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DID YOU KNOW . ..

— that portable radios were first envisioned in 1890 science fiction?
— that the first “boom boxes” were made in the 1920s?

— that personal portables first appeared in the 1940s?
— that the first transistor radio was manufactured in Indianapolis, not Tokyo?

In this fascinating history of the portable radio, Michael Schiffer shows how
this invention is as American as apple pie. Along the way, he tells how tech-
nology has responded to consumer preference, how corporate “cryptohistory”
has made us believe the Japanese invented the radio. and how the spread of the
portable radio mirrors that of other technologies. More than four hundred
photographs make this book both a definitive resource and a delightful browse.

“Schiffer has melded the hobbyist and archaealogist. . . . As a work of social his-

tory, The Portable Radio in Arerican Life is eminently worthwhile.”
USA Today
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PREFACE

THIS HISTORY OF THE PORTABLE RADIO IS A WORK OF
archaeology. Archaeologists study the leavings of ancient societies, from
the richly appointed tombs of the Pharaohs to millions of cooking pot
fragments. Mostly they deal with the latter, the common, unglamorous
items of everyday existence. The portable radio in its many modern
forms—boom box, Walkman, and so forth—is such an object. A neces-
sity of life for many, portable radios are ubiquitous. Scarcely a subject for
philosophic or aesthetic contemplation, its historical roots obscure, the
portable radio is perfect for archaeological inquiry. When archaeologists
write the history of an ancient thing, they seek to understand the
contexts—technological, social, even ideological—in which that object
developed over time. Thus, the common cooking pot or spear point be-
comes a window into the changing lifeway of a dead society.

The portable radio as surely reflects changes that took place in Ameri-
can society during this century. The Americas of the roaring twenties and
the Depression are as dead as Rome of the Caesars. The portable radio,
then, placed into those past contexts, can serve as an introduction, an
opening wedge, into our own ancient lifeways. Because no item develops
in isolation, the history of evervday objects is a history of the life of a
people.

The archaeological approach to recent American history promises to
illuminate connections that might not otherwise be suspected. For exam-
ple, the emergence of the portable radio in 1939, in essentially its mod-
ern form, did not result from a technological breakthrough, but from a
constellation of interconnected social and technological factors.

In addition to academics, I hope this book will appeal to those people
who are ultimately responsible for its subject matter: ordinary Americans
with a curiosity about how the world around them came to be.

A book of this sort could not have been completed without the con-
tributions of many people, companies, and institutions; they deserve
more thanks than I can provide here.



Xvi PREFACE

For furnishing information about radios, electronic history, and
the electronics business, or helping me obtain the radios themselves, I
am indebted to Bill Burkett, Ed Dervishian, Julius Dorfman, Francis
Dukat, Roger Handy, Jack Hofeld, Matthew S. Householder, Robert E.
Lozier, Randall King, Serge Krauss, Lloyd P. Morris, Phyllis Morse,
Forrest Pearce, Ed and Irene Ripley, Earl Russell, Jack Saddler, Louie
Schiffer, Ross Smith, Jerry Talbott, Edmund E. Taylor, Theodore Wick-
strom, Michael F. Wolff, and Walter Worth; spectal thanks to Dave and
Juanita Vaughn, Alan S. Douglas, and Harald Herp. Alan S. Douglas,
who has an encyclopedic command of early radio history (and a library
to match), has been extremely generous in sharing his knowledge with
me. Several companies allowed me to rummage through their files, inter-
view persons, or supplied information. I am grateful to John Taylor, John
Pederson, and Carl Eilers of Zenith; Robert Galvin and Sharon Darling
of Motorola; Ken and Ed Housman of Automatic Radio; Judy Anderson
and Damon Davis of Howard W. Sams and Co.; O. Cooper Prude and
Richard D. Hershey of Philips Consumer Electronics; and William Ken-
dall of Arvin. The information I obtained while at Zenith was particu-
larly important.

Greg McClure convinced me that a trip to Nebraska to study the
remains of Western Manufacturing would be fruitful. I thank members
of the Beshore family—Betty, Larry, Thomas, and Edward—for granting
me an interview under trying circumstances. Maurice Sievers supplied
information about crystal sets and commented on part of Chapter 11.

Information about subminiature tubes and their use in the first pocket
radio, the Belmont Boulevard, was graciously supplied in several inter-
views by Norman B. Krim. Paul Carter and Kenneth M. Roemer sug-
gested sources on portable radios in fiction. Masakazu Tani kindly trans-
lated some materials from the Japanese.

The following individuals read and commented on drafts of the book:
Walt Allen, Hugh G. J. Aitken, Chuck Bollong, Alan S. Douglas,
Christian E. Downum, Richard A. Gould, James Greenberg, Josiah Hey-
man, W. David Kingery, Norman B. Krim, George V. Leve, Randall H.
McGuire, William L. Rathje, Annette Schiffer, Frances-Fera Schiffer,
Louie Schiffer, Elliot Sivowitch, James M. Skibo, Masakazu Tani, Ed-
mund E. Taylor, and Dave Vaughn. I thank them all for helpful sugges-
tions, perceptive comments, corrections, and—above all—encourage-
ment. Elliot Sivowitch patiently poured over the final draft and spared
me from making sundry technical and historical gaffs. James M. Skibo
not only worked over the first two drafts, but he also served as a sound-
ing board for many of the ideas that strive to integrate technological and
social processes. W. David Kingery gently urged me to set my sights high
and dropped a few crucial hints on how to do the job better. Hugh G. J.
Aitken’s encouragement also meant a lot to me. Susan Douglas’s Inven:-
ing American Broadcasting, which I read after completing the first draft,
helped me to refine and extend a number of ideas and has obviously
influenced Chapter 4. I thank all of these people for their significant
contributions to this work.
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Several institutions furnished funds that allowed me to visit libraries
and archives and conduct interviews, for which I am grateful: Raytheon
(former president, R. Gene Shelley) and, at the University of Arizona:
Dean of Social and Behavioral Sciences, Lee Sigelman; the Department
of Anthropology, William A. Longacre, Head; the Laboratory of Tradi-
tional Technology; and the Social and Behavioral Sciences Research In-
stitute {(Richard Curtis, Director).

Off-campus archival and library research was carried out at the Crerar
Library, University of Chicago; New York State Library, Albany; Library
of Congress; Zenith Electronics, Glenview, Illinois; the Charles River
Museum of Industry, Waltham, Massachusetts; and the Archives Center,
National Museum of American History, Smithsonian Institution. In
every place I encountered friendly people who gave efficient and cour-
teous service. I am especially grateful to Robert Harding, Director of the
Archives Center, for his guidance in dealing with the Clark collection.
Elliot N. Sivowitch, also of the National Museum of American History,
showed me around the electronic collections and answered many ques-
tions. The staff of the University of Arizona libraries also facilitated my
research. Although I did not visit Columbia University’s Armstrong Me-
morial Research Foundation, the latter institution supplied useful
information.

I am especially grateful to W. David Kingery and his Program on Cul-
ture, Science and Technology at the University of Arizona for a generous
subvention to support publication of this book, the first in a new series,
Culture and Technology.

Doris Sample, the Department of Anthropology’s word-processor op-
erator, has again done a spectacular job through three drafts of this
book. J. Jefferson Reid kindly allowed me to store many radios on his
shelves in the joint-use area between our offices.

The University of Arizona Press did an exemplary job in making this
book; I especially thank Pat Shelton, Omega Clay, Gregory McNamee,
and Stephen Cox.

Jeremy A. Schiffer and Adam J. Schiffer, my sons, cleaned many radios
in preparation for photography, and Jeremy also assisted me with
photography.

In July of 1988, while driving to San Diego on our family vacation, 1
dictated some notes to my wife, Annette. We discussed these ideas, to
which she made many contributions, and they served to orient the re-
search I undertook for the present book. When I began thinking
seriously about proceeding with this project, Annette gave me strong
encouragement, and her support has been unwavering despite the ever-
growing collection of portable radios that has filled every available space
in our home. Thank you, Annette, wife, companion, and best friend.
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The Origin of Everyday Things

THE REFERENCE LIBRARIAN—A BRIGHT, BESPECTACLED
man of about thirty—snickered in disbelief when I asked him how to
look up the number of portable radios sold in 1939 and 1940. “There
were no portable radios then,” he snapped with authority, and added,
“That was before the transistor.”

Though plausible, the view that the portable radio’s history is short is
wrong. The real history of the portable radio, as a technological and
commercial success, begins a half century ago, in 1939, long before the
transistor had an impact on home entertainment. But, as we shall soon
see, portables were manufactured much earlier. In fact, radios called by
their makers and users “portable” were sold in every decade of the twen-
tieth century. The portable radio appears even earlier in American life—
as an idea in science fiction in 1890. In addition, the first completely
portable radio small enough to fit in a shirt pocket contained not transis-
tors but tiny tubes!

