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Editor's Note and Disclaimer

The author of this work is 100% responsible for its content. Most of the material
presented here has been used as "camera ready" images as they were submitted by the
author. When retyped, they have only been edited to the extent considered necessary
for clarity. Therefore, the material is not entirely formatted as a new publication. Itis
presented as a collection of historic documents punctuated by the author's commentary,
as well as the reproduction of a huge collection of the author's original, mathematical
and technical analysis, as it was originally written in his research notebooks.

The views and opinions expressed in this book are those of the author and do not
necessarily reflect the views, opinions, or legal position of the editor or publisher. Some
of the material presented here is controversial, and suggests misconduct by certain
parties against the author and the historic site at Bolinas, California. We believe that the
material that supports each party's position is of sufficient clarity for the reader to make
up their own mind concerning their veracity.

Our interest in publishing this material is related specifically to the historic relevance of
the technical information and its relationship to the history of wireless communications
technology and the development of commercial and military radio in its first 50 years.
We also recognize that large corporations are in the business of "making money" and
that in that pursuit, the technologies utilized can change in value over time. These
fluctuations of "perceived value" by the various parties, concerning the site at Bolinas,
California, are certainly well documented in this material.

The author's technical evaluation of how these early "wireless" transmitters worked and
upon whose patents they were based is a unique historic perspective that deserves

publication. This has been our sole interest in being involved with the project.

If there is sufficient interest, a fully formatted presentation of this material could be
developed at some point in the future.

A&P Electronic Media
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Dedication:

This book is dedicated to the remarkable crew of the Bolinas
Radio Transmission Facility;

Chief Engineer: Frank Spicer
Manager: Gus Kouats
Technician/Machinist: Ivan Neilson
Chief Rigger: Jim Bourne

These individuals created the legend of KET-KPH at Bolinas,
California. Also to be noted are the etforts of District Vice-
President Jim Hepburn, who facilitated the transfer of out-dated
equipment to scientific endeavors, leading to the writing of this
manuscript.

Eric P. Dollard
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Preface

1) The following paper serves as a companion to the recent historic resource study
of the Bolinas Radio Transmission Facility, this study being undertaken by the
U.S. Department of the Interior, National Park Service (N.P.S.), Point Reyes
National Sea Shore. This N.P.S. study is quite exhaustive in its representation of
station history and will become the standard handbook. The N.P.S. study quite
naturally omits the theoretical and engineering details of the Bolinas site, and |
limited funding prevented any detailed analysis of artifacts and edifices that
surround the station buildings. Therefore, such is the pI‘lIlClple undertaking of this

paper.

Further omitted by the N.P. S. study are the historical details surrounding the
development and implementation of the early wireless systems utilized at Bolinas.
This is understandable since such details have systematically vanished from
historical references on the subject. This paper takes an engineer’s walk through
wireless history, pointing to where its principles would originate. |

Finally, the N.P.S. study neglects the examination of factors which led to the
Bolinas Facility being almost completely destroyed, despite ample effort to protect
it. Now the station is on the brink of extermination. Such factors are those of
politics, finding no place in a study such as that of the N.P.S. However, in the
course of historic study it is clearly seen that polmtlans and corporate magnates
gave us the radio of today, a radio that strayed far off course from the aims of
those who conceived it. These factors would have the Bolinas site silent for now

and evermore.

2) It has been said by radio historian Jerry Vassillatos that a walk through radio
history is stranger than fiction. Tracing the steps of development, one meets the
most enigmatic scientist of modern history, Nikola Tesla. Also, it is a strange .
irony that the family of Philo Taylor Farnsworth resided within sight of the R.C.A.
Bolinas Facility. This would place the Radio Corporation of America in a new
light and provide a glimpse of 21* century electron tubes. In this study one begins
to notice that the theory and practice of the electrostatic wireless, such as that of
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Bolinas, seem to contradict the very foundations of modernistic physical science.
Electrical forces are found to be very non-physical, but the emerging technology
produced functioning systems that were engineerable. It 1s in the study of this pre-
historic wireless and the individuals who conceived it that one sees the
electrostatic technology of the 21* century in its primordial form. It is a wonder
how the transformers of Tesla, capable of matching the forces of nature, or how
the tubes of Farnsworth, creating suns and stars within their bulbs, could be so
completely ignored. How could any study of energy or space not begin with these
scientists and their contemporaries? For all their efforts, we still have the
thermodynamic technoology of the 19" cetury, a technology of the cave man and
his fire.
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Introduction

1) The historic study of the Bolinas Radio Transmission site yields a wide range of
knowledge relating not only to the development of modern electromagnetic radio.
but also to the lesser known early electrostatic wireless. Modern radio was created
beginning with the birth of R.C.A., through the years of World War II. Bolinas

was to play its part in this development, utilizing the various innovations of

R.C.A. Unique to Bolinas is its pre-historic era of electrostatic (electric) wireless,
and its development from Marconi to Alexanderson.

2) The electric wireless period of the Bolinas was short, spanning about 10 years.
It began with Marconi and his system in 1913. R.C.A.’s entry with the
Alexanderson system extended to 1924, when shortwave rendered the electric
wireless obsolete. By 1928 it was gone. The U.S. Navy took a renewed interest in
1940, constructing a limited verson of the Alexanderson system. This served the
submarine communication needs of the war. After the war the Navy removed their
electric wireless and such was never again utilized by R.C.A. A new system has
been proposed for the Bolinas site to repiace the now obsolete shortwave
operation. This system utilizes no aerial structure, just the remaining electric
wireless ground plane. Its implementation is ultimately denied by the N.P.S. and
The Commonweal.

3) With Alexanderson and his effort to adapt the existing Marconi aerial of the
Bolinas site. an aerial emerged that stands apart from all others erected there. This
was to be known as the Alexanderson Multiple Tuned Aerial. While the Bolinas
aerial was compact from the standpoint of the 15 kilometer wave 1t launched. 1t
was physically and electrically massive. This aerial was about 3000 feet in length
and 600 feet wide, standing 300 feet off the ground. An equivalent structure was
buried beneath the aerial. The confined electrostatic field was over 120 million
cubic feet with an electrical activity of over 20 million volt-amperes. It was a
bottle of lightning. Twelve-foot high coils regulated the power flow, developing
over one hundred thousand volts. The entire network glowed in a blue-violet light,
flashing on and off with the Morse key like a giant neon sign.

10
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4) Despite the enormity of the Bolinas Alexanderson Aerial and its remarkable
history, record of it is absent. Only distant legends of now gone old-timers remain.
Its blueprints once stood in the Marconi Hotel but vanished to the winds along
with Marconi’s name—regarded as worthless, obsolete junk. What remains of it
are concrete anchors and foundations that once held the masts and coils. The
position of these artifacts establish the overall geometry of the aerial. A
considerable quantity of breakage remains from the demolition, mostly scattered
along the ocean cliffs. Key elements have been located. Through analysis of this
material, and childhood memories of blueprints, and verbal descriptions, a
reconstruction of the Bolinas Alexanderson Aerial has been developed. Many
unknowns still exist however, particularly with regard to the end section of the
aerial. Recent information uncovered by the park service has helped greatly and
the reconstruction should have a fair degree of accuracy. It is remarkable that the
underground portion appears to be intact. This should not go unnoticed.

5) Before an historic study of the Bolinas site was undertaken by the National
Park Service, the Alexanderson aerial had been considered a pre-historic curiosity,
a dinosaur. This has been found to be a misconception. At the time of its
development a schizmatic condition existed among the theories and patents of
their inventors. It was an all-out war, demanding government intervention.
Further, the “electricians” of the time held opposing views with regard to those of
the emerging atomic science. Upon examination of the aerial patents of
Alexanderson, certain characteristics of scientific interest are noted. The ruins at
Bolinas indicate the full embodiment of Alexanderson’s concept, that is, an aerial
with no wavelength and no electromagnretic waves. This is unthinkable in the
minds of modern radio engineers, but it worked. From the theoretical standpoint it
may be the ultimate radio antenna. How this would be missed is, the reception
aerial was a simple structure, often just a long piece of wire. The cost was low.
The reception aerials were never exact duplicates of their transmission
counterparts. The full benefit of the concept thus would never be obtained.

11
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6) 1t has gone down in history that the Alexanderson aerial is an archaic and in-
effective electromagnetic radiator, and from that standpoint this is true. However,
it is an instrument of the electric wireless and 1s worthy of further study because it
is significant historically. As well, from the theoretical standpoint, two scale
models are proposed for the Bolinas site and the National Park Service. The 160-
meter (1800 kilocycle/second) amateur band has been chosen for the reasons of it
making for a 100 to 1 scale; and the site presently holds amateur radio station
license KDGOSX-AE. Such a model would be for testing purposes, standing a few
feet off the ground and 30 feet in length. It would operate with the existing
(M.C.L) tuning coil shack with a power of 1500 watts. Upon determination of
technical details and further historical examination, an historically accurate model
would be constructed for 400 or 500 kilocycles/second. This would be made up of
masts 15 feet high, and about 100 feet in length, with an interpretive plaque out-
lining its historical significance. This would serve the historic Bolinas site well.

Early photo of Marconi Building 2 at the Bolinas Transmitter Site.

12
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PART ONE

The History of Electric Wireless
and its relation to
the Bolinas, California Transmission Facility

Chapter One

The Bolinas Site

Author Commentary: pages 14 - 16
Historic Documents: pages 17 - 49

13
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)) The Bolinas Site (fig. 1)

1) In the year of 1913, near the coastal town of Bolinas, California, the Marconi
Wireless Telegraph Company of America began the construction of one of the
world’s larger wireless power stations. Bolinas was one of a series of stations that
spanned the globe. The parent station was the New Brunswick, New Jersey
facility. Station construction was carried out by the J.C. White Engineering
Company, and components were made by the Wireless Specialty Apparatus
Company. Bolinas was to receive a 300 Kilowatt disruptive discharge (spark)
oscillator, one of the world’s biggest. Bolinas would operate on 44.77 kilocycles
per second as station KET. Guglielmo Marconi, age 39, had labored some 15 years
toward this engineering and commercial endeavor. The parent station at New
Brunswick was the leading edge of science at the time, representing a 60-year
evolution in the theory and practice of electric wave telegraphy. Great minds such
as Tesla, Steinmetz and Einstein were to be seen at the New Brunswick site.
Bolinas was host to Marconi, Alexanderson and numerous lesser historic figures.
The Bolinas station was to become one of Radio Corporation of America’s first
operational facilities in 1919, and was to see significant advancements in wireless,
from its inception in 1913 until the shortwave era’s beginning in 1924. Today
wireless has become a forgotten chapter in electrical engineering.

2) The town of Bolinas, located 11 miles north of San Francisco, was a small
fishing and lumber town with a small but busy port. It was noted for its rowdiness
and numerous dogs. Today Bolinas is noted for its lawlessness and still, numerous
dogs. In the 30s a San Francisco newspaper staged a promotional gimmick
involving a land giveaway on the Bolinas Mesa. This resulted in sub-division into
lots and Bolinas becoming a residential community. Today’s population is
estimated at 1500.

3) Bolinas sits at the mouth of a large lagoon named after the town. The site
chosen by Marconi overlooks the Pacific Ocean about three miles northwest of the
town. The-powerhouse-sits-west-ofthe-town. The powerhouse sits about 90 feet
above sea level adjacent to eroding coastal bluffs. This area was considered to be
an area of great power by the local Miwok indians. The Miwok would visit “the
hole in the sky” to become revitalized, but never stayed long for fear of harmful
side effects, so the legend goes. Bolinas is an area of exceptional natural beauty
and biological diversity. Its lagoon and reef are home to numerous marine species.
Bolinas is host to a vast array of migratory birds that make it a stopping point
along their route. In general, Bolinas is mostly grasslands, serving as livestock
pastures. Numerous small hills and ravines are scattered throughout the area, with
think underbrush like coyotee bush, blackberry and poison oak. Surrounding

14
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Bolinas are large, steep hillsides with thick conifer forests. At one time these hills
were the Redwood empire.

4) The geology of Bolinas is a series of coastal points consisting of brittle shale
and slate along with large masses of clay mixed with very fine sand. Bolinas is a
giant sponge soaked with water from the great forests to its north. Widespread
underground water flow exists, creating much coastal erosion. Drainage is very
difficult due to the sheer saturation. This ground water holds a great abundance of
the element iron. Colloidial iron can be seen dripping from cliffsides, and plants
often turn red upon being fed Bolinas ground water. Also abundant is the element
sulphgr, found in native form on coastal outcroppings. Small deposits of oil and
gas are to be found at the Bolinas site. Gas bubbles can be seen in the tidepools of
the reef. A few attempts were made to locate any significant quantity of oil that
may have been present. None was found. It is ironic that the Bolinas site would
become the burial ground for the 1972 San Francisco oil spill. The reef extends
several hundred feet out to sea like a giant slate floor. The grain of the rock is
somewhat vertical, giving the reef numerous small ridges. Many ships and their
crews met disaster on this reef.

Bolinas is the meeting point of the Pacific plate and the American continent. Three
geological fault lines enter the Pacific Ocean at Bolinas. Most notable is the San
Andreas which makes up the Bolinas Lagoon. Originating in the town is the San
Gregorio fault, and the third fault has no name. The San Andreas returns to land at
San Bruno, a few miles south of San Francisco. The San Gregorio touches land at
Montara, Halfmoon Bay and San Gregorio, staying close to the coast through Big
Sur, 100 miles south of San Francisco. The third fault goes out to sea.

5) With a saturation of iron rich ground water it is no surprise that Bolinas offers
great enhancement to radio propagation. Recent tests indicate a 20 to 30 decibR el
improvement (100 to 1000 times) in signal strength for signals originating in the
Bolinas locale. Some of the coast’s deepest canyons still had strong signals from
Bolinas. Very anomalous reception of Bolinas signals was noticed in the Los
Angeles area, about 500 miles to the south. The iron-sulphur mix of Bolinas is
suggestive of the old wireless semiconductors like iron sulphide (pyrite) or lead
sulphide (galena). Broadcast station signals of the A.M. band would be received
strongly intermodulated when received on grounded aerials at Bolinas. This would
indicate the ground to be a semi-conductor. This is worthy of further study as an
instrument of fault line measurements. It is thought by some that Marconi
personally selected the Bolinas location for its geo-electric properties, however
this has yet to be verified. The Marshall receiving site was said to be an
exceptionally low noise area, and thus chosen for the site. It is to be noted that the
nearly one million square feet of underground wires and metal plates are mostly
intact. Metal plates are even found out at sea but these no longer connect to the

15
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main underground electrode. Such a structure is a geo-electric treasure with
important scientific uses.

6) Today, the Bolinas site sits in peril, its transmitters cold. It became the victim of
a dying R.C.A. which, like a drowning man, pulled the station down with it. Today
the site is the victim of a resident political organization, calling itself
Commonweal. Commonweal is an old English word for central wealth.
Commonweal destroyed most of the original shortwave equipment that once
occupied the station, and dumpstered most of the historic records. Commonweal
presently is holding a death grip on the site, blocking any and all efforts to use or
preserve it. It is fortunate that the Bolinas site is now under the control of the
Department of the Interior, National Park Service, Point Reyes National Seashore.
This will assure its protection. The Marconi Powerhouse, called building number
one, or just the “other building,” sits in very bad repair. In violation of its lease
agreement, Commonweal has refused to either maintain the building, or allow
entry to those who would. The historic transmitter BL-10 that sits inside has been
partially stripped by Commonweal underlings, but is repairable. M.C.1.
Corporation stripped the building of its primary switch gear, leaving it without
power. In all it is estimated that ten million dollars worth of damage has been
inflicted upon the Marconi Powerhouse by R.C.A., M.C.1., General Electric, and
Commonweal.

The original shortwave building, number two, has been completely stripped by
Commonweal and of all things, ame is now an office building and party hall. The
annexed building, “2A,” still houses an intact shortwave transmission facility and
was under the protection of M.C.I. Corporation. At present it does not operate on
the air. Thirty-some odd dipole antenna arrays occupy about 100 acres of the once
3000 acre antenna. All original antennae are now gone. The northwest portion of
the antenna farm has been taken over by the Coast Guard Master Communication
Station Pacific, NMC. NMC maintains the necessary H.F. communications left
behind by R.C.A. and transmits its operational traffic.

7) The Bolinas site is a technological facility with an extensive history and
potential future uses in science and technology. It is hoped that the National Park
Service will take the proper steps to assure the site keeps with its nearly 100-year
tradition.

16


http://emediapress.com/
http://ericpdollard.com/

474 Tge WireLeEssS WORLD

Transatlantic Wireless Telegraphy

THE NEW JERSEY STATION

OOD progress is being made with the
G constructionof the high-powerstations

which, when completed, will add
enormously to the public facilities for the
use of transatlantic wireless telegraphy.
The Clifden-Glace Bay service, which, since
1908, has been in regular continuous com-
munication, day and night, carrving com-
mercial, public, and press messages, has

cation which the cheapness and etficiency
of the Marconi service has macde possible.

From time to time we hove to be able to
furnish our readers with details of the
stations which ave being erected on hoth sides
of the Atlantic in fulfilment of this scheme.
In the meantime, a few preliminary notes
concerning the stations now being erected
near New York may he of interest.

Site of the Transmitting Section of the New Jersey Station, New Brunswick.

hitherto been the only service in existence
affording direct wireless communication
between the Bastern and Western hemi-
spheres. But it will not long enjoy its
* splendid isolation,” for other stations are
now being erected which will bring the North
American Continent nearer (in a telegraphic
sense) to England and other European
countries, thus relieving the pressure of
traffic upon the Clifden-Glace Bay stations,
and coping with the enormously increased
use of transatlantic telegraphic communi-

Two miles out from the historic city of
New Brunswick, N.J., on a road that follows
the banks of the Raritan river and the
Raritan canal, lies the transmitting section
of the wireless station which will bring the
United States in direct communication with
England.. Approaching the site from the
south one sees a beautiful meadow stretch-
ing from the road to the canal bank. In this
meadow are located the power-house, the
auxiliary transmitting office, and the first
set of two masts. To the west of the road

17
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Digging Foundations for the Receiving Station'at Belmar, N.J.

hill close to the river. From this building
the receiving aerials will rise to the first
mast located on top of the hill. Crossing
the road at nearly right angles, and stretch-
ing westward for almost a mile, the aerials
will be carried on the top of six masts, each
300 feet high. The back ends of these
aerials will be carried down at an angle of
thirty degrees, being insulated near the mast
top and having steel running ropes attached.
These ropes come down to the anchors, which
consist of a pillar 15 feet high, with heavy
iron weights free to slide up and down on
them.

These weights balance the pull of the
wires and are calculated to keep a definite
tension in the aerial wires at all times, so
that when the wind blows or sleet incrusts
the aerials, the spans between the masts will
sag down and the counterweights rise,
keeping the tension constant. This strain-
ing pillar anchorage, as it is called, is an
ingenious device which is a new departure
in cable suspension.

At Belmar a large force is required to
handle the operating work, and much will
be done to make the residential quarters
attractive to live in. Summer boating
on Shark River is a pastime which is
looked forward to with pleasure, while
tennis and outdoor sport will be encour-
aged ; in fact, a happy little community
will soon be thriving in this neighbour-

hood.

AN ALASKAN CHAIN.

AS we announced last month, the
American Marconi Company have
in hand the erection of stations at
Ketchikan and Juneau.  Stations are
already in existence at both of these points,
but only ship business is handled. An en-
tirely new station will he erected at Ketchi-
kan, consisting of a 15-kw. synchronous
rotating gap transmitter of the latest type
and the usual receiving apparatus. Four
skeleton steel towers will be erected, and
the antenna so arranged as to work
efficiently with Seattle, a distance of some
six hundred miles to the south.

Ketchikan station will also work to the
north to a distance of more than two hundred
miles with the station at Juneau, Alaska.
This latter station will be entirely rebuilt,
and will be fitted with a 10-kw. transmitter

"and two skeleton steel towers.

These two stations are intended to be the
first links of a chain to provide Alaska with
a commercial wireless service connecting it
with the United States. As business deve-
lops, the chain will be developed and pro-
vided with feeders further north.

The existing cable rate between Juneau
and Ketchikan is 6 cents per word, and
hetween Ketchikan and Seattle 19 cents per
word. It is probable that the rates for
communication between these points will
be considerably reduced when the Marcont
service is inaugurated.

19
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Trans-Pacific Waireless
Telegraphy.

Marconi Stations in California Nearing Completion.

HE Marconi high-power stations in

California are rapidly nearing com-
pletion. These stations will be made up of
the transmitting plant at Bolinas Point,
cighteen miles north-west of San Francisco,
and the receiving station, near the town of
Marshalls, about eighteen miles further
north on Tomales Bay. Despite the diffi-

regularly used for traffic. There is no railway
available, and it is necessary to send the
material by water from San Francisco,
unload it at the wharf at Bolinas Bay, and
haul it to the site. Across the mouth of the
bay is a shallow sand bar which makes it
impossible for a boat of any size to get to or
from the wharf except at high tide, and the

Bolinas Power House in

culties attending the transportation of
building material, the progress on the
(California sites has been satisfactory. Most
of the material for erection purposes—
steelwork and machinery, as well as all mast
sections and the wire rope—is being made
in the East. It is sent from New York by
boat to the Isthmus of Panama, across the
isthmus by rail and thence by water again
to San Francisco.

The site at Bolinas is not advantageously
located for bringing in heavy loads of
material. The rough roads leading to 1t are
at least four miles distant from the highway

Course of Construction.

coast is so dangerous to shipping that owners
of vessels are reluctant to have their craft
navigated in and out of the bay. As a matter
of fact, only one small schooner enters the
bay, and she makes the trip only when therc
is enough material to warrant it. The con-
struction work has strained to the utmost
the schoonmer capacity of 100 tons and
overloaded the wharf. A larger derrick
has been installed to unlcad the heavier
pieces and the area of the wharf has been
extended to give greater space for materials.
The fear of winter storms and consequent
impassable roads has stimulated the men 1N

20
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it 1s necessary to ferry from San Francisco
to Sausalito, board a train on the North-
Western Pacific Railroad, and travel about
an hour and a half or two hours on a narrow-
gauge railway to the little town of Mar-
shalls on the eastern shore of Tomales Bay.
For several months workmen have been
busy in this section, with the result that
considerable progress has been made in the
construction of the buildings which now
form a feature of the hillside.

Tomales Bay, celebrated for its clams
and oysters, is about twelve miiles longand a
mile wide. . It is navigable for good-sized
boats and is extremely popular with fisher-
men. On the eastern shore, just south of the
Marconi property, is located a fishing colony.
Along both shores the hills rise abruptly and
stretch away on the eastern side in a rolling
tableland. The tongue of land between the
bay and the ocean is about three miles wide.
Covered with heavy woods, this promontory
is a favourite summer resort for campers
and hunters. It affords good duck shooting
and deer are also to be found in the woods.
The residential quarters and section for the
housing of the lighting and heating plant
are about three hundred yards south of the
line of the aerial ; the operating building at
the end of the aerial line is nearly a fifth of
a mile from the other structures. These are
arranged-in a semi-circle above the country
road, looking out over the bay from an
elevation of one hundred feet. The operating
building is on the top of a hill on an elevation
of about one hundred and thirty feet.

The construction of the buildings has
advanced rapidly. Satisfactory progress has
heen made on the mast erection. One mast
has been completed and stayed, while all
the others have at least four sections up.
The top plate of the mast foundation can
now be accurately levelled up and the last
grouting concrete poured.

With regard to the station at Honolulu,
work is going along satisfactorily, 141
persons being employed at Kahuku and 108
at Koko Head.

The November meeting of the Institute
of Radio Engineers was held at Columbia
Chniversity, New York, on the 5th ult., when
a paper entitled * The Audion—Detector
and Amplifier 7 was read hv Dr. L.
de Forest, i

Directory of Amateur Wireless
Stations.

T is estimated that there are about

one thousand licensed amateur experi-
menters in wireless telegraphy in Great
Britain, and this number is steadily in-
creasing. It is only natural, therefore, that
there should be a demand for facilities to
enable these experimenters to get in touch
with their neighbours, which at present they
are unable to do in the absence of a suitable
directory.

We have decided, therefore, in the in-
terests of the bond fide amateur, and at the
suggestion of some of our readers, to under-
take the preparation of a complete directory
of amateur wireless stations, which we hope
to publish as a special supplement to an
early number of THE WIRELEss WoRLD.

We believe that the publication of a
directory such as we have in view will
bring to light a large number of experi-
menters whose existence is unknown to
their neighbburs. It will encourage the
establishment of wireless associations, ard
will help to strengthen existing associations
by increasing the status of the amateur.

We feel confident that in the compilation
of this directory we can rely upon the assis-
tance of the members of the amateur wireless
socleties and others who are not associated
with those organisations, and to whom the
existence of ‘a reliable directory will prove
of inestimable value. '

We shall be glad, therefore, if readers will
send us, at an early date, the following
particulars for inclusion in the directory :

Name and address.

Call-letters.

Whether the station is for transmitting
and receiving, or receiving ouly.

Transmitting range, in miles.

Transmitting wave-length, in metres.

Receiving range.

Usual hours of working.

General remarks.

Secretaries of wireless associations and
clubs will oblige by sending names of their
officers, address of headquarters, call-letters
and any other useful information.

This directory, when complete, will be
distrihuted free of charge to our readers.
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ON THE GENERATION OF LONGITUDINAIL
- WAVES IN ETHER!

IN a short note published in NATURE of February 6, I suggrested
'+ an arrangement’ of four insulated and electrified spherical
conductors with their centres in one line, giving rise to ethereal
waves in the surrounding atmosphere, of which the disturbance
in‘the line of centres is essentially longitudinal. But at any
_fnite distance from this line there must also be laminar or dis-
tortional waves of the kind expressed in Maxwell’s equations.
The object of my present communication is to show an arrange-
taent by which a large space of air is traversed by pressural dis-
turbance, or by waves essentially longitudinal, or by condensa--| -
tional-rarefactional vibrations ; with but'a very small proportion,
practically evanescent, of laminar waves.

Let AA be a Plane circular metal plate msulated within a
‘metal case ccc'c’, as indicated in the drawing. Let D be a
discharger which can be pushed in so as to make contact with A.
" Let A be charged to begin with, positively forinstance as indi-
cated by the letters PPgp; NNnn showing negative electricity

Y
X
Q

Blb 2

3 ‘vfv 2
¥ Ttlo 2

3

induced by it. * Let now the discharger be pushed in till a spark
passes. The result, as regards the space between aa and the
roof RR over it, will be either an instantaneous transmission of
commencement of diminution of electrostatic force, or a set of
electric waves ol almost purely longitudinal displacement, accord-
ing as ether is incompressible or compressible.

Hencg, if the- theory of longitudinal waves, suggested by

Rdatgen as the explanation of his discovery (for the consideration

* of which "he has given strong reasons), be true, it would seem
probable that a sensitive photographic plate in the space between
AA and RR should be acted on, as sensitive plates are, by
Réntgen’ rays. Either a.Wimshurst electrical machine or an
induction-coil, adapted to keep' incessantly charging Aa with
great rapidity so as to cause an exceedingly rapid succession ol
sparks between D and A, might give a practical result. In
trying for it, the light of the sparks at D must be carefully
screened to prevent general illumination of the interior of the
case and ordinary photographic action on the sensitive plate.

The arrangement may be varied by making the roof of sheel

aluminium, perhaps about a millimetre thick, and placing the
sensitive photographic plate, or phosphorescent substance, on
the outside of this roof, or in any convenient position above it.
When a photographic plate is used there must, of course, be#in
outer cover of metal or of wood, to shut out all ordinary light
from above. This arrangement will allow the spark gap g b @
be made wider and wider, until in preference the sparks pass
between Aa and the aluminium roof above it.  The transparency
of the aluminium for Rintgen light will allow the photographic
plate to be marked, if enough of this kind of light is produced n
the space between the rool and AA, whether with or without
sparks,
VA paper by Lord Kelvin, read before the Royal Sceiety on February 13
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. The new photography has hitherto, so far as generally known,
- been performed only by light obtained from electric action in
vacuum ; but that vacuam is not essential for the generation of the
Réntgen light might seem to be demonstrated by an experiment
by Lord Blythswood, which he described at a meeting of the
(ilasgow Philosophical Society on Wednesday, February s.

