, and the takeover by the Japanese, the size of the
market for monochrome receivers has declined steadily. Figure 4-22 shows
the decline of industry sales at the U.S. manufacturers’ level (or landed cost
for imported products). But this graph tells only part of the story. With the
rise of mass-marketing organizations and a reduction in the number of
levels of distribution, the markup from manufacturer’s price to retail selling
price has declined drastically. In the early 1950s, this ratio was typically 2.5
to 1. Currently, it is typically 1.5 to 1. The declines in unit prices at the retail
level have, therefore, been even greater.

B THE DEMISE OF MONOCHROME TELEVISION

The diminishing market for small table model and portable receivers is all
that is left of the once-strong monochrome television broadcast industry.
Television broadcasting is now virtually 100 percent in color, and the only
remaining uses of monochrome television are for industrial and a few
closed-circuit applications. Monochrome technology played an indispens-
able role in the development of the television industry, however, and it
provided a sound technical basis for the color television systems now used
throughout the world.
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On September 26, 1949, a veritable Who's Who of the television manufac-
turing and broadcasting industries gathered in the imposing auditorium of
the Interstate Commerce Building in Washington for an FCC rule-making
proceeding, a hearing convened to choose transmission standards for color
television broadcasting. It pitted the powerful CBS network against its arch
rival, RCA, and most of the rest of the television industry. Like a Wagner
opera, it alternated between moments of high drama and hours of boring
testimony. It dragged on for more than a year, and it culminated in one of
the FCC’s worst decisions. The CBS field sequential system was chosen,
notwithstanding the fact that field sequential color broadcasts could not be
received by any of the more than ten million monochrome sets then in use.

While the hearing was in progress, an equally intense effort was under
way in the nation’s television laboratories. This was devoted to the develop-
ment of a compatible color system—that is, one in which color broadcasts
could be received (in monochrome, of course) on black-and-white sets. An
uneasy alliance of RCA and its major competitors, spurred by the compe-
tition from the CBS system, was successful in this effort, and the result was
the National Television System Committee (NTSC) color system, a refined
version of the system originally proposed by RCA.

To almost no one’s surprise, field sequential color was a commercial
failure, and on December 17, 1953, the FCC reversed itself and approved the
NTSC system. Today color broadcasting using the NTSC system or its
European variant, Phase Alternating Lines (PAL), has almost completely
replaced monochrome. Although a somewhat better system could now be
developed owing to thirty years of advances in basic technology, NTSC and
PAL have withstood the test of time and provide highly satisfactory vehicles
for the transmission of color. This chapter is the history of color television’s
evolution from a laboratory concept to a multibillion-dollar business.

B COLOR TELEVISION IS CONCEIVED

The potential attractiveness of color television, as well as its technical prob-
lems, were recognized in television’s earliest years. As early as 1928, Baird
demonstrated a crude color system using a Nipkow disk with three sets of
holes, one for each primary color (see illustration on next page). The techni-

237
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THE PRIMARY COLORS

Colorimetric analysis is usually based on the use of primary colors. Most,
although not all, of the colors in nature can be produced by mixtures of three
properly chosen primaries.

Subtractive primaries are the most familiar, since human experience prior to
development of color television was almost totally limited to subtractive systems.
These primaries are often described as red, yellow, and blue. A more accurate
description is magenta, yellow, and cyan:

Reflects or

Primary Transmits Absorbs
Magenta Red and blue Green
Yellow Red and green Blue
Cyan Blue and green Red

For example, red can be produced by mixing magenta and yellow, the former
absorbing green and the latter absorbing blue from the white illuminant.

The additive primaries used in color television are red, green, and blue. A
mixture of red and blue lights produces magenta. Red and green produce yellow
(it is not intuitively obvious, but the hue produced by red and green spotlights
shining simultaneously on a white wall is yellow), and blue and green produce
cyan. Pure (monochromatic) or nearly pure spectral colors are the only hues that
cannot be reproduced by a proper combination of these primaries.

cal difficulties were enormous, however, and twenty-five years elapsed
before a practical color system evolved from monochrome technology.

The evolution required the solution of two difficult problems:
(1) colorimetry, or the production of colors that are a reasonable facsimile of
those in the original scene, and (2) the transmission of both color and
brightness information in the same channel.

Colorimetry

Television colorimetry is basically different from that used in photogra-
phy and painting or in the perception of color in real life. All of the latter are
subtractive systems in which the picture or scene is illuminated by an exter-
nal source, such as sunlight, which includes components of all colors. The
desired hue is produced by subtracting the unwanted color components by
absorption. Color television produces colors directly on the picture tube. It
is an additive system in which hues are determined by adding the primary
color components in the proper proportions.
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Color Transmission

Color television’s other problem, the simultaneous transmission of
monochrome and color information in a channel of limited bandwidth, is
fundamental. In the simplest case, a color television picture would contain
three times the information of monochrome—that is, a complete frame for
each of the three primary colors. This could be achieved by increasing the
bandwidth, thus increasing the demand for already scarce spectrum space;
by reducing the number of pictures transmitted per second, thus increasing
the flicker; or by reducing the duration and number of scanning lines, thus
reducing the sharpness of the picture.

The dilemma facing the television technical community was the selection
of the optimum trade-off among these three conflicting evils. Fortunately, it
was resolved with very little compromise in picture quality and no increase
in bandwidth by cleverly taking advantage of certain limitations of the
human eye and the high degree of duplicate information in the mono-
chrome television signal waveform.