In America, the origin of everyday things is obscure. Few of us could
answer questions about the products that surround us: the electric range,
refrigerator, dishwasher, ceiling fan, television—even eyeglasses. If asked
where any of these items came from, we would likely answer, not entirely
in jest, “probably Japan.” If pressed, we might remember when and un-
der what circumstances each item was acquired. Thus, their history
quickly becomes a microhistory, a personal history, that we recount in
relation to events in our own lives: the refrigerator we bought in 1973
after our first child was born; the ceiling fan that came along with the
new home, which was bought in 1979 after a big promotion; and so on.

Corporations, too, create a kind of product history—cryptohistory—
that is very individualized and serves their present-day needs. Into that
vast void of past time, corporations place their own accomplishments,
real and imagined, to bolster their image in the eyes of consumers, em-
ployees, and investors. In advertisements, a company implies that it de-
serves a favored place in the consumer’s heart because it has long been an
innovator or was first with a product important today. Corporations also
use cryptohistory in employee newsletters to rally the troops, thereby
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instilling pride in the company whose people for decades have made it an
enlightened servant of consumer interests. Cryptohistory appears in the
corporate annual report, which proclaims that a company is on the cut-
ting edge of technology today, as it has been in the past. These statements
are intended to make stockholders feel secure and to attract new ones. At
its best, cryptohistory is misleading.

Unfortunately, corporate cryptohistory has a way of insinuating itself
into articles and books that masquerade as real history. Uncritical au-
thors and journalists accept corporate claims at face value, passing them
along to readers who cannot judge their validity. For example, one histor-
ical “truth” reiterated in the media and popular literature is that sony
developed the shirt-pocket radio. In another example, Business Week in
a recent (January 1990) article about Texas Instruments matter-of-factly
asserted that “the semiconductor business was born in Dallas 30 years
ago.” Neither claim is correct. It is understandable that companies
would carefully cultivate such bits of cryptohistory and disseminate them
far and wide; it is less easy to understand why journalists and writers
accept and repeat them without question.

Cryptohistory, then, is one weapon in the corporate struggle for the
hearts and minds—and money—of consumers and investors. Indeed,
some scholars believe that we are poised on the threshold of a new era in
history, when multinational corporations become more important in
world affairs (and daily life) than nation-states. Cryptohistory plays a role
in transferring our allegiances—in the workplace and marketplace—
from country to corporation.

Today, new products appear in stores and in the homes of friends and
relatives, as if by magic. As recently as the early 1960s, most of these
things were actually made in the United States. Americans of that time
may not have known how or why these products were developed, or even
how they worked, but at least the manufacturing process was not myste-
rious. After all, many people worked in factories or had acquaintances
who did. In the 1990s, the manufacture of ever more household products
is moving abroad, and our collective ignorance deepens. During the
1950s, about half the U.S. work force was engaged in manufacturing;
today it is around 20 percent. Assembly of radios used to employ tens of
thousands of Americans; now no home radios are made in this country.
However, some televisions are still put together in the United States, but
brand names are not a good guide. For example, soNy televisions may be
made in Japan, Taiwan, or San Diego; similarly, Zenith Tvs are assembled
in Chicago, Mexico, and Taiwan. Not only are rca, Philco, and
Magnavox sets all made abroad, but none of these brands is U.S.-
owned. The familiar things that so intimately affect our lives have be-
come, in the last few decades, complete strangers.

How did this state of affairs arise? How could American companies,
once the envy of the world in consumer electronics, have been almost
completely routed? Though complex, the reasons can be investigated. As
it happens, the first consumer electronic product to be swamped entirely
by foreign (Japanese) competition was the portable radio, in a process
that was well underway in the late 1950s. Thus, the portable radio is
significant for understanding how American manufacturers came to be
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disadvantaged in the American marketplace. By ferreting out the history
of the portable radio, we can see beyond the images created by cryp-
tohistory that serve the interests of multinational corporations. With an
understanding of what really happened in the past, informed
consumers—and citizens—can scrutinize the claims and counterclaims,
form independent opinions, and act accordingly.

There are several established genres of product history, each more or
less faithful to what really happened in the past, yet capturing only a
small part of that complex whole. One common approach is to tell the
story of the inventors and of the technological innovations that propelled
a product toward ever greater perfection. In this way the writers, often
people with technical training only, attribute product changes to tech-
nological “progress.” Products that obviously do ride on the leading
edge of technology, like the airplane, tend to be treated this way. Yet,
knowing that Wilbur and Orviile Wright were first to solve the problems
of controlled, powered flight does not help us to understand how and
why the airplane became an important product that affects peoples’ lives
daily.

A chronology of inventors and inventions obviously captures impor-
tant and often fascinating milestones in a product’s history, but is
woefully one-sided. Technology does not develop in a vacuum, respond-
ing only to its own internal logic and to the desires and fortunes of inven-
tors, scientists, and engineers. The decisions to push technology and to
apply it to specific products also have social and cultural dimensions.
Thus, another way to write a product history is to show how social pro-
cesses have set the agenda for technological progress. Such histories
mostly focus on the social elite (the “taste makers”), who, in their patron-
age of artisans, establish trends that sometimes “trickle down” to the rest
of society. Musical instruments, clothing, furniture, and fine art are prod-
ucts whose evolution is often treated in the context of “social history.” In
such accounts, which tend to be written by historians or art collectors,
technological changes tend not to be discussed, even when substantial.
Instead, the activities of “high society” are highlighted, and ordinary
people are ignored. Yet, the activities, tastes, and needs of ordinary
people—even children—also have significant impacts on technological
advance and product development.

In the chapters that follow, I forge a new approach to product history
that clarifies the interrelationships between technological development,
the tastes of high society, and the activities of ordinary people. This ap-
proach is not actually new, for it is used daily by archaeologists. In seek-
ing to understand the evolution of Maya temples, Hopi cooking pots, or
Neanderthal spears, archaeologists exploit as much of the surviving evi-
dence as possible, trying to illuminate the technological and social fac-
tors that each artifact reflects and embodies. And archaeologists are not
elitists; they excavate trash from huts as well as from palaces. Thus, it is
easy for archaeologists to appreciate that the daily activities of ordinary
people also spur and influence technological development. Because the
ancient inventors of long-dead societies cannot be known individually,
archaeologists examine large-scale patterns of innovation. They stress not
only how inventions arose but also how they came to be widely adopted.
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As an archaeologist myself, I am perhaps in a privileged position to try
out this new kind of product history. In effect, I will be applying an
archaeological approach (behavioral archaeology in particular) to ar-
tifacts in our own society. The history of the portable radio, then, is a
case study in the archaeology of us.

Of necessity, archaeology is a very object-oriented discipline, but it
aims at extracting as much information as possible about the people who
made and used those things found in the ground. Thus, archaeologists
are accustomed to asking all kinds of questions about the technology and
social processes behind each artifact. Doing the archaeology of a twen-
tieth century object, though, is somewhat different because we can learn
so much about American society and technology from historical sources.
In fact, there is too much information. The problem immediately be-
comes that of sifting through a vast number of magazines, technical jour-
nals, and social histories to ferret out connections between that changing
product and its technological and social contexts. In the process, one
comes to view changes in American society from the unique vantage
point of one of its products, which cannot help but be interesting. This
book, then, is the history of the United States, 1890-1965, as seen by the
portable radio. Perhaps only an archaeologist, equally at home in discus-
sions of technical detail and of social change, would be foolhardy enough
to tackle a product history holistically. But we really have no choice if
there is to be an alternative to personal histories, narrow technological
and social histories, and cryptohistories dished out by corporations.

The portable radio has a long and fascinating history, which can illus-
trate the general process of product development. The portable radio is
ubiquitous; most families have several. No matter where one goes, port-
able radios will be found—on the beach, in buses and malls, even in
libraries. Seemingly, one cannot escape boom box and Walkman. For
many Americans, the portable radio has become a constant companion,
perhaps part of their identity—at least a necessity. Because the portable
radio today is nearly as mundane as a pair of socks, few people have
thought about its history, its place in the lives of past Americans. It is the
perfect object, utterly taken for granted, that can illuminate the pro-
cesses by which our material world has come to be.

In the following pages we shall see that the portable radio is not the
inexorable result of progress in electronic technology. Rather, the form
that the portable radio has taken at different times is strongly influenced
by social and cultural forces. The portable radio, then, is as much a
product of as a product in American life.

The life of one American—Hugo Gernsback (1884-1967)—is tied
intimately to the portable radio and to the story that unfolds below. Ac-
cording to one authority, Gernsback “is rightly known as the Father of
American Science Fiction.” And, if anyone deserves to be known as the
father of the portable radio, it is Hugo Gernsback (Fig. 1.1). Most sur-
prising is that the halves of Hugo—his science fiction and his radio
work—are intertwined in interesting ways. Hugo Gernsback founded
numerous magazines that helped to recruit American children—nearly
all boys—into technical careers. In the first half of this century, when
technological enthusiasm was the indomitable spirit of the times, bright
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1.1 Hugo Gernsback. Gernsback Publica-

tions, Inc.

youngsters wete fascinated by the workings of mechanical and electrical
things. Turned on by visions of wondrous new products in Gernsback'’s
science and science fiction magazines, these technological zealots be-
came inventors, scientists, and engineers (and some even designed port-
able radios).