As a result- he exhibited a glass photographic dry plate with -

splendidly clear marking which had been produced on it when
placed inside its dark slide, wrapped round many limes in black
velvet cloth, and held in front of the space between the main
electrodes of his powerful Wimshurst electrical machine, but not
in the direct line of the discharge. He also exhibited photo-
graphic results obtained from the same arrangement with only
the difference that the dark slide, wrapped in black velvet, was
held in the direct line of the discharge. In this case the photo-
graphic result was due, perhaps wholly, and certainly in part, to
electric sparks or brushes inside the enclosing box, which was,
as usual, made of mahogany with metal hinges and interior
metal mountings. It is not improbable that the results of the
first experiment described by Lord Blythswood may also be
wholly due to sparking within the wooden case. I have sug-
gested to him to repeat his experiments with a thoroughly well
closed aluminium box, instead of the ordinary photographic dark
slide which he used, and without any black cloth wrapped round
outside. The complete metallic enclosure will be a perfect
guarantee against any sparks or brushes inside.

If the arrangement which I now suggest, with no sparks or
Lrushes between AA and the roof, gives a satisfactory photo-
graphic result, or if it shows a visible glow on phosphorescent.
material placed anywhere in the space between AA and the roof
above it, or above the aluminium roof, it would prove the truth
of Rontgen’s hypothesis.  But failure to obtain any such results
would not disprove this hypothesis. The electric action, even
with the place of the spark so close to the field of the action
sought for as it is at D, in the suggested arrangement, may not
be sudden enough or violent enough to produce enough of longi-
tudinal waves, or of condensational-rarefactional vibrations, to
act sensibly on a photographic plate, or to produce a physical
glow on a phosphorescent substance.

Marcir 12, 1896]
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CONNECTING
: CALIFORNIA
WITH HAWAII

Operniryg of shedforcons
Trany-PaciH7c Scervice

ITH simple but impressive cere-
monies the trans-Pacific sta-

tions of the Marconi Wireless Tele-
graph Company of America at Bolinas
and Marshalls, Cal., and Kahuku and
Koko Head, IHawaii, were formally

opened on September 24. The inau-
*guration of the service had aroused in-

terest throughout the world; and men
prominent in the affairs of nation and
empire sent marconigrams appropriate

.. to the occasion, which marked the

opening of three of the largest wireless
stations on the glabe,

The Marconi Company entertained
representative citizens taking part in
the inauguration both at Bolinas and
Kahuku. In California the members
of the San Francisco party invited to
the inauguration left the Sausalito
ferry at fifteen minutes alter nine
o'clock on the morning of the opening.
They rode in a special car provided by
the Northwestern Pacific Railroad, ar-
riving at San Ancelmo at fifteen min-
utes after 10 o'clock. Iiere they en-
tered automobiles and were driven to
Bolinas, which they reached at noon.

Among the guests of the Marconi
Company were James Rolph, Jr., May-
or of San Francisco; R. P. Schweriu,
Vice President and General Manager
of the Pacific Mail Steamship Com-
pany; Captain Robert Dollar, Presi-
dent the Dollar Steamship Company:

.

M. H. De Young, Vice President of
the Panama-Pacihc International Ex-
position; C. F. Michaels, President of
the San Francisco Chamber of Com-
merce; Mr, Forbes, Secretary of the
California Development Lioard; F. S,
Samuels, assistant to the President of
the Oceanic Steamship Company; C.
H. Gaunt, General Manager of the
Western Union Telegraph Company,
Pacific Coast Division: George E. Mc-
Farland, President of the Pacific Tele-
graph and Telephone Company.

Ao P Taylor, San JFrancisco repre-
sentative the HMHawaiian Promotion
Committee: . S. Teller, President of
the Commercial Club: J. A. Buck, Sr.,
President of the Tlunnlulu Plantation
Company: J. Hooper, Vice President
of the First Federal Trust Company;
L. D. Dean, Assistant Cashier of the
Crocker National Bank: R. B. Wool-
verton, United States Radin Inspector;
Thomas P. Boyd. District Attorney of
Marin Coanty: M. J. Pedrotti, Presi-
dent of the Doard of Supervisors of
Marin County ; I, A, Kolster, Assistant
Physicist of the Department of Com-
merce: Mr, Gardner, Supervisor, Marin
County; John D. McKee. Fresident of
the Mercantile Nutional Dank: A. W.
Foster, Sceretary of Lhe Panama-
Pacific International Exposition; A.
W. Foster, Jr., President of the Marin
County Water Company; C. A. Horn,

RBOLINAS ; MARCONI

HOTE L.
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Fig. 320—General Scheme of Earth Connections for High Power Stations,

239. C_ondensed List of High Power Stations.—Some of the long distance
transmitting stations of the Marconi Company, their locations, systems and
power are shown in the following table:

Location System Power Wi?xvci\{ tt?':'sth

Carnarvon, Continuous and discontinuous
Clifden, . .

:l[re';;nd Discontinuous waves 75-150 K.W. 5,500

1 A .
GﬁfaevaBgi’otia Discontinuous waves 75-150 K.W. 8,000
Stavanger, . .

Norway Continuous waves 150 K.W. ? _
Marion, Mass. Continuous waves 150 K.W. ?

New Brunswick, Continuous and discontinuous 000
New Jersey s 150-300 K.W. 8,000 to 15,
Bolinas, Discontinuous waves 300 K.W. 6,000 to 10,000
California Discontinuous waves 300 K.W. 6,000 to 12,000
Kahuku, Hawaii Discontinuous waves 300 K.W. 6,000 to 12,000

STATIOA? L/ST
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302 PRACTICAL WIRELESS TELEGRAPHY.
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Fig. 316—Side View of 300 Kilowatt Oscillation Transformer.
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Tig 317—Plan View 300 Kilowatt Oscillation Transformer Showing High Tension Bus-Bar,
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Chapter Two

Marconi and His Wireless

Author Commentary: pages 51 - 56
Historic Documents: pages 57 - 89
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i) Marconi and His Wireless

1) Guglielmo Marconi was born on the 25" of April, 1874 in the town of
Bologna, Italy. Marconi began his experimentation with electrical forces at an
early age. During his childhood ample facilities existed with his father’s estate and
Marconi was to receive encouragement from many sources. Marconi began his
formal education in electrical science upon entering the Bologna University. Here
he was to become the pupil of Physics Professor Augusto Righi, the Hertz of Italy.
Marconi began serious interest in electrigivave telegraphy, or “wireless,” as it
would become known. A great impetus began in the search for wireless waves
upon the announcement by German Physicist Heinrich Hertz (1857-1894) in 1888
that he had transmitted electrical force across his laboratory with no connecting
wires. Twenty-four years before, in 1864, James Clerk Maxwell, following the
path of his fellow countryman Michael Faraday, published his famous paper: “On
the Dynamical Theory of the Electromagnetic Field.” Maxwell theorized that so-
called empty space was filled with a primordial medium called the acther. He felt
that this aether could carry electricity through space in the form of an electric
displacement current, this to be taken up 30 years later by Tesla. Maxwell found
that the ratio of the electrostatic to the electromagnetic character of the acther was
dimensionally and numerically equivalent to the velocity of light. This proposal
shocked the scientific community and the search for the electric light waves of
Maxwell’s theory was to begin. The findings of Hertz were eagerly accepted as the
Laminar, or Transverse Electromagnetic Waves of Maxwell and his theories. The
Italian scientist Augusto Righi was to become a foremost researcher of Hertzian
Waves, as they became known. His young student, G. Marconi, was to gain
firsthand knowledge of Hertzian wave behavior.

2) Marconi, to his dismay, was to find Hertzian waves unsuitable for any practical .
wireless endeavor. The Serbian immigrant Nikola Tesla (1856-1943) publicly
delcared that Hertzian waves were not the sought after Laminar Waves of
Maxwell. After a visit from Tesla, Hertz was to withdraw part of his theory, but
his untimely death in 1894 at age 37, prevented the completion of his efforts. Tesla
would stun the world with his public demonstrations of his experiments with
electric waves. Electric lamps held in his hands would light brilliantly anywhere in
the hall, with no connecting wires. Tesla’s own body would glow like a neon
anode, giving t,he appearance of his being on fire. Many viewers ran from the hall
in terror. The 19™ century was not prepared for the 21%' century technology of
Nikola Tesla. Obvious to all was that here lay the key to any functional wireless

endeavor.

Marconi travelled to Tesla’s New York City laboratory to witness his methods of
transmission firsthand. The unsuspecting Tesla was all too eager to share his
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discoveries with Marconi, not knowing Marconi would take it on his own without
Tesla. Marconi was quick to adopt the resonant transformer and

displacement current transmission system devised by Nikola Tesla. The Hertzian
methodology was abandoned. The Tesla system consisted of an aerial structure
called an elevated capacity, and an earthed structure called a ground. The
displaced electric fluid transferred from the earth by the resonant (or “Tesla™)
transformer was held by the electrostatic capacity of the aerial structure. The aerial
radiated no electromagnetic waves but transmission was effected by the movement
of displaced electricity within the earth, or globe. In other words, transmission to a
distant receiver is through the interior of the globe, not through the space
surrounding it. The wireless engineers of Marconi’s time were of a Hertzian
mindstate, thus Marconi was to proceed along the lines of radiation through space
by the aerial. The significance of the earth currents was to gradually be forgotten.
Experimental structures were devised by Marconi, utilizing grounded aerial
capacities. He was to miss the importance of proper resonant transformer relations
to the elevated structure and earthed connection, this resulting in weak and
ineffective transmissions. Marconi’s first functional stations were to appear
between the years of 1900 and 1901. Having successfully established limited ship-
to-shore contacts, Marconi, at 27 years of age, was ready to attempt his lifelong
dream of trans-oceanic wireless communication.

Two sites were chosen, one at Poldhu, Comwall,‘g_[(‘, and the other at Glace Bay,
Cape Brention, Nova Scotia. The giant elevated capacities erected were in the
form of 210-foot high inverted pyramids. Great difficulty with gale winds and
their damage to his structures led to the use of kites in the manner of Franklin and
Loomis. Marconi sailed a kite outfitted with metal screens, 400 feet up in the air at
a temporary site in St. John, Newfoundland. He contmuously keyed his
arrangement at Poldhu with the Morse code lettera (dit-dit-dit) in the hopes that it
would be received by his kite aerial across the Atlantic. Marconi claimed to have
made contact on December 12, 1901, but some believe the results were faked to
allow for more experiments. About the same time his demonstration to Naval
authorities was a dismal flop. Marconi would throw his gear overboard in disgust.
After similar demonstrations, he still had no wireless.

3) Nikola Tesla, however, continued having success in his wireless endeavors and
at the time of Marconi’s failure, had demonstrated wireless remote control of
model submarines to the Navy, and was on his way to constructing his first
commercial wireless plant. Tesla had previously demonstrated his abilities with
his design of the Niagra Falls Electrical Generating Facility, the world’s biggest at
the time. He therefore found no difficulty in procuring funds for his next project,
for worldwide wireless transmission of energy and communication, as it would
surely work. During the years of 1891 to 1893 Tesla began his investigation into
the transmission of electricity without the use of connecting wires. Tesla’s aim
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was to transmit electrical energy in industrial quantities through the interior of the
earth to any location on the globe. This would eliminate the use of electromagnetic
power lines. The sheer magnitude of such an engineering endeavor would make
the mere transmission of telegraph signals insignificant, so Tesla staged no such
event.

This would lead to his demise, as Marconi claimed to span the Atlantic during
Tesla’s construction, creating uncertainty in the minds of the investors. The
wireless experiments of Tesla were to pre-date Marconi by ten years. The Tesla
system of concatenated tuned circuits is the very foundation of today’s radio
technology; it would not work without it. Tesla had patented every wireless
device, the hydrogen arc, the disruptive condenser discharge, the rotary gap, the
resonant transformer, the oil condenser and the aerial ground structure. Any
improvement was not likely. After the turn of the century wireless experimenters
flourished and by 1905 many established stations existed, notable being the De-
Forest PH, later to become KPH Bolinas. Others were Murgas, Fessenden, Massie
and Marconi, to name but a few. Conflicting theories prevented any significant
scientific development. The electromagnetic theory of Maxwell was to dominate,
thereby clouding any real understanding of electric wave telegraphy, or wireless,
as it became called. What followed were erroneous theories and constant patent
litigation. Everyone claimed an improvement upon the Tesla system, resulting in
hundreds of patents on the same thing. This served to diffuse Tesla’s priority in
wireless. The rush was on, leaving Tesla behind, along with the 19" century. He
was to be too far ahead of his time.

4) These events would serve Guglielmo Marconi well and he would pick up
where Tesla had left off, but without full comprehension of how it all worked.
Tesla was a scientific discoverer, Marconi was an experimenter and promoter. He
would adopt selected apparatus of Tesla’s designs and re-work them in his
endeavors. Tesla’s rotary break condenser discharge and his resonant transformer
(Tesla coil) were to be at the heart of every wireless station in existence at the
time, but these would not be operated in the manner prescribed by Tesla. Marconi
began the purchase of his competing stations, such as those of United Wireless,
American De-Forest and Massie. Marconi also started a process of patent
acquisition, purchasing those of Murgas and Edison to name a few. His only
competitor was Reginald Fessenden, the leading wireless pioneer of the time.
Marconi was no longer the experimenter of his youth but now was the promoter of
wireless. The Marconi Wireless Telegram Co. of America was to grow from
insignificance into a virtual monopoly. By 1914 he had completed his great New
Brunswick facility as well as Bolinas and Kahuku. He had been awarded the
Nobel Prize in 1909 and was to be known as the “Father of the Radio.” At the age
of forty, his lifelong dream of worldwide wireless became a reality.
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5) Massive investments of capital were required for global power stations like
those of Tesla and Marconi. These were no 5 kilowatt affairs, but utilized
hundreds of kilowatts. Their elevated capacities were equivalent to bridge building
projects. Such endeavors seemed as science fiction to investors, but the
possibilities were fantastic. Tesla’s undertaking at Long Island, New York, was a
full-sized power station with a potential of 100 million volts. Marconi’s stations
such as New Brunswick or Bolinas would have hundreds of mega-watts
circulating in their massive aerial-ground structures. The powerhouses were the
size of small great cathedrals. To acquire funding for such projects required
intensive promotional efforts. While the system of Tesla far surpassed the
relatively weak one of Marconi, Tesla’s system possessed certain risks in the
minds of the capitalists. The entire industrial establishment of the time was solidly
rooted in the work of Edison (D.C.) and that of Tesla (A.C.). The electrical
industry thus created stood alongside the steel and railroad industries. Tesla was
now constructing a radically new electrostatic technology (that of the 21% century).
He stated it would send the hea®engines of the world to the scrap heafd (coal and
oil). But wait: the technology that he and Edison had developed was barely 15
years old. Marconi, on the other hand, was not the idealistic discoverer that Tesla
was, but had a more i plan in mind. Tesla had achieved his dream of
harnessing Niagra Falls; Marconi would seek his dream of worldwide wireless.
The world would not be provided with electricity, but telegrams. Funding for
Teslas’s Long Island plant was quickly withdrawn and Tesla faded into
invisibility. A great void had now been created and in a few years Marconi would
fill it. By 1910 the established Marconi power station would appear. However, as
with Edison, Tesla, Thompson and so many others, Marconi was to find his
operation to quickly outgrow him. Major engineering difficulties were
encountered with the new electrical forces of the power plants. Corporate
operations greatly complicated the basic aims of Marconi, and on top of it there
were the Tesla patent suits. With the threat of world war looming, Marconi’s
foreign status would further damage him. On April 9, 1917, three days after the
outbreak of war, the U.S. Navy issued the following order (in part): “Pursuant to
the president’s war proclamation, all radio stations of all classes are hereby
ordered closed and dismantled immediately, except such stations as are
specifically to remain in operation under competent military authority....”
Marconi was shut out of his own operation. Also, because of an appeal by
President Wilson, Marconi would be sold no more wireless equipment, for fear of
foreign control. In 1918, at war’s end, Marconi’s commercial manager, David
Samoff, announced the the U.S. Navy had purchased 45 of American Marconi’s
stations. Bolinas, California, New Brunswick, New Jersey and Marion,
Massachusetts were to be returned to Marconi. Official approval came from

~ President Wilson in July of 1919, effective March of 1920. The Navy became very
concerned about Marconi obtaining the rights to General Electric’s Alexanderson
system and in October, 1919, formed the Radio Corporation of America to take
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control of the New Brunswick series stations. The assets of American Marconi,
worth 3.5 million, were purchased by G.E. and turned over to R.C.A. American
Marconi dissolved on April 6, 1920. Marconi, at age 47, drifted out to sea in a
self-imposed exile, still haunted by Tesla.

6) Sailing the world in his yacht Elettra, a floating laboratry (fig. 14), Guglielmo
Marconi would return to the electrical experimentation of his youth. He had lost
his empire but not his fame. Marconi began experiments with short
electromagnetic waves (shortwave), these being the true Maxwellian waves.
Unlike the massive high voltage structures of his long wave electrostatic wireless
stations, the short electromagnetic waves used small structures (fig. 15). The cost
of experimentation was therefore also small. These new waves could be focused,
reflected, and refected exactly, as with waves of light. These experiments served
as the final verification of the electrical “light waves” of J.C. Maxwell’s theory.

Around the turn of the century a theory of an upper atmosphere of electricity,
surrounding the meteorlogical atmosphere of the eartth, began to take form.
Principle were the writings of A. Kennelly and O. Heaviside, and the experiments
of N. Tesla and R. Fessenden (fig. 15a). Fessenden had set up an elaborate system
(fig. 13) to prove its existence, and Tesla patented the use of this atmosphere for
the transmission of electrical power without the use of connecting wires (fig. 15b).
This electrical atmosphere would be known as the Kennelly-Heaviside layer in
early years, and after various space probes testing its existence it became known
today as the ionosphere, an atmosphere of rarefied, inoized gas extending from 50
to 250 miles above sea level. ECZED

Marconi undertook experimentation with the refraction of shortwaves through this
medium so as to carry these waves to great distances, similar to shining a light
upon the surface of water at such an angle as to get it to refract beyond the surface.
His experiments with the Maxwellian waves and the ionosphere were a
tremendous success. ¥ Jronic #ymg was that the influence of the ionosphere with
his electrostatic wireless was one of his major problems. Thus a new system of
wireless was born: shortwave radio. This cheap and easy system was quickly to
fall into the hands of amateur radio experimenters. With the use of the new De-
Forest audion and the regenerative circuits of Armstrong, unheard of frequencies
of 100 million cycles per seond were attained by Marconi and the “Hams.” It was
not long before the amateurs, or “Hams,” as they became known, were making
trans-Atlantic contacts through the use cf simple shortwave apparatus. Guglielmo
Marconi, at age 50, would again achieve his fame as the Father of Radio.
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7) To suit the needs of the Dollar Lumber Company, later to grow into the Dollar
Steamship Line, Captain Robert Dollar commissioned the Heintz-Kaufmann
Company of San Francisco to test the work of the Hams. Ralph Heintz was the
radio tube whiz of the time. The Dollar company was tired of the high cost of
ship-to-shore message service, thus the interest in the Ham’s methods of cheap but
effective long-distance signaling. A new ship-to-shore service was in the making.
After a year-long trial, 1928-1929, it was a great success and instantly, the giant
stations of R.C.A. became dinosaurs. Marconi®  giants that fell to R.C.A. were
quite obsolete. Marconi had again done what Tesla could not. These corporate
institutions felt that shortwaves were useless for over the horizon propagation
because of their light-like nature. The shortwave spectrum below 200 metres was
given to the Hams. “They will never get out of their back yards with that,” joked
the experts. Marconi proved this wrong. The Hams made it work and Dollar
commercialized it. R.C.A. was taking note of this at its beginnings and was
preparing for new shortwave facilities, receiving its first transmitter in 1924, the
Type B. By the late 1920s the budk of the shortwave spectrum was taken from the
Hams, ~-R.C.A.was to be given some 25,000 shortwave frequencies. The great
wireless plants were demolished. Marconi would fade from view during the
following years, leaving a British communications equipment company bearing
his name. He died in 1937, forgotten in technical circles, but forever to be known
as the Father of Radio.

Letter to Edward ]. Nally, President
Radio Corporation of America
January 10, 1920

While dealing with the subject of transmission and reception on
shortwaves, I might record a hunch which I have held for some time
and which I have discussed with a number of radio engineers, who.
I should say in justification of their opinions, definitely disagree
with me. I refer to the possibility of employing shortwaves for long-
distance communications and, perhaps eventually, transoceanic
communications. The obvious answer to this is that daylight ab-
sorption makes impractical the use of shortwaves over long dis-
tances, but I doubt whether a careful and exhaustive research has
been made on this point. Perhaps extreme amplification, such as is
possible with the Armstrong amplifier, or even greater amplifica-
tion, which should be possible, may detect radio signals from
shortwaves where present-day amplification fails to do so. The ad-
vantages of employing shortwaves over long distances are, of course,
well known to engineers, who recognize that greater freedom from
static and station interference is possible when employing short-
waves.

(Book: Radio and David Sarnoff, by E. E. Bucher, part 1,
p. 251.)
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ABSTRACT OF PAPER ‘A DYNAMICAL THEORY OF
THE ELECTROMAGNETIC FIELD®

[27 ocToBER 1864]"

From the Proceedings of the Roval Society ¥

ADYNAMICAL THEORY OF THE ELECTROMAGNETIC FIELD®
By Professor J. Clerk Maxwell, F.R.S.

Received October 27, 1864

(Abstract)

The proposed Theory seeks for the origin of electromagnetic effects in the
medium surrounding the electric or magnetic bodies, and assumes that they
act on each other not immediately at a distance, but through the intervention
of this medium.

The existence of the medium is assumed as probable, since the invesu-
gations of Optics have led philosophers to believe that in such a medium
the propagation of light takes place.

The properties attributed to the medium in order to explain the
propagation of light are -

Ist. That the motion of one part communicates motion to the parts in its
neighbourhood.

Ind. That this communication is not instantaneous but progressive, and
depends on the elasticity of the medium as compared with its density.

The kind of motion attributed to the medium when transmitting light is
that called transverse vibration.

An elastic medium capable of such motions must be also capable of a vast
variety of other motions, and its elasticity may be called into play in other
wavs. some of which may be discoverable by their effects.

One phenomenon which seems to indicate the existence of other motions
than those of light in the medium, is that discovered by Faraday, in which the
plane of polarization of a ray of light is caused to rotate by the action of

| The date the paper was received by the Roval Society. The paper was read on 8 December
1364: see note 2. 2 Proc. Roy. Soc.. 13 18641: 331-6.

3 Published in Phil. Trans., 155 1863 : 439-312 = Sciemtific Papers. 1: 526-97 . Reporting
on the paper in a letter to Stokes of 15 March 1863 Roval Society. Referees” Reports. 5: 137,
William Thomson declared that the paper was *most decidedly suitable for publication in the
Transactions .
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Iliustrating various ways of using a high frequency alternator in the

first experiments at the Grand Street Laboratory: 1891-1893.
JER——

System of concatenated tuned circuits shown and described in Tesla U.S. Patent
No. 568.178 of Sept. 22. 1894, and corresponding arrangements in wireless transmission
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{No Model.» ? Sheets—Sheet 2

N. TESLA.
ALTERNATING ELECTRIC CURRENT GENERATOR.
No. 447,921. Patented Mar. 10, 1891.

Fig.4

ey ’ ,'. 2
AAANNANN

Tnwendor

ey Hitiota 7_4.4&.

ALl arree, .yc.

Figure ’
pDiagrammatic drawing of the third and larger machine with

480 poles, taken from U.S. Patent No. 447,921.
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Figure

Diagram showing the
salient differences
between the apparatus
described in these
patents and the typical
Hertz wave arrangements
of that period described
in the Re-issue Patent
of Guglielmo Marconi,
No. 11,913 of June 4,
1901.

v MMARCOA L
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(No Model.)

N. TESLA.
METHOD OF OPERATING ARC LAMPS.

No. 447,920. Patented Mar. 10, 1891.
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Figure

Diagrammatic illustration of first high frequency alternator with 384
poles, patent application filed October 1, 1890, also in book "Inven-
tions, Researches and Writings of Nikola Tesla" by T.C. Martin, pub-

é}ighggsby the Electrical Engineer, New York, 1893, Figs. 199-203, pp.
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PRINCIPLES OF

WIRELESS TELEGRAPHY

BY
GEORGE W. PIERCE, A.M., PH.D.

ASSISTANT PROFESSOR OF PHYSICS IN HARVARD UNIVERSITY

First EpiTION
SeconDp IMPRESSION, CORRECTED

McGRAW-HILL BOOK COMPANY
239 WEST S9TH STREET, NEW YORK
6 BOUVERIE STREET, LONDON, EC. ~
1910
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bank of jars is connected by means of the leads 7", W™ with the second-
ary of a Ruhmkorff coil, or better with the secondary of an alternating
current step-up transformer, the Leyden jars are repeatedly charged
by the Ruhmkorff coil or transformer at intervals of, say, tdv or
z4v of a second. When the potential at each charge of the jars
reaches a value high enough to spark across the gap G, the jars dis-
charge with oscillations of extremely high frequency. A group of
these oscillations oceurs during each spark at the gap G. These

W

rIII|

LA 1

Fic. 63. Tesla or Thomson coil.

high-frequency oscillations in the primary coil P act inductively on
the secondary coil S, and on account, of the extreme rapidity of change
of current in the primary, the electromotive force induced in the
secondary is very high, and produces a series of sparks between the
terminals 7'; and T, of the secondary.

It should be noted that the primary has a period of its own,
and that the coil of wire S used as a secondary has also a period
of its own; and in order to get the greatest spark at the secondary
terminals, it is necessary to adjust the number of jars C or else
the number of turns of wire on either P or S, so that the condenser

TESLA WiRELESS
METHOD
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circuit and the secondary coil shall be in resonance with each
other.

By the use of apparatus of this character Mr. Tesla has pro-
duced enormous sparks — twenty-three feet long and of great
volume — graphically described as being accompanied by a roar
like Niagara.

The transformer PS is called a high-frequency transformer, an
oscillation transformer, or an air-core transformer, to distinguish it
from an ordinary iron-core transformer, such as is used with
commercial alternating currents of slow frequency.

Oscillation transformers, built on somewhat different lines from
the oneabovedescribed, have met with application to both the send-
ing and thereceiving circuitsof electric-wave telegraphy, and by the
use of these transformers a considerable advance has been made,
both in the greater distances attained and in the diminished con-
fusion of signals of different wave lengths.

Two Systems of Coupled Circuits.— The form given to these
coupled circuits is considerably varied in practice. There are,
however, two important general types. These are represented in
the accompanying figures (Fig. 64 and 65) and are called re-
spectively the inductively coupled and the direct coupled types.

The Inductively Coupled Type. — This type is shown in Fig. 64.
In this system the sending station, shown on the left, is seen to
consist of a Tesla high-frequency apparatus, with one secondary
terminal connected to an antenna and the other secondary ter-
minal connected to the ground. Power is supplied to the circuit by
an alternating current transformer or a Ruhmkorff coil to which
the wires W, W’ lead.

The receiving station of this system, shown at the right in
Fig. 64, has also an oscillation transformer P’ S, and is in prin-
ciple like the sending station, except that the detector D’ with its
accessories is usually put in place of the spark gap of the sending
apparatus. The coils P’ and S’ and condenser C’ used with the
receiving apparatus generally have different inductances and
capacity from those of the sending apparatus, and not being
traversed by high-potential currents they are usually made more
compact.

In this inductively coupled system of circuits, oscillatory cur-
rents in the sending antenna are produced inductively by the
oscillatory discharge of the condenser C' through the primary coil
P. These oscillatory currents in the sending antenna produce

TESLA ler/RELESS AMETHOD
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electric waves, which travel away in all directions with the velo-
city of light (186,000 miles per second). Arriving at the receiving
station these electric waves set up oscillations in the antenna cir-
cuit A’P’E’. These currents through P’ act inductively on §', and
produce oscillatory currents in the detector circuit.

) :

¥

S S

TN

Fic. 65. Direct coupled transmitting and receiving circuits.