B THE FIELD SEQUENTIAL SYSTEM

CBS first proposed the field sequential color system to the FCC in 1940. It
had been developed at CBS Laboratories under the direction of its head,
Peter Goldmark. He was the system’s leading protagonist, and he at-
tempted to sell it to the FCC and the industry with missionary zeal.

The Technology of the Field Sequential System

In the field sequential system (see illustration on next page), red, green,
and blue television fields are displayed in sequence, and the retentivity of
the eye merges them into a single color picture. This system brought the
bandwidth-picture quality dilemma into sharp focus. If flicker and picture
sharpness were to be maintained at the level of monochrome television, a
field sequential signal would require three times the bandwidth of mono-
chrome. CBS, however, proposed compromises that reduced the additional
bandwidth requirement at the expense of flicker and picture sharpness.

In 1940, CBS tentatively settled on a trade-off that divided the cost rather
evenly among bandwidth, flicker, and picture sharpness. As compared
with monochrome standards, the bandwidth was increased from 4 MHz to
5 MHz, the number of frames (pictures) per second was reduced from 30 to
20, and the number of scanning lines per frame was reduced from 525
to 343.

The use of disks caused RCA to describe the CBS system pejoratively as
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THE FIELD SEQUENTIAL COLOR SYSTEM. (TOP) OPERATION OF FIELD
SEQUENTIAL COLOR SYSTEM. (BOTTOM) COLOR TRANSMISSION
SEQUENCE IN FIELD SEQUENTIAL SYSTEMS.
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The basic operation of the field sequential color system is shown in this
drawing. Light from the scene passes through a rotating disk on which red,
green, and blue color filters are mounted. Thus the camera tube is exposed in
sequence to the red, green, and blue color components of the scene. A disk at the
receiver, similarly equipped with color filters, rotates in synchronism so that light
from the kinescope passes through the red filter, for example, while the camera
tube is being exposed to red light from the scene.

This drawing shows the color sequence in successive fields of the color signal
as proposed by CBS in the 1949 hearing. Note that only two colors are included in
each frame; for example, frame 1 has red odd lines and green even lines. Six
fields, or one-eighth second, was required to scan all lines in all three colors. This
caused fast-moving white objects to exhibit color breakup—that is, to appear as
a series of colored images.




COLOR TELEVISION B 241

’mechanical,”” a bad word in an electronic age. This criticism was not totally
fair. The CBS system was not inherently mechanical. Mechanical com-
ponents were used because a key component of an all-electronic system, the
tricolor picture tube, had not yet been developed. In contrast, RCA imposed
an all-electronic requirement on itself for its system, and this gave CBS a
head start.

CBS Petitions the FCC

In spite of the manifest limitations of the field sequential system, in 1940
CBS urged that the FCC establish it as a standard for color along with its
approval of a monochrome standard. As noted in Chapter 4, the Commis-
sion refused to approve it for commercial broadcasting but did authorize
continued field-testing under an experimental license.

During World War II, Peter Goldmark and his engineers continued to
work on the field sequential system, and at the end of the war, CBS resumed
its battle at the FCC. The essence of CBS’s postwar strategy was speed. Its
top management recognized that the pressure on the FCC for the approval
of monochrome standards was so great as to be irresistible. But field se-
quential color signals were incompatible with monochrome—that is, they
could not be received on monochrome sets. If monochrome standards were
approved before color and a great many monochrome receivers were sold to
the public, their incompatibility with field sequential color would form a
major barrier to its acceptance. In 1946, therefore, CBS petitioned the FCC to
approve monochrome and field sequential color standards simultaneously,
with monochrome in VHF and color in UHF. With simultaneous introduc-
tion to the public, CBS believed its color system would uitimately win over
monochrome in spite of its higher cost, its technical limitations, and the
unknown problems of UHF.

The standards proposed by CBS in 1946 differed somewhat from its
prewar system. The number of frames per second was increased from 20 to
24, and the number of scanning lines was increased from 343 to 525. These
changes resulted in smaller compromises in flicker and picture sharpness
but required more bandwidth—double that of monochrome. Since the
amount of spectrum space available at UHF was much greater than at VHF,
the added bandwidth requirement was not considered to be a serious
problem.

The CBS petition was sufficiently persuasive to cause the FCC to convene
a hearing on December 9, 1946, to consider it. Its high points were a
demonstration by CBS of its system and a rebuttal demonstration by RCA of
the simultaneous’’ system it was developing.

The CBS demonstration went exceedingly well. It was held in Nyack,
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New York, forty miles north of the Chrysler Building where the CBS trans-
mitter was located. FCC chairman Charles Denny was reported by Gold-
mark to have been “mesmerized,” not only by the quality of the pictures but
also by the beauty of the model, Patty Painter. She and Denny exchanged a
few words, whereupon “Denny’s face again lit up. He said something
gracious in reply on how wonderful she looked. The rest of the show went
on and was soon over. Everyone looked pleased as they filed out of the
suite. I thought we were in. So did Stanton [the president of CBS].”!

The RCA demonstration was a disaster. George Brown, destined to play
a leading role in the development of the RCA/NTSC color system, reported:

The receiver used three picture tubes and a lens to project the picture onto a
frosted glass screen. The pictures were fuzzy with color fringes due to poor
registration. Fortunately the pictures were very dim so it was difficult to see
the color fringes or the lack of detail in the picture. . . .

It makes me shudder even now when I contemplate that the FCC in its lack
of wisdom might have adopted the RCA proposal.?