Today, more than half the students and faculty of American engineer-
ing schools are foreign nationals. Despite the immigration, an enormous
shortage of engineers is expected by the year 2000. American youth are
no longer attracted in large numbers to technical careers; the glitter is
gone. Inventiveness in the United States—though still strong—is not
what it once was. Not only is America’s share of new patents declining,
but our contribution of new consumer products to the world mar-
ketplace has shrunk steadily in the past few decades. The reasons for
these changes, illuminated by this study of the portable radio, contribute
to our understanding of America’s apparent industrial decline. Many
other changes took place during Hugo Gernsback’s lifetime, which hap-
pens to correspond almost perfectly with the period covered by this
book. In the better part of a century, the lives of Americans were trans-
formed beyond recognition, as occupations, homes and hobbies, and the
material things of everyday life all underwent dramatic changes. Once
mostly frugal farmers, we have become mostly profligate urban con-
sumers whose “needs” never end. Against that backdrop of incessant
and profound change, this book explores the evolution of the portable
radio.



Capturing Invisible Waves

IN THE WANING DAYS OF 1814, UNITED STATES TROOPS
under the command of Andrew Jackson defeated the British in the Battle
of New Orleans. Jackson was hailed as a hero (eventually becoming pres-
ident), though this battle had no effect on the course of the war. On
Christmas Eve, some days before, negotiators in Ghent—half a conti-
nent and one vast ocean away—had come to terms on a peace treaty. The
war was over, but on the battlefield young men were still fighting—and
dying. Tragedies like the Battle of New Orleans were commonplace be-
fore the advent of the telegraph, telephone, and radio, which provided
“real time” communication.

America in Andrew Jackson’s time—he was president from 1829 to
1837—was largely a land of farmers and small merchants. As late as 1850
only one-fifth of the population lived in towns larger than 2,500 people.
However, based on technology appropriated illegally from the British,
the industrial revolution had begun in the United States. In the North-
east, cities sprang up around the textile mills, the first driven by water
power, later ones by steam engine. Labor shortages, along with an abun-
dance of raw materials, spurred an inventive spirit unmatched in human
history. Americans, rural and urban, had an abiding faith that the ideals
of their new democracy could be realized through labor-saving inven-
tions, which would make food and manufactured goods plentiful and
accessible to all.

By 1850, when the United States had, through conquest and purchase,
extended its boundaries from the Atlantic to the Pacific, problems of
transportation and communication loomed large. Exploiting domestic
and foreign inventions (and often utilizing immigrant engineers and la-
borers), U.S. entrepreneurs responded with canals, railroads, steam-
ships, and the telegraph. These technologies permitted government con-
trol to extend gradually over the new territories, enabled manufacturers
to dispatch their goods to merchants they had never met, and hastened
the Americanization of disparate peoples. Taking advantage of these
transportation improvements, the postal service allowed Americans to
share their innermost thoughts with others across the continent.
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Communication, however, was far from reliable or rapid. A letter to
Tucson was as likely to be intercepted by bandits or Apaches as to reach
its destination; and the telegraph—based on Morse code—was hardly
suited for daily business or personal use. To send a telegram, one had to
visit a Western Union office, which was not always convenient.

The coming of the telephone, in the late 1870s, promised—and de-
cades later delivered—a communications revolution. For the first time,
supply and demand could be matched by business instantaneously. Both
telegraph and telephone, however, were tethered to poles and wires.
Though cables could be laid across oceans and lakes, the expense was
great and was recouped by high transmission fees. Over land, “long-
distance” meant hundreds, not yet thousands, of miles, until the early
twentieth century—and it was expensive. Nonetheless, the telegraph and
telephone contributed to (and reflected) the heightened pace of indus-
trialization that began in the last decades of the nineteenth century.

The new industries were unique in their dependence on technical
knowledge. Scientific disciplines like chemistry and physics were pre-
sented with challenging problems from industry and flourished as never
before; entirely new areas were opened to inquiry. A few scientists and
engineers even began to find work in corporations. Other people with
technical training, sometimes self-taught, became independent inven-
tors, from whose workshops and laboratories flowed a constant stream of
novel ideas and products. Thomas A. Edison was the best-known inde-
pendent inventor, but was hardly typical; his large laboratory was estab-
lished to be nothing less than an invention factory. Well-equipped and
well-staffed, Edison’s facility gave the world a succession of important
products, beginning in 1879 with America’s incandescent lamp—better
known as the light bulb.

Although limits to the expansion of telegraph and telephone service
were obvious by the 1880os—they could never encompass every remote
outpost or ships at sea—neither AT&T nor Western Union, the monop-
oly companies, invested much money in developing new technologies. To
extend the existing systems would require a true breakthrough—
wireless communication. The telephone company carried out research,
to be sure, but only that concerned with improving the existing art.
Thomas Edison did desultory work on “wireless” in the early 189g0s, but
it bore no fruit. For the origins of wireless, one must look elsewhere,
across the Atlantic.

In December of 1901 the Atlantic was for the first time spanned by a
wireless message at the speed of light—186,000 miles per second. In
Newfoundland Guglielmo Marconi had received the letter S in Morse
code from his transmitter in Poldhu, England. Although the Atlantic can
be crossed today with a shirt-pocket transceiver, Marconi’s apparatus
was somewhat less portable. In his marvelous book on early radio, Sy»-
tony and Spark, Hugh Aitken described the enormous transmitting an-
tenna Marconi erected at Poldhu: “A ring of 20 wooden masts, each 200
feet high, arranged in a circle 200 feet in diameter. From the tops of
these masts there was suspended a conical arrangement of wires gathered
together at the lower point in the shape of a funnel.” Though not surviv-
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ing the first major storm, this latter-day woodhenge and its replacements
established the feasibility of intercontinental wireless communication.

Wireless did not spring full blown from Marconi’s mind, fertile
though it was. Rather, Marconi was the first to improve upon and com-
mercialize discoveries made by some of the nineteenth century’s greatest
physicists. Marconi appreciated the problems of long-distance com-
munication that only wireless could solve, and he exploited physics for a
practical solution.

Wireless transmission (called “radio” after about 1915) depends upon
the existence of invisible electromagnetic waves, which were first pre-
dicted by James Clerk Maxwell. Maxwell is unknown to most people,
but among physicists he has the same stature as Newton and Einstein.
Caltech’s Richard Feynman, himself a noted physicist, has said that “the
most significant event of the nineteenth century will be judged as Max-
well’s discovery of the laws of electrodynamics.” These laws describe the
behavior of the electromagnetic waves that make possible radio, televi-
sion, radar, and most other advanced technologies we enjoy today.

Maxwell was born in 1831, in Scotland, to a family of the landed
gentry. As a child, he had a keen—even demanding—curiosity into the
things and phenomena of the natural world. Despite having for a time an
unsympathetic tutor who beat him over the head with a ruler and twisted
his ears until they bled, Maxwell published his first scientific paper at the
age of fourteen. Because of his considerable mathematical gifts, he was
sent to Cambridge University. He graduated in 1854, and then held an
assortment of academic posts in England and Scotland. An utterly inef-
fectual lecturer, Maxwell left most of his students bored, lost, or both.
However, his early researches on color vision—which included a demon-
stration of the first color photograph in 1861—and on the rings of Sat-
urn established him as a preeminent physicist. Like many academic heav-
yweights, Maxwell received the call to take on administrative duties.
Funds to build a physics laboratory had been donated in 1870 to Cam-
bridge University by the Seventh Duke of Devonshire, William Caven-
dish, who was also the university’s chancellor. Maxwell was awarded
Cambridge’s first chair of experimental physics and designed the new
laboratory, which opened officially in 1874. The Cavendish Laboratory
quickly became a world center for experimental physics and modernized
the teaching of science at Cambridge.

Maxwell’s most significant work, which led to radio, was on elec-
tromagnetism. Michael Faraday had shown in the 1830s that a new con-
ception of electricity and magnetism was sorely needed. Electricity could
be turned into magnetism and vice versa, but the old Newtonian models
explained these effects only clumsily. Faraday introduced the idea of a
field, suggesting, for example, that a compass is deflected by a current-
carrying wire because of the latter’s magnetic field: the flow of electricity
actually alters the space around the wire. Similarly, a moving magnet
could, also by virtue of a magnetic field, induce a current in a nearby coil
of wire. Faraday’s idea of field is pivotal in modern physics, but it did not
become widely accepted until transformed into a full-blown mathemati-
cal theory by Maxwell in the early 1860s, a few years after the first tele-
graph message was sent across the Atlantic on a submarine cable.
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Like the waves of sound in the air and waves of water on a pond,
electromagnetic waves, it was thought, had to be propagated through a
medium—the “luminescent aether” or, simply, the ether. Describing the
properties of that intangible medium occupied Maxwell in the 1870s.
Only much later was the puzzle of the ether solved by Einstein.