The Direct Coupled Type.— Figure 65 shows the other form of
coupled apparatus, constituting the direct coupled system. This

JESIA MET 40D

70


http://emediapress.com/
http://ericpdollard.com/

71


http://emediapress.com/
http://ericpdollard.com/

L r;L:.F..\llﬂlll

e

N AT AY AN ANVAT

| N N R AN ,ﬁz

AV AV 4V A1/
AVAAVIATALYE, -:-4_-5.-:!.
5 avay 1.2??23 )

-_b‘_.v éﬂ»}.ﬂd.)} »i* _V )» ﬁn,ﬁ ..ﬂc_-‘ 4\“&&-?@-&.& ‘ »% , ‘ ’b"” ‘
SO ..4.« %4.« asﬁ.: X

72



http://emediapress.com/
http://ericpdollard.com/

73


http://emediapress.com/
http://ericpdollard.com/

INDUCT/ION
- ColL

MARCSA 1 S
[l]];l /G OSC/LLid7oR

Righi’s oscillator,

: w SELCD

NARCCATS
FIRSr
RIGT W

R_EC/zZvE ] i



http://emediapress.com/
http://ericpdollard.com/

N. TESLA.: - .

APPARATUS FOB TRANSMITTING, ELECTRICAL ERERGY.

APPLIOATION FILLD JAX.18, 1901,

1,119,732.
£

aifT’N!'b?

I:It'lED MAT 4, 180T, .

Patanted Dec 1,1914

P — P, EFLEUVATED

CATAC )7
B = MAGA/ICATION
cori
A -C OSQ/Le 4T /aON
T/M/(.JSFOE/’?F/?

G - CounEUIER

E = LEAIRT A~ | UG-
L£LETT/R ODES~

/ =
\
1
\
b .
s & e Ml = )
- =i 1 g
G SHil A |
. =4
N b - - Ay, -
SRR R e \Q-‘:\m‘ﬁ‘ RN A 1\3"0
& iy ; N -
N 3
] T

INVENTOR,

Wﬁm’.

, W b .
A
, Al ArTORNEVS.

/- 7 LATER
TESLA DES/

75


http://emediapress.com/
http://ericpdollard.com/

- *'.'ll.r‘ ) :

» -
Mo. 678,332. ’ o Patentad Juns II, 1901,
6. HARCONI. -
APPARATUS FOR WIRELESS TELEGRAPHY.

(Application filed Teb 23, 1001.)
(Mo Model.) . (e 2 Sheels—Sheat 2,

% ' g
e S ——————_—
sk =
i n¥ = A i kL
T T TR BN E T S e e TR e e — - "1

EC/IELE
¢
A
a
-——.:"i'_'_'l :
- | z
e z
| S
e . . &
= ¥
WITNESSES: - INVENTOR
Q%/M {ﬁ% . Gugjl..{z‘imo M’:xcni,

BY
%7/ @,ﬁﬁfw (o R _.99.:\;:_%. R

A1 T LATER mARCON [ DESIGN



http://emediapress.com/
http://ericpdollard.com/

SE A2

. ' ' B 7y
Y40 : : '
acd - ".
Ny -
o
’ -
- .
N 2 LR
& - 'y $ e » L
: 2 I ": b o
o u,:"h“_ rl" . ’ "-'-'-,
r—~ . v :
- t = S (o
2 4% ol RIS Tl ey )
st vyt oy o
O H v
3 e = A ’ L]
— g : £= ] o
- -._\‘-. - .-
. ~. o I - [
SR o
' & " . -
¥ L Wb

O/ )AL AL 7 ETSI Z)ANA
C-#-/= T72ALSMISS/OA
EXPE/RIMmECTS PO
Ve Pt el 17 EC2/6N

A
ot ) o Gy e .._._"_-"

- .b- . -, -‘
P Recd "
-l 4

- . k -";" :

.
¥ [

77


http://emediapress.com/
http://ericpdollard.com/

78


http://emediapress.com/
http://ericpdollard.com/

79


http://emediapress.com/
http://ericpdollard.com/

&

Pz
ROLIAAS

earo—
o o

FiG- 10B

"MARCONI

7N | "
Tft((/%{(/E({/??r“f1| ST
A A NN VNN N RN NN
M p

2N
3y
|

Condenser Hounse and Antenna Grid.

== NARRARRAA .y\,\i, ARRRRR - ey
=y AN AN AANPRRNRR R

& o
, o
f i
T e

=

——

CLIFDEN STATION
BENT-L FAN AERIAL

80

A2

£

7

oS24 5

22
WARDEAICL >
NOTES



http://emediapress.com/
http://ericpdollard.com/

81


http://emediapress.com/
http://ericpdollard.com/

14 FOOT SPRUCE SPREADERS STROP INSULATORS

\\\\
\ W

INSULATOR

HMEART SHACKLES

HEMP
GUYS

DECK 24" ROD
INSULATOR INSULATOR

SCREW EYE IN DECK

Forval AMazcoxw /
AEFR}AL STRUCTOLC/2E&
T E

& ,
Vodnr P £ A Fi2iAL

82



http://emediapress.com/
http://ericpdollard.com/

83


http://emediapress.com/
http://ericpdollard.com/

84


http://emediapress.com/
http://ericpdollard.com/

85


http://emediapress.com/
http://ericpdollard.com/

86


http://emediapress.com/
http://ericpdollard.com/

NN MY NN NN NV N NENM NN MU NL NN NIENKNL L

JUST A. FEW OF 1500

, The Electro “Government' Phones The Pride of Every Amateur
Plaghiest Procisioa PPhssies Made inthe L mitedd States

Bashes HAKD KU LI R CUnERLD hertial by mveral tanviments | The “Electro’’

Designed and made for ROtarY Variable

WIKLLLESS Condensers
This b aclzeear s D ligha Cunpsteler thaesas featuinea
1 el athet tombay k= THE ClN-
Each reveiver is wound te | DESSERS sk THE

¥ ul Jus | USLY  ONES  MaDE
1500 ohuna, giving S0 G AN S AR -
whims pur st Hhe Gers | g 176 S Iy WHICH

ilver HE N0s | o B b
man sibver HEAD BA 1l CAN HE USED

ARLE COVLRLED WITH | wirHOLT 1T LEAK-
HARD RUBBLR, thereby | 1N, this wuy ke
afurding the bust puss | oie e
aible insulativn,  NON-
KL3lIRNU DiAe
PHR AL WS,

tinlat peants of suparis
weiily Lagba  publar vapn
Bag b=t ptamaboatvoetn, teet sy

ol ;
el l-uul r\.l int euue
l. wipet wigh & large
Lottt headgear is eii= | acule that is casily read.

virely dnsulated from the | 56 920 “Llectro®™ Hotary Yarlable Lundcnkt, 17 Platsn.sz 75

wod thae wiie b

phones themsebes. The e 403 Shippung weight 2 b,
..... I . i im of | No el m - uuLI.: Condenser, 43 i'llttl $4 25
s el sty le, coadioin. Slappiie weght 3 e L

The *Electro®” Yario Selective Coupler
CALLISET I.\l'l

Flain ot oL vasts tanw

G

Fl l1r|.111I Wil
Buaghcls ale a gieal
mews 1l !-u-.: Bins b
st b peerted Sweal
vebe tidegsten steal

W Lad prattnoudar stpess
eotn tha fieagtecls od this g

compact lung  dis=
convar wied we gtantee | pgnce wircless  ree
that e paagtets will ea | elving outhit man-
Bos thoir atiength fer twe [ ulactured.

yrale, S, Lo “Electro™

Mur. otk : priCC' 58.00

Selective
er nu phunes

wr detecton: £6.50

o. 11
Bhipping weight 5 [,

Guaranteed Electro” Htumg,c Batteries NEW ! NEW!!

As Made by Usfor 12 Years RAD[OC[TE

‘1‘I..- " werful of wll eeystuls. Mare sens
EMAMEL STCEL sty tvere metoitive Uien ANY
whale w o= first oboogtosd by s n= HANCLE wtlur ery ataal vr manne

LEAD
TERMINALS,

AR TR HARD RUBBER

]
(P TU (:I theat Dok s Diks : qute : pobd Now
YENTS iy

t Jur ol lln\ .
. F eryetal 1a testend
I ul pranichanl mpu..uly FIT™

Iws Murkey refunded il wur
claims are nut substanti=
ated.
Uenerous picve of tested
Radivgite: K : B
Woe e tlwe side

etal Awents bor labion e
IMMEDIATE SHIPMLNTS,  NO DELAY.

Bdil 1

winl il

“The Livest Catalog inAmerica”

¢ Matters, 1 oaalis,

o e Tt ey el FLECTRO
' - YOU IMPORTING
' bl *ompeerags Matters, O sulis, L““ DANY
LTI L oA A ,\(._’-1 b
Battars, 1 aslis,
A

Plostiee Stetags Mlaltors, 6osalis,
’ S50

i e

xzxzxuxmxzxzxmxzxuxzxzxxxxxzxuxzxzxxxzxxxzxzxxxzxzxzxx

Pheetnee mtemags Batters Bosadis,

K¢ T e e S

NI ACID p: ;

\! H 0 B DRI AR SEST DY G DAK CASE [ 111

S e | THE FLECTRO IMPORTING CO. | Y37 Loy St
1 . " e FLLIGN ST, NEW YORK | B "

x e ek tae Reted b v bkl N Ketod wedy the margin below Y
AARARANAN Ah/ RARARARARANARARANZANARY ARNARA é

JSAD/O S AN ADLETETIS N G

Write vour niune
amd address n

£ es e



http://emediapress.com/
http://ericpdollard.com/

P ractiéal Wireless Telegraphy

A COMPLETE TEXT BOOK
for STUDENTS of
RADIO COMMUNICATION

BY

ELMER E. BUCHER
Instructing Engineer
Marconi Wireless Telegraph Co. of America

- Member Institute of Radio Engineers

Fully Illustrated

Revised Edition

5000 copies printed July, 1047
5000 copies printed October, 1017
5000 copies printed February, 1018
5000 copies printed March, 1918
5000 copies printed May, 1918
5000 copies printed June, 1918
10000 copies printed August, 1918
10000 copies printed October, 1918
5000 copies printed December, 10190
7500 copies printed May, 1020

326 Broadway New York

88


http://emediapress.com/
http://ericpdollard.com/

JOIN THE -

National Amateur Wireless Assnriation

Founded to promote the hest interests of radio com-
munication among wireless amateurs in America

Guglielmo Marconi J. Andrew White H. L. Welker
President Acting President Secretary

Help the cause of the Amateur by becoming a member
ofan organization that protects the Amateur at all times

“IN UNION THERE IS STRENGTH”

INITIATION FEE ANNUAL DUES
An initiation fee of $1.50 is required of The annual dues are two dollars ($2.00).
all new members to pay for initial membership For this members receive:
cquipment, consisting of Nos. 1, 2, 3, 4 1. The monthly bulletin service,
and 5. 2. THE WIRELESS AGE for {1 year.

3. Ten _Der cent discount on“any wireless
book published and other features to be an-
nounced later.

EQUIPMENT

1, Certificate of Membership (steel engraved) bearing Senorate Marconi's endorsement as
President and signed by the officers.

2, 36-inch ielt Aerial pennant, four colors, on scarlet felt.

3. Membership pin; gold and enamel. (See design above.) 4

4. How to Conduct a Radio Club, by E. E. Bucher. Price T5e.

5. How to Pass Government Wireless License Examination. Price 75¢

6. One year’s subscription to THE WIRELESS AGE.

7. Monthly Bulletin Service.

e o e . — — — — — — — — — — — — — — —— — — — W S S—

APPLICATION BLANK

Harry L. Welker, Secretary,

National Amateur Wireless Association,

326 Broadway, New York City.

As T desire to receive full recognition as an amateur wireless worker of the United States,
T ask the privilege of enrollment as a Member in the National Amateur Wireless Association
and request that you send me the complete Member's Equipment, for which I enclose herewith
remittance of $1.50 Initiation Fee, covering Initial Equipment, and $2.00 for First Annual Dues,
or $3.50 in all.

I trust you will act upon my application promptly and forward the equipment to me at the
earliest possible date.

My qualifications for Membership are given m blank spaces below.

Signature...c..eeeeenes PR et TR, ¥ Street Address...........eeeess AR
L OWIDL s ooy i o o AN State..... STl v T R e ST R A G T A B P
FILL TN ANSWERS TO THESE QUESTIONS
. 1. Have you a Government License (give number.................. R A ....) or do you propose

applying for one?......covvvennnn. 55 AT T IR A e wraimieiaD T e s T A A4, B 8 e

9, If you are under 21 years of age, give names of 2 adults for references as to character:
Reference .......... Ry —— Rddresninti s vvsenssiss i IEEIRRGEA o ialeieln

REIETENCE wuninimvmamavs wsvussuu s hsnns Copsmun s 85 s deiissss souesunuawiisas 55 e s sanugmeaames
3. If you are a member of any Local, State or Interstate wireless club or association, give its

name and name of Secretary with address.......ciiiiiiiiiiiiiiiineiierneananss S i AR
4. Are you now a subscriber to THE WIRELESS AGE?....iviiiiniiininnrrnesansnneinses R
S. Describe briely your equipmeEnt...ccccisissscssnisiiinrssnsassinnsansinnncnnssmnessssssssssassrasns
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Chapter Three

The Radio Corporation of America

Author Commentary: pages 91 - 103
Historic Documents: pages 104 - 130
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Ill)  The Radio Corporation of America

1) The American corporation General Electric was born in 1892 through the
union of the two principle electrical manufacturers of the era, the Thompson-
Houston Electric Company, and the Edison General Electric Company.
Thompson-Houston worked in the new alternating currents (A.C.) of Nikola Tesla.
and Edison worked with the well-established direct current (D.C.) systems of his
design. Edison was a strong opponent to any A.C. development, perceiving it as a
threat to his own D.C. operations. Edison staged events where stray pets were
“Westinghoused,” that is, killed by A.C. electric shock. He even developed the
A.C. electric chair for his promotional etfort. This created a wave of public fear of
the development of A.C. systems. Ironically, Edison had received similar
treatment from the illuminating gas companies when he had introduced his electric

light and supporting D.C. systems. The formation of General Electric would serve -

to nullify these conflicts and unify the electrical industry. With his strong
theoretical background and understanding of the mysterious A.C., Elihu
Thompson helped to create the General Electric Research Laboratory in 1900.
This was to become home of Charles Proteus Steinmetz, the foremost electrical
genius of the 20™ century. Steinmetz, along with his protegé E.F.W.
Alexanderson, would find ways to circumvent the patents of Tesla-Westinghouse
and De-Forest-A.T.T. Steinmetz devised his monocyclic A.C. system, bypassing
Tesla and helping G.E . enter the A.C. markets of Westinghouse. Alexanderson
would do the same with the wireless, avoiding De-Forest and Tesla priority. G.E.
would prosper greatly in these areas and make a strong mark of the history of the

wireless (fig. 17).

e A o2 2.8 - A B < 22 =
“To Tesla.” An autographed picture of George Westinghouse founded the
Edison. Tesla’s first American employer. ! Westinghouse Electric and Manufacturi's
(Tesla Museum) Co. in 1886 and purchased Tesic$

alternating current patents. { Westinghousé

e AC Electric Corp!
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2) As with the electric power industry, the wireless grew out of vicious patent
suits and fierce rivalries. The key elements of radio such as the thermionic electron
tube of Lee De-Forest (1906) or the tuned circuits of Nikola Tesla (1900) were
under full patent protection. Therefore use of these devices was blocked fc
competing companies. Numerous patents appeared on the scene, each claiming
novelty, but in reality they were no more than adaptations of the original work.
Conflicting theories created a wide split between pre-1900 and post-1900
inventors. Electrical science was giving way to atomic science at this time.
Constant litigation and frequent bankruptcy, as well as tampering by
Morgan/Rockerfeller interests greatly hampered the development of electric wave
telegraphy and telephony. The condition forced government intervention.

The conditions that spawned the Radio Corporation of America are indeed a study
of their own. The principle factors are the world war and the Alexanderson system
of radio communication. The outbreak of war prompted the U.S. Government, in
accord with the Radio Act of 1912, to take over all wireless facilities, and
experimenters were prohibited from operating. Their station was dismantled, and
American Marconi would relinquish its facilities to the U.S. Navy.

3) The basic conflict finds its origins in Marconi and his ambition to acquire the
Alexanderson system of General Electric, and then monopolize this system. G.E.
did not like this idea. Also, American Marconi was not so American. It was a
British concern, and Marconi was an Irish-Italian, not a U.S. citizen. The conflict
arose with a bill introduced by Rep. Joshua Alexander of Missouri, proposing a
takeover of American Marconi. For Marconi’s defense was former New Jersey
Governor, and Taft’s Attorney General, John Griggs.Griggs was president of
American Marconi. Griggs would state: “Just when the farmer had planted his
seed, plowed his field, harrowed it, and cultivated his crop, the corn ready to husk
— the government comes in and says, ‘We want that crop.”” Congressman William
Greene protested the Alexander Bill and the U.S. Government takeover of
wireless. The radio hearings were held, and on November 30, 1918 the American
Marconi stations were sold. The hearings ended on Dec. 19, 1918.

Franklin D. Roosevelt, Assistant Secretary to the U.S. Navy, was to enter the
picture in order to boost his aims toward becoming a U.S. president. Roosevelt
would urge President Woodrow Wilson to suspend all G.E. sales to British
Marconi. G. Marconi would offer the three million dollars for twenty-five of the
Alexanderson alternators. Owen Young, counsel for G.E. and Admiral Bullard,
Director of Naval Communication, negotiated with Marconi at the G.E.
headquarters. G.E. Chairman Charles Coffin states at the meeting, “We will not
put this machine in the hands of foreigners without some regulation and control.”
President Wilson proposed that the wireless (now radio) become a government
sanctioned monopoly, such as the post office (the post office would control radio
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in the United Kingdom). In July of 1919 Congress passed a resolution to give all
government seized systems back to their rightful owners, the date of return to be
March 1, 1920. At that time American Marconi’s second vice-president, Nally,
proposed that American Marconi join in a consortium with G.E. in order to sever
its Brit'ish ties. The complication faced in this whole affair was that only
American Marconi held enough patents to make a working system of radio. G.E.
did not; nor did A.T.T. Also at this time the fear of monopoly charges existed with
regard to Wilson’s proposal.

On Sept. 22, 1919, a radio consortium begins, as announced by the New York
Times. J.P. Morgan was given the power to decide who would partake, and who
would not partake. Principle Marconi employees were to stay with the consortium,
such as Roy Weigant, Elmer E. Bucher and most importantly, Edwin Armstrong.
Armstrong, with his work on the electron tube, were regarded as of equal
importance to the central issue, the Alexanderson system. U.S.N. Admiral Bullard
was made the official observer. On October 17, 1919 the consortium gave birth to
the Radio Corporation of America. R.C.A. would keep the old office of American
Marconi in the Woolworth Building for 15 years. On Feb. 20, 1920 the U.S. Navy
would give its holdings to the newborn R.C.A.

A general preiod of uncertainty followed the inception of R.C.A. It is to be noted
that upon the Marconi building in Bolinas a plaque was placed. It stated that the
building, constructed by the J.C. White Co., was completed by 1920 for R.C.A.
This was a falsehood. In a recent attempt to locate construction details of the
Bolinas site with regard to the Alexanderson system, it was learned that this
material had been destroyed so as to cover for certain acts on the part of G.E. For a
while, it could not be decided what kind of status the newborn R.C.A. would have.
A public utility position such as the American Telephone & Telegraph, A.T.T.
company, was considered. It was decided that R.C.A. would not be allowed to
manufacture its own radio equipment. The bulk of American Marconi’s
management team simply shifted to R.C.A. while retaining their original duties.
Little changed for them except the name. Alexanderson would enter the picture
from G.E. as chief engineer and implement his sytem of radio communcation.
Most notable in the shift was American Marconi’s chief managing operator, David
Samoff. R:C.A. would become Samoff and seal the fate of all radio development
that followed.

In order that the patents of various corporations could be utilized by the R.C.A.
consortium, this consortium needed to expand. On July 20, 1920, cross-licensing
of patents was established between G.E., A.T.T. and R.C.A. Lee De-Forest sold
out for 4#>3housand dollars, and Nikola Tesla and Guglielmo Marconi were left
to fight it out among themselves, their patents falling into public domain due to
their age. United Fruit, a.k.a. Wireless Speciality Apparatus Co., joins the
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4) David Sarnoff was born on Feb. 27, 1891 (the year Tesla began wireless), in
the village of Uzlian, the Province of Minsk, in Russia. David—“Davey” Sarnoff
would never know a normal childhood. At age 5 he would begin his long and
intensive study of the Talmud, the extensive, arcane book of J ewish doctrine.
David Sarnoff migrated from Russia on July 2, 1900, to the gateway of the free
world, New York City. It was, however, midsummer, and in the lower
Manhatten’s Hell’s Kitchen, life did not look very inviting compared to the old
world village of Uzlan.

David Sarnoff would begin to display his entrepreneurial skill at an early age, 9
years old. With no time for being a child, he had to begin supporting his family, as
his father was not in very good health. Thus David began his newspaper business,
which would start the path to Marconi. He began the usual paperboy operation,
one of heavy competition. The sale of 50 newspapers would yield 25 cents, and a
typical sale amounted to 100 papers, equalling a half a dollar per day. The shrewd
boy was quick to expand his operation however. He was to gather discarded
lumber and bicycle remains in order to fabricate a cart with which to carry bulk
supplies of newspapers — this at age 12. A 15-cent delivery fee was charged for
use of the cart. Soon his growing operation would employ six other newsboys.
Young David’s dream was to purchase his own newstand. The obstacle was how
to get the required 200 dollars, an absolutely impossible quantity of capital. As if
through a miracle, a woman completely unknown to him walked up from nowhere,
handed young David 200 bucks, and vanished back into the crowded streets. At
age 13 David Sarnoff owned his own business. He would employ his own family,
borthers Lew and Morris, his mother, and even his ill father, in his newspaper
operation. This stand was located on the comer of 46" St. and 10™ Ave. This was
not David Sarnoff’s only job. He also earned $1.50 per week as a musician,
singing in a local synagogue each Sunday and for Holy Day events.

Sarnoff wanted to progress further into the newspaper business. His early-age
Talmudic studies gave him a particularily strong appreciation of language, words
and letters. David wanted now to advance to newspaperman or reporter, for the
New York Herald. Fate would send young David in a slightly different direction,
albeit a direction that would shape the following century. David Sarnoff applied
for work with the Commercial Cable Co., a telegraphic news operation. The noise
of numerous telegraph sounders was a fascination to the keen mind of young
Sarnoff. In 1906, at age 15, David Sarnoff began work with this company as a
bicycle messenger, delivering messages and telegrams (In later years, Sarnoff
would require this as a “Rite of Passage” for all prospective employees of R.C.A.).
Now Sarnoff has three jobs in multiple’newstands, ", amessage boy,and a
musician, giving his family a fair income.
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Young David Sarnoff became increasingly fascinated with the electro-mechanical
telegraph. He would purchase a code practice set for two dollars, a device he kept
his entire life. David Sarnoff also began gathering books on the subject of
electricity. Fate would create another of twist in the life of David Sarnoff. A major
Christmas event at the synagogue required much of David’s time for the event.
This would necessitate his absence from his message job. Thus David was fired
for his absence. Bad fortune would become good, however. David Sarnoff took on
a new job at $5.50 per week, with the 7-year-old American Marconi Wireless
Telegraph Co. His office boy job expanded into his becoming an important
employee for this growing company. David Sarnoff’s Telegraphic skill quickly
grew, with him becoming known as the best “first” in the business. This ranked
him with the great T.A. Edison.

David Samoff was to begin to create a mythology for himself. He claimed to be
the first and foremost operator in the communications involving the Titanic
disaster. The Titanic sinking in 1912 was to crystallize the image of wireless in the
minds-of the public. President W.H. Taft had signed the Wireless Bill-in 1905
which required all major vessels to carry the wireless sets. The Titanic was to
show the importance of this act and it made Marconi a major hero, netting him a
Gold Metal. David Sarnoff sat well in the picture. The year 1912 would see major
internvetion into wireless and licensing requirements with the beginning of the
Department of Commerce. Radio experimenters, or “Hams,” were now restricted
to operation of the solitary wavelength of 360 meters. The right was now given to
the president to close all radio facilities in a “time of war or public peril or
disaster.”

In 1916 David Sarnoff published his famous “music box memo,” predicting the
“Home Entertainment Radio Set” for “under 75 dollars.” This would be David’s
Sarnoff’s calling in life, and would shape the history of the Radio Corporation of
America, with the formation of R.C.A. and Saroff shifting into it from American
Marconi. His significance within the company would steadily assume greater
importance. In 1924 David Sarnoff applied for a commission as a lieutenant
colonel in the U S. Army. This was granted, since R.C.A. was an outgrowth of the
U.S. Navy. Samnoff held dislike for the Navy however, therefore he went to the
Army for his military status. In 1929 Sarnoff became rebellious toward then
chairman of R.C.A. Owen Young, and the company’s submission to the
consortium. David’s ambitions were much too strong to be held back by such a
bureauocratic contrivance. Late in 1929 David Sarnoff, while riding with Elmer
Bucher, threw his hat to the floor in a fit, exclaiming he will tolerate submission
no more. Sarnoff exclaimed to Owen Young that R.C.A. must unify and begin the
manufacture of their own radio equipment or he will quit.
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The pressure was on to break the Radio Trust anyway through growing
Congressional noise and motions on the part of the U.S. Dept. of Justice (Oct.,
1929). Owen Young resigned Jan. 3, 1930. David Samoff, at age 38, was now
president of the Radio Corp. of America (its 3"), now a free and independent
corporation. On Dec. 26, R.C.A. Victor incorporated so as to construct R.C.A.
radio sets, and the R.C.A. radiotron radio tube was born, to become the world’s
finest, still in demand today. R.C.A. Victor was the result of the purchase of the
Victor Talking Machine Co. R.C.A’s new home entertainment radio business now
began to greatly surpass the wireless communications business of the company’s

origin. This business was divided off into Radio Corp. of America

Communications Inc., or R.C.A.C., incorporated on Jan. 3, 1929. R.C.A.C. would
hold the wireless communications facilities, such as Bolinas, for an anticipated
sell-off to R.C.A. competitor International Telephone & Telegraph, I.T.T. Sarnoff
had no further use for wireless. The Alexanderson system was obsolete, and his
“music box memo” was now a very profitable reality. This divestment of
communications holdings was dropped when the stock market collapsed, foiling
the deal with I.T.T. How very much different the Bolinas and P.T. Reyes Station
histories would have been if this selling off had actually transpired.