Given the success of the CBS demonstration and relying on the enthusi-
asm of Stanton and Goldmark, Paley made the costly decision described in
Chapter 4 to surrender its VHF licenses in four major cities, retaining only
New York. It was felt that this was necessary to prove the sincerity of CBS’s
advocacy of color and UHF. At the same time, he urged the CBS affiliates to
do likewise.

The appraisal of Dennys’ reaction to the CBS demonstration by Stanton
and Goldmark is a textbook example of the wish being the mother of the
thought. While Denny was friendly and gracious, his only words of com-
pliment were to the model. He was far too shrewd to disclose his thoughts
about the CBS system at that time. Both Stanton and Goldmark, however,
mistook his friendliness and courtesy for assent.

The FCC Acts—Unfavorably

In view of the realities of the situation, the FCC’s decision to reject the
RCA system came as no surprise. In fact, RCA did not expect its approval.
An evaluation of the CBS system was not as clear-cut, but the Commission
decided that there were still too many uncertainties, both in the color
system and in UHF, to justify its approval. On January 30, it issued an Order

! Peter C. Goldmark, Maverick Inventor: My Turbulent Years at CBS (New York: Saturday
Review Press, 1973).
2 George H. Brown, and part of which I was (Princeton, N.J.: Cupar, 1982).
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denying the CBS petition to establish commercial color standards but per-
mitting continued experimental broadcasting.

Goldmark was so certain of his position that he was convinced that
Denny must have been influenced by ulterior motives. In his own mind, his
suspicions were confirmed when Denny accepted a position as general
counsel of NBC during the next year. In fact, there is no credible evidence
that Denny’s decision (or that of the other commissioners) was anything
more than an objective judgment.

CBS Tries Again

CBS, egged on by Goldmark, would not give up. In 1949, it proposed a
third version of the sequential system. It retained the 24-picture-per-second
rate of its 1946 proposal, but it reduced the number of scanning lines to 405
and the bandwidth of the broadcast channel to 6 MHz, the same as that of
monochrome. As compared with monochrome, it involved a small increase
in flicker and a fairly major reduction in potential picture sharpness.

It was a skillful compromise. Given the intense competition for spectrum
space, it is unlikely that the FCC would ever have approved a color system
that required more bandwidth than monochrome. The 24-picture-per-
second rate was lower than monochrome’s 30-per-second rate, but it was
the motion picture standard and very close to the European television
standard of 25 pictures per second. As for sharpness, the comparatively
crude television cameras used at the time did not generate much signal
information at the upper end of the video channel. Consequently, the
reduction in picture sharpness produced by the apparatus then available
was not great. Looking to the future, however, it put a ceiling on the
improvement in sharpness that could result from equipment development.

CBS also played its political and public relations cards skillfully. Gold-
mark was a masterful showman, and he made impressive demonstrations
emphasizing the brilliant colors the system could produce but covering up
its deficiencies. At the same time, CBS portrayed itself to the public, Con-
gress, and the FCC as the good guy, fighting to bring the benefits of color to
the public but being opposed by the greedy members of the television
industry led by RCA.

The FCC Reopens the Issue

The lobbying was effective, and the FCC had a new chairman, Wayne
Coy, who was sympathetic to CBS. On July 11, 1949, the FCC voted to
reopen the color question by enlarging the issues in the television channel
allocation hearing (the freeze) to include the establishment of color stan-
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dards. It ordered all who wished to propose a color system to submit
engineering descriptions by August 25. The hearing on the color issue was
scheduled to begin on September 26, only a month later.

CBS’s motives in pursuing field sequential color so vigorously and at
such great cost are not entirely clear. The stated reason was that color, even
in its field sequential embodiment, was a superior broadcasting medium,
and it adoption would benefit the public. A more likely explanation is
simply that CBS hoped to profit from the adoption of its system by license
income and receiver manufacturing. A cynical explanation is that RCA and
NBC had a commanding lead in monochrome technology, and CBS wished
to gain time to catch up by causing a bureaucratic delay in the approval of
monochrome standards and channel assignments. An even more cynical
explanation is that it was a display of corporate pride and executive ego—
CBS versus RCA and Paley versus Sarnoff. These explanations are not
mutually exclusive, and there is probably some truth in all of them. One fact
is clear: The enthusiasm and salesmanship of Peter Goldmark was a key
factor in the decisions of CBS’s top management. And history shows that,
once established, a corporate strategy tends to achieve its own momentum,
which is often difficult to reverse.

@ THE DOT SEQUENTIAL SYSTEM

The FCC decision to address the issue of color standards during the freeze
hearing put RCA in a very difficult position. It simply was not ready to
propose a system that was both practical and compatible. Most of its initial
experimental effort had been directed toward a simultaneous system in
which three color signals were simultaneously and continuously generated
and transmitted. It required a three-tube camera, three full-bandwidth
transmission channels, and a three-kinescope receiver. It was not a practical
system.

The need for three times the monochrome bandwidth was an impossible
barrier. Three-tube cameras were practical (most color cameras used today
have three tubes), but the three-kinescope receivers were impossibly large
and expensive for consumer use. In addition to these problems, an appara-
tus for simultaneous color had not been developed to the point where it
could produce satisfactory picture quality, a weakness that had been clearly
displayed in the 1946 demonstrations to the FCC.