Maxwell’s equations predicted the existence of invisible electromagne-
tic waves similar to both light and magnetism. Although Maxwell was
aware of the implications of his equations and was himself a skilled ex-
perimenter, he did not attempt to create and capture invisible waves in
the laboratory. Maxwell was quite content to build his theoretical edifice
and work on other challenging problems—like the nature of the ether. It
is doubtful, though, that anyone in the 1860s or 1870s attached practical
importance to invisible waves or had envisioned their use for
communication.

Nonetheless, invisible waves were important; if they existed as pre-
dicted, then Maxwell’s theory would be given enormous support. Typ-
ically, Maxwell did not assign students to work on his pet projects (a
reticence that even then was quaint), so no one at the Cavendish pursued
invisible waves. Not until his two-volume work, Electricity and Magne-
tism, was published in 1872 did Maxwell’s revolutionary theory become
widely known among physicists. Still, there was no stampede to test it.

While physicists were plodding through the equations in Electricity
and Magnetism, a more popular literature was bringing to Americans and
Western Europeans visions of exciting futures based on new tech-
nologies. In 1843, for example, William Samuel Henson, a lace trader in
Somerset, England, published the world’s first design for a fixed-wing
aircraft driven by a propeller. The lovely engravings of Henson’s “aerial
steam carriage” were disseminated widely in books and articles. This
vision achieved great popularity and influence throughout the literate
world.

Visions like the “aerial steam carriage,” even when fanciful and utterly
impractical at the time, can play an important role in technological devel-
opment. When a vision is sufficiently popularized, it may attract a group
of adherents—a constituency—and become a cultural imperative. A cul-
tural imperative is a product believed by its constituency to be desirable
and inevitable, merely awaiting technical means for its realization. The
constituency of a cultural imperative, which may be a rather small but
vigorous group, often takes concrete steps toward creating the necessary
technology. Cultural imperatives, then, furnish mandates for technologi-
cal development.

Visions that may become cultural imperatives often originate in popu-
lar literature. For example, the writings of Jules Verne, beginning in
1863, helped to create sizable constituencies for the cultural imperatives
of air and space travel. The Verne novels, notes Charles Gibbs-Smith in
Aviation, dealt with “aeronautical romance, speculation, fantasy, and
prophecy, which undoubtedly played a large role in firing the imagina-
tion, and acclimatizing the minds, of Victorian youth around the world.”
One of these Victorian youths was an American, Robert Goddard, who
read Verne’s From: the Earth to the Moon. Later, as America’s most distin-
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guished rocket scientist, Goddard acknowledged his debt to Verne’s
inspiration.

Thus, imaginings of the future are signposts that can orient people’s
technological activities. Humans, we may be sure, are the only animals
who spend time pursuing visions of things—and a world—that might
be. As philosopher Ernst Cassirer has noted in A» Essay on Man, “To
think of the future and to live in the future is a necessary part of man’s
nature.”

When a vision has become a cultural imperative, efforts dedicated
toward its realization—by inspired individuals, companies, even
governments—are regarded as risks worth taking. By the late nineteenth
century, for example, tinkering with gliders, airships, and airplanes had
become an activity that made sense to many people. Cultural impera-
tives, then, stimulate experiments that apply existing technology and at
times lead to the creation of new technology. When a cultural imperative
is seen to have military value, for example, governments will try to hasten
the pace of development, sometimes through massive investment.

The concept of cultural imperative helps us to understand efforts un-
dertaken to create a product, but the factors that lead to its purchase by
consumers are quite different. Indeed, even if a cultural imperative has a
large constituency and a practical product is actually produced, it may
still fail in the marketplace. The picturephone, for example, has been a
cultural imperative since the late nineteenth century. However, when
practical technology was introduced into a test market in the early 1970s,
the picturephone flopped.

One cultural imperative that took hold in the late nineteenth century
was the wireless telegraph. Popularized in science fiction, this vision was
also clearly brought into being by real communication problems. The
technological basis for creating wireless lay in Maxwell’s invisible waves.
But, first, there was a need for more basic physics.

The challenge of invisible waves was finally taken up by the German
physicist Heinrich Hertz in the late 1880s. Hertz presumed that if Max-
well’s theory were correct, he should be able to create and capture such
waves in the laboratory. A brilliant experimenter, Hertz built the neces-
sary apparatus.

Like all radio systems since then, it consisted of a sending unit (trans-
mitter) and a receiver (Fig. 2.1). Using a spark coil, the transmitter cre-
ated an alternating flow of electricity in a circuit: first it went in one
direction, then in the other, reversing many millions of times per second.
This oscillating circuit generated a radio wave that could be broadcast by
means of a wire antenna. The number of oscillations per second is
known as the radio wave’s frequency and is expressed today in units of
Hertz (for example, 980 kilohertz). To pick up a particular transmission,
the receiver is tuned to that frequency with an antenna of proper length
and appropriate components (capacitors and inductances) in a tuning

| circuit. Hertz’s receiver was simply a wire ring. Nonetheless, when the
| transmitter was turned on, a tiny spark jumped between the open ends of
the receiving wire, confirming that invisible waves had crossed the room.
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2.1 Heinrich Hertz and his experimental ra-
dio apparatus, 1887

To test Maxwell’s theory required that Hertz be able to measure inde-
pendently the length of the radio wave and its frequency; from these
quantities, its velocity could be calculated. In 1887 he succeeded in
showing that electromagnetic waves travel at the speed of light. Max-
well’s theory was irrefutably supported.

Hertz himself did not file patent applications and form a radio cor-
poration; his passion was physics, to understand a little more about the
innermost workings of the world. Hertz, however, did not toil in
obscurity, for he published his results rapidly in physics journals. As a
result, his experimental wizardry became renowned in the scientific com-
munity and even beyond as this major discovery was popularized in mag-
azines and newspapers. In addition, invisible waves were made to per-
form countless times before delighted audiences in lectures at
universities and scientific societies.

In the late 1800s, while European scientists like Hertz were building
the foundations of radio, Americans—especially novelists—were divin-
ing a better world. The capitalist system seemed on the verge of collapse,
for the gulf between rich and poor had become huge during the period
of rapid industrialization that followed the Civil War. Economic power
was concentrated in the hands of the “robber barons” and trusts, while
vast armies that included women and children toiled long hours in dis-
mal factories. A great many people, especially recent immigrants, were
ill-clothed, ill-housed, and ill-fed. Angry workers, stung by the Panic of
1893, were ready for radical action. These problems, as well as the crime,
disease, and squalor of eastern cities, set a generation of reform-minded
writers to work. Surely a more humane industrial society could be
envisioned.
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The utopian novels of the 1880s and 1890s presented bold blueprints
for the future. Though most of these books focused on imaginative social
arrangements, such as World government and a moneyless economy, de-
velopments in technology were not completely ignored. In Chauncey
Thomas’ The Crystal Button, of 1891, the inhabitants of the city of
Tone—Boston in 4872—enjoyed airships and monorail trains that trav-
eled 200 mph.

In A.D. 2000, author Alvarado Fuller prognosticated solar power, in-
stant cameras, and contact lenses. That same book of 1890 also de-
scribed the discovery of the North Pole by aeronauts. While at their icy
destination the explorers communicated with the president of the
United States. This long-distance call was made possible by a large box
that one man could carry from place to place. Called a “Sympathetic
telegraphic system,” it was, in all respects, a portable radio. In science
fiction, at least, the portable radio had entered American life.

Among the other technological achievements forecast by the utopian
novelists were robots, picturephones, color television, and breath
deodorizers.

The most popular book of this genre, and one of the best selling novels
of the entire nineteenth century, was Edward Bellamy’s Looking Back-
ward, published in 1887—the same year as Hertz’s momentous experi-
ment. Looking Backward projected a harmonious new society in America
of 2000, with universal college education but no bankers or lawyers.
Among the technological marvels of that future age would be electricity
for heating and lighting, credit cards for every purchase, and large pneu-
matic tubes for distributing goods from warehouse to home. Of most
interest, however, is the home music room. After consulting a program
that listed the day’s offerings, the listener adjusted “one or two screws,”
which filled the room with music “perfectly rendered.” The program
came to every home via telephone from central music halls where the
best musicians performed twenty-four hours a day. On Sunday mornings,
there was even a choice of sermons.

American homes of the late nineteenth century were by no means
without music. A few had crank-operated cylinder phonographs, but
they were expensive and sounded pretty awful. Wealthy families could
also afford pianos, which cost several hundred dollars. The less well-to-
do might buy a parlor organ, an imposing bit of indoor architecture,
which sold for a still-ghastly $25 to $400. Played by the wife, the parlor
organ was almost a necessity for the Victorian middle-class family;
doubtless many scrimped and saved to get one. In its own way, the organ
made the parlor—wall-to-wall with throw rugs and lush wallpaper—in
Victorian homes into a music room, but one requiring constant par-
ticipation. Needless to say, Mom was not always free to make music.
Even the phonograph needed frequent attention, for a cylinder lasted
only a few minutes and the spring-driven mechanism needed periodic
cranking. The passive music room of Bellamy was a striking image.