R.C.A. grew into the National Broadcasting Co., N.B.C., a radio network
supporting the R.C.A. Victor Home Entertainment Radio Set. R.C.A,, in the 1930s
era, was the world’s foremost radio corporation and David Samoff was its head.
Samoff, of Jewish-Russian background, was the first of powerful American
businessman to advocate hostilities against Germany. At the time the U.S.
government did not have a strong love for England, from which it had won its
freedom, and Germany was considered to be a powerful ally against the dreaded
Soviet Union. Samoff rose in rank to Colonel (06) in the U.S. Army, and was
promptly made Brigadier General (07) at the outbreak & World War II. R.C.A.
was quickly adapted to meet the war effort and R.C.A. staff members were given
military rank in order to partake in the war effort. David Sarnoff was placed in
command of radio communications for the “D-Day” assault upon the Eurc“pean
mainland. Samoff would insist upon being called “The General” within the
company from this point on. The great R.C.A. would crumble however, with the
approach of the 1970s. David Samnoff lost his health in August of 1968, and began
transfer of rule to his son Robert. R.C.A. would slowly die under Robert Sarnoff.
David Sarnoff was a character of the old world, and his son cared little for these
old world values. Robert was to insist upon elimination of the name Radio
Corporation of America, substituting just R.C.A. He went so far, to his father’s
dismay, as to alter the arch-typical R.C.A. logo. Mid-day in the Bolinas lunchroom
on Dec. 11, 1971, the order wire teletype printed the following message: David
Samoff has died. David Samnoff died at his home at 11:50 am. E.S.T., at the age
of 80. From that point on his great corporation disintegrated.
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6) Throughout the 1920s, R.C.A. had control of all major radio patents: the De-
Forest Audion, the Armstrong Superhet, and sundry Marconi devices, to name but
a few. R.C.A. held to the conditions existing during the period of its creation when
the U.S.government froze the wireless telegraph. Radio was now frozen solid by
R.C.A. All would pay R.C.A. for license agreements to make or use radios for
commercial purposes. The motto: We Dor*Pay Royalties, We Collect Them. But
like the despicable Tesla patents, the Farnsworth pantents were all-inclusive and
un-improvable. T.V. had solid patent protection. Sarnoff would involve
Farnsworth in lengthy and costly patent litigation, thereby wearing him down.
Through this means, Sarnoff was to delay the use of television for twenty years
until R.C.A. could have control. Next to assault the R.C.A. icon was their own
Edwin Armstrong. Armstrong was to develop the heterodyne system of radio
reception, the very heart of the modern radio set. He is the father of today’s radio
receiver. Armstrong was given ample opportunity for experimentation by Sarnoff.
In the course of his experiments with modulation techniques, Armstrong was to
develop his frequency modulation system (F.M.). The enhancement in
performance over amplitude modulation (A.M.) was remarkable. This was the
beginning of high fidelity, or Hi-Fi. R.C.A. was not happy to see their A.M. Home
Entertainment Set become obsolete so soon after their establishment. Sarnoff
would reject Armstrong’s invention. It was of no interest to R.C.A. Armstrong
would take F.M. and develop it on his own with his Yankee network. But R.C.A.
owned Armstrong’s radio circuits and would not allow him to use them on his
own. Sarnoff would get the Federal Communication Commission to change
Armstrong’s frequencies to shut him down. The good friends were now bitter
enemies. Armstrong and Sarnoff would engage in head-on litigation for over a
decade, finally resulting in Armstong jumping to his death from his 13" story
apartment. “I did not kill Armstrong,” headlined Sarnoff. F.M. would be delayed
for a decade until R.C.A. could control it. Tesla, Marconi and Armstrong, were all
gone. Left were a feeble De-Forest, and Farnsworth was making wooden crates for
the Army. Under General David Samoff, R.C.A. would enter the post-war period
as the inventor of the T.V. and Hi-Fi, taking credit for all.
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7) Postwar, R.C.A. was a truly impressive operation, holding an archetypical logo.
Its engineering practices were second only to the Bell system. The home
entertainment markets of R.C.A. Victor expanded into washers, dryers and
cooking appliances with R.C.A. Whirlpool. The R.C.A. broadcast equipment-was
of unmatched quality and performance. R.C.A.C. global transmission facilities
carried the business traffic of the world, and radiomarine corporation stations KPH
and WCC carried most ship-to-shore traffic. Most military gear displayed the
R.C.A. logo. Sarnoff was to lead a truly corporate masterpiece. But ultimately
R.C.A. was a frozen megalith, victimof its own deeds. The San Francisco crowd
ran circles around R.C.A., creating electron tubes vastly superior to those of
R.C.A., such as the Eimac Power Tetrode series. They would create world famous
particle accelerators such as S.L.A.C., and Farnsworth would create the world’s
first controlled fusion reation, producing many kilowatts of power, and this with
no more than a fancy radio tube (fig. 23).

7.8

Then came Ampex and its magnetic video tape recorder and the{iigital computer.
[t was all going too fast for R.C.A. The West Coast was in power now. R.C.A. had
become the scourge of the inventive spirit and no talent would be available to it.
Prospective engineers (like the author) would have to deliver telegrams on
bicycles to show that they could follow in the footsteps of the great Samnoff.
Modem talent had no time for this. The shifts from tube to transistor, from
shortwave to sattelite, and from broadcast to cable, left old R.C.A. far behind. It
still held fast to the Marconi plants but never understood what they really meant.
And like Tesla, Edison, Thompson, Murgas, De-Forest, Armstrong, Marconi, and
back all the way to Galvani, David Samoff was to see his dreams drift out of his
hands. At the time of his death the great Bolinas and Rocky Point R.C.A.C.
facilities were slated for destruction, by his own offspring. The faltering sattelite
business was sold off. R.C.A. radiotrons were made as junk. N.B.C. was sold to
G.E. and Home Appliance went to Black and Decker. All was gone. R.C.A. was
pronounced dead on Dec. 11, 1985 and in June, 1986, General Electric retrieved
the remains of its once great child, and buried them in a toxic waste dump.
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THE ISSUE OF GOVERNMENT CONTROL

Editor's Note

In November, 1916, a plan was placed before Congress for authoriz
ing the Navy to operate radio stations in competition with privat
industry even in peacetime. Under this program, rates and trafh
would be regulated by the government, which was apparently seek
ing control of the radio communications field. Sarnoff testified be
fore the Committee in his capacity as Secretary of the Institute o
Radio Engineers.

Free Enterprise in Communications

Statement before Interdepartmental Committee on
Radio Legislation of Congress
Washington, D.C., November 21, 1916 ;BT DAVID SARLC A

Many important problems in radiotelegraphy and telephony are stil
unsolved—as, for example, the problems of long-range radiotelc
phony, adequate selective reliability, call systems, and the elimina
tion of atmospheric strays.

The solution of these important problems calls for the highes
engineering and inventive talent and research. Such inventive effor
and research can only exist under free institutions and under th
stimulus of healthy competition.

Certain foreign governments have assisted, and not opposed, ir
dividual initiative and private enterprise in developing the radi
communications systems of their countries with great success.

Government competition, or confiscation by the government
would effectively stifle inventive efforts.

The military control of radio, or any public-service communic:
tions, in times of peace virtually constitutes a continuous militar
inquisition into private correspondence, an undemocratic and dar
gerous institution.

The reliability and superiority of our radio communications i

10 times of sudden national peril are dependent upon the inventiv
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and engineering resources of the nation, which should, therefore, be
kept at the highest pitch and the broadest scope.

The Board of Direction of the Institute of Radio Engineers is
opposed to the competition by any department of the government,
and particularly by any military or naval department, with existing
organizations founded for radio communication.

BOARD OF DIRECTION, INSTITUTE OF RADIO ENGINEERS
by David Sarnoff, Secretary

(Book: Radio and David Sarnoff, by E. E. Bucher, part 1,
PP- 148-149.)

Opposing a Navy Wireless Monopoly

Testimony before Congressional Committee on the
Merchant Marine and Fisheries

Hearings to regulate radio communications
Washington, D.C., December 12, 1918

The passage of this bill (H.R. 13,159) would stifle the development
of the radio art. Those testifying on behalf of this bill apprehended
that the opponents of the bill would contend that its passage and
enactment in the law would stifie the growth and development of
the radio art, and well were they justified in their apprehension.

Not only do we contend that such would be the case, but we
honestly and firmly believe it to be true. It may be said of us that we
are commercial men and, as such, our opinion on this subject is per-
haps not an impartial one. But what can be said of the opinion of
the technical man and the inventor—who, the naval officer asks us
to believe, would fare better under a government ownership and na-
val monopoly of radio communication than he does at present?
Why do not these technical men and inventors employed by com-
mercial companies, here described as victims of the present system,
come before you and urge the passage of this bill and the creation of
a government monopoly? And more significant still, what are the
views and opinions expressed by independent scientists and inven-
tors, whose long experience in the fields of discovery and invention
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WIRELESS have qualified them to speak authoritatively on this allimportant
COMMUNICATIONS phase of the question? . . .

It should also be recognized that most of the inventions and im-
provements . . . have been made by the practical and technical
men employed by the various commercial interests concerned with
the operation of radio stations. . . .

Actual operating conditions at the stations, and especially with
the equipment employed, form in most cases the basis upon which
new thought, new ideas, were founded which have resulted in inven-
tion and improvement. If the Navy Department is given a monop-
oly over the operation of all radio stations in this country, where
will these outside technical experts obtain their further experience
and knowledge of actual operating conditions?

(Book: Radio and David Sarnoff, by E. E. Bucher, part 1,
pp- 189-191A.)

Continuing Fight against Navy Wireless Monopoly

Staternent before the Senate Committee on Naval Affairs
Hearings on government ownership of communications
Washington, D.C., October 9, 1919

I have had the privilege of attending all previous hearings of the
Committee on this subject . . . but I have not come prepared to
discuss this bill, which was only introduced yesterday.

However, it seems to me that the bill is so far-reaching in its
scope and so all-important to the general subject of radio communi-
cation that a great deal of attention should be given to it before it is
enacted into legislation, if it is to become a law.

Throughout the hearings before this Committee and before the
committees of the House which have dealt with this subject, it was
apparent that Congress is opposed to giving the Navy Department
a monopoly of radio communication. In other words, government

* ownership is objectionable.
Now this bill, in my judgment, will result in time in precisely
12 the thing that Congress had evidenced its opposition to, and my
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reasons for entertaining such opinion I shall be very glad to state.
In the first place, competition by the Navy Department without re-
striction, such as this bill proposes, is unnecessary and unwarranted.
In the second place, the government is not subject to the same con-
ditions as govern the operation of private companies, and therefore
competition with the government is just as impracticable and just as
impossible in radio as it is in any other business.

No provision is made here as to rates, the authority for which is
vested in the Secretary of the Navy. So it is a comparatively simple
matter for the Navy Department to introduce rates for the service
which would result in private companies going out of business; and
thus instead of directly, we would indirectly come to government
ownership and government monopoly of radio communication. . . .

This bill (S-3177) would at once permit the Navy Department to
handle commercial business on the Atlantic Coast as well as on the
Pacific Coast and with South America—in fact, anywhere else where
the Navy is able to communicate. And it seems to me that if this bill
becomes a law, private enterprise would, and in my judgment
should, hesitate a long time before investing a dollar in a commer-
cial wireless company.

. . . All the legislation which is now being proposed for wave-
length control, or communication control, points in the same direc-
tion, namely, the greatest freedom and the greatest control to
government agencies and government stations. Therefore, if private
enterprise does not have the same freedom in the matter of opera-
tion and in the matter of wavelengths, it could not withstand the
competition from the government if rates were dropped to a point
where private operation would be unprofitable.

(Book: Radio and David Sarnoff, by E. E. Bucher, part 1,
pp. 223-223A.)

Congressional interest in government operation of radio communi-
cations declined in the fall of 1919, and the proposed legislation
was abandoned.

CONTINUING
FIGHT AGAINST
NAVY WIRELESS
MONOPOLY

Editor’s Note
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Since those first broadcasts in the early 1920s, one of the
prime functions of radio has always been the coverage of im-
portant current happenings—from political speeches and debates
to sporting events. Today, this function has been enlarged and
extended. From the purely national scene, American radio
now reaches out across the oceans. The Voice of America, pro-
posed by Sarnoff in 1943, broadcasts all over the world, fight-
ing “the battle between truth and falsehood . . . to make it
possible for people everywhere to know the truth.”

Memorandum to Edward J. Nally, Vice-president and General Manager
Marconi Wireless Telegraph Company of America
Sept. 30, 1915

I have in mind a plan of development which 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 fail-
ure because wires do not lend themselves to this scheme. With ra-
dio, however, it would seem to be entirely feasible. For example, a
radiotelephone transmitter having a range of, say, 25 to 50 miles can
be installed at a fixed point where instrumental or vocal music or
both are produced. The problem of transmitting music has already
been solved in principle, and therefore all the receivers attuned to
the transmitting wavelength should be capable of receiving such
music. The receiver can be designed in the form of a simple “Radio
Music Box™ and arranged for several different wavelengths, which
should be changeable with the throwing of a single switch or press-
ing 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, the switch set accordingly, and the transmitted music re-
ceived. There should be no difficulty in receiving music perfectly
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when transmitted within a radius of 25 to 50 miles. Within such a
radius, there reside hundreds of thousands of families; and as all can
simultaneously receive from a single transmitter, there would be no
question of obtaining sufficiently loud signals to make the perform-
ance enjoyable. The power of the transmitter can be made 5 kilo-
watts, if necessary, to cover even a short radius of 25 to 50 miles,
thereby giving extra-loud signals in the home if desired. The use of
head telephones would be obviated by this method. The develop-
ment of a small loop antenna to go with each “Radio Music Box”
would likewise solve the antenna problem.

The same principle can be extended to numerous other fields
—as, for example, receiving lectures at home which can be made
perfectly audible; also, events of national importance can be simul-
taneously announced and received. Baseball scores can be transmit-
ted in the air by the use of one set installed at the Polo Grounds.
The same would be true of other cities. This proposition would be
especially interesting to farmers and others living in outlying dis-
tricts removed from cities. By the purchase of a “Radio Music Box,”
they could enjoy concerts, lectures, music, recitals, etc., which might
be going on in the nearest city within their radius. While I have in-
dicated a few of the most probable fields of usefulness for such a
device, yet there are numerous other fields to which the principle
can be extended. . . .

The manufacture of the “Radio Music Box,” including antenna,
in large quantities would make possible their sale at a moderate
figure of perhaps $75 per outfit. The main revenue to be derived
would be from the sale of “Radio Music Boxes,” which, if manufac-
tured in quantities of a hundred thousand or so, could yield a hand-
some profit when sold at the price mentioned above. Secondary
sources of revenue would be from the sale of transmitters. . .

The company would have to undertake the arrangements, I am
sure, for music recitals, lectures, etc., which arrangements can be
satisfactorily worked out. It is not possible to estimate the total
amount of business obtainable with this plan until it has been de-
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veloped and actually tried out, but there are about 15 million fami-
lies in the United States alone, and if only 1 million, or 7 percent of
the total families, thought well of the idea, it would, at the figure
mentioned, mean a gross business of about $75 million, which
should yield considerable revenue.

Aside from the profit to be derived from this proposition, the
possibilities for advertising for the company are tremendous, for its
name would ultimately be brought into the household, and wireless
would receive national and universal attention.

(Book: Radio and David Sarnoff, by E. E. Bucher, part 1,
pp. 123-125.)

Radio’s Business Growth

Memorandum to E. W. Rice, Jr., President
General Electric Company
March 3, 1920

The “Radio Music Box” proposition (regarding which I reported
to Mr. Nally in 1915 and to Mr. Owen D. Young on January 31,
1920) requires considerable experimentation and development, but
having given the matter much thought, I feel confident in express-
ing the opinion that the problems involved can be met. With rea-
sonable speed in design and development, a commercial product can
be placed on the market within a year or so.

Should this plan materialize, it would seem reasonable to ex-
pect sales of 1 million “Radio Music Boxes” within a period of
three years. Roughly estimating the selling price at $75 per set, $75
million can be expected. This may be divided approximately as
follows:

Ist year 100,000 Radio Music Boxes $ 7,500,000

2nd year 300,000 Radio Music Boxes 22,500,000
3rd yeor 600,000 Radio Music Boxes 45,000,000

Total $75,000,000
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Editor's Note RCA’s actual sales of Radio Music Boxes during the first three years

of its activities in this field were as follows:

It year 1922: $11,000,000
2nd year 1923: 22,500,000
3rd year 1924: 50,000,000

Total $83,500,000

(Book: Radio and David Sarnoff, by E. E. Bucher, part 1,
PP- 234-235.)

The First Major Sports Broadcast

Editor’s Note

A Crazy Experiment

34

Reports on radio broadcast of

Dempsey-Carpentier world’s heavyweight championship fight
The Saturday Evening Post, Aug. 7, 1926

Reader’s Digest, December, 1955

At the broadcast of the Dempsey-Carpentier championship match
in Jersey City on July 2, 1921, Major |. Andrew W hite, who was
then the editor of the RCA publication, Wireless Age, was the an-
nouncer. David Sarnoff was at his elbow to assist in the description
through the microphone of station WY, temporarily installed by
RCA at Hoboken, N.J.

In later years, Sarnoff and White both published accounts in
popular magazines of that notable broadcasting event.

Following are excerpts from the reminiscences of |. Andrew
White, written for the Reader’s Digest in December, 1955.

... This experiment, frowned upon as “just plain crazy” by
financiers, had been built on the enthusiastic dream of young David
Sarnoff. To pull it off, Sarnoff and I had scrounged $1,500 from a
special account of the then new Radio Corporation of America.

The cheerfully stubborn Samoff first suggested sending enter-
tainment and information over the air in 1915, when he was twenty-
four. The American Marconi Company, for which he was assistant
traffic manager, had been so skeptical that its board of directors
laughed heartily when it turned thumbs down on his idea.
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. . . Each time Sarnoff brought up the subject—which he did

frequently—our company management (called, from 1919 onward, MAJOR SPORTS

the Radio Corporation of America) turned him down. Then in
1921, his luck turned. As it happened, a man named Tex Rickard
opened the door. While Sarnoff and I were talking about radio, pro-
moter Rickard had Europe and America talking about the coming
prizefight. . . .

Millions wanted to see the fight, but Rickard’s arena seated only
91,000. If we could offer it on the air blow-by-blow while it was
happening, we would have a vast audience.

We lacked several things, however—including money. Then
Sarnoff, digging into his books as a general manager, discovered
$2,500 of RCA money in accumulated rentals of ship wireless equip-
ment. “Take it,” he said to me. Then he added cautiously, “But
don’t spend a nickel more than $1,500!". . .

Now we needed some public support in high places. If our
broadcast could be made a charity “benefit,” that might turn the
trick. Anne Morgan, daughter of the banker J. P. Morgan, headed
the American Committee for Devastated France, and young Frank-
lin Roosevelt was president of the Navy Club. Would they join
forces with us? Soon Sarnoff announced that these two organiza-
tions would get a share of the gate receipts wherever crowds paid
admissions to hear the radio broadcast. . . .

I was at ringside early on July 2, testing. From the railroad shack
at the other end of my telephone line, Owen Smith reported all
well: crowds were already gathering outside the theaters, and my
signal was coming in fine.

Finally, Dempsey, in his ragged red sweater, and the pale Car-
pentier, in a gray silk Japanese kimono, were in the ring. . . . That
was when [ said, “Ladies and gentlemen, . . .” to begin the first big
radio broadcast.

. . . In the fourth round, Dempsey, bigger and more solidly
built, waded in to finish the fight. . . .

In a few minutes, Sarnoff and I were looking at a terse cable-
gram from RCA’s president, who was vacationing in London. “You
have made history,” it said.

We were tired and bleary-eyed, but in our minds’ eyes, Samoff
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A High-water Mark in
Broadcasting

and [ were seeing the crowds that were pouring out of theaters and
halls in Pittsburgh and St. Augustine, Boston and Washington, Al-
bany, Philadelphia, and Akron, their ears full of a modem miracle.
We knew then that the era of radio for the millions had begun.

(Photostat of text: “The First Big Radio Broadcast,” by
J. Andrew White, Reader's Digest, December, 1955;
David Samoff Library, Princeton, N.J.)

In the August 7, 1926, issue of The Saturday Evening Post, David
Sarnoff recalled his impressions of the Dempsey-Carpentier fight.

A feature of radio that early drew the man of the house toward
what at first he was inclined to regard as a plaything was the pros-
pect of hearing descriptions of his favorite athletic events broadcast
by expert announcers. The pioneer in this field, so far as I know,
was |. Andrew White, who, on July 2, 1921, announced the Demp-
sey-Carpentier fight from the ringside in Jersey City.

White worked out a scheme to equip theaters throughout the
Middle Atlantic States to receive a blow-by-blow description of the
battle, which he sent by way of a temporary station constructed at
Hoboken. He had to use makeshift paraphernalia and trust to luck.
Two nights before the fight, he called me up.

“Well, I'm in the soup,” he announced cheerfully. “So far, we
haven't been able to get a sound to register beyond Newark. We are
averaging a complaint a minute just now.”

That night, with White sick from worry, whatever was wrong
with his transmission system—and he doesn’t know to this day what
that was—righted itself, and his patrons were able to assure those to
whom they had sold tickets for listening in to the event that the
show would come off as planned.

My remembrance of that fight is vivid. I went with White to his
place at the ringside. It was a torrid day, and we all fried slowly in
the sun. White was dripping with perspiration, and his throat was
parched. In the excitement, a boy who had been brought along ex-
pressly to supply him with iced water forgot all about his duty, and

36 when White, who could not speak except in his role of announcer,
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signaled for the vacuum bottle containing the precious fluid, the boy
merely cried, “Yes, ain’t it a bully fight!”

An exciting feature of the day for radio was that one news
agency scooped the whole journalistic world by wireless. The re-
porter who had been listening to White at a downtown office flashed
the word of Dempsey’s victory by radio to Paris and, in spite of the
many cables which had been leased by powerful newspapers, beat
everybody by thirty-three seconds.

As a dramatic ending to the fight, the very instant that White
finished pronouncing the words, “Dempsey remains the champion
of the world,” his transmitting set went smash. He could not have
sent another syllable over it.

It was estimated that nearly 400,000 persons attended the
Dempsey-Carpentier fight by proxy. This number seems infinitesi-
mal in view of the millions who would listen in on a similar event
now, but it was a high-water mark for those days and pointed the
way to the prospective popularity of at least one kind of broadcast-

ing.

(Photostat of text: “Radio,” by David Samoff, as told to
Marv Margaret McBride, The Saturday Evening Post,
Aug. 7, 1926; David Samoft Library, Princeton, N.J.)

By the beginning of 1922, RCA was in the “Radio Music Box”
business, and by the end of that year, their sales had totaled $11
million. Letting others settle into the profitable present, David
Sarnoff continued to focus on the future. Perhaps more than any-
one else, he saw the possibilities in this infant industry.

Union of Radio and Phonograph

Memorandum to RCA management
April 10, 1922

The radiotelephone; as a receiver of broadcast material, steps out
of the role formerly played by a telephone instrument—namely, that
of being part of a two-way communicating system, usually for tolls

THE FIRST
MAJOR SPORTS
BROADCAST

Editor’s Note

37

120


http://emediapress.com/
http://ericpdollard.com/

121


http://emediapress.com/
http://ericpdollard.com/

122


http://emediapress.com/
http://ericpdollard.com/

123


http://emediapress.com/
http://ericpdollard.com/

124


http://emediapress.com/
http://ericpdollard.com/

125


http://emediapress.com/
http://ericpdollard.com/

126


http://emediapress.com/
http://ericpdollard.com/

DAILY NOTES

DATL%M?! TELEVISION, LABORATORIES, (LTD.)

o : .

'sumscr_MMWq_@Mh J%: -Encmzzﬁ_,,4 {W
Fi ] - ; /

/m'/ﬁ—é?_ Ll z‘ﬁ/n%u_&_mw (AL At "Lf--__ _

__*_,-_h.___._.. R N T 171.3/;7@/ Jisc §£(/D/bor~7‘ecj

R . From Z(tr/ﬁ cellar on Stem. Witk cdleu
Sor lead F thus |

_V somAce (77 V) , B.H disc sq/b/wfeq’ from Shield
1 NS t 7L

ARSIy | R S ~ Ch j/crs‘s beads, qrd ﬁax///;ﬁ /e

k. . ) ot hoTle punched 1 cenfer with

E ... .. - [ ¢~0 mcsﬁ Screelr welded qclocs

E i 2 C is quihel cplinder wilh on
erd J/os’e,q’?‘r'f/‘fﬁy thfﬁ/y /h ?}qi

_

S I R T 1 @_I  blank. This. unil s supported fro
- N | f—_— D 8  The . . cccond ¢olfar on sFem.,
::_____ E_ | . | D - IS /4670 /'?765/{ Scree s opck
L - N H'lfole,
—___:_ j__jﬁ fé_-F .._,.v__-_ ) f _/5‘ a 030" Sguanre qﬁcﬁ?“rre
el = e l f# end of €qn C- '

e Ty Y e ;’ ’/‘5‘ 7‘5;-..- fead to dikc B o n d

. s rhsalafed é}/ /‘f?( glass tubir
- S AR which is (r Turh rha%f:sed I'n e
h fl’f'f-'-f{\/c/ Tube +ar 5}5,*'5'/6;'1.{1;'

IR /1 V]

C /s a W Screen (50 tres h
= L Caq?zeg’ Wwilh Sodttmr .wused as a
M_{‘ (ﬁ/a/afw;f X Full ‘?/}5) PheToelecthic Surface.

127



http://emediapress.com/
http://ericpdollard.com/

128


http://emediapress.com/
http://ericpdollard.com/

129


http://emediapress.com/
http://ericpdollard.com/

130


http://emediapress.com/
http://ericpdollard.com/

Chapter Four

Dr. Alexanderson

Author Commentary: pages 132 - 137
Historic Documents: pages 138 - 151
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IV) ALEXANDERSON

1) Emst Frederik Werner Alexanderson was born at Upsala, Sweden on the 5™
of January, 1878. Alexanderson began his interest in electricity at an early age. In
1896, at age 18, he entered the Lund University for a year of study. Thereafter
Alexanderson was to begin a three-year graduate program with the Royal Institute
of Technogogy at Stockholm, graduating with degrees in electrical and mechanical
engineering. Alexanderson thereupon entered the 20" century to lead a remarkably
productive 75-year career as a developmental electrical engineer. His system of
wireless is still know today by his name. His productiveness was no doubt due to
his mentor, the wizard of Schenectady. Alexanderson was to become president of
the American Insitutute of Electrical Engineers in 1944, at age 60, whereupon he
received the award of highest distinction in electrical engineering, the Edison
Medal. He was also to receive the Cedergen Medal, first awarded to his mentor in
1917, 27 years beforehand. Some of Alexanderson’s most significant
developments are as follows.

a) The magnetron: A cyclotronic vacuum diode, utilizing thermonic emission.
This invention led to the “tube that won the war,” referring to the Magnetron
Power Oscillator of WWII radar sets. This device was also the origin of the
cyclotron particle accelerator of Lawrence. Alexanderson developed the Manetron
as an electronic amplifier with utilized no grid structure as a control element. The
grid had patent protection with Lee De-Forest and his assignee, A.T.T.
Alexanderson’s Magnetron avoided the patent infringement and thus it was
developed through his assignee, G.E. It was later found that the Magnetron could
produce very powerful electric oscillations at billions of cycles per second. Thus it
1s used for radar, even until today.

b) The magnetic amplifier: A magnetic reactance, utilizing magnetic saturation as
a control element. The magnetic amplifier, or Magamp, has the ability to regulate
the flow of power with no generators and without the use of expensive and short-
lived grid controlled rectifiers. It requires absolutely no attention. The Magamp is
capable of regulating hundreds of kilowatts quickly and precisely. It was to
become the heart of most industrial control systems before the Silicon Gate
Controlled Rectifier, or S.C.R. It is still widely used today.

¢) The Alexanderson multiple tuned antenna: A large waveguide structure for low
radio frequencies, utilizing longitudinal as well as transverse loading elements.
This structure, a key element in the Alexandéf System of wireless, allowed for the
transmission of very long wavelengths with a comparitively small aerial. It could
be called an antenna with no wavelength. The Alexanderson antenna eliminated
the large parasitic power flow found in the Marconi designs. This structure
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represents one of very few significant wireless developments since Tesla. The
Alexanderson aerial finds no application today, but still may prove to be an
important concept for future developments.

Alexanderson’s developments are still worthy of further study today from the
standpoint of theoretical electrical engineerilg, the generalized theory of these
being still unknown. Like the outcome of the Magncatron, the Magamp Power
Oscillator could produce amazing results. TheAlexanderson aerial still has some
remarkable possibilities in non-electromagnetic transmission. Dr. Alexanderson
was to hold 322 patents in all, from railway motors to electron tubes. During his
48-year career with G.E., he was to produce one patent every 11 months for his
assignee. His last inventions were in television. It is hoped that his writings on
electrical engineering can be brought out for study, if they can be found. He is still
not ready to retire.