Nevertheless, research in simultaneous color systems resulted in some
technical progress. The most important was probably the development of a
concept by Alda Bedford called “mixed highs.” This was based on the
discovery that the human eye is not sensitive to color in fine detail, the
portion of a picture that requires the transmission of higher frequency
components. Bedford proposed that these components be separated from
the three color signals, mixed, and then added to the green signal. The
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bandwidth of the red and blue signals could then be reduced substantially,
thus reducing the total spectrum space required for transmission. Although
the use of mixed highs did not, in itself, make simultaneous color practical,
it was an important principle, and it played a key role in the final develop-
ment of standards for broadcast color television.

The work on simultaneous color also emphasized the necessity for de-
veloping a practical tricolor tube. Research on this component was success-
fully completed under forced draft a few years later.

It was apparent, however, that the simultaneous system, even with
improvements, would never be approved by the FCC. It was necessary to
develop a compatible system—that is, one in which the color signal could
be transmitted in a standard monochrome channel and displayed on a
monochrome receiver. In addition, color receivers would have to produce
monochrome pictures from monochrome transmissions (reverse compati-
bility).

Work on the compatible color system that would evolve into the NTSC
system began at RCA Laboratories in the spring of 1949. George Brown
gives credit for the basic idea to Clarence Hansell, then director of research
for RCA Communications. It involved rapid sequential sampling of the
three color signals and combining the sampled waveforms into a single
composite signal. The brief samples appeared as dots on the screen, hence it
came to be known as the dot sequential system (see illustration on next page).

The requirement in the FCC’s July 11 notice that organizations wishing to
propose a color television system must file an engineering description by
August 25 underscored the difficulty of RCA’s position. This was only
seven weeks later, and its engineering department was not ready. Its law
department filed a response, but the commission returned it with the notice
that it contained "'no supporting engineering statement. . . as required.’”?

With their backs to the wall, RCA’s senior technical executives, Elmer
Engstrom and George Brown, worked frantically with their staffs during the
next few days to compose a technical response, which they filed on Septem-
ber 6. It was only a paper study, but in a few weeks they had developed the
essence of the system that was eventually adopted.

B THE COLOR HEARING

The Commission

The FCC hearing began, as scheduled, on September 26, 1949, in the
Interstate Commerce Commission auditorium. As is often the case in our
nation’s capital, the grandeur of the surroundings contrasted with the

3 Letter: FCC to RCA, August 29, 1949.
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THE DOT SEQUENTIAL COLOR SYSTEM
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This drawing shows the principle of the dot sequential system. Red, green,
and blue color signals are produced continuously and simultaneously. These
signals are then sampled in sequence at a rapid rate, nominally 3.6 MHz. The
output of the sampling process is a series of pulses, each having an amplitude
proportional to the amplitude of the corresponding color signal at that point in
the picture. This signal produces a series of tiny (approximately 0.03 inch wide)
colored dots on a tricolor kinescope. These are perceived by the eye as a single
color with a hue determined by the relative amplitude of the red, green, and blue
pulses at that point.

mediocrity of those in positions of authority. The average competence of the
commissioners who convened to decide this matter was probably not the
lowest in the history of that body, but it was far from being the highest.
George Brown, who became RCA'’s principal technical witness, described
its members this way:

Wayne Coy, the Chairman, had come from the Washington Post newspaper
organization. He was reasonably intelligent, very opinionated, heavily biased
in favor of CBS, antagonistic to industry, and short tempered. At times, a
sense of humor showed through his shell of importance.

Paul Walker was oldest by birthdays and in service on the Commission. He
was recognized as an expert on regulatory matters concerning telephone and
telegraph companies and had shown little interest in television matters. He
was remarkable for his common sense.

Rosel Hyde was a quiet gentleman who seemed always well informed and
capable. He had come through the ranks of the FCC staff to his position as
commissioner and stayed on as political parties changed by the simple expedi-
ent of declaring himself neither a Republican nor a Democrat but simply as an
independent.

George Sterling had been the Chief Engineer of the FCC before his appoint-
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ment as a commissioner and was well known in amateur radio circles as the
author of a handbook for radio amateurs.

E.M. Webster had a naval career behind him. He was a sound unflappable
person who never had much to say.

Robert Jones, a lawyer, was loud and bumptious and less than bright. He
was prone to asking stupid questions and not listening to answers that were
not to his liking.

Frieda Hennock, another lawyer, was quite conscious that she was in the
vanguard of the women’s liberation movement, given to screaming at wit-
nesses, not listening very well and completely at a loss as to how to deal with
technical matters.

The Chief Counsel of the Commission was Harry Plotkin, an affable person
with his feet on the ground whose intelligence and good sense exceeded that
of the commissioners, individually or collectively. He never showed bias
toward or against any witness or position.*

On the whole, these are accurate descriptions, although they came from
a less than objective source. Brown could have added that Commissioners
Jones and Hennock, as well as Coy and the chief of the FCC Laboratory
Division, E.W. Chapin, were all biased in favor of CBS. RCA was playing
against a loaded deck.

The Contestants

Three companies—CBS, RCA, and a small entrepreneurial company
from San Francisco, Color Television Incorporated (CTI)—filed descrip-
tions of proposed color television systems prior to the commission’s August
25, 1949, deadline. CBS and RCA, of course, proposed the field sequential
and dot sequential systems. CTI proposed a compatible system in which the
red, green, and blue color components were transmitted in sequence on
successive lines. Hence it became known as the line sequential system.

The CTI system had fundamental weaknesses that were so detrimental
that it never received serious consideration. The commission was required
to give it its day in court, but as a practical matter, the only contenders were
CBS and RCA .3 These two entered the hearing with different objectives and
complementary strengths and weaknesses.