Live concerts, of course, were mainly social affairs for the rich. Bell-
amy had created a society in which everyone—not just the wealthy—
could hear in their own homes the greatest musicians and singers. The
democratization of music was a remarkably prescient vision—and so
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typically American. A music room could provide the most humble
worker with the same pleasures heretofore enjoyed exclusively by the
robber barons and their snooty ilk. The idea of the music room, like
airships and electric heating, entered the American consciousness, a cul-
tural imperative awaiting a means of realization.

As an extension of telephone technology, the music room was not far-
fetched—even in 1887. Prior to then, Alexander Bell himself had em-
ployed music to demonstrate the telephone. By connecting a large metal
funnel or horn to the earpiece of a telephone, the sound could be ampli-
fied sufficiently to be heard by people in the room. This “loud-speaking”
telephone, which would become important as the horn speaker in radio,
early on opened the door to the possibility of using the telephone for
entertainment broadcasting. Although successful demonstrations were
carried out, the telephone company was not interested in this application
of their technology. The music room would have to await the wireless
telephone based on Maxwell’s invisible waves.

It is doubtful that many of the utopian novelists were familiar with
invisible waves, for most lacked technical training. Bellamy, for example,
was a lawyer turned journalist. However, Fuller, who envisioned the
portable radio, was a lieutenant in the United States Army and had a
keen interest in communications. In any event, it would take visionaries
of a different sort to see in Hertz's experiment the seeds of a worldwide
communication network. A few scientists, including Elihu Thompson
and Sir William Crookes, did immediately foresee the possibility of a
wireless telegraph, but they did not embark on a developmental effort. It
was Guglielmo Marconi who created the first practical wireless system.

Of Italian father and Irish mother, Marconi was a directionless youth
when he learned about Hertz’s experiments and invisible waves from his
Bologna neighbor—and sometime mentor—Augusto Righi, himself a
physicist. At once he was consumed with a passion to transform this
wonderful discovery into a practical communication system that could
enrich mankind—and, perhaps, Marconi. At his father’s villa, he tin-
kered incessantly with wireless apparatus, making minor improvements
that gradually extended its range.

A new antenna design in particular had enabled Marconi to get gains
in distance. The antennas (for receiving and transmitting) were erected
vertically, suspended from tall poles. The antenna circuit also included a
grounded connection, in which a metal plate was actually buried in the
earth. (Ground connections would still be used on some home radios
well into the 1930s.)

Marconi first offered his improved radio system to the Italian govern-
ment. Rebuffed by the Italians, the persistent Marconi took his inven-
tions to England in 1896 where the reception was somewhat warmer
(Fig. 2.2). England at that time was the hub of a global empire (“from
Aden to Zanzibar”) on which the sun never set. Improving communica-
tion with far-flung colonies had been a constant concern, a deeply in-
grained cultural imperative. Indeed, when Marconi arrived in England,
experiments with other kinds of “wireless telegraphy” had been under-
way for many decades. For example, using magnetic induction, Sir
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William Preece in 1892 had sent messages across the Bristol Channel.
However, magnetic induction was never to become practical for great
distances because the antennas (both transmitting and receiving) had to
be as long as the distance to be spanned. As Hugh Aitken explains in
Syntony and Spark, this technology had reached a dead end and that is
why Preece himself, a government official in the post office, took Mar-
coni’s research seriously and became his champion.

Marconi applied for a patent on his apparatus and in short order had,
with the prodding and financial backing of his mother’s family, estab-
lished the first Marconi radio company. A subsidiary was soon set up in
the Unitec States.

The earliest commercial deal of any consequence was with Lloyd’s of
London, the venerable insurance syndicate. Receiving and sending de-
vices were installed aboard ships to improve the safety of navigation in
dangerous waters and in bad weather. By the first year of the new cen-
tury, Marconi companies had established ship-to-shore communication
as the first truly practical application of wireless telegraphy.

Though actual uses of wireless were still limited, information about
the new technology was spread widely in technical journals and popular
magazines. Both its potentials and drawbacks were explored, as people
groped to fathom the new wonder. Wireless communication was re-
garded, appropriately enough, as something quite remarkable, perhaps
destined to replace the telegraph and telephone. In mentioning Mar-
coni’s work, Scientific American gushed in 1897 that “this system of tele-
graphy and signaling has capabilities within it that will astonish the
world.” Further, the article asked, “Wiil it enable a person at one point
on the globe to communicate with another on the opposite side? Can
this energy be utilized in communicating with other worlds?” In most
articles, potential uses of the new technology were forecast, including
military communication in the field and ship-to-ship communication. An
article in Harper's Weekly in October 1899, even suggested that wireless
would make possible communication with balloons and trains.

2.2 Guglielmo Marconi and the wireless sys-
tem he brought to England in 1896
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Prior to the end of the century, however, virtually all of wireless’s antic-
ipated uses involved point-to-point communication; that is, telegraphy
and telephony without wires. Indeed, the limitations of the emerging
technology were framed precisely with those applications in mind. The
problem with wireless communication, many experts opined, was that it
would not be private. Typical was this 1899 editorial in Scientific
American:

Before wireless telegraphy can be used for general commercial purposes
some method must be devised whereby, as in wire telegraphy, the trans-
mitter can communicate with one particular receiver to the exclusion of
all others, and the receiver can exclude all messages except the particu-
lar one directed to it. Until this &5 achieved the new system must be
barred from the field of ordinary commercial work.

To solve the broadcasting “problem,” Marconi and other inventors de-
veloped ever more selective tuning circuits. It seems remarkable today
that wireless technology was so thoroughly regarded as a mere extension
of the telegraph and telephone. Not until after the turn of the century
would visionaries see in the new technology entirely novel possibilities. It
is common that, in actual trials of new technologies and products, new
applications emerge; sometimes the latter turn out to be the most impor-
tant ones, though unforeseen by earlier visionaries and the inventors
themselves.

The apparatus that Marconi brought to England in 1896 was, in a
sense, a portable wireless system (Fig. 2.2)—small and easily carried.
The apparatus he used in his first public lecture in London consisted of
two small boxes placed some distance apart in the hall; when the trans-
mitter was turned on, a bell sounded in the receiver. As Marconi’s exper-
iments continued in England, more powerful transmitters were built to
obtain greater distances with the lower frequencies (thus longer waves)
being used at that time. (It was believed, erroneously, that short waves
did not travel very far.) Thus, as transmitters became more powerful,
they grew to enormous size—often filling a room. Even receivers lost
portability as the number of components needed for tuning—capacitors,
inductors, and so forth (which then were quite large)—multiplied.

Although much practical wireless apparatus was losing rather than
gaining portability, some people did envision a more personal wireless
that could be easily moved about. These visions, however, were often
expressed skeptically. Writing in Electrical World, Arthur R.V. Abbott
offered in 1899 the following judgment: “Telegraphing without wires—
how attractive it sounds. . . . A little instrument that one can almost
carry in the pocket. Possible? Certainly, but will it pay? For this is the
final criterion with which this utilitarian age tests all such propositions,
and for the present . . . the answer must be NO.” Likewise, an author in
The Living Age, also writing in 1899, mocked one Herr Schaefer, who
took credit for inventing a “new system of wireless telegraphy.” Using
this system, said Herr Schaefer, “two persons long distances apart, pro-
vided they each have my little apparatus, can converse just as easily and
distinctly as with our well-known system of wire telephones.” To this
claim the author replied, “The ‘little apparatus’ is a thing apparently to
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carry about in the waistcoat pocket, and no doubt there are ‘full direc-
tions’ with each instrument supplied. Seriously, the world is moving too
fast for sober people.” Evidently, the idea of a pocket wireless was still
too outlandish to attract many adherents. In just a few years, however,
children would actually be building them.

The most portable wireless receiver of this time was used in experi-
ments by one Dr. I. Kitsee, which he reported in Electrical World in
1899. The apparatus was little more than “two ear receivers with an
adjustable band”; the wearer’s body was the antenna, and a metallic plate
on one shoe the ground. When near a sending station, the receivers sim-
ply clicked—this was no-frills wireless of near ultimate portability.

In the final years of the nineteenth century, the United States was again
at war. The Spanish-American War above all testified to the growing
influence of newspapers. Their expansion during the previous decades
had been phenomenal: in 1880, 850 daily papers had a total circulation
of 3 million; by 1910, it was 2205 papers with a circulation of 22.4 mil-
lion. In a world that became more complex and bewildering day by day,
where constant change was almost commonplace, newspapers and maga-
zines provided a smorgasbord of information—on national and world
events, on new inventions, on the social scene, on sports, and so on—
perhaps helping the reader to make some sense of what was going on.
Newspapers and other print media shaped new American attitudes and
values, as they chronicled—and cushioned the impacts of—change.