Figure 5.1. Guglielmo Marconi (on left) and Alexanderson in May 1915, when
Marconi visited Schenectady to observe a radio alternator in operation. Cour-
tesy of Verner Alexanderson.
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2) With the arrival of the 20" century, a book was published that would set the
course of Alexanderson’s life. In his studies he happened across¥heory and
Calculation of Alternating Current Phenomena, 1900, by Charles Proteus Steinmetz,
the wizard of Schenectady. Steinmetz was, and still is, regarded as the foremost
theoretical electrical engineer of the 20™ century. His ability to take great
problems in electrical engineering and solve them with “high school™ Algebra,
remains unparalleled. Steinmetz earned his fame with the publication of this book
and the great understanding it gave its readers. A.C. was a mystery no more. It was
said that here G.E. gave Steinmetz permission to create electricity from the square
root of minus one. Upon reading this book, some 400 pages of operational
calculus and vector diagrams, with a few words in English now and then,
Alexanderson promptly immigrated to Schenectady, New York, to gain the
opportunity to work with the great Steinmetz. Alexanderson arrived at General
Electric Schenectady to meet their wizard in 1901. By 1902 Steinmetz located him
a drafting position with G.E. It was a job of drudgery for young Alexanderson, age
26, but at least he was part of the Schenectday facility, the home of the wizard.
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4) By the year 1910, at the age of 32, Alexanderson joined Steinmetz in the
formation of the consulting engineering department at G.E. Scenectady. Things
had come a long way since Elihu Thompson. Steinmetz was undertaking his next
book, Theory and €alculation of Fransient Electric Phenomena, dealing with the
most complex engineering problems of the day: switching surges and the wireless.
Here Steinmetz would develop the engineering formulae for electrostatic and
electromagnetic wireless, which Alexanderson would have at his disposal.
Alexanderson engaged in a very prolific interval of electrical and wireless
developments while with Steinmetz and their department. Here he was to fully
develop his alternator into giants of 200 kilowatt capacity. He would also develop
his famous wireles aerial and his Magamp Keyer to go with the alternator to form
his system for the transmission of wireless telegraph impulses. This was the
Alexanderson system and was the reason for the creation of the Radio Corporation
of America. Marconi traveled to G.E. Schenectady to examine the Alexanderson
system for himself. He was so impressed with its quiet and stable operation that
the disruptive discharge (spark) equipment recently installed at his New
Brunswick facility was removed in 1915, and a 50 kilowatt Alexanderson system
was installed in its place. Marconi was eager to obtain the 200 kilowatt units for
both New Brunswick and Bolinas, but he was to receive no more of the
Alexanderson equipment. -

5) After the urging of Assistant Naval Secretary Franklin Roosevelt, President
Wilson asked G.E. to suspend any further sales to Marconi. Alexanderson’s
system was not to be in foreign hands. After the U.S. Navy takeover of American
Marcon in 1917, a 200 kilowatt Alexanderson system was installed at New
Brunswick. By 1919 plans were underway to install similar units at Bolinas. The
system at New Brunswick, N.J. was used by President Wilson to effect the end of
the great war through the broadcast of his ultimatum to Germany and the radio
telephone contact it offered him while at Versailles. When the Radio Corporation
of America was formed to take control of the Marconi New Brunswick series of
stations, Alexanderson was shifted to R.C.A. from G.E. to become R.C.A.’s new
chief engineer at age 42. Alexanderson would begin the implementation of his
system upon that of Marconi at Bolinas, and design the greatest wireless
undertaking in history: R.C.A. Radio Central at Rocky Point, New York. Radio
Central was to be a massive facility with a four-square mile aerial structure and 3 2
200 kilowatt alternators. This major engineering undertaking was never to be fully
realized, becoming obsolete after the appearance of shortwave. The Bolinas
facility was to see the full embodiment of the Alexanderson patent, an aerial with
no wavelength, because of the site’s restricted space. After shortwave,
Alexanderson would develop a few shortwave dipole arrays, but left R.C.A. in
1924, his system being obsolete.
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6) Leaving R.C.A., Alexanderson would return to Schenectady. But 1924 also
brought the very untimely death of Steinmetz, age 59, his work unfinished. Four
years after his return, Alexanderson would be appointed head of the consulting
engineering department. At the age of 50 he would take the position of his mentor.
His department would go through many name changes throughout the years, and
see L.V. Bewely pick up where Steinmetz left off. Bewely’s book, “Traveling
Waves On Transmission Systems,” stood well against the work of Steinmetz.
Alexanderson was to remain with G.E. officially until his retirement in 1948, at
age 70. G.E. had a tough time getting him to leave and he stayed another year.
Alexanderson was not a person to retire, so he began a new career.

7) At the end of his engineering position with R.C.A., Alexanderson was to send
the first radio-photographs across the Atlantic. In 1924, radio facsimile was born.
This was to begin Alexanderson’s work in picture-radio, now called television.
The systems of the time were complex rotating machines, well suited for
Alexanderson’s background in electro-mechanical engineering. This became
known as the rotating disk method of picture transmission, and was similar to the
new moving picture projector of Edison. Alexanderson transmitted his first
picture-radio signal from his own home on Jan. 13, 1928. Later, a 7-foot screen
was fabricated at G.E. and installed in a local theater. On May 22, 1930, the
theater orchestra was led by the image of their conductor on the screen, his being
at the G.E.plant one mile away. However, the television was to be an electronic
affair, Zworykin reworking Farnsworth’s image dissector into the R.C.A.
iconoscope. No application was found for the spinning disk, and it was dropped.
His radio-facsimile was a great success however, and is used today. Alexanderson,
being unable to retire, re-joined R.C.A. as a consulting engineer in 1952. His 321"
invention was a color television receiver for R.C.A. in 1955. He was 77 years old.

8) Alexanderson was productive through his late years, never willing to retire. He
was to involve himself in semiconductor power control, the replacement for his
Magamp, and modern ultra high voltage D.C. power transmission. His work was
to span the years of the spark gap to the years of the transistor, a most remarkable
career in electrical engineering. He was to receive 28 more patents after leaving

(A<AGeneral-Electric. At the age of 97, in 1975, Alexanderson died where his career
began, Schenectady, home of the wizard. In his work there still is a faint glimmer
of electricity from the square root of minus one.
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Fig. 3.

The first lwelve Towers of the Aerial System.
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MULTIPLE TUNED ANTENNA
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1905, THE RIRTH OF FLEer7eaoA/Ql
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Chapter Five

The San Francisco Bay Area

Author Commentary: pages 153 - 156
Historic Documents: pages 157 - 166
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V) THE SAN FRANCISCO RAY ARE4A

1) Bolinas is situated within the county of Marin on the north coast of the San
Francisco Bay area. For many years the county of Marin was predominantly dairy
land with an active shipbuilding operation on the bay at Sausilito. Marin was also
home to the strategic air command’s Hamilton field, a storehouse of nuclear
weapons. Also, the Army had a Nike Missile site on the Marin headlands. San
Rafael served as the county seat. Marin was not an area of scientific or
technological development. To the south of San Francisco are the counties of San
Mateo and Santa Clara, in an area known as “the Peninsula.” This was the home of
major developments in electronic technology, and it hosts Standford University.
Today it is known the world over for its ultra-sophisticated billion-dollar
electronics industry. It is forgotten that this found its origins in wireless.

2) Whereas Bolinas was “remote controlled” from New York City by the strong
Marconi-Samnoff archetype, the South Bay was host to a variety of small
companies and the important federal arc, the alternator’s competition. Stanford
University and International Telephone and Telegraph would mold the history of
this wireless scene. R.C.A. would expend much effort in blocking the work of the
South Bay pioneers, but ultimately would be defeated, proving to be no match for
the genius of the area. The principle difference between the New York electrical
engineers and the San Francisco electronics groups was in their ethnic and
educational makeup. The East Coast group were European immigrants that fled a
crumbling Europe. Their education was from the universities of Europe, the
teachings of the nature of the dominant culture. These individuals, by nature, were
multi-lingual: Alexanderson from Sweden, Steinmetz from Germany, Marconi
from Italy, etc. In contra-distinction, those in the Bay area group were mostly
second- or third-generation Americans, educated at American universities. They
spoke only English, meaning they were unable to read the journals of Europe. The
European institutions and the electrical science they created were functions of the
Victorian era, wherein a heavy emphasis existed on natural philosophy and a
strong spiritual realm always co-existed with the physical undertakings. On the
West Coast the institutions were more in the form of technical schools, and
spiritual considerations were thought to have no place in science. The mind state
was of a British nature, based upon the philosophy of the 18" century Isaac
Newton, and that of the electron as quantified by J.J. Thompson in 1900. This was
the scene of electronics, a field that would stand apart from electricity.
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3) The wireless of the Bay area was that of the hydrogen plasma (arc) of the
Federal Company ot the thermionic electron tube of Heintz-Kaufmann, Electrical
systems like the disrupting discharge or Alexanderson Altermator were never
utilized for major stations, The hydrogen arc of Valdimar Poulsen has an
imteresting line of progress, and the South Bay had its first high power arc station
in 1912, two years before Marconi took up Bolinas operation. Federal Telegraph
Company’s “Federal Arc” was to become standard equipment in many U.S. Navy
high power stations, with megawatt units being produced. These would be the
highest power wireless devices ever produced. The thermionie electron tube of
Lee De-Forest was to become the more manageable method of producing wireless
currents. This was to see extensive development in the Bay area and lead to
famous companies like Eimac and Vanan Associates. The merge of the arc and the
electron tube led to the development of the giant particle accelerators that helped
pive the Bay area uts fame, The primordial electron tube industry grew into the
arca’s billion dollar semi-conductor industry known as Silicon Valley. This 1s the

land of electronics.

et e Py o e P

. 1 COPFER

Camplete Circuits of a Modern Arc Transmitter.
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4) The thermionic electron tube, or vacuum tube, as it would be called, finds its
origin in the experiments of Thomas Alva Edison, the wizard of Menlo Park, N.J.
Edison was plagued by a mysterious blackening of the interior of his lamps during
the course of their operation. This would shorten the life of the lamp which was
not that long to begin with. Edison placed a small metal plate within the vacuous
space of the lamp with a connecting wire leading to the outside. He found that a
small current could be drawn off of the metal plate, but the plate would take no
current supplied to it. This was to be like a check valve for electric current,
allowing only a unidirectional flow. This became known as the Edison effect.
Edison did nothing with his discovery since he found the source of blackening to
be corpuscular emissions from the hot electrified filament. This is what is now
called thermionic emission.

John A. Flemming, a friend of Marconi, was to pick up where Edison had left off.
He developed the Edison effect into lamps that would detect wireless impulses: the
diode detector tube. It would replace the erratic semi-conductor detectors of the
sulphide variety in use at that time. Flemming created the diode rectifier, a device
converting alternating current into direct current. Lee De.-Forest, among others,
began experimentation with ways to regulate the corpuscular (electronic) flow.
Vreeland and Alexanderson would use external magnetic fields but these were
slow. De-Forest would place a screen in the path of the filament-to-plate flow, at
the plate. Here was the telescope of the wireless, and the electronic amplifier was
born. This was the single most important development in the history of radio, and
was the birth of electronics.

5) The grid controlled thermionic vacuum bulb became known as the triode
because of its three principle elements: the lighted filament, the control grid, and
the collecting plate. This, as a three-terminal device, was a radical departure from
the normal two-terminal arrangement in wireless. De-Forest was to patent his
triode, or audion, as it was called, and patent its use as an electronic amplifier.
These patents were to be purchased by the American Telephone and Telegraph
Company. Here they would play an important role in the development of the
telephone repeater and long distance telephony. General Electric would begin
development of the bulbs of Flemming and De-Forest into units of great power
flow. The Flemming diode would become the kenotron of G.E. Units would be
developed that could convert many kilowatts of alternating current into direct
current, at potentials of 100 kilovexts The De-Forest audion would become the
G.E. pliotron , capable of producing up to 20 kilowatts of high frequency
alternating currents. G.E. had adapted these wireless devices into power handling
units for the electric power industry.

6) General Electric was not able to go as far as they would have liked with the
pliotron, since it was under patent protection by A.T.T. and De-Forest. The birth
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Photo C. H&K Bumblebee transmitter, frant view,
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Farnsworth's
Cold-Cathode
Electron Multiplier
Tube Uses
Neither Grid Nor

Filament

By ARTHUR H. HALLORAN

HINK of a vacuum tube withoue fla-
| ment or grid, thus requiring neither an
A nor a C bartery, which generates
high-frequency oscillations! This is what P.
T. Farnsworth, the television genius, accom-
plishes with the cold-cathode rtube which he
originally developed as a currenc-amplifier
for use with his cathode-ray pickup tube. It
it also an exceedingly eficient detector and
modulator.
Its first public use as an oscillator was in
a radio circuit whereby communication was
maintained berween San Francisco and Hono-
Julu and berweea San Francisco and New
York on September 13, 1934, over the Globe
Wireless 35-meter channel. In this test, with
30 milliamperes at 1100 volts on che anode,
the twbe drove a pair of 150-watt tubes in
the fnal amplifier of a transmitter at the

X Ralph M. Heiniz [center] explains the cperation of the Farnsworl

Heiatz & Kaufmana factory in South San-
Francisco. The signals were received at both
Honolulu 3nd New York, and were reported
as R9 by a ship 500 miles west of Honolulu.
Wilkens of Dusnedin, New Zealand, also
heard the transmissions.

revious laboratory tests proved that the
tube is capable of generating oscillations of
any desired frequency throughout the range
from 200 kilocycles to 60 megacycles, these
limits being set only by the dimensions of
the available tuned circuits. An undistorted
outpur of 25 watts was obtained from an
input of 25 waus. JoO0 7,

As an Amplifier
THE performance of this new cype of

-]

tube depends upon the emission of sec-

ondary elecrons from rwo cathodes
which are bombarded with high-velocity pri-
mary electrons. The cathodes are coated with
caesium silver oxide to enhance secondary
emission. They, together with a central ring
anode, are assembled in an evacuated glass
tube. The tube is placed within a2 solenoid
which is supplied with direct current so as
to maintain an intense magnetic feld through-
out the length of the tube. When used as an
amplifier, a high frequency volcage is applied
to the cathode terminals and a D.C. voliage
is applied to the anode terminal to hold it at
a positive potential with respect to the cath-
odes, which are shunted by a coil and wvari-
able condenser in parallel. The shunt circuit
is tuned so as to be in resonance for the ap-
plied high frequency voltage.

When the DC voltage is applied to the
anode terminal, . any free elecirons in the
inter-electrode space would immediately be
drawn to the anode were it not that the lon-

Cold Cathode Tube to Bernard H. Linden [left), U. 5. Radio Inspecte
and Donald Lippincott (right), director of Television Laboratories, Ini

were it not for the high-frequency electrc
static field which draws them to the alia
nately positvely charged cacthodes. Th
sirength of these several fields can be ac
justed to allow an electron to be shurtde
back and forth in a zig-zag path berween th

QUTPUT

Oseillater circuit for cold cathode tube.

cathodes any desired number of times be.
fore ir is Saally drawn our of drrulation
at the anode. .

Ezch time that a high velocity electron
strixes a cathode it causes the emission of
from 2 to 8 secondary elecirons, the num-
ber of secondaries depending upon the ve.

The Electron Multiplier as a high-frequency self-  gitudinal magnetic field neutralizes the trans-  locizy of the impacting electron, and thus
ercited cicillatar. verse electrostatic field from the anode and (Continued on page I4)
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Farnsworth Cold Cathode Tube

(Continued from page 6)
upon the amplitude of the voltage applied
to the cathodes. Each emitted secondary.like-
wise causes the emission of more secondaries,
so that the process is rapidly cumulative and

gives rise 1o a wemendous amplification of |

i current. ¢

In the foregoing simplified account of the
tube's operation as an amplifier, one impor-
tant factor has been omitted. The anode at-
traction, which causes an electron to leave
the vicinity of a cathode and which accel-
erates its velocity as it approaches the plane
of the anode, also decelerates its velocity as
it leaves the anode plane and approaches the
second cathode, which is now positively
charged so as to atract it. Its resultant ve-
locity may therefore not be sufficient to cause
emission from the second cathode. To in-
sure emission, additional energy must be im-
parted to it, this energy being obrained from
that stored in the resonant circuit, as indi-
cated in the accompanving circuit diagram.

The high-frequency supply is of the order
of S0 megacycles and is loosely coupled to
the uned circuit so as to apply from 25 to
90 volts across the cathode terminals. The
positive potential on the anode may be 100
volts or more, depending upon the desired
current output.

The tube has a discontinuous voltage-cur-
rent output characteristic with a series of
successively higher current peaks as the
voltage is increased. Maximum current out-
put is obrained- when the anode voltage is
just sufficient to allow an electron to travel
from one cathode to the other during ¥ cycle
of the high frequency excitation. Other suc-
cessively lower peaks occur at anode voltages
corresponding to transit times of 3/2, 5/2,
7/2, 9/2 cycles, the last being the least which

has yet been measured.
- (Continved on page 18)

ek

Farsnworth Cold Cathode Tube
(Continued from page 14)

The external magnetic field is unnecesdary
when the cathodes are properly curved in-
stead of being plane. Their curvature can be
calculated to focus the electrons automati-
cally for specified anode and cathode voli-
ages. This climinates the nede of a DC sup-
ply for magnetic focusing.

The tube's theoretical output is twice that
of an equivalent hot-cathode rbe operated
as a Class A amplifier. Its practical output
is limited by the ability of the cathodes o
withstand the high temperarure 1o which they
are subjected by bombardment from a rap-
idly increasing number of electrons. One
test of 2 small tube showed an outpur of 100

» waus of undistorted energy before the cath-

odes were destroved by heatr. Such destruc-
tion is prevented by means of resistors in
the cathode leads. A small wbe can be safe-
ly operated so as to deliver 45 milliamperes
with 200 volts on the anode. It is to be
noted that the tube operates as a current
amplifier and that the amount of volrage
amplificaion, is dependent upon the resis-
tance in the output circuit.

The theory of the tube's operation as a
detector or modulator should be evident
from the non-linear voltage-current charac-
teristic and requires no elaboration here. It
is especially sensitive in the detection of
ultra-high frequencies.

I IS a well known fact that any amplifier
Ici;cuit generates oscillations when ar-

ranged to furnish an input voltage of
proper mezgnitude and phase. Consideration
of the manner in which Farnsworth's tube
functions as an amplifier shows that it con-
forms to this requirement when connected to
2 resonant circuit which is runed to a fre-
quency whose half-period is equal to an elec-
tron's time of transit, as determined by the
frequency of the oscillations applied to the
cathodes.

But the great value of the Farnsworth
tube resides in the fact that it is self-exciting,
i.e.,, that it requires no external high fre-
quency voltage when used as an oscillator.
Aside from the energy which is required for
the magnetic focusing field and which may
not be needed eventually, the only external
source of energy is that which maintains a
positive potential on the anode. It appar-
ently represents a new discovery in vacuum
tube phenomena. Among engineers there is
a difference of opinion as to its cause.

One plausible explanation is based on the
assumprion that there is no appreciable space
charge effect in the tube when oscilaltions
start. There are always some free electrons
present in the inter-electrode space, if only
those due ro photoelectric emission from the
cathodes. These are atrracted by the anode

when it becomes strongly positive but are
prevented from immediatelv going to it by

the ‘Icngirudinal mangetic field. Their accel-
eration 2s they approach the plane of the

i S

anodé Eiuses i current 1o Aow, through half
the inductance coil in the tuned circuit, to
one cathode. This provides an out-of-phase
voltage drop which accelerates the electrons
toward the other cathode with sufficient ve-
locity to cause secondary.emission therefrom.
The emitted electrons then establish a cur-
rent flow through the other half of the mid-
tapped coil and cause a voltage drop in op-
posite phase so as to accelerate the electrons
toward the first cathode which is thus caused
to emit more secondaries, Repetition of this
process quickly builds the current up to 2

point where it can be delivered to the out-'!

put circuit without stopping the internal os-
cillations. The oscillating %requency is that
to which the resonant circuit is tuned. This
explanation has not been confirmed by physi-
cists, but is presented only 2s a means for
visualizing possible actions in the rtube.
When engineers disagree, the physicist must
experiment,

Much work has yet to be dbne before
standardized twbes will be available for ex-
perimental use. Television Laboratories Lid.
has licensed rwo factories for commercial
production. But it will probably be a marer
of some months before tubes are available
for amateur use,

.!_ L]
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Chapter Six

Nikola Tesla

Author Commentary: pages 168 - 169
Historic Documents: pages 170 - 185
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VI) Nikola Tesla, 1856-1943

1) Any historic study of wireless leads to Nikola Tesla, yet his name is absent
from most references on the subject. A brief summary of Tesla’s life is presented
here as a reference for historical purposes. Nikola Tesla was born at midnight on
July 9-10, 1856 in the Serbian village of Smiljan, of the Austro-Hungarian border
province of Lika. This area is now called Croatia. Tesla’s parents had a long
background as Serbian Orthodox clergy, and his father was a priest. Like so many
others, Tesla arrived in New York City with but a few cents in his pockets. He was
nearly turned back. A few years thereafter, in 1891, Tesla would become a U.S.
citizen and value that above all the honors ever bestowed upon him. Tesla would
quickly become the grandfather of 20™ century technology. His induction motor
and alternating current system (1888), would shape the industrial age. His Tesla
Transformer (coil) and its electrostatic waves would bring him world fame (1893).
His vast studies in the universities of Europe, the fact that he spoke dozens of
languages fluently, his close contact with most prominent scientists and natural
philosophers, and his own in-depth studies, made Tesla quite possibly the world’s
most educated man. Great scientists and the royalty of Europe would all pay
homage to Tesla and his amazing New York laboratory. Tesla would be worth
millions after his motor was created, and he became close with the New York
elite. Samuel Clemens (Twain) was to become one of Tesla’s closest friends. One
can only wonder how someone of such stature could be so completely forgotten
today.

2) Tesla’s body was found in his New York hotel room a while after his death, in
January, 1943. He had been hit by a taxi cab a few weeks earlier. Nikola Tesla was
dead at the age of 87. Many scientific notables appeared at his funeral, even his
theoretical rival, Albert Einstein. E.F.W. Alexanderson and Edwin Armstrong
served as pall bearers to carry Tesla to his grave, where, like Marconi, he would be
forgotten by science. Tesla’s name was to reappear however, being taken up by

the southern California U.F.O. cults as their Jesus Christ. Their claim was that
Tesla was from Venus and he would return some day. This would serve to further
the dislike for Tesla’s name in scientific circles. This condition lasted from the
mid-fifties to the mid-seventies. In the 70s Tesla’s name appeared again, in a
fantastic conspiracy which claimed the Soviets were using “Tesla scalar
technology” for mind control of U.S. citizens, and for weather modification. This
served to further cloud the actual work of Tesla. In the 80s, Tesla societies would
appear, but were more interested in Einstein than Tesla. Such societies have run
their course and are now gone. The creator of the 21* century technology is on his
way to being lost forever. Bolinas is the last hope for any renewed understanding.
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V. THE MAGNIFYING
TRANSMITTER ﬁ

oA

S I review the events of my past life I realize how subtle
are the influences that shape our destinies. An inciden
ol my youth may serve to itllustrate. One winter's day
managed to climb a steep mountain, in company with othe:
boys. The snow was quite deep and a warm southerly wine
made it just suitable for our purpose. We amused ourselves by
throwing balls which would roll down a certain distance
gathering more or less snow, and we tried to outdo one anothe
in this exciting sport. Suddenly a ball was scen to go beyone
the limit, swelling to enormous proportions until it became a
big as a house and plunged thundering into the valley belov
with a force that made the ground wemble. T'looked on spell
bound, incapable ol understanding what had happened. Fo
weeks afterward the picture of the avalanche was before mv
eyes and I wondered how anything so small could grow t
such an immense size. Ever since that time the magnification
of feeble actions [ascinated me, and when, years later, [ took uj
the experimental study of mechanical and clectrical reson
ance, I was keenly interested [rom the very start. Possibly, hac
it not been for that carly powerful impression, I might no
have followed up the litde spark I obtained with my cotl an
never developed my best invention, the true history of which
will tell here [or the first time.
“Lionhunters” have often asked me which of my discov
eries I prize most. This depends on the pointof view. Nota fev

-

4
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technical men, very able in their special departments, but
dominated by a pedantic spirit and nearsighted, have asserted
that excepting the induction motor I have given to the world
little of practical use. This is a grievous mistake. A new idea
must not be judged by its immediate results. My alternating
system of power transmission came at a psychological mo-
ment, as a long-sought answer to pressing industrial ques-
tions, and altho considerable resistance had to be overcome
and opposing interests reconciled, as usual, the commercial
introduction could not be long delayed. Now, compare this
situation with that confronting my turbine, for example. One
should think that so simple and beautiful an invention, pos-
sessing many features of an ideal motor, should be adopted at
once and, undoubtedly, it would under similar conditions.
But the prospective effect of the rotating field was not to
render worthless existing machinery; on the contrary, it was to
give it additional value. The system lent itself to new enter-
prise as well as to improvement of the old. My turbine is an
advance of a character entirely different. It is a radical depar-
ture in the sense that its success would mean the abandonment
of the antiquated types of prime movers on which billions of
dollars have been spent. Under such circumstances the prog-
ress must needs be slow and perhaps the greatest impediment
is encountered in the prejudicial opinions created in the
minds of experts by organized opposition. Only the other day
I had a disheartening experience when I met my [riend and
former assistant, Charles F. Scott, now professor of Electrical
Engineering at Yale. I had not seen him for a long time and
was glad to have an opportunity for a little chat at my office.
Our conversation naturally enough drifted on my turbine and
I became heated to a high degree. “‘Scott,” I exclaimed, carried
away by the vision of a glorious future, “‘my turbine will scrap
all the heat-engines in the world." Scott stroked his chin and
looked away thoughtfully, as though making a mental calcu-
lation. ““That will make quite a pile of scrap,”” he said, and left
without another word!

These and other inventions of mine, however, were
nothing more than steps forward in certain directions. In
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the most extraordinary and spectacular ever recorded in the
annals of science. In investigating the behaviour of high
frequency currents I had satisfied mysell that an electric field
of sufficient intensity could be produced ina room to lightup
electrodeless vacuum tubes. Accordingly, a transformer was
built to test the theory and the first trial proved a marvelous
success. It 1s difficult to appreciate what those strange phe-
nomena meant at that time. We crave for new sensations but
soon become indifferent to them. The wonders ol yesterday
are today common occurrences. When my tubes were [irst
publicly exhibited they were viewed with amazement impos-
sible to describe. From all parts of the world I received urgent
invitations and numerous honors and other flattering induce-
ments were offered to me, which I declined.

Butin 1892 the demands became irresistibleand I went to
London where I delivered a lecture belore the Institution of
Electrical Engineers. It had been my intention to leave imme-
diately [or Paris in compliance with a similar obligation, but
Sir James Dewar insisted on my appearing before the Royal
Institution. I was a man of firm resolve but succumbed easily
to the forceful arguments of the great Scotchman. He pushed
me into a chair and poured out half a glass of a wonderful
brown fluid which sparkled in all sorts of iridescent colors
and tasted like nectar. “Now,” said he, “you are sitting in
Faraday’s chair and you are enjoying whiskey he used to
drink.” In both aspects it was an enviable experience. The
next evening I gave a demonstration before that Institution, at
the termination of which Lord Rayleigh addressed the
audience and his generous words gave me the [irst start in
these endeavors. I [led from London and later f[rom Paris o
escape favors showered upon me, and journeyed to my home
where I passed through a most painful ordeal and illness.
Upon regaining my health I began to formulate plans for the
resumption of work in America. Up to that time I never
realized that I possessed any particular gift of discovery but
Lord Rayleigh, whom I always considered as an ideal man of
science, had said so and if that was the case I felt that I should
concentrate on some big idea.
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One day, as I was roaming in the mountains, I sought
shelter from an approaching storm. The sky became over-
hung with heavy clouds but somehow the rain was delayed
until, all of a sudden, there was a lightning flash and a few
moments after a deluge. This observation set me thinking. It
was manifest that the two phenomena were closely related, as
cause and effect, and a little reflection led me to the conclusion
that the electrical energy involved in the precipitation of the
water was inconsiderable, the function of lighting being
much like that of a sensitive trigger. Here was a stupendous
possibility ol achievement. If we could produce electric effects
of the required quality, this whole planet and the conditions
of existence on it could be transformed. The sun raises the
water of the oceans and winds drive it to distant regions where
it remains in a state of most delicate balance. If it were in our
power to upset it when and wherever desired, this mighty
life-sustaining stream could be at will controlled. We could
irrigate arid deserts, create lakes and rivers and provide motive
power in unlimited amounts. This would be the most effi-
cient way of harnessing the sun to the uses of man. The
consummation depended on our ability to develop electric
forces of the order of those in nature. It seemed a hopeless
undertaking, but I made up my mind to try it and imme-
diately on my return to the United States, in the summer of
1892, work was begun which was to me all the more attractive,
because a means of the same kind was necessary for the suc-
cessful transmission of energy without wires.