4 Brown, and part of which I was.

$ My consulting firm, Mclntosh & Inglis, was retained by CTI for the limited purpose of
assisting in the preparation of its technical testimony. This gave me a ringside seat at the
hearing. As the hearing progressed, it became apparent to both McIntosh and me that the CTI
system was fundamentally flawed. Althougha technical evaluation of the system was beyond
the scope of our assignment, McIntosh decided to advise the financial supports of CTI of our
views. They had no technical background and were relying on the self-serving advice of the
system’s promoters and CTI’s legal and patent counsel. The latter, all of whom were collecting
very substantial salaries or fees, were outraged by Mclntosh’s action, and our retainer was
canceled immediately. CTI pressed its case for a time, but it eventually faded from the contest.
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The compatibility problem made expeditious approval of the field se-
quential system even more critical to CBS than in 1946. There were four
million monochrome receivers in use at the end of 1949, and this increased
to eleven million at the end of 1950. It was CBS’s last chance, and its
management urged the commission not only to make a favorable decision
but also to make it quickly.

In addition to the advantages of a sympathetic FCC and its role as an
underdog, CBS entered the hearing with the enormous advantage of a
system that was the culmination of more than ten years of engineering
development. Although its potential was limited and it suffered the near-
fatal disadvantage of incompatibility, the field sequential system had been
perfected to the point where it could be demonstrated very effectively under
controlled conditions, particularly under the direction of Peter Goldmark.

RCA was well aware of the advantages of the CBS system. It had built a
number of field sequential cameras under contract to CBS, including some
of those used in the CBS demonstrations. A special closed-circuit model was
built under license from CBS and installed in a satellite built by RCA for
weather observation.

RCA had been caught napping by the sudden introduction of color
standards as an issue during the freeze, and its system was not completely
developed, even on paper. Realistically, RCA could not expect FCC ap-
proval until the performance and compatibility of its system was demon-
strated. RCA’s objective, therefore, was to buy time by blocking approval of
the CBS system. To do so, it had to persuade the Commission that its system
had sufficient potential to be worth waiting for.

Offsetting CBS’s advantage of a well-developed system was the limita-
tion of its technical resources. While this is not inevitably fatal (as Ampex
was to demonstrate later with its invention of the first practical videotape
recorder), it was a serious handicap. Its effect was exacerbated by the almost
complete lack of industry support. Motivated by a sincere belief that the
CBS system was impractical, nearly all manufacturers opposed it. This
enhanced CBS's stature as an underdog and may actually have helped its
case with the FCC, but it deprived CBS of the badly needed technical
assistance of the remainder of the industry.

RCA’s strengths and weaknesses were the reverse of CBS’s. At the
beginning of the hearing, its system barely existed on paper. A key com-
ponent in the system, the tricolor tube, had not even been invented. Many
months were to elapse before RCA could put together a satisfactory demon-
stration. In addition, RCA confirmed the Commission’s perception of it as a
powerful and arrogant monopoly by its deportment at the hearing.

The RCA system did have the crucial advantage of compatibility. Sar-
noff’s dedication to the success of the RCA system also was a plus, as it
meant that the company’s vast television technical resources were dedi-
cated to the color system’s development. Brilliantly led by Elmer Engstrom
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and George Brown, RCA’s engineers and scientists performed miracles
during the succeeding months.

Adversity makes strange bedfellows, and RCA’s competitors, who hated
RCA and Sarnoff with a passion, found themselves working on improve-
ments and enhancements to the RCA system. Some of these were incorpo-
rated in the NTSC system that was ultimately approved by the FCC.

The Contestants’ Leadership

As RCA and CBS mounted all-out corporate efforts at the hearing, they
operated under command structures not unlike those of an army at war. At
the top were the commanders-in-chief—David Sarnoff for RCA and
William S. Paley for CBS. Next were the theater commanders—RCA’s
executive vice president, Elmer Engstrom, and CBS's president, Frank
Stanton. Finally, there were the field commanders—George H. Brown for
RCA and Peter Goldmark for CBS—the executives who led their troops
to battle on the front lines.

Most of the RCA and CBS executives were old rivals, and they had been
in competition for many years. Never, however, had they confronted each
other as directly and publicly as in the color hearing.

Sarnoff and Paley Sarnoff s early years, his rise in the Marconi organi-
zation, his function in the founding and growth of RCA, his faith in new
technologies, and his pioneering role in the development of radio and
television broadcasting have been described in previous chapters. The de-
velopment of color television was the crown jewel of his career. He had
unbounded faith in the ability of RCA engineers and scientists to deliver
new inventions on demand. During the color hearing, he made confident
predictions of important future breakthroughs. When asked how he could
be so sure his engineers would achieve them, he responded, not face-
tiously, “Because I told them to.”

He had equal faith in the ultimate commercial success of color television,
even during the ten dark years that followed the FCC approval of the NTSC
system. He set his sights on a long-range goal that he pursued doggedly and
vigorously in spite of its adverse effect on short-range profits. (Itis doubtful
that he could have followed this course in the 1980s era of corporate take-
overs).

His belief in color was rewarded in 1964 when color television finally
took off in the marketplace with astonishing speed. Once more he had con-
founded the doubters, and RCA began an era of unprecedented prosperity

¢ FCC hearing transcript, May 3 and 4, 1950.
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(although it was unfortunately dimmed by the company’s mounting losses
from its ill-fated effort to enter the computer business). Color television was
his last great success, and he enjoyed it fully.