The sinking of the battleship Maine in Havana harbor was the kind of
event whose meanings could be readily manipulated by the press. Two
hundred and sixty Americans died on the Mazsne; the newspapers re-
ported that Spain, directly or indirectly, had to be responsible. In the
face of an aroused public, President McKinley, fearing for his political
life, called on Congress to declare war on Spain. Congress responded
overwhelmingly, and McKinley signed the war resolution on April 20,
1898. The United States would have the opportunity to put its new all-
metal navy to the test.

Despite the rapid progress in wireless, when Commodore Dewey de-
feated the Spanish fleet in Manila Bay, news of that event—traveling by
ship and cable—took a week to reach the United States.

In the new century, wireless would play a large role in war: in readying
a people to accept its inevitability, in coordinating military activities, in
providing a basis for new weapons, and in reporting its horrors and
heroes back home. By the same token, war would play a large role in the
development of wireless. Though military activities were an incentive to
push electronic technology to new heights, corporate and other civilian
activities and interests also provided, at times, a powerful impetus to
radio. It is the interplay of these diverse forces in shaping radio, and
portable radios in particular, that underpins the story to be told in the
following pages.



Wireless Technology Comes of Age

JUST BEFORE THE TURN OF THE CENTURY, A YUGOSLA-
vian immigrant, Nikola Tesla (Fig. 3.1), went west to Colorado to carry
out bizarre electrical experiments with high voltage and high frequency
alternating current. Tesla created artificial lightening as well as other
electrical phenomena never before seen. After his return, he expounded
new and breathtaking visions for wireless.

Tesla was one of the first modern techno-mancers—someone with
technical training, or knowledge of technological progress, who looks
deeply into the current art and finds indications of future developments.
In ancient China, cracks on roasted shoulder blades of deer foretold the
future (an example of scapula-mancy). Most cultures, in fact, found clues
to forthcoming events in the stars, in trances and dreams, and even in
chicken entrails. In twentieth-century America, the future has been
sought in science and technology. Like the oracles of ancient Greece and
Rome, eminent scientists and inventors such as Tesla have been con-
sulted about potential new products. Their pronouncements in the me-
dia give rise to—and give voice to—cultural imperatives.

With the arrival of the new century, “technological forecasting” be-
came a cottage industry. Dozers of articles, most with “future” in their
titles, appeared in every conceivable place, from Cosmopolitan to Ladies
Home Journal. Even the Annual Report of the Smithsonian Institution
carried technical prophecies. Techno-mancy was fast becoming techno-
mania.

Tesla was an independent inventor, a figure already famous in the elec-
trical industry. It was his designs for alternating-current generators and
motors that made possible the modern electrical power system. In “the
war of the currents” waged by George Westinghouse (alternating current
or Ac) and Thomas Edison (direct current or pc), Tesla’s inventions fi-
nally won out. With alternating current, power could be transmitted
cheaply over long distances and put to work in factories, businesses, and
homes. The first major installation of the Westinghouse-Tesla polyphase
system was at Telluride, Colorado, in 1891. That same year the White
House was also electrified.
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While Westinghouse was doing battle with Edison to electrify Amer-
ica, Tesla’s interests turned to high-frequency alternating currents. The
latter currents, of course, create electromagnetic waves—the basis of
wireless. Tesla was no stranger to wireless. In the early 1890s, not long
after Hertz's work was reported, Tesla initiated investigations into wire-
less and anticipated several of Marconi’s crucial inventions. In fact, the
U.S. Supreme Court upheld the priority of Tesla and others over Mar-
coni in important radio patents in 1943—the year Tesla died nearly pen-
niless. (Unfortunately, Tesla’s inventions never quite provided enough
money to support his ambitious experiments, and so he struggled con-
stantly to maintain a flow of funds from wealthy benefactors.) Tesla’s
laboratory burned down in 1895, with the result that much valuable
information, wireless apparatus, and time were lost. Nonetheless, even
by the end of the decade, Tesla’s ability to command invisible waves was
second to none; Marconi himself watched his progress nervously and
was thereby spurred to be first to communicate across the Atlantic.

3.1

Nikola Tesla
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In contrast to Marconi, Tesla had little interest in commercializing his
wireless inventions. Rather, he employed them in startling displays to
attract research funds. Typical was Tesla’s contribution to the Electrical
Exhibition of 1898 at Madison Square Garden: a submersible model
boat, controlled entirely by wireless. At Tesla’s command, the battery-
powered boat moved in any direction. This was a remarkable feat, em-
bodying uses for radio that would not become important, or even fully
practical, for decades. However, in 1898 few people took notice. Tesla’s
visions, for example, of robots and guided missiles controlled by wireless
and death rays, sometimes seemed outlandish, even fanciful, when origi-
nally proposed. Increasingly, other engineers and scientists distanced
themselves from Tesla’s imaginative projections, especially after he
claimed reception of wireless signals from Mars.

The experiments in Colorado, undertaken after the Madison Square
Garden exhibition, went well, though the eccentric inventor also man-
aged to burn out the local power company’s generator, which he and his
assistants quickly rebuilt. Tesla returned to the East with an unsurpassed
appreciation of the extraordinary properties of high-voltage, high-
frequency electricity. The Colorado experiments had convinced Tesla
that it would be possible to transmit, without wires, not only information
over long distances but also electric power. Large central stations would
radiate energy, and homes and businesses with suitably equipped re-
ceivers could tap off the power they needed. In 1900 he published a long
article in Century magazine that included striking photographs from the
Colorado experiments as well as discussions of the potential for long-
distance transmission of intelligence and electrical power. The article
kept Tesla, the magician, in the public eye, which is precisely what he
needed in the constant quest for cash. These visions were grandiose,
even for Tesla, but he moved forward to demonstrate their feasibility.

With J. P. Morgan as backer, Tesla began building a monstrous trans-
mitting tower at Shoreham, Long Island. It was 187 feet tall, an ungainly
derrick capped by a hemisphere, and was to be the centerpiece of the
“world system of communication” (Fig. 3.2). In several brochures in-
tended to attract more financing, Tesla expounded his stirring vision. In
addition, his 1904 article in Electrical World made clear that wireless’s
supposedly grave defect—indiscriminate broadcasting—was actually its
greatest virtue. He also furnished a mandate for the pocket portable
radio, which soon would become a cultural imperative. In his own
words, the world system

will prove very efficient in enlightening the masses, particularly in still
uncivilized countries and less accessible regions. . . . A cheap and simple
device, which might be carried in one’s pocket may then be set up any-
where on sea or land, and it will record the world’s news or special mes-
sages as may be intended for it. Thus the entire earth will be converted
into a huge brain, capable of response in every one of its parts.

Regrettably, Tesla supplied no details of the pocket wireless receiver. Sad-
der still, he was unable to raise enough money to complete the transmit-
ting station. The unfinished hulk endured until late 1917, when the U.S.
government, fearing the tower was being used by spies, dynamited it.
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Tesla, already bitter that Marconi—infringing his patents—had sent
the first wireless message across the Atlantic, never recovered fully from
this failure to build the world system. Some years later, J. Stone Stone,
also a distinguished wireless pioneer, said that Tesla “was so far ahead of
his time that the best of us then mistook him for a dreamer.”

Tesla’s visions not only outran his money-raising skills, but also wire-
less technology. Before world systems and pocket radios could become
possible, wireless technology would have to be pushed along some dis-
tance. Fortunately, Tesla was not the only dreamer at work on wireless at
the beginning of the new century. Other independent inventors took up
the challenge; they did make most of the major technological break-
throughs, but often lacked resources to perfect and effectively market
their inventions. As commercial and national defense applications of
wireless became evident, large corporations and the military assumed an
important role.

At the turn of the century, the detector was the weakest link in the
receiver. (The detector separates the signal from the high-frequency car-
rier wave by allowing electrons to pass in one direction only.) Various
devices had been employed as a detector, including the “Branly
coherer,” a glass tube containing iron filings. It was, in fact, Marconi’s
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3.2 Tesla’s “World System of Communica-
tion.” Left, the Wireless Tower; right, artist’s
conception of the World System in operation

improvements that made the Branly coherer into a practical detector,
though it had to be reset—by tapping—after each dot or dash. This
cumbersome feature severely limited the speed at which messages could
be sent. Also, mechanical coherers could not detect signals other than
Morse code, a disadvantage that was decisive later when voice and music
wafted through the ether.

Thus, within the fraternity of wireless engineers and electrical experi-
menters, a cheap, efficient, and reliable detector had become an insistent
cultural imperative. Many people worked on the problem, and it was
quickly solved. Several solutions led to inventions that were nothing less
than momentous: the vacuum tube and the crystal diode. The former
would usher in the age of electronics and the latter—much later—the
solid-state revolution (see Chapter 12).