The [irst gratilying result was obtained in the bpl‘ll]g of
the succeeding year when I reached tensions of about 1,000,000
volts with my conical coil. That was not much in the light of
the present art, but it was then considered a feat. Steady
progress was made until the destruction of my laboratory by
fire in 1895, as may be judged [rom an article by T. C. Martin
which appeared in the April number of the Century Magazine.
This calamity set me back in many ways and most of that year
had to be devoted to planning and reconstruction. However,
as soon as circumstances permitted, I returned to the task.
Although I knew that higher electro-motive forces were attain-
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able with apparatus of larger dimensions, I had an instinctive
perception that the object could be accomplished by the
proper design of a comparatively small and compact trans-
former. In carrying on tests with a secondary in the form of a
flat spiral, as illustrated in my patents, the absence of strcamers
surprised me, and it was not long before 1 discovered that
this was due to the position of the turns and their mutual
action. Profiting [rom this observation I resorted to the use of
a high tension conductor with turns of considerable diameter
sufficiently separated to keep down the distributed capacity,
while at the same time preventing undue accumulation of the
charge at any point. The application of this principle enabled
me to produce pressures of 4,000,000 volts, which was about
the limit obtainable in my new laboratory at Houston Sureet,
as the discharges extended through a distance of 16 feet. A
photograph of this transmitter was published in the Electrical
Review of November, 1898. In order to advance further along
this line I had to go into the open, and in the spring of 1899,
having completed preparations for the erection of a wireless
plant, I went to Colorado where remained for more than one
year. Here I introduced other improvements and refinements
which made it possible to generate currents of any tension that
may be desired. Those who are interested will find some
information in regard 1o the experiments I conducted there in
my article,y The Problem ol Increasing Human Energy’ in
the Century Magazine of June, 1900, to which I have referred
on a previous occasion.

I have been asked by the ELECTRICAL EXPERIMENTER 10
be quite explicit on this subject so that my young friends
among the readers of the magazine will clearly understand the
construction and operation of my “Magnifying Transmitter”
and the purposes for which it is intended. Well, then, in the
first place, it is a resonant transformer with a secondary In
which the parts, charged to a high potential, are of consider-
able area and arranged in space along ideal enveloping surfaces
of very large radii of curvature, and at proper distances from
one another thereby insuring a small electric surface density
everywhere so that no leak can occur even if the conductor is
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bare. It is suitable for any frequency, from a few to many
thousands of cycles per second, and can be used in the produc-
tion of currents of tremendous volume and moderate pressure,
or of smaller amperage and immense electro-motive force.
The maximum electric tension is merely dependent on the
curvature of the surfaces on which the charged elements are
situated and the area of the latter.

Judging from my past experience, as much as 100,000,000
volts are perfectly practicable. On the other hand currents ol
many thousands of amperes may be obtained in the antenna.
A plant of but very moderate dimensions is required for such
performances. Theoretically, a terminal of less than 90 fect in
diameter is sulficient to develop an electro-motive force of that
magnitude while for antenna currents of from 2,000-4,000
amperes at the usual frequencies it need not be larger than 30
feet in diameter.

In a more restricted meaning this wireless transmitter is
one in which the Hertz-wave radiation is an entirely negligible
quantity as compared with the whole energy, under which
condition the damping factor is extremely small and an
enormous charge is stored in the elevated capacity. Such a
circuit may then be excited with impulses of any kind, even of
low frequency and it will yield sinusoidal and continuous
oscillations like those of an alternator.

Taken in the narrowest significance of the term, however,
it is a resonant transformer which, besides possessing these
qualities, is accurately proportioned to [it the globe and its
electrical constants and properties, by virtue of which design
it becomes highly efficient and cffective in the wircless trans-
mission of energy. Distance is then absolutely eliminated,
there being no diminution in the intensity of the transmitted
impulses. It is even possible to make the actions increase with
the distance from the plant according to an exact mathemati-
cal law.

This invention was one of a number comprised in my
“World-System” of wircless transmission which I undertook
to commercialize on my return to New York in 1900. As to the
immediate purposes of my e?Lerprise. they were clearly out-
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lined in a technical statement of that period from which Iquote:

“The ‘World-System’ has resulted [rom a combination
of several original discoveries made by the inventor in the
course of long continued research and experimentation. It
makes possible not only the instantancous and precise wire-
less transmission of any kind of signals, messages or charac-
ters, to all parts of the world, butalso the inter-connection of
the existing telegraph, telephone, and other signal stations
without any change in their present equipment. By its
means, for instance, a telephone subscriber here may call up
and talk 1o any other subscriber on the Globe. An inexpen-
sive receiver, not bigger than a watch, will enable him to
listen anywhere, on land or sea, 1o a speech delivered or
music played in some other place, however distant. These
examples are cited merely to give an idea ol the possibilitics
of this great scientific advance, which annihilates distance
and makes that perfect natural conductor, the Earth, availa-
ble for all the innumerable purposes which human inge-
nuity has found for a line-wire. One far-reaching result of
this is that any device capable of being operated thru onc or
more wires (at a distance obviously restricted) can likewise
be actuated, without artificial conductors and with the same
facility and accuracy, at distances to which there are no
limits other than those imposed by the physical dimensions
of the Globe. Thus, not only will entirely new ficlds for
commgrcial exploitation be opened up by this ideal method
of transmission but the old ones vastly extended.

“The ‘World-System’ is based on the application of the
following important inventions and discoverics:

“1. The ‘Tesla Transformer.” This apparatus is in
the production of electrical vibrations as revolutionary as
gunpowder was in warflare. Currents many times stronger
than any ever generated in the usual ways, and sparks over
one hundred feet long, have been produced by the inventor
with an instrument of this kind.

“2. The ‘Magnifying Transmitter.” This is Tesla’s
best invention—a peculiar transformer specially adapted 1o
excite the Earth, which is in the transmission of ¢lectrical
energy what the telescope is inastronomical observat ion. By
the use of this marvelous device he has already set up electri-
cal movements of greater intensity than those of lightning
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and passed a current, sufficient o light more than two
hundred incandescent lamps, around the Globe.

“8. The ‘Tesla Wireless System.” This system com-
prises a number of improvements and is the only means
known for transmitting economically electrical energy toa
distance without wires. Careful tests and measurements in
connection with an experimental station ol great activity,
erected by the inventor in Colorado, have demonstrated that
power in any desired amount can be conveyed, clear across
the Globe il necessary, with a loss not exceeding a few per
cent. |

“4. The ‘Art of Individualization.” This invention
of Tesla is to primitive ‘tuning’ what refined language is 10
unarticulated expression. It makes possible the transmis-
sion ol signals or messages absolutely secret and exclusive
both in the active and passive aspect, that is, non-interfering
as well as non-interferable. Each signal is like an individual
of unmistakable identity and there is virtually no limit 1o
the number of stations or instruments which can be si-
multancously operated without the slightest mutual
disturbance.

“5.  ‘The terrestial Stationary Waves.” 'This wonder-
ful discovery, popularly explained, means that the Earth is
responsive o electrical vibrations of definite pitch justas a
tuning fork to certain waves ol sound. These particular
electrical vibrations, capable ol powerfully exciting the
Globe, lend themselves to innumerable uses of great impor-
tance commercially and in many other respects.

“The [irst ‘World-System’ power plant can be put in
operation in nine months. With this power plant it will be
practicable to attain electrical activities up to ten million
horsepower and it is designed to serve for as many technical
achievements as are possible without due expense. Among
these the following may be mentioned:

“(1) The inter-connection of the existing telegraph
exchanges or olfices all over the world;

“(2) The establishment of a secret and non-interfer-
able government telegraph service;

“(8) The inter-connection of all the present telephone
exchanges or olfices on the Globe;

“(4) The universal distribution of general news, by
L ]
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telegraph or telephone, in connection with the Press;

“(5) The establishment of such a ‘World-System’ of
intelligence transmission [or exclusive private use;

“(6) The inter-connection and operation of all stock
tickers of the world;

“(7) The establishment of a ‘World-System’ of musi-
cal distribution, etc.;

“(8) The universal registration of time by cheap
clocks indicating the hour with astronomical precision and
requiring no attention whatever;

“(9) The world transmission of typed or handwritten
characters, letters, checks, etc.;

“(10)  Theestablishment of a universal marine service
enabling the navigators of all ships to steer perfectly with-
out compass, to determine the exact location, hour and
speed, to prevent collisions and disasters, elc.;

“(I1) Theinauguration of a system of world-printing
on land and sea;

“(12) The world reproduction ol photographic pic-
tures and all kinds of drawings or records.”

I also proposed to make demonstrations in the wireless
transmission of power on a small scale but sulfficient to carry
conviction. Besides these I referred to other and incomparably
more important applications of my discoveries which will be
disclosed at some future date.

A plant was built on Long Island with a tower 187 feet
high, having a spherical terminal about 68 feet in diameter.
These dimensions were adequate for the transmission of vir-
tually any amount of energy. Originally only from 200 to 300
K.W. were provided but I intended to employ later several
thousand horsepower. The transmitter was to emit a wave-
complex of special characteristics and I had devised a unique
method of telephonic control of any amount of energy.

The tower was destroyed two years ago but my projects
are being developed and another one, improved in some [ea-
tures, will be constructed. On this occasion I would contradict
the widely circulated report that the structure was demolished
by the Government which owing to war conditions, might
have created prejudice in the, minds of those who may not
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know that the papers, which thirty years ago conferred upon
me the honor of American citizenship, are always kept in a
safe, while my orders, diplomas, degrees, gold medals and
other distinctions are packed away in old trunks. If this report
had a foundation I would have been refunded a large sum of
money which I expended in the construction of the tower. On
the contrary it was in the interest of the Government o pre-
serve it, particularly as it would have made possible—to men-
tion just one valuable result—the location of a submarine in
any part of the world. My plant, services, and all my
improvements have always been at the disposal of the officials
and ever since the outbreak of the European conflict I have
been working at a sacrilice on several inventions of mine
relating to aerial navigation, ship propulsion and wireless
transmission which are of the greatest importance to the
country. Those who are well informed know that my ideas have
revolutionized the industries of the United States and I am not
aware that there lives an inventor who has been, in this
respect, as fortunate as mysell especially as regards the use of
his improvements in the war. I have refrained from publicly
expressing myself on this subject before as it seemed improper
to dwell on personal matters while all the world was in dire
trouble. I would add further, in view of various rumors which
have reached me, that Mr. J. Pierpont Morgan did not interest
himsell with me in a business way butin the same large spirit
in which he has assisted many other pioneers. He carried out
his generous promise to the letter and it would have been most
unreasonable to expect from him anything more. He had the
highest regard [or my attainments and gave me every evidence
of his complete faith in my ability to ultimately achieve what I
had set out to do. I am unwilling to accord to some small-
minded and jealous individuals the satisflaction ol having
thwarted my efforts. These men are to me nothing more than
microbes of a nasty disease. My project was retarded by laws ol
nature. The world was not prepared for it. It was too [ar ahead
of time. But the same laws will prevail in the end and make ita

triumphal success. w
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" features of an ideal motor, should he adopted %
* at emee and, undoultedly, it would under simi- :
“lar conditions. DBut- the prospective’ cfiect of
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existine machinery; on the contrary, it was
- to pive il additional
value The system lemt

S I review the events of my past life g
I rcalize how subtle are the in-
fluences that shape our destinies.
An incident of my youth may serve
to illustrate. Onc winter's day I

managed to climb a stcep mountain, in com-
pany with other boys, The snow was quite
deep and a warm southerly wind made it just
suitable for our purpose. We amusced our-
selves by throwing balls which would roll
down 2z certain distance, gathering more or
less snow, and we tried to outdo one another
in this exciting  sport

Suddenly a ball was
seen to go beyond the
limit, swelling to enor-
mous proportions until
it became as big as a
house and plunged thun-
dering into the wvalley
below with a force that

happened.

made the ground tremble. I looked on spell-
bound, incapable of understanding what had
For weeks afierward the picture
‘of the avalanche was before my eves and I
wondered how anything so small could grow
to such an immense size.
time the magnification of feeble actions fas-
cinated me, and when, years later, I took
up the experimental study of mechanical
and electrical resonance, I was keenly in-
terested from the very start  Possibly,
had it not been for that carly powerful
impression, T might not have followed
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National Park Service
Michael Auer
Northwest Suite 200
Washington D.C. 20002

Dear Mr. Auer;
Please allow me to bring the following matters to your attention:
I.)  INTRODUCTION

[ am sending you this letter in order to petition for executive attention
to the tragic matter of the Bolinas, California radio transmission facility of
the Point Reyes National Seashore. At present, the historic Marconi Power
House is crumbling and the site is suffering from the ravages of theft and the
acts of vandals. Important artifacts have been lost and equipment stripped.
Recently the last standing radio tower crashed to earth as a result of local
kids making it an “amusement ride.” Despite enforcement rangers being
forewarned, the condition remains unabated. Another tower has been
completely stol#n, with no attempt at recovery. The situation goes even
further.

I have been a principle victim in this matter and, most important, the
public interest and the Park Service are victims. Therefore, this letter
constitutes an official petition of grievance, and on a class action level. Your
office has been selected to receive this because I believe your office would
take the greatest interest in Bolinas. The technical significance of the
Bolinas Radio Transmission Facility of the National Park Service (N.P.S.)
needs executive acknowledgement. The historic resource study of the Point
Reyes National Seashore is just now complete. 1 suggest that you obtain a
copy. What is lacking in that study is presented in my own companion study,
however this is still in its embryonic form. A copy of the draft will be sent to
your office.

Due to the fact that allegations asserted in this letter constitute a
criminal complaint, it is of course your responsibility as a federal officer to
forward this matter to your superiors or to the proper justice department
officials in the event that you are not in the position to institute action.
Executive action cannot be avoided. Of course, extensive falsification can be
expected on the part of the accused, so a careful investigation will be
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required. I will later obtain signed and notarized testimonies as a part of my
published study.

1I.)  THE BOLINAS FACILITY

The Bolinas Radio Transmission Facility of the National Park Service
is a most remarkable scientific and historic treasure. It is unfortunate that
this cannot be appreciated by the Point Reyes National Seashore
Administration, but this is understandable, as you will see. The Bolinas site,
and its companion site in Marshall, originated with the efforts of Mr.
Guglielmo Marconi, LL.D., Ph.D., the famous promoter of electric wave
telegraphy, or “wireless,” as it came to be known. Construction of the
facilities began in the year of 1913 and within a year’s time the developed
station became one of the largest on earth. Massive aerial-ground wire arrays
were put in place, covering 750,000 square feet. Thousands of square feet of
metal plates were set underground and even out to sea. This network
connected to a cathedral-sized power house (now called Building Number
One.). The power house contained a megawatt substation and a disruptive
discharge oscillator, delivering 300 kilowatts to the aerial-ground network;
no larger has ever been constructed. I have discovered through various tests
that with the exception of the oceanic portion, the underground network is
still intact, This is an absolute treasure for the study of geo-electric
phenomena, particularly because of its immediate proximity to the renowned
San Andreas geological fault line. It is of interest to note that the importance
of this site was such that it was taken from Marconi by the U.S. Navy in
1919. The Navy again took control in 1940,

Upon the removal of Marconi from the Bolinas site the Radio
Corporation of America was formed as an outgrowth of General Electric to
take on this and related facilities. Through RCA, General Electric removed
the Marconi equipment and implemented the remarkable wireless system
developed by its own scientitsts, C.P. Steinmetz and E.F.W. Alexanderson.
The works of these great scientists is as important today as it was in 1919,
and thus the significance of the Bolinas site, The site was to continuously
expand under RCA with progressively updated General Electric equipment.
Later, RCA developed its own equipment and several new structures were
erected over the years: Buildings 2, 9, 2A, etc. Its culmination by 1960 was a
station that transformed 1.5 million watts of electric power, delivering this to
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a 3000-acre rhombic antenna array. Today, a still functional version of this
exists, with a few hundred acre array and about 30 transmitters. This is
waiting for a new patron, and I have located that patron.

Many significant edifices and artifacts exist at the Bolinas site. Most
significant is the Marconi Power House. The foundations of the Marconi &
Alexanderson aerial-ground network remain intact for the most part. Various
dumpsites exist along the ocean bluffs. Contained within the Marconi
Building is a remarkable transmitter (called BL-10) which is 50 feet long. It
was the last to operate in that building.

All this is in need of protection by an executive agency. Examination
and study by qualified individuals from the historic and scientific
standpoints should begin at once. I have these qualifications. But most
important is that this remarkable facility be given proper attention and be
allowed to continue along in its 87-year tradition, now operating in the form
of public interpretation standing with technological functioming. What must
not happen is, the site must not become a dead specimen to be locked away
to serve only the amusement of a self-appointed elite. The fragedy is the
state of affairs #s they exist today, hence this plea to your office for
executive intervention.

Marconi Power House Building, current condition
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11y E.P. DOLLARD

My personal history at the Bolinas site began with a high school
special education program in the year of 1967. As a so-called “gifted
student,” many technological and scientific facilities were made available to
me. Qut of these, RCA Bolinas was where I chose to start my career in
science and engineering. I felt my destiny to become the next engineer in
charge after Frank Spicer. I promptly gained both professional and amateur
radio licenses in my later high school years. Strong encouragement was
given to me by the Bolinas crew, from manager to lineman. My good fortune
was to receive possession of equipment needed for my personal laboratory
and related scientific study. I put much effort into this fortunate situation.

Upon leaving the Navy, [ rejoined RCA Bolinas to begin my career.
However, it was such that the station was beginning to go out of business
and had a dim future. The politics surrounding this condition were not
favorable to prospective employees. Only one transmitier remained on the
air, transmitting to a small island in the Pacific. Cutbacks in staff began and
all maintenancesstopped. Afler discussing of my research and the station
situation with the regional vice-president of RCA, it was decided that the
continuation of my research may provide a new life for this form of
technology we call radio. All de-commissioned eugipment was transferred
through me into a Trust called Resource One. This group worked toward
public use directed re-utilization of discarded technology. The location was
in San Francisco. This equipment was to be transported by the city and
county of San Francisco, to a city warehouse at Pier 3, Fort Mason. A
laboratory and restoration was set up at 1360 Howard Street in the city.
Research there led to a particular discovery of great promise. A new radio
technology was in the making. The responsibilities bestowed upon me were
being carried out with wonderful success. Then came the Commonweal.

IV.) THE COMMONWEAL

The death of the Bolinas site can, in principle, be attributed to the
Commonweal. This organization has been the lethal tumor in the station’s
history. In seeking the meaning of the word, we find certain definitions
which apply. Webster’s International Dictionary, Second Ed.:

weal (wél) - noun
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1) wealth, riches, pomp

comumon — adj.

1a) belonging or pertaining to the community at large, either as
a social group or as a political organization; public; subject to the
rights of common use; as in the common pasture; the common good;
railroads are common carriers.

1b) habitual or notorious; as a common cold or thief

We may ask: How did Bolinas become inoculated with the
Commonweal and its kindred elements?

In the transitional period of ownership of the RCA transmutter site
from RCA to the department of the Interior, National Park Service (N.P.S.),
a middle agency, appeared, calling itself Trust for Public Land (T.P.L.). The
mission of T.P.L. is to implant certain of the politically elite into sites of
uncommon beauty or resources. Upon completion of this phase, the land is
then turned over to a public agency with the implanted elements cemented in
place with “swdetheart leases.” Hence, the public agency gets stuck with the
implant, that s, inoculated.

In the specific case of the RCA Bolinas facility, two political
personages were implated: Michael Lerner and Orville Schell. Lerner, a self-
appointed philosopher, is the offspring of the New York elite. He also serves
as Ms. Hillary Clinton’s personal guru, a position akin to Rasputin. Lerner
had made his way into a federal agency. Schell is famous for his trips to
China and his teachings on the subject; he has made his way into the State of
California agency. Schell also published a book of his idyllic Bolinas, The
Town That Fought To Save [tself. When the lease agreements were forming,
Lemner claimed to be establishing a cancer research group, and Schell
claimed to be establishing an organic hog farm. Needless to say, once the
lifetime leases were set in place, these claims did not materialize. Lerner’s
Commonweal became an organization for dissemination of political rhetoric
and funding for related individuals. The late Philo Farnsworth referred to
them as “grant lizards.” Schell quickly set his own people, named the
Nimans, in place. Niman constructed a private home (on public land) and
sublets the land in an unnoticed form to an organic cattle operation. In
reality, these cattle may not be so organic as they mill about in the toxic
dumpings, with full knowledge of all mentioned parties.
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In the town of Bolinas, the underlings of the aforementioned
principles quickly flooded the locale (1976). Various grant programs were
established: many were living on trust funds. Indigenous locals were pushed
aside and a major marijuana and mushroom production was established with
seeming immunity from local law enforcement. In order to conceal their
location this group removed all road signs directing to Bolinas. The town
was now renamed “Bo-Bo,” an exclusive community. The efforts of this
group are reaching fruition today.

Needless to say, this had a deleterious effect upon the preservation
and rescarch program underway. Upon receiving the RCA site, the N.P.S.
considered getting rid of the Commonweal and the Department of Justice
was taking good notice of Bo-Bo. However, both the Weal and Bo-Bo were
to continue unabated.

V.) THE DESTRUCTION BEGINS

What is most worthy of note was the singular viciousness of Lerner’s
Commonweal with regard to the efforts of preservation. In a di-polar manner
Lerner, in letters to RCA, spoke of the importance of the site history and
how he would have all equipmnet safely stored in the vacant portion of the
Marconi Building. The actions proved to be in contra-distinction to the
words: all mention of Marconi was removed from what they selected to
restore, and what commenced was a violent destruction of all radio
equipment within their reach.

The Commonweal’s destructive efforts were quite remarkable in their
fanatical manifestation. This effort went so far as to require the notification
of the police and left one RCA employee (Ivan Neilson) in tears, We had all
worked hard to protect this equipment. As each item had been prepared for
transport by me, it was to become a victim of vandalous efforts during my
absence, so as to make the equipment unusable. This was the work of a Mr.
Burr Henemann (a proclaimed environmentalist) and Michael Rafferty
(hatchet man). At the peak of the frenzy, a team of local juveniles, with
state funding, were set loose upon the equiptment armed with bats, axes and
sledgehammers. A free-for-all ensued, reducing the station equipment to a
pile of twisted metal, broken glass and toxic debris. A thousand gallons of
transformer oil were improperly disposed of. Very toxic chlorinated-
biphenols (PCBs), mercury, and thorium isotopes were strewn everywhere.
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Some of the kids were badly contaminated. In continuation of the
Commonweal efforts, every book, blueprint, or engineering report was
dumpstered or scattered to locals. Now one may think this strange action for
those who call themselves environmentalists; who call themselves cancer
researchers; or who preach New Age ideaologies of love, compassion and
environmental wisdom. But anything is possible with Lerner’s
Commonweal.

The situation does not end here:

1)

2)

4)

5)
6)

Recently the Commonweal’s subletted vandals stole about two
miles of heavy copper transmission wire off the exterior poles.
Over 25 poles were also removed from the site.

The Commonweal often will cut down transmission poles, cut
cables and alter piping without regard for their purpose. Water
and lights have been hereby cut off to the Marconi Building,
leaving it dark and without sanitary facilities.

The complete lack of care to the Marconi Building has resulted
in major structural damage to its concrete exterior. Interior
structures suffer from corrosion and decay. Sublets have
resulted in stripped power wiring and the removal of the
instruments of transmitter BL-10.

The garage structure has been allowed to partially collapse and
become a center of waste oil, debris and abandoned vehicles.

Invasive plant species are allowed to spread unabated.

Of further note is the grip that the Commonweal holds on the
local community. In my own life in Bolinas, I am under
constant harassment by their agency, an attempt even having
been made on my life. My garden and aerial site was bulldozed
by induced county officials. Furthermore, in excess of 50
thousand dollars was offered to expel me from Bolinas. “We
have been trying to get rid of him for a long time,” touts Weal
manager David Parker. Their observation of me is a violation of
my civil rights.
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It is my assertion that the Commonweal situation is directly analogous
to the Synanon problem which existed at the Marconi Receiving Station in
Marshall. The Commonweal is thus a more refined problem at the Marconi
transmitting station at Bolinas (refer to David Mitchel, Point Reyes Light,
and his writings on Synanon). It is my conclusion that the Commonweal be
promptly evicted and/or made to pay for the extensive damage to livelihood
and property. Failure to carry this out could only be regarded as
nonfeasance.

IV.) TODAY’S SITUATION

Now that the time has come, because of the recent transfer of the
physical plant to the N.P.S., for my potential entry as an advisor and site
engineer, | am told that the Commonweal does not approve. | am told that |
am “history,” and to forget about my “pie in the sky” ideas about
preservation, restoration or re-utilization. This is my reward for spending
two-thirds of my life on this project and being the acknowledged sole
surviving expert on the Bolinas facility. I have been offered funding for my
efforts and hav® caught the interest of other agencies of the U.S.
Government and their part in keeping the station operational. 1 have
provided security and maintenance at my own expense, just to be asked by
the Enforcement Ranger, “When are you going to bug out of here?” Yet,
without my presence, the site is wide open to vandal activity. | often travel
several hundred miles at my own expense to re-secure the Marconi Building
so as to prevent any further damage to its contents. This trip i1s due agamin a
few weeks and 1 am fatigued with the confrontational attitude of the
Enforcement Ranger.

Ultimately the administration of the Point Reyes National Seashore
should not bear the blame for this condition. This office has put forth much
effort toward preservation of the facilities, considering the funding and
manpower available to them, and I have found the superiors to be very
cooperative and helpful. However, for these people to go against the wishes
of the Commonweal would be political suicide. The management of these
facilities will take a higher or impervious power. I believer this is your task,
Mr. Auer. There is ample means for the Bolinas site to regain its position as
a great radio station of the world, available to public interpretation. At
present, the only plan to be allowed, one which suits the Commonweal, is a
limited ham radio club operating but a few hours a month. This is hardly
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realistic, since the proper use of the facilities would require no less than two
full-time employees or staff members. The present plan will allow for
Commonweal censorship at the Bolinas station and give them free access to
station switch gear and wiring frames. It is my belief that things must go the
other way, including the eviction of the Commonweal, removal ot all
historically inappropriate construction, restoration of the original RCA
offices, which they occupy, back into station offices, and allowance for
habitation of the residential structures by station staff, if this portion be
retained by the Commonweal.

There is no shortage of qualified manpower or financial backing for
any restorative or reutilization effort. The ham radio club will serve its part
well in vitalizing the old KPH, but is much too limited for site management,
a full-time task. As an example of potential resources available, upon my
second prompting of the Marconi family, what resulted was their
approaching the Point Reyes Administration with a definite plan and five
million dollars backing. It is my understanding that the Marconis are hard to
work with and their offer was turned down. I have interested another U.S.
Government Agency in supporting an operating facility with an expected
annual outlay ofat least 250 thousand dollars. An FAA subcontract
organization, AIR, INC., presently operates at the receiving facility and
should be encouraged to partake. Any effort may be slow to start, but in a
few years, these facilities could become a jewel of the National Park
Service. Qualified engineers and historians need to be put in place to
commence the task of study, restoration and care. [ am always available for
this task as this was the original mission put to me by the RCA staff, and [
am acutely interested in accomplishing this mission, even today.

When the history of the great Marconi - RCA is written, will it be one
with a brighi future, or wiil it be one with a tragic death in the form of
murder? You have the power to decide.

E.P. Dollard

1850 Hours U. T.C.
19 Dec., 1999
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NATIONAL PARK SERVICE
PO Box 37127
Wachimgron, DG, 200157127

1 EER Y REFER T3

K14(424) 23kt

Mr. Eric P. Dollard
P.(). Box 644
Doliaas, CA 94924

Dear Mr, Dollard:

Thank you for your letter of December 14 regarding the Marconi communication facilities at
Point Reyes. I apologize for the tardy reply.

The Point Reyes Lightboat Station is a National Historic Landmark, but the Landmark does not
include the Marconi station or other areas of the Point Reyes National Seashore. [ understand
that Mr. Livingstongat the Seashore is preparing a nomination for the Marconi station to the
National Register of Historic Places. Listing on the Register will give recognition to the
station’s historical importance.

A new Superintendent will be taking up his duties at Pt. Reyes National Seashore in a few
weeks, It would be appropriate for your group to contact him to discuss proteetion and possible
future use of the Marconi siation.

Thank you for your concern.

Sincerely,

R22 L WS VY N

'?:'j:) Ru'.lirla.nd T. Buwers
— Acting Associate Director,
Cultural Resources
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The following citation was taken from the National Park Service website on September 18, 2013
http://www.nps.qov/history/cultural landscapes/snp/725189.html

RCA Transmitting Station

Point Reyes National Seashore

Marin County, CA

The Marconi/RCA Bolinas
Transmitting Station is an
approximately 422 acre designed
landscape that is located on the
southwestern side of the Point
Reyes peninsula, around two miles
northwest of the city of Bolinas on
Mesa Road. Located on mostly
level terrain at an elevation of
roughly 180 feet above sea level,
the property historically associated
with the station extends from Mesa
Road southwest to the Pacific
shore with grazing pastures to the
north and south.