Paley’s extraordinary skills as a broadcaster, as well as his weaknesses in
technical matters, were described in Chapter 2. The consequences of these
weaknesses were soon to come to the forefront.

Elmer Engstrom and George Brown In the color wars, Elmer
Engstrom (Figure 5-1) was RCA’s Omar Bradley. Like Bradley, he was
a solid professional and a strong leader who was highly respected by his
peers and subordinates. Also like Bradley, his personality was sober and
dignified. He was RCA’s senior technical executive at the time of the color
hearing, and the performance of RCA’s technical community under his
leadership in developing a totally new color television system in less than a
year was truly extraordinary.

After graduating from the University of Minnesota in 1923 with a degree

Courtesy RCA Corporation.

B Figure 5-1 Elmer Engstrom.
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in electrical engineering, Engstrom joined the radio department of GE. He
transferred with the department to RCA in 1930, and he remained there
for the remainder of his career. His electrical engineering degree was the ex-
tent of his formal education, although he was often addressed as “Dr.
Engstrom”” in his later years.

Engstrom rose steadily in RCA’s engineering hierarchy, and during the
1930s he became active in television research, bringing to it the then unique
concept of systems engineering. In 1942, he was made head of RCA Labora-
tories, and it was in this role that he made the contributions to color
television technology described in this chapter. In 1955, he became a senior
executive vice president with overall staff responsibility for all of RCA’s
scientific and engineering programs. He enjoyed the full confidence of
David Sarnoff, which, coupled with his technical and administrative tal-
ents, made him extremely effective in this role.

In 1961, he succeeded John Burns as RCA’s president. Burns’s misman-
agement had made a shambles of much of the company, and Engstrom’s
straightforward and logical style was effective in restoring order. He also
was lucky. The breakthrough in the color marketplace occurred in 1964, and
this led to several years of great prosperity. Engstrom did not receive full
credit from the outside world for his performance as president. Robert
Sarnoff was hovering in the wings waiting to succeed his father as chief
executive officer (CEO) and was expected to bring in his own top manage-
ment team. As a result, Engstrom was often described as an interim presi-
dent. This description does not do justice to his solid accomplishments.

Although Engstrom’s personality was generally serious, he was not
without a sense of humor. He was an aggressive teetotaler, and for many
years the consumption of alcohol was sternly forbidden at the annual RCA
Laboratories banquet honoring employees with twenty-five years or more
of service. The guests expected this, and it was their practice to hold private
cocktail parties prior to the banquet so that they could be properly fortified
for a dry evening. Upon the urging of his staff, Engstrom finally relented
and approved the serving of cocktails at the banquet. Unfortunately, not all
of the guests were informed, and many of the customary prebanquet parties
were held as usual. The banquet became pretty boisterous, and the wife of
one of the distinguished scientists, well into her cups, swooped up to
Engstrom, put her arms around him, gave him a resounding kiss, and said,
“Is it all right if I call you Shorty?”” (Only Engstrom’s close friends called him
this.) The crowd fell silent, but Engstrom handled the situation with humor
and dignity. He disengaged himself from her clutches, made an admiring
remark about her gown, and escorted her to her embarrassed husband with
a light comment.”

7 This incident was related to me by George Brown, who observed it.
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If Engstrom was RCA’s Omar Bradley, Brown (Figure 5-2) was its
George Patton. Like Patton, he was a brilliant practitioner of his profession.
He had the ability to motivate and inspire his subordinates. Also like
Patton, his uninhibited expression of his views—which often included a
low opinion of RCA’s top management, FCC commissioners, and others in
positions of authority—sometimes got him in trouble. During the color
hearings, Engstrom gave him the dual assignment of supervising the RCA’s
color research and appearing before the commission as RCA’s chief techni-
cal witness. His performance at RCA Laboratories was superb. As a wit-
ness, his technical expertise was most impressive, but his effectiveness was
diminished by his lack of respect for some of the commissioners.

Brown received a Ph.D. in electrical engineering from the University of
Wisconsin in 1933. He had become interested in radio as a boy, and this
interest continued throughout his college career. His doctoral thesis was on

Courtesy RCA Corporation.

B Figure 5-2 George H. Brown.
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the subject of radio broadcast antennas. After receiving his degree, he
joined RCA'’s research department, and except for a brief hiatus in 1937
when he became an independent consultant in partnership with Paul
Godley, he remained with RCA for the remainder of his career.

Brown'’s outstanding accomplishment during the prewar years, the in-
vestigation leading to the publication of his authoritative paper on direc-
tional antennas in 1936, was described in a Chapter 2. From 1937 to 1939,
Brown worked on a number of television projects, including a custom-built
antenna for CBS on the Chrysler Building in New York, the development of
the turnstile antenna, and the construction of a vestigial sideband filter for
television transmitters.

From 1939 through the war years, his efforts were diverted from televi-
sion to radio heating, and his small group worked on an amazing variety of
applications, from hardening engine blocks to pasteurizing milk. Perhaps
his most important radio-heating experiments were directed toward drying
penicillin as part of the production process.

Soon after the war, he returned to television. In 1949, he headed a group
that developed and field-tested the offset carrier concept (described in
Chapter 4), which permits two television stations to operate on the same
channel with reduced mileage separation. As director of the RCA systems
laboratory, he was directly in charge of RCA’s color television research
during the color hearing.