The crystal diode was established as an important detector in the
period from 1902 to 1905 by Greenleaf Whittier Pickard. In an extensive
series of experiments at AT&T's Boston laboratory, Pickard found that
certain mineral crystals like galena and iron pyrites made excellent detec-
tors. Though cheap and efficient, crystal detectors were not without
some drawbacks. In order to get detection, a small wire (the “cat’s whis-
ker”) had to be precisely positioned on a sensitive spot on the crystal’s
surface. Although requiring some set-up time and periodic readjustment,
crystals rapidly became the detector of choice for most applications, and
remained so until the twenties.

The origin of the vacuum tube detector actually begins with Thomas
Edison and his light bulb. In trying to understand why the interior of
light bulbs darkened with use, Edison found in 1883 that a hot filament
gives off electrons. (Actually electrons were not discovered until 1897,
but I will describe his findings in modern terms.) To study this emission
in more detail, he placed a small metal plate in the bulb at some distance
from the filament, connecting tke plate to the positive terminal of a bat-
tery and the filament to the negative. Electrons (which are negatively
charged) were attracted to the peositive plate, and so a circuit was created
involving a unidirectional motion of electrons (from filament to plate).
This phenomenon we know today, appropriately enough, as the Edison
Effect. As was typical for Edison, he thought up a new circuit that in-
cluded the light-bulb-with-a-plate (it was trivial and never used) and was
awarded a patent. Edison did no further experiments along these lines,
moving on to more lucrative inventions such as the phonograph and
motion pictures.

A year after discovering the one-way flow of electrons in a light-bulb-
with-a-plate, Edison was visited by a young British electrical engineer, J.
Ambrose Fleming, for whom he demonstrated the effect. The training of
this engineer, by the way, had included a stint at the Cavendish labora-
tory. Fleming eventually went to work for Marconi and designed the
transmitter at Poldhu that first broke radio silence across the Atlantic. A
few years later, in 1904, Fleming put the Edison effect to work in wire-
less. He appreciated that a device allowing electrons to flow in but one
direction could be used as a detector; Fleming’s new detector, then, was
simply a light-bulb-with-a-plate—a two-element vacuum tube (called a
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diode). Although Marconi’s ship installations employed “Fleming valves”
(as they were called in England), it would be some time before tubes
were used as detectors routinely (Fig. 3.3).

In the final analysis, the Fleming valve was less significant as a detector
than as a bridge to an entirely novel vacuum tube, the audion, which
amplified the feeble sound. Lee de Forest created the audion, a bulb with
a very bright future.

De Forest, from a family of modest means, was a colorful character
with an unbridled ambition to become rich. However, lack of business
acumen and a propensity to become involved with sleazy promoters
thwarted his ambition for some years. He was, however, a first-rate in-
ventor, perhaps even deserving to be called the father of radio, which is
the title of his autobiography.

Like Marconi and Tesla, de Forest appreciated the importance of tech-
nological display—staging public events to advertise his progress in
wireless, which could stimulate the sale of products and stock in his
companies. Toward these ends, de Forest put wireless apparatus in then-
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3.3 Marconi-equipped wireless station
aboard the S.S. Dante Aleghene, ca. 1910.
Fleming valves at left

3.4 Lee de Forest’s “Wireless Auto, No. 1”
at the St. Louis Exhibition, 1904

unusual places. Among these public “feats” were communication with a
hot-air balloon and the first auto radio in 1904 (Fig. 3.4) during the St.
Louis International Exhibition (where the modern hot dog was also in-
troduced). In the following year, de Forest paraded his wireless car, in-
cluding a brass pole antenna and ground wires dangling from its rear,
along Michigan Avenue in Chicago. A message was picked up from de
Forest’s transmitter in the Railway Exchange Building. De Forest’s part-
ner was quoted in the Chicago Tribune as follows: “We hope it will be
possible for business men, even while automobiling, to be kept in con-
stant touch with LaSalle Street.” These displays served de Forest’s pecu-
niary interests, to be sure, but they also expanded the scope of potential
wireless applications, helping to create new cultural imperatives.
“Mobile” wireless, heretofore restricted to ships, now included that in
cars and aircraft.

In the same year, 1905, that de Forest demonstrated the auto wireless
in Chicago, he learned about the Fleming valve. Having already experi-
mented with detectors, de Forest took a keen interest in the new inven-
tion; this he later denied. However, Gerald F. J. Tyne has shown that late
in 1905, de Forest commissioned H. W. McCandless, a maker of light
bulbs, to build several Fleming valves. In experiments with these
custom-built tubes, de Forest came up with the idea of adding a third

]

Vo




24 WIRELESS TECHNOLOGY COMES OF AGE

element (creating a “triode”). Between the filament and the plate he in-
serted a small piece of metal, which resembled a gridiron. A negative
voltage applied to the “grid” (the name stuck) interrupted the flow of
electrons to the plate. If the negative voltage on the grid was reduced, a
small plate current did flow. Thus, a large plate current could be made to
vary in direct proportion to a feeble grid voltage. The audion, de Forest’s
name for this modified Fleming valve, made it possible for a weak signal
to be amplified (Fig. 3.5).

Actually, de Forest did not understand that the audion was amplifying;
he thought it was simply an unusually efficient detector. Not until 1914
would the audion’s actions be fully clarified. This work was carried out
by Edwin Armstrong, an electrical engineer who would become a lead-
ing innovator in radio. His regenerative circuit achieved remarkable lev-
els of amplification and showed how the audion could also be used for
transmitting. De Forest and Armstrong became bitter enemies, spending
much time in court contesting each others’ patents.

Before the audion and its progeny could beget modern electronics, the
three-element bulb would have to be perfected. De Forest’s audions were
made by McCandless, and each was unique. Some performed very well
(and were sold at a premium), while others were just adequate or worse.
What’s more, they lasted for less than a hundred hours. At this time, of
course, ordinary light bulbs also had pretty short lives. Clearly, some
serious research was required to overcome these problems, but de Forest
and his companies were unable to make the huge investments. With
finances at a low ebb, de Forest sold most of his audion patent rights to
AT&T in 1912. And so, improvement of the audion was undertaken dur-
ing the next several years by the laboratories of industrial giants aAT&T
and General Electric.

AT&T’s interest in the audion stemmed naturally from its attempt to
expand long-distance telephone communication. With audion amplifiers
(“repeaters”) along the lines, phone signals weakened by their long
travels could be boosted back to audibility. General Electric by this time
had contributed other devices to the wireless art and was a big manufac-
turer of light bulbs. Thus, perfecting the light bulb and the audion could
go hand-in-hand at GE, with the latter leading to new product lines.

The concerted efforts at GE and AT&T laboratories yielded impressive
results. Within a few years, the audion’s operating characteristics were
improved dramatically, and its life was extended to thousands of hours.
Audion amplifiers made it possible for AT&T to establish the first trans-
continental phone link at the San Francisco World’s Fair in 1915. De
Forest also had a booth at the World’s Fair. When he found out that
AT&T’s brochure describing the transcontinental triumph omitted men-
tion of the audion, he became furious, vowing to “show them.” He
quickly produced his own pamphlet for fair-goers, a marvel of diplomacy
for de Forest, that set the record straight.

Wireless and the audion were not the only technologies that went
from laboratories and workshops into the marketplace during the first
two decades of the twentieth centuryv. During that period, the United
States built an industrial infrastructure for the coming age of electricity.

3.5 A distinguished Lee de Forest, in later
vears, fondles an audion
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3.6 An “Electric Kitchen Outfit,” 1904

Not only were staggering problems of power generation and distribution
solved, but new administrative organizations—bureaucracies—grew to
keep the large power systems functioning. Electricity, at first very expen-
sive, was used in trolleys and streetcars, slowly making its way into facto-
ries and businesses. In 1910, only 10 percent of American homes had
electrical service. It did not enter many other American homes until the
late teens—and then only in cities. Even in the late twenties, few farms
had electrical service.

After the telephone (which was battery-powered), the first important
application of electricity in the home was, of course, for lighting. Im-
proved light bulbs in the teens went hand-in-hand with the expanding
power system.

Even before the turn of the century, techno-mancers had conjured up
a host of new electrical products, and many were soon shown to be
technically feasible. Beginning in the 1890s, small companies on the “en-
trepreneurial fringe” started marketing the first home electrical ap-
pliances, including heaters, flatirons, and assorted cooking devices.
However, the ambitions of these companies, most of which failed, had
outpaced the spread of electricity. An all-electric kitchen was publicized
in 1904 (Fig. 3.6), boasting an oven, tea-kettle, chafing dish, waffle iron,
and automatic coffee urn. By the teens, electric sewing machines, fans,
heating pads, curling irons, and even cigar lighters had made an appear-
ance, also somewhat in advance of adequate markets.

Sears Roebuck catalogs remind us that electrical devices of any kind
were only to be seen in the homes of a few trendsetting consumers in
cities, little more than toys for the wealthy. Though offering such modern
conveniences as the Superba Ball Bearing Washer, The Princess Bust
Developer, and countless pocket watches, Sears Roebuck did not vet sell
a single electrical appliance—not even a lamp—as late as 1909. Even by
the end of the teens, home electrical appliances were still pretty much
oddities. But optimism in the industry sprang eternal, and soon it would
be an optimism well justified.
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The financial innovations needed to put the new industrial products
into the hands of consumers were already in place. Singer had been sell-
ing sewing machines on installment plans for decades. Soon most other
sizable product purchases could be made on time.