The area for the transmitting station was selected because of its level, low vegetation,
elevated topography and its isolated location away from natural and man made
atmospheric signals that could have interfered with transmission. The historic district is
comprised of improvements dating from the Marconi and RCA eras, including the
majority of the buildings and structures.

The RCA/Marconi Bolinas Transmitting Station is within the Marconi/RCA Bolinas
Transmitting Station and RCA Point Reyes Receiving Station Historic District that is
eligible for the National Register of Historic Places. The Transmitting Station is
significant at a national level under Criteria A and C with a period of significance from
1913 to 1973. Under Criterion A, the district is significant for being the location of events
that have greatly contributed to the development of early wireless communications
systems throughout the country. Under Criterion C, the district is significant for its highly
designed Mission Revival buildings from the Marconi era and Art Deco buildings that
date from the RCA era.

The period of significance covers over half a century, beginning with the initial Marconi
Corporation development of the Transmitting Station in 1913 and extending to 1973
when point to point radio service was discontinued due to advances in satellite based
communications. This period encompasses the major development of the roads,
buildings, structures, antenna fields, and fence lines within the station property.
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The Marconi/RCA Bolinas Transmitting Station operated without interruption as a radio
transmitting station for over sixty years until its purchase by the National Park Service in
1979. It appears today much as it did during the period of significance and retains its
historical integrity of location, design, setting, materials, workmanship, feeling and
association. The Transmitting Station complex contains fourteen historic buildings and
structures, organized in three clusters on the property. Contributing resources include
the Antenna Field, Marconi Transmitter Building, Marconi Hotel, Marconi Cottage 1,
Marconi Cottage 2, Marconi Tennis Court, Marconi Pedestrian Bridge, RCA Transmitter
Building, RCA Garage, RCA Switching Building, RCA Cooling Tower Foundation/
Reservoirs, Marconi Cooling Tower Foundation, RCA Tuning Building, RCA Generator
Building, and Historic Road Network. Non contributing resources include the
Commonweal Meditation Hut, Commonweal Pump House, and Commonweal Sauna.

The historic character of the Marconi/RCA Bolinas Transmitting Station is still evident in
the following landscape characteristics: natural systems and features, spatial
organization, land use, buildings and structures, small scale features, circulation,
vegetation, and archeological sites. Based on the evaluation of these characteristics,
the cultural landscape at the Transmitting Station exhibits key patterns, relationships,
and features that convey the historical significance of the station.

MNational Park Service
U.5. Department of the Interior

Marconi/RCA Transmitting Station and RCA Point Reyes Receiving Station Historic District
Point Reyes National Seashore

=
-

Marconi/RCA Bolinas Transmitting Station
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E.P. Dollard

American Marcom
Bolmas, CA

1450 UTC, Sept. 4, 2001

(3. Morton, Director
LS. Dept. of Interior
Wash., D.C.

[Dear Ms. Norton,

I am writing your office regarding the matter of the Marconi/R.C.A. Radio
facilities within the point Reyes National Scashore, Enclosed is a copy of my letter sent
to M. Auer of your organization. Upon receipt of that letter, R, Minichiello of the
Marconi Foundation recommended that your office be advised of the situation.

The condition at these radio facilities has become so severe that civil as well as
criminal lawsuits are being considered. Also, the possibility of citizen arrests are being
studied. While such actions are effective from the punitive standpoint, ultimately they
would be an admission of failure in bringing the radio facilities back to life. | pray that
vour office can correct this condition.

What follogws is an overview of the situation at the Bolinas site:

a) For over a year I have pointed out that a particular utility pole could smash across the

MN.P.S. public parking lot at the Bolinas (BL) site. Recently the pole began o give
way in this dirction. Point Reyes officials ignored my warnings and became rather
hostile. 1 promptly contacted the Marin County District {(4) supervisor’s office, the
local fire chief and the local Coast Guard chief. The local officials confirmed my
observation and reported to the District 4 office. N.P.8. officials continued to claim
my observation to be a falsification. Finally the press entered and the pole was taken
down. If I had not acted, someone very likely would have been killed.

b) In my regular patrol of BL site security, I located a quantity of the environmental
toxin, Chlorinated Bi-Fhenol (approximately one pint) within the arca that the
commonweal rents o the public (a lease violation). The same local officials were
again contacted and again my claims were verified. Pt. Reves officials responded in
the exact same manner, this time removing evidence of the toxin, but leaving the
same in the soil (at a public location). Pt. Reyes then claimed that T put the toxins at
that location and launched a harassment program against me. This of course obviates
legal actions upon N.P.5. ofheials.

c) Your tenant, the Commonweal, is affiliated with individuals in the town of Bolinas
that openly sells Herion with impunity, breaks up families in order to get their
children into programs from which they derive financial gain, engage in child
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prostitution, and make payoffs to N.P.5. and local officials so as to rid themselves of
“problem individuals™ such as myself.

d) A frawdulent historic society, related to the Perham Foundation, an organization
notorious for mishandling and profiting from historic material, is now removing
important material from the radio facilities. Organizations such as the U.S. Coast
Guard, or Marconi Foundation are blocked from site preservation and operation. This
activity is directed from the Golden Gate National Recreation area which has no
business at Pt. Reyes or Bolinas.

In conglusion, I cannot believe that any of these activities are in the best interest of
the U.S. government, nor can I believe that the present (Bush) administration knowingly
operated in this condition. These activities are more in accord with the previous (Clinton)
administration.

I eagerly await a timely response from your office. Thank you for your cooperation.

Eric P. Dollard gﬁﬂ : g@
Darcell Electronics e

4910 8t, Anita Ave.
El Monte, CA 91731

Marconi Building One. Interior view on March 7, 2007.
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Pt Heves Lighil, Sovembier 16, 2000 — 11

it

Rf!._ I) I D’ A F,I {: [f_] ;\-' _.I'L I_] fJ Eriv Pollard ol Bolinas cleims Convmomwenl hoes allowed s

Facility Frome. the énrly days of radio @0 be vandalized, Commonweni leases the propercty Prom dhe
Point - Weyes Motional Seaxhore, and Dollocd  ackoowledges having hod  run-ing with bath organl-
rations as he prosswced them 1o protect this onetime Marconi Radio Traosmisslon She o Boli-
nax. Mol onoly §s West Marin's key role in the development of radia being destroyed, Dollard
tlaims, the Tacility has become a hazard. (Light photo by Gregory Foley)

Accusing Commonweal of allowing
radio site to be destroyed

By Eric P. Dollard
Bolinas
I am writing this column to make known the very
aricvous situation existing at the Marconi Radio Trans-
mission Site at Bolinas. The site is now within the bound-
ary ol the Point Reyes National Scashore and has become a
public hazard: its historic and scientific significance is
compromised. The public interest is the principal victim.
but this columnist has also suffered greatly i this matter.
[t is hittle known that the Bolinas site has played a sig-
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nificant role in the development of electricity. Lesser
known is the advanced technology latent in this site, a
technology that could eliminate the consumption of fuel
tor the production of electricity.

The transmission site was begun by Guglielmo Mar-

coni. the famous promoter-and developer of electrostatic
wave telegraphy (to become known as “the Wireless™). The
site was by far one of the most advanced facilities of its
cra. Construction began in 1913 and in a year's time. it
became one of the largest radio-frequency power plants on
carth.

*An electrical Stonehenge’

[ts aerial-ground structure covered 750,000 square feet of
land, and 500.000 wats ol electrical energy was drawn
from PG&E. bringing power to Stinson Beach and Bolinas
from Alto. An electrical activity of 175,000 horsepower
surged in the massive, carthed aerial at the rate of
2,700,000 revolutions per minute: It is most remarkable
that the underground portion of the earthed aerial is mostly
intact today. It can be said that the transmission site is an
“electrical Stonehenge.

Marconi was removed from the site by the US govern-
ment at the onset of World War I. the Navy took controlof -
“the transmission site during the war, turning to the General

Electric Company for engineering. GE removed the ‘Mar-
coni equipment and by 1919 installed its own Alexander-
son System..This system was so advanced, ‘even by today’s

standards; that:the Navy insisted it never fallinto foreign: -
hands, such as*Marconi. The Boli nas. site’was the' m ost‘ad:"
vanced of the Alexanderson installations with regard to its
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aenial-ground structure. It is still of scientific interest,
By 1920, the US Navy organized the formation of the
Radio.Corporation of America (RCA) to take control of
the transmission site and related facilities. RCA removed
the Alexanderson gear in the early 1920s, replacing it with
its own system of short electro-magnetic waves
(shortwave). This has become the radio of today.
Electrostatic wireless was to become forgotten, and con-

tuﬂ[mmr\f atomic science would declare electromagnetism
the only posqlhle, L]LL[[‘ICJI transmission mode, a grave

_ setbd{,k for electric scmnu, and engineering.
‘At the end of its life in |974 RCA 1n charge of the

“transniission site, worked with this columnist to dwelﬂp a

plan to protect the remaining equipment and records. A
protective trust-and research laboratory were established to

facilitate- this effort. Progress was slow but steady. ‘Then.
cdme Cmnmunwml the h:llm] tumor in the Bolinas site’s .

'htstmy

“What is Commonweal, anyway " this columnist is re-
peated]}f asked. No one seems to know. By dlLllDlldI}’ deti-
nition: “weal (wél), noun; wealth, riches, pomp.” .

The salient feature of Commonweal was (and still 1s)
the singular viciousness it displayed toward the facility, 1ts
crew. and the effort to preserve the site. Twenty-six years
garbage, toxics, and wrecked equipment remain. Com-
monweal- continues unabated and with total impunity.
Commonweal history follows:

e Upon entry to the Bolinas site, hires juveniles
armed with hammers, axes, and bats to smash everything
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within their reach.
* Toxic thorium, mercury, beryllium oxide,

PCBs, and oils were strewn evcr}'where in.a grand free-for-
Ak b ol

» Historic recurds, notes, books are dumpﬁtered
or scattered.

* Equipment is dumped in pits or thrown into a lo-
cal creekbed.

e Cables, pipes, or related structures are al-

tered; removed, or replaced without regard to safety codes,

- fire satety, or historical SIgnlﬁcans:E:

'[IH":"Ht C u[umn—|

‘Toxic debris remains exposed dlcmu cliffs
(Please turn to Page 12)

R

Accusing Commonweasl of Miowing
radio site 1o be destroved
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12 — Point Reyves Light, November 16, 2000

u - .mgnm
Radio facility...
(Continued from Page 11)
grazed by cattle and walked by the public — 20 years after
notification.

Why does the Point Reyes National Seashore or the
GGNRA allow this to continue while these organizations
are evicting all other leaseholders within their realm?

Antenna poised to fall

The phenomenon that gave rise to this writing 1s that
an 85-foot utility pole, 1,000 pounds of it, sits poised to
crash across the public parking lot at the transmission site.
The pole is held up by a single, rotten guy wire.

The National Seashore’s response has been to harass
this columnist [for making an issue about the deteriorating
radio site] and to ignore the pole. Is this criminal? Bolinas
Fire Department and the Sheriff’s Office seem to be help-
less in this matter. What is going on here at the Bolinas
site?

To further compound the disaster, the Maritime Radio
Historical Society is altering and removing equipment
without executive oversight, further damaging the Bolinas
facility. The Light's glowing report [July 20] on the Mar-
itime Radio Historical Society [making a memorial KPH
broadcast July 12] is not the reality of what is happening.

In conclusion, I must ask how this could happen in a
town like Bolinas, which prides itself with such high ide-
als. Will the transmission site be allowed to disappear? 1f
so, it will be a great loss to mankind.

Editor's note: By his account, guest columnist Dollard
began working at the RCA site in 1967 as part of ¢ special
program for gifted high school students. Encowraged by i
crew there, he earned his amateur and professional radio 4
censes. After naval service, he rejoined the RCA crew in
Bolinas just as RCA was beginning to phase out the sta-
[LOR.
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Bolinas Site: Transmitter BL-10 vandalized
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Marconi coil breakage on parkland surface
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Abandoned steel guy cables (hazardous to life and limb)
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Mercury-toxic radio tube (model 872A rectifier) found in dump

L

S

. p

-‘\. .: i...l:! = . . éw

1928 condenser unit {originally was oil-filled) left in Marconi dump
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Guy-wire insulator (from original Marconi Mast) found by author Dollard.

Partion of eight-foot long Triatic Insulator {Marconi period) found in dump
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|4 — Point Reves Light, December 7, 2

Commonweal responds
to guest column
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Potential toxics removed

Tothe Ednor:

Eiliree s oty This lefter wes .-'.I.I'J'g.l'.rrmr.'\'

sent 1o Bolinas Five Chief Kevin Hivks en
Mov, 28 and forwarded 10 The Light by a
thired peerty,

Thank you lormeeting with our chict of
manienance Larry Harris on Nov, 20 10
discuss the possible hazardous materials
that Mr. Eric Dollard located at the Com-
monweul sie.

Mr. Harris has advised me that he col-
lected o number of nuscellaneous electowal
iems, incledigz  the small componen
transformer from the sie. All the tems
farve been properly fabeled, mventoried. and
stored in our Promary Hovzardows Wasle
Storage Facihity, awailing the appropriale
ispemal _

Please do not hesitate 1o contaet us 1l
any additional tlems or concerns ahout the
Communweal site are brought to your at-
tentiom, particularly if they may be related
tor possible haardous materals ting may be
found at the sie.

Ariun. thank vou For taking the time jo
ensure that these potentially harardous ma-
terals were properly collected and stored for
clisposal

om Meubacher, Superintendent
Poamt Reves Nanonal Seashore
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GIORGIO TACUZZO

Consultant

P.O. Box 143 Tel. xx39 - (0)432 - 43.341
1-33100 UDINE Fax. xx39-(0)432-44.917
Italy

to 3

Mr. ERIC DOLLARD
P.O. Box 644
Bolinas CA 94924
U.S.A.

Udine, dec. 31st 1993
Rif. 326

Dear Mr. Dollard,

I hope you well, I was reading in the last
Borderland issue about your initiative for the Guglielmo Marconi
laboratory in Bolinas, it is a very important task you are tryng
to do.

I would like to ask you if in the next months I
will pass from California will be possible to make an interview
to you about this program.

In my opinion can be important that also the
italian science and technology press will describe your efforts
to keep alive the memory on this italian genius.

Many years ago I was involved in tyng to convince
the italian authorities to restore the Elettra, Marconi's
laboratory boat, but without any succes was like talking with a
wall.

I wish you to find more clever support.

Another thing I like to ask you is about the noble
gas engine, there are many years that I dont have any news about
this your commercial application, what appned?

I am very interested to make some articles also od
this machine, if still available, please if do you have some data
and pictures I will thank you a lot.

For the moment it's all, I thank you very much for
the attention and I wish a happy new year.

Sincerely vyours

__Giorgio [Iacuzzo

?; \5\“,,., Ao
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T FE

o ES PULSE ON

: THE WORLD:
Eric Deflard
lWras an 1argway
gtalicns
Wadnesday on
his collactiodn of
radio eguipmani
It gn opan fiahd
in Balinas

i pholc!Martin L. Elimek

Bolinas radio buff tunes in the world

By Betty Dietz

{ndoperrdent Journal reporier

An eccentric Bolinas clectronics baff
has srecied 2 radio recewving sr-uﬁnn inen
"| ld 80 he can bung in r-ﬂ.lu and rn--
1L S i Lu" | 1
W Qr rr.'ullrL*.-. and -:-fher a-]‘;’ul'lh from
acraes Lhe waorld

Firic Linlian] calls kis moze of armennas
and rodio receivers & 1 million {freguen-
o) radio channel.”

N hataver '.'|_1L. wanl o hear, this iz the
phace 1o hear i,

Ioitlard @ncd twe friem ds =taff the 24-
L alf TesCo lak 3 liwngd owned By an pe-
audinlance, lstening 1o b sadeasts from
armtnd Lhe u-'r|||

While sfficials ssy Dollard's encamp-
ment i harmivss, oeightcrs have com
Har — especiatly 1n the
honars

go out and azk them to ture it
Thew comply. We leave," said sher-

WowWsL.
T s depaty HRichard Shelden, “Two weals
or g month leter, we zetl the same O
Plaint, We're LEvERE Lo gt bim to be o bed

'-IE'..||,~'IE'|||. He 'kr‘T'-.||-=". '-H*Hurw]'m-

L R [N B

Placed around the cosngp are several car
seatd, & purple sofp, s woaden eabinet
built between toees, and a hut to shelter
some of the equipment ffom 1he elements
[tz equipsed with an elecirical outlet,
[ouar large military batteries ang a tele
rhene

Tomatoss nnd pumphking spreet under
one aerial

Eerently, Dollard =al on n car sesl
perched atop o piastic erate o front of a
shortwave radio, Allernntely twisting
knobs and sipping black chermy kefie from
g quart contniner, he listened 1o squeaks
coming over the waves,

"'he hurkicane repart comes oot kD
afser.” Tioilard seid. At 18 afler it gives
conditions ol nver the world.”

In & rapid-ure monologue, he talks

L denwmnp an sntenna that could
tapr into the San And.rms ]‘-‘I'-I:l" to pull in
raezsazes, And ke'd like b listen toa mys-
L.e-r-. L !Ihlsbs.mn '.-I.I1r||:|5:||:"l."k.l."r signal Lhat hil

the aiewaves in the 1970s.

Thollard seid he sometimes utes the
valve handles on Alpine Dam or Lhe fire
Lipdrant at the end of Wharf Road to re-
ceive radic signsls,

“The hydrant 5 really hot” Dolinrd
satcd, “T just chip ostte il and | ocan boes

(b and Japasn, They eome boaming in
like # local cadia station”

Bolinas officials say Dollard is, well,
one of 4 kind

“He's kind of an out-there chatacier
bur he's ¢ genius when it eomes to radios,”
caid Thavy Rethotein, o Bolinas fir
fighter.

Tiollad stays with Friends or lives in his
hilsge Tovata Corolla. Oheer the yvears, he
luss workied at the Hichmend shipyards
and done research ot Sonoma State Uni-
versity and the old BCA redio steiion in
West Marin

He picks up odd jobs in exchenge for
Teaed oo money woexpend his redio collec-
Ln

He talks about becoming past of the
enuniy’s BMETEINCY Communication Sys-
tem, hut that’s ned his prime goal.

“l dao this because it"s my intecest,”
Diollard sebd, “Din not fooking for a practi-
cal vehoe"

Diollard’s Jove affair with electronics

||r|u-:| .::,ﬂ rhild in r\|.|-!-1._-.‘||'.l His "'H.H"H-EI-
-hL- ¢ worked for Pacific CGas and Blectrie
o and his vrm'.l:llrl-.lt] er assemblied r-sd i
{ubes for TiCA. As & teen-ager, e hung
around Movalo television repair shops.
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NMARcCeC ! PATEAT AL 676,322
LATER DESTROrEDL CPRPOAL ,0<S)ST20CE
o O.S. PArRK RANGCERS SALUS /U

g &/ CirewrmosT, BT CouorTs CF MAIRIA PoL/CE
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RESOURCE ONE INC
1360 Howard St
& San Francisco, Ca 94103

To Whom it may concern:

Be it known that RCA Corp. has no liability for
Resource One personnel and those persons assisting
Resource One dismantling and removing communication

equipment which has been donated to Resource One by v
RCA Corp.
nd> L) /‘“L
MM:E(K@MM\
Secretqry

TET Saliace f
- OPERArcAs g
.5 © 71(J777cy?{_5:

b

| NOST™ OF 74/1S EPCIPrse T L
AS DESTROUSED RT- THE -
CO_M/VJ QN EAL. GTROUP
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RESOURCE ONE, Inc.
1380 HOWARD ST. SAN FRANCISCO, CA 94103
a community computer service

Bldg #2 list continued

Equipment Serial

gRT T o T
Z£>IGE+R—66HP&ESSGR\.#
EEIT"ﬁﬁTVE‘C#THﬁ#

—FIRE-EXTIGUISHER . 4 38~/

* NOTE 1; THE MAJORITY OF THESE UNITS
ARE NO LONGER IN SERVICE,
BUT A FEW ARE STILL OPERATIONAL.

# NOTE 2 ADDITIONS TO PREVIOUS LISTING.

TOTAL WITHOUT ADDITIONS: 18,075 DOLLARS.
TOTAL WITH ADDITIONS: 19,320 DOLLARS

N NOTE 3 (courunpoaABV)

DE‘S?JZO%&‘D R7T Commorled AL,

864-8663

Value

$350
$750
$150
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REM@Wu\AQE @? mQ.

1380 HOWARD ST. SAN FRANCISCG, EA 04103  864-8663

a community computer service

Listing of equipment desired from bldg #2

Equipment

XMTR 155U
XMTR 156U

XMTR 30EB

> > D b

XMTR 33EC
XMTR 32ED
""U” SET COOLING SYS. 4

POWER WIRING TO-DIST.
PANEL (ALCOVE) FOR
ABOVE EQUIPMENT

TMC MODEL ”VOX=5" VFO

RCA FSK/RADIOPHOTO
TSC

TELETYPE CORP. M-15
TELETYPE

TELETYPE CORP. M-15
T1ELETYPE

RCA BA-6A LIMITING
AMPLIFIER

n

"

RCA BA-6A LIMITING
AMPLIFIER

ALL SPARE PARTS AND
TUBES NOT REQUIRED
AS SPARES FOR ACTIVE
EQUIPHENT

Serial Yalue

3 $5,000
2 $5,000
- $1, 000
" $1,000
- $1,000
- $600

- $500_

al3 ' $500 flgmis yED
f:J?mfag“

TL-48-1 $25 /5 J4~ T
i

P A
* $25

A&7/ ~s100 /E AP TS

A4
25;’5_2 ” / o o~ o / /
(’i ‘7 2 , - ‘-/..- ':;.. ) SRS —'I,-_ /_F:.-..-

- $3,000
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RESOURCE ONE., inc.

1380 HOWARD ST. SAN FRANCISCO, CA 94103  864-8663
a community computer service

1 Aug. 75

RCA Global Communications, Inc.
135 Market Street
San Francisco, Ca. 94105

Dear Sirs;

The following is a listing of the Navy surplus recievers
in which Resource One has an interest.

DESCRIPT I ON SERIAL # VALUE
RCVR, MODEL RCP RL-47 $1,000
o - RL53 $1,000
- - 4 RM-45 $1,000
” “ | RM-46 $1,000
" 5 RM-85 $1,000
“ ™ = RN-45 $1,000
- o RS-47 $1, 000
4 = RS-48 $1,000
" g RS=-50 $1,000
" " RS=52 $1,000
FSK UNIT %fﬁﬁ_ﬁw 5100 #55
. = (RN=45-9 $100)
N ” . _ﬁ. Ln.cuyd $100
- - JRos1 P $100
SUPPORTING HARDWARE ~LLL L
FOR MODEL RCP RCVRS N/A $1, 000

TOTAL $11,400

ERIC P DOLLARD

b P L
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1) Historical Sequence:

Before the advent of the electromagnetic radio in the mid-twenties and its
application to the Bolinas site through the A, B, C & D wave projectors and their
related BB, EC, ED & F pliotron transmitting set, a forgotten pre-historic period
existed. The principles of this period were Guglielmo Marconi, Ernst
Alexanderson and the U.S. Navy. A possible future fourth phase may yet occur,
thus:

a) The creation phase of Marconi 1913-1918
b) The evolution phase of Alexanderson 1919-1924
c) The resurrective phase of the U.S.N. 1940-1944
d) The revitalization phase, N.P.S. 2000 —»

The Bolinas electrostatic aerial/ground system grew out of the Marconi “Bent L”
aerial as it has become known (fig. 1). Following the Marconi aerial,
Alexanderson was to implement a greatly improved version. Marconi’s simple
stripline became a sophisticated multi-loaded wave guide structure with an
expanded underground network of wires. With the end of the Alexanderson phase
and the installation of the shortwave, the electrostatic aerial was mostly
demolished, with only a few masts remaining for what longwave radio remained.
The U.S. Navy realized the importance of the electrostatic aerial at the onset of
WWIL This would serve the needs of submarine communication, operating
through ground currents rather than spatial waves. The Navy demolished what
remained after they had no further wartime use for its function. The underground
portion of the system, that of Marconi and that of Alexanderson, has remained
intact through the various phases of the Bolinas developments. It is here the
possible fourth phase of Bolinas wireless may be possible.
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2) The Initial Layout of Marconi Wireless:

The first phase of the Bolinas aerial-ground system established the basic overall
dimensions of the aerial structure and laid the central grounding system upon
which all other phases would follow. The aerial pattern is shown in figure 2 and
the ground pattern in figure 3. The aerial consists of a basic rectangle, 3000 x 600
feet, a 5:1 ratio. This rectangle is broken into three 960-foot sections of ratio 1.6:1.
These are:

a) First section
b) Second section
¢) End, or terminal section (3" section)

Also, there exists the input section which fans out from the powerhouse to the first
mast row. The end section is folded downward, not reaching the fourth mast row
electrically (fig. 4).

$oeromws The supporting masts stood 300 feet in height and were fabricated from
30-foot steel sections about four feet in diameter. The steel was about 3/8 inch in
thickness. The bolted split sleeves sections bound together to make up the entire
length. This was an American Marconi standard design; easy fabrication and good
strength. Four sets of guys, 90° apart, held each mast in position. Each set
consisted of four wire ropes, stranded with 12 gauge steel wire, making each 1-
inch in total diameter (fig. 5). These ropes of wire terminated upon 1000 cubic
foot blocks of concrete set in the ground. These are the guy anchors (fig. 6). A
somewhat smaller block of concrete served as the mast base in which the 300-foot
steel masts were embedded (fig. 7). The old riggers told stories of climbing the
inside of these masts, looking for rust. The wire rope guys were broken up with
strain insulators to prevent the flow of parasitic currents. The number is unknown.
Each insulator was about a foot long and about % ft. in diameter (fig. 8). These are
possibly the largest strain insulators made. The exact arrangement of the distant, or
terminal, end masts, opposite powerhouse, is yet to be verified. All mast bases and
related guy anchors, totaling nine in number, exist today with the exception of the
“mystery mast,” 4B. This is the principle uncertainty in the reconstructive effort.
In early accounts, the number of masts is given as eight or nine, in all probablility
starting with eight, the aerial ending at mast row three. As the aerial developed,
mast row four would be added, as well as a row of auxiliary masts, 560 feet
beyond mast row three. Any evidence of mast 4B is absent in physical form at
present. In order for the massive mechanical forces developed by the aerial
suspended within the boundaries of the supporting mast structures to resolve, the
fourth mast would either be placed on the center line of the aerial, or a pair of
masts would be placed on each corner, similar to mast row two. The asymetrical
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arrangement indicated in early drawings, with mast 4 on the left corner of the
aenal, could not resolve the mechanical forces, and the aerial would tear itself
apart. Geometric projection on an early photograph (fig. 9) clearly shows mast 4B
however, but mast 1B is not seen, giving the established count of nine. Ultimately,
because of the row of terminal auxiliary masts and an end section compensator,
from the engineer’s standpoint, mast 4B would necessarily have to exist, giving
ten masts total in the fully developed aerial. Such is assumed in this
reconstruction.

View of the Complete Trans-Oceanic Station in California

Initial Mast Layout of Marconi
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3) Marconi Aerial Dimensions:

Upon the configuration of supporting masts, the Marconi wireless company
erected the first electrostatic aerial to be seen at Bolinas. The structure was basic,
consisting of 32 lines, evenly spaced, running longitudinal from the powerhouse to
the aerial terminus. Each line consisted of a bronze wire rope of about % inch
diameter. A partially buried section is to be found at the terminal row (fig. 10).
This cable is woven with 20 gauge calcium bronze wires. The 32 lines fanned out
from the main aerial anchor at the powerhouse (fig. 10A), rising to full height at
mast row one. The 32 line mast row four ended upon a row of 32 auxiliary masts,
the terminal row. Each auxiliary mast consisted of a 4-inch cast iron pipe set in a
concrete block (fig. 11). Photographs indicate the masts to be about 12 to 15 feet
in height. A recent water project destroyed most of the terminal row, but several
mast bases are still seen on the right-hand side of the aerial perimeter (fig. 11A).
Interpolation of a 1940 aerial photograph shows 32 mast bases total made up this
row, but only 24 can be accounted for (fig. 12). The nature of this termination is
unclear, but the absence of guy anchors in association with the row of auxiliary
masts would indicate that each of the 32 bronze cables descended vertically, thus
no lateral forces needed to be resolved with guy structures. Therefore it is assumed
that the 32 lines formed a 90° angle at the line, 560 feet beyond mast row three,
and the aerial was thus folded, ending at near ground level upon the terminal
masts.
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4) Aenal Electric Constants:

The operating frequency of the disruptive discharge oscillator delivering excitation
to the aerial-ground system is given at 44.77 kilocycles per second. The
electromagnetic wavelength is thus 21 thousand feet. The length of aerial from the
building end downleads, to the point of aerial termination, is 3000 feet. The ratio
is thereby close to 0.16 to 1, a little over one-eighth wavelength. The downward
section of the termination, consisting of the 32 downleads, constitutes a terminal
condenser, and the aerial, an eighth wave stripline transformer. Thus the
electrostatic capacity of the termination would appear as a resistance at the
powerhouse end. The electrostatic capacity of the aerial-ground structure, as
defined by its physical dimensions, is calculated as:

C, = 32000 micro-micro-farads.