Brown'’s brilliant work in color television was the high point of his career.
Never constrained by false modesty, he described himself as the man “who
is . . . acknowledged by many to be the architect of the [color television]
system in use today throughout the world.”® Color television did not have a
single architect, but Brown was surely among the leaders. Brown was
eventually rewarded for his performance by being promoted to executive
vice president and elected to the RCA board of directors in 1965.

After Robert Sarnoff became president in 1966, Brown’s relationship with
him and his chief of staff, Chase Morsey, became steadily more acerbic.
Finally, in 1972, he resigned as a member of the board and corporate officer,
whereupon ““within a few months my systolic pressure returned to the low
value which I had enjoyed during the Engstrom presidency.””® He retired in
1973.

Brown'’s personal reputation was controversial as the result of his Patton-
like tongue. He was a skilled raconteur, but his stories suffered from a
tendency to be variations on a single theme—the follies of other members of
the human race. He made no effort to disguise his contempt for those whom
he judged to be his intellectual inferiors, particularly those in high places.

8 Brown, and part of which | was.
? Ibid.
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His professional reputation, however, was undiminished by his personal
foibles. He received numerous honors during his career, both in the United
States and abroad, and he is universally recognized as one of the greats of
television technology.

Frank Stanton and Peter Goldmark Frank Stanton received a Ph.D. in
psychology from Ohio State University in 1935. His doctoral thesis was on
the subject of radio audiences’ preferences and tastes, and he was brought
into CBS by its president, Paul Kesten, to direct its research activities in this
area. Stanton quickly displayed broader capabilities, and in 1942 Kesten
urged Paley to appoint Stanton as Kesten’s successor because of his failing
health. Paley wrote, "[Kesten] described Stanton in glowing terms: ‘. . .
capable, conscientious, hard-working, energetic; a man of integrity and
good taste.” Paul and [ agreed that he seemed to have all the qualifications
the job of president required.”!® After Paley went off to war, Kesten pro-
moted Stanton to positions of increasing responsibility. When Paley re-
turned in 1946, he appointed Stanton president and chief operating officer
as Kesten’s health problems became critical.

This was the beginning of a remarkable one-on-one management rela-
tionship that lasted for twenty-seven years until Stanton’s retirement in
1973. A one-on-one organizational structure requires a special relationship
between the two individuals, and it often breaks down because of their
inability to work together harmoniously. It was particularly difficult with
Paley, who was a demanding boss. After Stanton’s retirement, the presi-
dent’s office was occupied by a succession of executives, none of whom
satisfied Paley. The Paley-Stanton team, however, was extraordinarily suc-
cessful, and it guided the CBS network to leadership in both radio and
television.

One reason for their success was the amicable division of responsibility.
Paley devoted most of his attention to the critical function of programming,
where his judgments were without peer. Stanton concentrated on the other
business functions, including day-to-day operations, affiliate relations, and
government relations. He was an extremely effective executive in all these
areas. His appearances before congressional and FCC committees were
marked by careful preparation and a firm but dignified and respectful
demeanor. He became the principal spokesman in Washington for CBS—
and often for the entire industry—and he was able to accomplish this
without offending Paley’s ego.

Stanton’s weakness, like Paley’s, was his lack of a technical background
or an intuitive understanding of technology. This made him an easy victim
of Goldmark’s salesmanship. Goldmark often persuaded Stanton to sell his
ideas to Paley, and this led to a number of costly mistakes.

' william S. Paley, As It Happened (Garden City, N.Y.: Doubleday, 1979).
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Stanton was not anxious to retire, but Paley insisted that he follow the
corporate policy of retirement at age sixty-five. Paley made an exception to
this policy only for himself. Stanton retired in 1973 on his sixty-fifth
birthday.

Peter Goldmark’s autobiography includes a self-appraisal that is un-
usually objective and generally accurate:

As I look back, I think my contributions were, somewhat ironically, not so
much in the invention itself or in innovation (a word I would prefer because it
means putting an invention to work), but in its gadfly impact on industry. The
development of the long-playing record impelled the recording industry in-
cluding RCA, the giant of the communications business, to change for the
better its historic pattern of record production. My work in color television
resulted, I think, in bringing color to the public a decade faster than it might
otherwise have come, though not exactly in the form I intended. Finally,
electronic-video recording [EVR], though it ended up without the auspices of
CBS, fired up the video-cassette business into the potential multimillion-dollar
industry whose fruits we are beginning to enjoy today."!

Goldmark'’s analysis of the effect of his work on the recording industry
and on color television is correct, but his appraisal of the impact of EVR on
the videocassette industry is an exaggeration. Much of the subsequent
success of magnetic tape videocassette recorders resulted from their ability
to make home recordings. EVR, which used film as its recording medium,
did not have this capability. Like the videodisk that came later and shared
this weakness, it was a commercial failure.

This appraisal also fails to describe the enormous cost of his color and
EVR programs to CBS. His role as a gadfly did not come cheaply.

Goldmark was born in Budapest, Hungary, where his father was a
prosperous businessman. He was brought up in an upper-middle-class
home with a heritage of culture (he was the grandnephew of the composer
Karl Goldmark). His family moved to Vienna after World War I because of
the unsettled political conditions in Hungary. Denied admission to the
Vienna Technical College because its quota of Hungarians was filled,
he went to Germany. He first attended the Technische Hochschule in
Charlottenberg and then the Physical Institute in Berlin, where he received
a Ph.D. in physics.