Between the turn of the century and the Roaring Twenties, the revolu-
tionary transportation technologies of the twentieth century also existed
only in embryonic form. But progress was rapid. Bicycling was a craze
and a mode of transportation in the 189os, when the first practical auto-
mobiles were timidly setting forth from inventor’s shacks. Surprisingly,
the “horseless carriage” was touted then as a cure to the biggest culprit
in urban pollution: horse droppings. Of the hundreds of tinkerers and
engineers who established automobile companies in the early twentieth
century, one name stands out: Henry Ford. In 1908 he marketed the first
Model T (at $850); when the last one rolled off the assembly line in 1926,
fifteen million had been sold.

The automobile and kindred vehicles like the Fordson tractor wrought
many changes, mostly unanticipated. Among the least heralded but most
significant was the vastly accelerated flight from the farm. The tractor
was a curiosity in the first decade of the century, but by the late twenties a
million tilled the land. The increased productivity created a huge labor
surplus in farm areas, which fueled an unprecedented migration of
Americans to the cities. This labor was absorbed almost effortlessly by
the new industrial machine.

Ironically, Henry Ford and other entrepreneurs found through mass
production a way at least partially to ameliorate the ills of industrializa-
tion. Their solution involved no social tinkering, as recommended by the
utopian novelists, but would flow automatically from more efficient pro-
duction. If products could be made cheaply enough, then even factory
workers could afford them. Obviously. workers who shared in the wealth
that industrialization was creating would be less likely to want revolu-
tion. Through assembly lines and relentless standardization (only the
Model T was built), Ford was able to churn out cars that could be bought
by almost anyone. Ford paid his workers $5 for an eight-hour day, which
was regarded by other industrialists as “utopian.” With that wage, they
could indeed save up for a Model T ($400 in 1914). As other manufac-
turers in the teens and twenties adopted the “modern factory system”
pioneered by Ford, the Consumer Age was born (see Chapters 5 and 7).

The rapid growth of the automobile industry was built upon the ear-
lier foundation of iron and steel technology. These metals also made it
possible for structures to soar above the city as never before. The first
modern skyscrapers were built in the late nineteenth century in Chicago,
and by 1908, with the construction of the Singer Building in New York,
had reached a monumental forty-one stories. A distinctively urban sky-
line was taking shape.

Other inventions also got off the ground at that time. Human flight
had been a wish since ancient Greece with the tale of Icarus, who ven-
tured too close to the sun with wings of wax. During the latter half of the
nineteenth century, powered flight had become a cultural imperative
with an appreciable constituency, and feasibility loomed immediately on
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the horizon. In the last decades of the century, the pace of experiments—
mostly supported by wealthy hobbyists or eccentrics—accelerated. The
Wright Brothers demonstrated controlled, powered flight in 1903 and a
few years later began building planes for the American military. The first
two-way radio communication between airplane and ground took place
in 1910 in New York State; later in the decade, during the First World
Wiar, airplanes would universally maintain contact by radio. Also in 1910,
radio was installed in an English submarine and in Zeppelins.

In Germany, Zeppelins—distant relatives of the familiar Goodyear
blimps—first flew in 1900; between 1910 and 1914 five of these airships
carried 35,000 well-heeled passengers between various German cities. In
the United States, the first scheduled airline flew in 1914 between Tampa
and St. Petersburg, Florida, a distance of twenty-two miles, but it was
many decades before air travel would have a place in the life of ordinary
Americans.

While the new modes of transportation were breaking down barriers
of space and time, physicists were quietly contemplating the universe,
annihilating old ways of thinking about space and time.

In 1905 an obscure Swiss patent clerk published three papers in a
German physics journal. One on the photoelectric effect was to earn a
Nobel prize in physics for Albert Einstein. Another paper produced the
Special Theory of Relativity and caused a theoretical revolution in
physics and made its young author world famous. Special relativity pro-
posed new and startling relationships between light, matter, and motion,
predicting, for example, that as objects accelerate to near the speed of
light, they become longer and do not age as fast. Perhaps because of
these bizarre claims, Einstein’s theory, a “free creation of the human
mind,” captured the public’s imagination. Einstein became a celebrity
scientist. One feature of special relativity had special import for radio.
Einstein claimed that the propagation of light, and thus any electromag-
netic wave, required no medium. Reluctantly, then, Einstein did away
with the ether. Perhaps because aspects of the special theory were not
verified experimentally until decades later, the term “ether” continued in
use well into the 1930s. “Ether” retains a certain charm today, and so I
employ it in discussions of early radio as it would have been used at the
time.

By Einstein’s time, a more mobile America was beginning to develop
industrial products having greater portability. Items that could be moved
from installation to installation or used by craftsmen in a variety of places
were made in more “portable” forms, and they were advertised as such.
By the turn of the century one could buy, for example, portable steam
engines, portable boring and milling machines, portable search light
equipment, portable electric drills, and portable forges. The new port-
able products, often on wheels, were more compact and lighter than
their nonportable cousins. However, portable equipment was often more
expensive and did not always perform up to expectations; portability
had its price.
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In warfare, portable communication devices were a long-standing cul-
tural imperative. Problems of maintaining contact in the field were legen-
dary and consequential. Some military historians believe that the Civil
War would have ended in six months with much less bloodshed had the
location of opposing troops been known in a timely manner. It should
come as no surprise, then, that even before the turn of the century, wire-
less would be drafted by the military. Marconi himself had the oppor-
tunity to explore its use in the Boer War. He dispatched assistants and
apparatus to South Africa with the British fleet, and radio was tested
both at sea and on land. The results were mixed, owing mainly to an-
tenna problems. Marconi solved the antenna problem in 1901 by build-
ing a wireless system into a Thornycroft steam-powered truck (Fig. 3.7).
Atop the truck rose a huge metal cylinder, which served as the antenna.
(It could be laid down on the roof when not in use.) Even when traveling
at its top speed of 14 mph, this ungainly mobile radio still functioned,
sending and receiving messages up to a distance of about twenty miles.

Radio also saw service on other fronts in the first years of the new
century. Its eventual value was seldom in doubt, but the technology for
practical portable wireless was not yet in hand. During these years in the
United States, the military provided a sizable market for wireless appa-
ratus of every sort and helped to sustain the efforts of the independent
inventors, such as de Forest (Fig. 3.8).

The U.S. Signal Corps, a unit of the army, was very active in radio
development. By the teens, the Signal Corps was already employing port-
able sets that could be carried on mules and set up quickly (Fig. 3.9,
above). Other wireless stations were built into carts (Fig. 3.9, below) or
special trucks; the Marconi company even sold a back-pack radio set.
The manufacture of portable wireless apparatus for military use was so
well along that the U.S. Patent Office employed the special category
“portable sets” to cover new developments. In point of fact, most of the
military sets, especially those made by Marconi, were technologically
old-fashioned, consisting of cumbersome spark transmitters and re-
ceivers without audions.

3.7 Marconi’s wireless-equipped truck, 1901

3.8 A de Forest portable outfit, 1909
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3.9 Military portables. Above, display of
“Pack Sets” (early teens); below, Marconi
“Cart Set,” 1917
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When the United States entered World War 1 in 1917, the ingredients
of more advanced wireless—long-lived transmitting and receiving au-
dions that could be powered by batteries—were in hand. However, pat-
ent rights to the most important technologies were dispersed among a
number of companies, which would not grant each other licenses.
Nobody—not aAT&T, not Marconi, not GE, not de Forest—could legally
sell state-of-the-art radios. The U.S. government did find a way around
this roadblock: it ordered the companies to cooperate and indemnified
them against later claims.

During the war, GE, Westinghouse, and other manufacturers cranked
out tens of thousands of military portables using state-of-the-art parts
and circuits. In supplying tubes in unprecedented numbers for these
sets, tube manufacturers, especially GE, made great strides in mass pro-
duction techniques. The portable sets of World War 1, used in the
trenches, were the first U.S. radios manufactured on a truly large scale.

When the armistice ending the war was signed on November 11, 1918,
in the forest of Campiégne, radio instantaneously signaled the good news
throughout Europe, to ships at sea, and across the Atlantic. Wire ser-
vices relayed the details of the German surrender to the newspapers, and
by the next day virtually all Americans had learned that the war to “make
the world safe for democracy” had ended with the Allies victorious. The
brutal conflict had produced heroes of Andrew Jackson’s stature, but
none had to achieve his fame fighting in belated battles.

After the war, American radio entered a brief period of crisis. The
temporary arrangement that enabled manufacturers to exploit each
other’s inventions without patent licenses would soon end. It would no
longer be possible for any company to sell up-to-date vacuum-tube
equipment. And there was al