He became interested in television while still in school, and he carried out
experiments with the Nipkow disk system during the 1920s. As a result of
this experience, he was hired by the British manufacturer Pye to establish a
television department in 1932. This job did not last long because Pye, under
economic pressure from the depression, closed the department. Out of a

" Goldmark, Maverick Inventor.
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job, he decided to go to the United States, where most of the television
action was. He applied for a position at many companies, including RCA,
but was turned down at all of them. (Twenty years later, Sarnoff only half
jokingly told Paley that both companies could have saved a lot of money if
RCA had hired Goldmark.) Finally, on January 1, 1936, through contacts
arranged by H.V. Kaltenborn, the CBS correspondent in Vienna, he was
hired by Paul Kesten, CBS’s president, to carry out research in television.

He became dissatisfied with black-and-white television after seeing the
movie Gone with the Wind in color, and he persuaded Kesten that CBS (and
the television industry) should skip monochrome and proceed immediately
to color. As described earlier, this advice was economically disastrous, but
he persisted and continued to receive the support of CBS’s top management
until its field sequential system was approved by the FCC.

Goldmark was a prolific innovator, and his CBS activities were not lim-
ited to color television. In 1945, he began the development of the long-
playing record, which eventually won out over RCA’s 45-rpm player. This
was the only one of Goldmark’s major programs that led to a commercial
success. After the field sequential system finally lost the color television
battle, he developed the unsuccessful EVR recording system.

Goldmark also persuaded CBS to purchase the Hytron Radio and Elec-
tronics Corporation, a manufacturer of tubes, transistors, and receivers, in
1951. He was probably sincere in his belief that this was good business for
CBS, but there was also a self-serving motive. By putting CBS in the manu-
facturing business, the importance of its technical research was greatly
enhanced, and Goldmark constantly pressed for the establishment of a
major central research facility that would rival RCA’s and that he would
lead.

The Hytron venture was a costly failure for CBS. Goldmark and Paley
gave quite different reasons for the failure in their memoirs. Goldmark
attributed it to bad strategic decisions at the highest levels of the company,
particularly by Paley. Paley attributed it to poor management at the operat-
ing level, including the inability of the company’s engineering department
to design a high-quality set. Goldmark had assured Paley that Hytron had a
first-rate engineering department, but it did not. Paley called Goldmark on
this years later, and he reported the following dialogue:

“Well, Peter, I think you misled us, you know, about their [Hytron] engineers
and the quality of them because after we bought the company, it seemed to me
they had a second rate engineering department.” And what was his answer?

“Well, Mr. Paley, I was interested in color and I wanted to do everything I
possibly could to keep us in the race.” The answer was incredible to me, but
not as incredible as it had been trying to run that company.?

2 Paley, As it happened.
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Much to Paley’s relief, Goldmark reached retirement age in 1972. He
founded his own company, the Goldmark Communications Company,
which he later sold to Warner Communications. He was killed in an auto-
mobile accident in 1976.

As a person, Goldmark was warm and friendly. He was a talented
amateur musician and frequently played the cello in first-rate chamber
groups. He spoke English fluently but with enough accent to sound de-
lightfully foreign. He courted the approval of the academic establishment,
and the announcement of every one of his new products or systems in-
cluded an optimistic forecast of its role in education.

He was a talented engineer, and he was able to recruit and lead a small
group of engineers of outstanding ability. His greatest ability, however, was
selling technical ideas to nontechnical executives and government officials.
He was a master showman, and his demonstrations of audio and television
systems were meticulously staged to emphasize their strengths and hide
their weaknesses. Unfortunately, this talent was also a weakness. It was so
great that he could and did sell bad ideas, not only to others but also to
himself.

There was one blind spot in his personality: a hatred for RCA that
bordered on paranoia. George Brown’s memoir includes an appraisal of
Goldmark that, on the whole, is favorable. Goldmark does not even men-
tion Brown (or any other RCA engineer except Zworykin) in his. Like Edwin
Armstrong, he sometimes seemed to be motivated more by a desire to beat
RCA than by sound judgment as to what would be best for CBS.

Notwithstanding his foibles and failings, Goldmark had an enormous
influence on the development of television technology. He was a most
effective gadfly, and the industry benefited greatly from his efforts.
He deserves to be numbered among a very select group of its technical
leaders.

The Hearing—Round One

A week before the hearing convened, the FCC published an astonish-
ingly unrealistic schedule for the proceedings. The first day was to be
devoted to organizational matters and testimony from industry repre-
sentatives other than the contestants. One day was allotted to each of the
three system proponents; this was to include both direct testimony
and cross-examination. If this schedule had been followed, the oral
portion of the hearing would have been completed in one week. The
reality was quite different. Industry witnesses were still on the stand at
the end of the first week, and the testimony of the contestants took many
months.
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The Initial Industry Testimony The RCA and other industry witnesses
had the difficult and unenviable task of convincing the Commission of two
negatives and a leap of faith:

1. The CBS system should never be adopted because of its incompati-
bility and inherent limitations.

2. The Commission should not set any standards at the time but
should specify system requirements that would be necessary for
approval, including compatibility.

3. The development of a satisfactory compatible color system was
only a matter of time.

To make matters more difficult for the industry, its motives were suspect
because defeat of the CBS system was in its immediate self-interest.

Persuading the FCC to follow these recommendations, given its pre-
disposition in favor of CBS, would have required a superb presentation of
an excellent and well-prepared case. Unfortunately, the industry stumbled
badly on both counts.

The testimony of its various representatives ranged from unctuous gen-
eralities and pontifications to feisty prono<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>