And, as given by many sources, the electrostatic potential of the wireless aerials of
Bolinas was 100 thousand volts, and thus the electrostatic power flow is:

B =130 megavolt amperes,

...at a current of 1% thousand amperes. This is a Titanic quantity of electricity.
The electrostatic capacity of the aerial-ground confined region is given as:

C(‘.= 25000 micro-micro-farads.

This is the electricity sandwiched between the underside of the aerial and the
surface of the ground structure beneath it. This electricity is of no use in the
transmission process, but represents a useless surging. The electrostatic capacity of
the upper surface of the aerial out to free space is estimated as:

K = 7000 micro-micro-farads.

This gives a displacement current into space of 500 amperes and thus an
electrostatic power flow of:

Ps =50 megawatts,

...this power representing the transmission of electric force into space, because the
aerial operates in phase opposition to the ground structure. The bottom surface of
the ground system sends a current of equal magnitude to the space current, that is,
500 amperes of current are transmitted into the earth’s interior:
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IS =500 amperes.

The energy required by the aerial ground is equal to that delivered by the
disruptive discharge oscillator which has been established to be:

W, =300 kilowatts.
Since the stripline configuration of the aerial parallel to ground represents a
section of transmission line of:

Z =175 ohm.

[
And of electrical length approximately one-eighth, it is:
R =Z;

That is, the electrostatic capacity of the aerial-ground sandwich does not appear at
the aerial input, but the reactance of the aerial terminus appears as a resistance to
the oscillator, providing the required energy. Hereby the oscillator delivers its
electrostatic power to the displacement current and that power confined appears as
a leakage of electrical energy. This would appear as the Marconi wireless design
principle.

The Marconi electrostatic aerial was determined by Marconi to be directive in a
direction longitudinal with the axis. According to electromagnetic principles, no
such directivity would exist. The aerial would transmit in all directions. However,
the Marconi aerial is a low impedance section of transmission line, incapable of
electromagnetic radiation. The electrostatic wave of propagation along the free
space portion of the aerial is about 1%z times faster than the electromagnetic
velocity of light. Through the experiments of Marconi (fig. 13), the electrostatic
wave is launched longitudinal with respect to the aerial axis and in a distance
much shorter than a wavelength. The free space velocity is given by the relation:

JoK=v V= Y

That is, the ratio of velocities squared is equal to the ratio of electrostatic
(dielectric) capacities by substitution:

Y'=2.17
...and the free-space wave velocity is thus:

T=15 times the velocity of light.
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From the physical dimensions of the Marconi wireless electrostatic aerial, through
the use of standard radio formulae as given by the R.C.A. handbook: “Radiotron
Designers’ Handbook,” and by Frederick Terman in his “Radio Engineers’
Handbook” (Stanford University), the electrical constants have been determined.

5) The Alexanderson Phase of Bolinas Aerial Development:

During the transitional period from Marconi to Alexanderson, the actual
development sequence is somewhat blurred. Judging from the dedication plaque
that once was affixed to the left of the door, it would appear that historical facts
may have been altered. Blueprints of the aerial to follow that of Marconi were
dated 1919. The plaque states the powerhouse was completed in 1920 by the J.C.
White Engineering Company. Out of this transitional period, and through the
hands of the U.S. Navy, the General Electric Corporation and the Radio
Corporation of America, the wireless system of Emnst Alexanderson was created at
Bolinas. The system of Alexanderson was much more sophisticated than the
simple “32 wire” Bent L it replaced, however it was bound by the existing mast
structure of Marconi. The Alexanderson aerial was made up of a number of star
radial elements ewnlied trratzes, these being suspended between the mast rows in
groups of three. The wire utilized in triatic construction is unverified, but is
possibly the three-strand no. 10 copper-clad steel cable found in quantity along the
bluffs. This wire would meet the required technical specifications (fig. 14). It is
not known if one or two rowme# triatics were utilized in the makeup of the entire
aerial. Two rows would be most likely, but certain conditions favor one row (fig.
15). One row will be utilized for reconstruction. The number of “spokes” in each
triatic web is unknown, but 16 is a number which resolves the developed
mechanical forces.
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6) Additional Structures Required:

The aerial of Alexanderson required the installation of a sequential set of
structures physically and electrically in contact with the ground. Downleads would
drop from each section of the overhead structure to its corresponding ground unit.
Auxiliary masts or rod anchors held the downleads in place. The ground-based
structure made up the loading, or compensating stations that regulated the flow of
power along the aerial. The simple stripline structure of Marconi was now a
multiple loaded waveguide structure. Four compensator stations existed in all (fig.
16).

The sequence follows:

The input section compensator, series and shunt loading;
. The first section compensator, shunt loading;

The second set compensator, series loading;

. The end section compensator, shunt and series loading.

Rl o e

In tandem, the compensators compensated, or rather neutralized, the
electromagnetic propagation in the space confined by the bottom surface of the
aerial structure, and the top surface of the underground structure. That is, the
useless electricity sandwiched between the aerial and ground is neutralized, or
compensated for. This is called the Alexanderson principle and is similar to the
eighth wave principle of Marconi, but more developed.
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7) Ground Structure Details:

Each station consists of large concrete bases (fig. 16) which served as the
mounting for a 12-foot high coiled winding of heavy copper litz cable of about
300,000 circular mills section. Litz was a special weave to allow full current
penetration into the available mass of metallic conductor. These coils existed in
two forms: potential coils, shunt connected (fig. 17), and current coils, series
connected (fig. 18). Wooden racks of porcelain jars made up the series condensers
that were utilized in conjunction with the series coils. The absence of photographic
evidence and inadequate breakage makes condenser reconstruction difficult. Much
mica is found in the breakage, indicating condenser structures. Numerous
grounded no. 18 soft copper wires and fragments of copper flashing indicate the
series condenser was housed in a copper-clad wooden hut. Wooden foundations
are seen in a transverse line to the coil axis on the terminus side of the series coil
mount. Figure 17 has such a copper shack in the background. The large coiled
windings and racks of mica condensers existed in various combinations at each
compensator station. Various phases of development of the compensators is to be
noticed, the breakage of one buried beneath the next. Various auxiliary masts and
anchors are found in the area of each station, as diagrammed by figure 16.
Through the use of these compensators, the aerial would have no wavelength,
unlike the eighth wave structure of Marconi. The entire aerial electrostatic field of
the Alexanderson system would oscillate in unison, whereas the Marconi structure
lagged behind with distance from the powerhouse, being one-eighth of a cycle, 2.5
microseconds late at the terminal end. Thus the entire electrostatic field of the
Alexanderson was in step with the powerhouse alternator (fig. 18A).

231



http://emediapress.com/
http://ericpdollard.com/

8) Compensator Details, First Section Station:

The first section compensator station consisted of a pair of shunt coils spaced
about 300 feet apart on a line transverse to the aerial center line. The spacing is
symmetrical about the center line. Existing bases are shown (fig. 19). Passing up
through the concrete of these shunt coil bases are 8 each of no. 8 solid soft copper

wire ground leads. These terminate upon 8 groups respectively of 4 half-inch N.C.

bronze studs (fig. 20), these serving to hold the shunt coil to the mounting base
and ground its neutral side. The ground wires extend from the base (fig. 21),
outward in a star radial configuration. For a few hundred feet_there is no metallic
contact between the grounds of the pair of concrete bases, nor to the central
ground. One would think such contact would exist. No breakage is to be found
around the first section coil bases and no evidence of auxiliary masts or their
anchors is to be found. It thus may be assumed the downlead descended from the
aerial direction to the top of the coiled windings. A foundation for a small coil
with grounded studs and a copper-clad shack is found off to the side as well as a
major grounding terminal (figs. 22 & 23). It is not known what part of this may
have served in the Bolinas station operation. The first section compensator served
as a longitudinal magnetic susceptance, compensating for the transverse dielectric
components of the aerial-ground first section electromagnetic field. This
component is hereby neutralized.
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9) Compensator Details, Second-Section Station:

The second section compensator appears to have gone through several phases of
development. Shunt coil breakage is found buried beneath existing coil bases.
Closely spaced coil mounts are to be seen, one upon the aerial center line,
appearing to be the first, and a second coil mount off to the side several feet. One
intact shunt coil sectional insulator was extracted from the central base. Mountings
bases are shown in fig. 22. No grounding wires can be detected or located in
association with these mounts or their bronze mounting studs. It is seen that two
studs exist on the sides of the mounting bases, indicating a lower terminal
configuration on the coiled windings. The studs are in the direction of the aerial
terminus, the center mount aligned with the aerial axis, and the side mount
directed towards the axis at an angle. These lower terminals, along with the
existence of series coil breakage, indicate the coils were of the series current
variety and connected in multiple with respect to each other. One 4-inch cast iron
pipe mast base and its guy anchors are seen on the input side of the compensator
coil mountings, indicating a single downlead from the overhead structure,
descending vertically to the 4-inch auxiliary mast. The guy anchors, of the
concrete block variety, indicate leads from the auxiliary mast (fig. 23), led to the
top of the series coils. Located transverse to the aerial center line axis a trench is
found, this containing condenser breakage, no. 18 soft solid copper drain wires,
and wooden 6 x 6 foundations. Some copper flashing fragments are also noticed.
This would indicate a series condenser and its copper-clad wood enclosure. Leads
would have led to the condenser from the terminals at the coil bases. Beyond the
compensator components toward the aerial terminus, rod-type guy anchors are to
be found (fig. 24). These would serve as teathers for the lead, leading back up to
the aerial structure. It would appear that two upleads may have existed. Because of
the series connection of the second section compensator, the first and second
sections of the overhead aerial structure would be electrically insulated from one
another at the supporting mast rows 2A and 2B. Since the current in the downlead
is in the opposite direction to that of the upleads, no electromagnetic radiation
could take place from these leads. It is assumed that this compensator station was
initially a single shunt coil, but as the aerial developed, this was altered to a series
coil configuration. The series condenser performed a function conjugate to that of
the shunt coil susceptance of the first section compensator. It served as a
longitudinal dielectric react ance, compensating for the transverse magnetic
component of the aerial-ground electromagnetic field. This component was thus
neutralized. The function of the series coils would be to add momentum to the
magnetic field component of the aerial, so as to bring this field component to an
equal intensity with the dielectric field component of the aerial. Thus the
components would be balanced and the aerial would operate in a space scalar
condition, that is, with no wavelength.
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10) Compensator Details, End Section Station:

The end section station is by far the most complex, being a superimposition of the
shunt configuration of compensator station, first section, and of the series coil-
condenser configuration of compensator station, second section. Like that of the
second section, the end section compensator saw various stages of development.
The shunt coils have the same position and the same grounding configuration as
those of the first section. The series coil in this case is a single unit set upon the
central axis of the aerial (fig. 25). The condenser configuration is identical to that
of section two. Breakage found in this area is shown in figure 26. Two 4-inch cast
iron auxiliary masts are to be found at some distance away toward the input end of
the aerial, each with its own single concrete guy anchor. Geometric progression
directs from the mast and anchor sites to a central mast, or anchor, close to the
terminal face of the central series coil mounting, with breakage and a rod-type
anchor to be found at this point. Concrete anchor blocks face this side of the coil
mount, but no mast can be verified (fig. 27). Numerous rod-type anchors are to be
found at some distance away from the compensator components (fig. 28). These
are thought to be the upleads to the end section of the aerial, the 4-inch pipes at the
input side being the downleads from the aerial. Other rod anchors, ground wires,
and fragments of concrete are seen, but a definite geometric pattern is not
indicated. How the leads to the shunt coils were carried is unknown, as no
evidence of any kind is seen for the required transmission structures. While the
physical layout is uncertain, the Alexanderson principle defines the electrical
connections required. Like compensator station, input section, the downleads carry
current in the same direction and thus radiate electromagnetic waves. However, as
with compensator station, second section, the series current on the two input
downleads is of opposite direction to that of the upleads back to the aerial. Thus
this current cancels and no electromagnetic radiation is generated.
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11) Compensator Details, Input Section:

The input section compensator station is located next to the powerhouse (fig. 29).
and surrounds the main aerial anchor. A series coil mount is located on the
building side of the main aerial anchor (fig. 30), and a shunt coil mount of unique
construction is located hearby on the aernal side of the anchor (fig. 31). The shunt
coil 1s grounded to the Marconi central ground through a pair of no. 4 soft solid
copper wires (figs. 32 & 33). Numerous concrete bases are found to the side, some
pre-dating others (fig. 33). Drain wires project from the bases. These supported a
rack structure fabricated from 1'%:-inch rigid steel pipe. The newer structure is
throught to have carried the condenser bank; condenser breakage is to be found in
this area. The older structure is thought to have carried the high tension leads from
the series coil to the shunt coil, and such insulator breakage is found. The
connections and layout of this input section station is unknown. However, it is
known that a potential of 2400 volts @ 200 kilowatts entered, and 100 kilovolts @
200 kilowatts left the input compensator through a series reactrance of coils and a
shunt susceptance of consensers, a configuration known as an oscillation (Telsa)
transformer. THis would be the series coil mdunt. The shunt coil is theorized to .
have had a resonant relation with the electrostatic capacity of the distant aerial
terminus. This would act as an excitation current to keep the aerial going, since it
would have to flow from input to terminus along the entire aerial length. These
possibilities need verification with scale models and further photographic or
diagrammatic evidence.
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12) The Third Phase of the U.S. Navy and WWII:

The partially demolished electrostatic aerial of Bolinas saw partial resurrection in
1940 to meet the needs of the U.S. Navy and the war effort in the Pacific Ocean.
Details are non-existent, except for a few photographs. The aerial of the Navy was
only an approximation of the highly developed aenal of Alexanderson. The end
section no longer existed, and the Navy aerial terminated upon the central mast 3B
of mast row 3. A new anchor was set behind this mast in order to resolve the
mechanical forces (fig. 34). The end section compensator was absent, and in all
likelihood, so was the first section compensator. The input and second section
compensators were enclosed in large copper-clad wooden shacks. The main aerial
anchor had two slots jackhammered out to make way for the input shack, and
trenching defines both input and second section shack perimeters (fig. 25). Details
are not known and a possibility exists that the input section shunt coil may have
been a Navy addition, never existing at all for previous phases of development.
The no. 4 ground wire and different geometry suggest this. From the engineer’s
standpoint, the Navy aerial was in all probability a rigged approximation, and not
of enough significance to warrant a detailed study.
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13) Possible Fourth Phase Developments:

As stated before, the bulk of the Marconi central ground and the Alexanderson
shunt coil grounds, as well as other lesser grounding structures remain intact
today. Testing on the joint grounding of the right-hand first section shunt coil
mount indicated a ground terminal of exceptionally low impedance (fig. 20). In the
fourth phase, these grounds could serve in a system of wireless. having no aerial
structure. Their use for the study of geo-electric signals is also worth
consideration. Scale models of the Alexanderson system may be constructed to
facilitate historic representation and scientific study. One such model is proposed.
It is hoped that these ideas will be considered by the National Park Service.

14) Location of Related Breakage and Artifacts:

Scattered upon the surface, and buried beneath the clay of the sagging coastal
bluffs is a vast quantity of breakage and artifacts relating to the Bolinas
electrostatic wireless history. Numerous fragments of insulators, and sections of
wire and cable are to be found. A major portion of series coil sectional insulators
have been located, enough for a substantial model (figs. 37 & 38). Transmission
insulator fragments establish the basic form of their existence (fig. 39). These
consisted of glazed porcelain tubes filled with tar. The diameters varied from two
to three inches and the lengths varied between one and two feet. A single fragment
of an antenna insulator was located in the central dump. This also was a porcelain
tube of six inches in diameter, the length being eight feet, according to G. Kowats.
Two intact guy insulators were also located (fig. 8). A single shunt coil sectional
insulator was extracted from a concrete coil mount. Large quantities of the one-
inch diameter wire rope that made up the main mast guys is found in quantity in
the north part of the central dump, and along the bluffs to the northwest, in the
direction of the powerhouse (fig. 41). Three-strand steel core copper is found in
quantity along the bluffs to the southeast of the central dump. The dump itself is a
concentration of Bolinas history (fig. 42). About 200 feet toward the powerhouse
from the central dump is the Marconi dump. Large quantities of tile insulator
breakage is found Tere (fig. 43), consisting of condenser jar fragments and various
pieces of conductor supports. The single intact condenser jar has been stolen, but a
fragment gives the date as May 27, 1913 (fig. 44). The manufacturer had the
initials G.W.S.A. Company (fig. 45), which may have stood for “... Wireless
Specialty Apparatus Company.” Further toward the powerhouse, vast quantities of
Marconi and Alexanderson breakage is found. The surface of the ground is
covered with bits of insulators, jars, bushing and metal fragments (fig. 47). A
detailed excavation is needed in this area so important artifacts can be cataloged
and safely stored. Presently, Commonweal will not allow for safe storage, and
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Radlatlon of Elediric Waves Malnoly Conflued to _['efta[n'
Directions. -+ ¢ .
Br G. Mancost, LL.D.,.D.Se, |
(Abstract of note cummunicated to the Roxar Soaery by O J. A.
- Heming, F.RS. Received Murch L3th, Read March 23nd, 1906.)

Turs note relates to results observed when for the usnal vertical
agtenta employed as mdistor or absorber in wireless telegraph
statiors, there is sobstituted a straight berizontal eondactor placed

st a comparatively small distance above the surface of the groand
or water. g

When an insulated horizontal wire 4 5, such as is shown in fg. 1,
is connected at one end Lo a sphere of a apark gap, the other sphere
of which is earthed, and sparks ars caused to pass betweea the
spheres, it will be noticed on Investigating the space arcand such
an oscillator that the radistions emitted reach a mavimum in the

A ] o ) 8

d ' T

wm

7

, 7

Fre. 1. | K

-vertical plane of the h;ri:.oum wire 4 B, and ‘proceed principally <

irom the gnd A, which is connected to the sparkgap, whilst the
« radistion Is ail, or reaches o minimum, in directions which are
lg}lmlm!al;r 100* from the -direction in which the maximum

-1 bave also noticed thaf any horizontal conuctor of sufficient
leagth placed upon or at a short distance above the surfice of the
gronnd, and connected at coe énd through's suitable detectorto
earth” will receive with maximum efficiency only when. the trans.
mitter is sitoated in the vertical.plane of the said horizontal
receiving conductor and in such & diraction - that the end connected
£ the detactor and to the ground’ is pointipg towards the trans-
mitting station ® LA . ;

It therefore, such a horizontal conduc‘cr be swivelled about its
earthed ead in‘a horizontal plane, the ‘bearing or direction of any
tmosmittieg station within range of the receiver, can be ascertained.

I bave carried out a number of tests with transmitters and
receivers having radiating or receiving -sntennm or ednductors
arranged as fullows :— R R Le=d b .

~ -1 Traosmitting condnctors ‘comsisting ‘of horizontal wires, the
mdistions being received it a distance by -mesns of the musoal
vertical wires suitanly attoned. -o- - AT e e gEne =

2. Both transmitting and receiving condnctors comsi:ting of hori-
zoatal wires- : OOWEthn § CERendE 0

3. Transmitting condoctors consisting ef oneor mare 'vertical
wires with or without capacity areas at the top, such a3 have been
geaenally employed in wireless telegraphy, the ridiations being
received by means of horizontal ednduetors. | A

teats bave been carried oot:— " | . -

With srraogements such a3 ass yeferred to in (1), the !::11::‘»-1'1:4{'.-4_i

Luceirer.— A vertical wire 8 metres in length, tuoed o
of the traosmitter by medns of & syntonising coil, and connsected
3 maguetic detector and to earth in the nsgal manner.

Fosuits, —Signals quite distince at 16 kilometres in the ver-
tical place of the horizontal tansmitting wire and in the direction
of ita eartbed end ; wesk at 10 kilometres in the same vertical
plaze, but in the reverss direction; inacdible st 6 kilometres at
right angles to the directions above mentioned.

Polar diagram D gives the valzes of the received corrent ia
ro-amperes, with cooditions as marked onder the diagram.

With the arrangement mentioned at (2), ie, both transmitting
azd receiving conductors horizontal, the results over short distaaces
are shown in polar diagram B.

* Zee British Patent Specification Mo, 14.785. JTulr 18th 1005

MARCONT DIRECTIVE
ANTENNAE FIG 13

Transmilter,—Horizontal m‘.@meues ia leogeh, dizes i-
ion. spark leogth 2 ¢m., wave'Nedgth approximatel

zader the cunditivns of

Curve showing observed carrent in micro

amperes ac earthed #nd of receiving conduear
onder the conditions af Jireetioa sauwa below:—

Trassmitting conductor,—Vertical, dzed height
Hmetres.

Receiviog conducwor.—Horizonial, rotating fram
¥ lo ¢ 130 roetres ahore ground.

Length of transmitiing conductur.—4i3 metres.
agth of receiving cunductor,— M metres,

Distance of wasamission.—G80 wetles.

Fic. 4.

Recawng

Curve showing observed cument in micro-
amptes ot v:]lﬂhul’l vn:ll_ al _!Nletll"!n;'. t:nmducmr
e the cupditivns of direction shown " -
'm'r B ] —H 1. fized 1450

wetres frow ground. .
Receiving i H 1 from
F 10 36 130 uetces {rom the ground,
Length of transmitting conductor.—30 metres.
Length of recuiving conductor.—30 metres.
Lustanice wi transtission. —225 metres.

F. 3.

Curve showim: wb

red  curtest i micre-
mperes at earthed end

of receiving condactor
rection shown below:—
Transuncting evoductor. = Horzontal, rowating
from U 1o 40 15 ioetres abore groaed.
Reccving cunductor.—Vettical, fzed beight 14
ITELEN
: ni transmitting conductor.—0 metres,
Lenctin of reeeiving conductor,— 18 metres,
Durtasew of transmissen.—260 metres,

Fin 2.
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Marconi’s Directive Antenna.— In 1906 Mr. Marconi pre-

sented to the Royal Society an account of some experiments which

N - showed that an antenna having

1 p @ short vertical part and then

g —> extending away to a considerable

T e et distance in a horizontal direction,

Fig. 210. Marconi’s directive 85 shown in Fig. 210, emitted

antenna. electricwaves most strongly in the

direction D away from which the
free end of the antenna points.

Marconi’s experiments showed
for a given distance between
the receiving station and the
transmitting station the relative
intensities in different directions
which, plotted in polar cotrdi-
nates, give a curve of the form
of Fig. 211. In this figure the
relative intensities in different

. i . directions are the lengths of the
F1 Mlicconys direoted antenna. " radii drawn from the origin to
the curve.

In like manner a receiving antenna consisting of a short verti-
cal part and a long horizontal part receives more strongly waves
arriving from the direction away from which the open end of
the antenna points. Mr. Marconi has utilized this principle in
the construction of his powerful stations at Wellfleet and at
Poldhu.

Fig. 214. Dr. Uller’s diagram of field of electric force about the
bent antenna.
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235. Marconi Tubular Masts.—One of the most interesting features of the
original construction work at the Marconi high power stations was the erection of the steel
tubular masts, the successive stages of erection being shown in Figs. 311, 312, 313, 314 and
315. The mast is made up of steel cylinders (Fig. 311), constructed in quarter sections,
fanged vertically and horizontally and secured together by bolts stayed with steel cables.
These stand in a concrete foundation. Surmounting the main steel column was a wooden
top mast, the lower part of which is squared and set in square openings in the plates between
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the steel cylinders. The hoisting arms attached

to the upper end were fitted with blocks and
hoisting cables. Attached to these arms were
chain hoists supporting a square wooden cage
(Fig. 312) for the workmen, which was lowered
or raised as the demands of the work required
‘while the sections were being bolted together.

The wooden topmast was the keynote of
this novel system of construction, operating
like 2 man who pulls himself up by his boot-
straps. The lower half of this topmast is of
square section and is guided by a square hole

Fig. 311—Showing Steel Semi-Cylinders for in the diaphragm plates between each section.

the Marconi Tubular Mast.

The topmast was fitted whh a set of hoisting

arms which carried blocks through which reaved the material hoisting ropes. A square
wooden cage was suspended from the hoisting arms by four chain hoists so that the work-

men in it could move themselves up and down to bolt

Fi%’VJ 12—Showing Workmen's Cage

hich is Carried to

the

the sections together. This is more clearly shown in
Tig. 314

Assume that two cylinders have been bolted to the
bed plate, the mast rising through the center. The sec-
tions of the third cylinder were raised by a steam winch
and bolted in place by the workmen. Then a heavy
flexible steel rope was temporarily anchored at the top
of this last cylinder. Attached to the top of the steel
section, this cable led down inside the cylinders and
around a wheel in the foot of the wooden topmast; then
it was carried up again on the other side and around a
sheave to the top of the steel, thence to the winch. By
pulling on this rope the topmast was raised the length of
one cylinder and pinned through holes in both steel and
wooden masts. With the addition of a new cylinder, the
topmast was raised again, the pin supporting it until this
was brought about (Fig. 313). The stays were attached
at the required points as the erection of the mast
progressed.

The stays, by means of which each mast is supported,
are made of heavy plough steel cable, possessing great
Top tensile strength. For each mast thousands of feet of this

During the Process of Erection. cable were used, great care being taken to see that the
elastic extension of these stays was not so great as to result in the vibration of the mast
during heavy winds. It was essential to break each stay into short lengths connected with
. great porcelain insulators in order that the electrical energy might

Fig. 313—A Tubular Mast in
Early Stages of Construction.

not be absorbed, led to the earth by the stays and lost for purpose
of wireless operation. For all connections at the masts, insulators
and anchorages, special bridge sockets were designed. This did
away with the necessity for splicing and permitted a perfect and
straight pull, thereby developing the strength of the cable. Heavy
concrete blocks were used as anchorages for the stays. The
completed mast is shown in Fig. 315.

In addition to the antennae stretched between the masts, great
quantities of wire were placed in the ground about the stations in
order to provide an efficient earthing system or ground connec-
tion. Told in brief, a circle of zinc plates is buried in a trench,
bolted together and jointed to the wireless circuits of the power
house by copper wires. Wires radiate from the zinc plates in the
ground to a set of outer plates, from which extend another set
of earth wires placed in trenches running the full length of the
aerial. The general scheme for the earth connection is shown 1n
Fig. 320.

236. Radio-Frequency Circuits of the Damped
Wave Transmitters.—A description will now be given
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PART THREE

Alexanderson Aerial Electric Dimensions

Section 1) Aerial Electric Constants . . . . Page 291

Section 2) Supporting Illustrations . . . . Page 295

Section 3) Experimental Scale Model . . . Page 306
Preface

In the study of the history of the Bolinas electrostatic wireless, the
Alexanderson system is of important interest to the theoretical electrical
engineer. Since the Alexanderson principle still may play an important role in
radio antenna development, a detailed analysis is given for the electrical
operating characteristics and the physical layout of the Alexanderson aerial-
ground structure and associated compensator networks. While lacking in
exactness with regard to the actual Bolinas aerial, it functions in the same
manner, and can be considered a "re-invention" of the system. Analog and
scale models are developed for analytical study and historic representation.
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Alexanderson Aerial Electric Constants
)

A) The electrostatic capacity of the Bolinas array can be divided into two distinct
categories:

1) That part of the electrostatic field confined between the elevated capacity
and the ground plane:

-3
C=15x10 farad 0.015 uFd

c

2) That part of the electrostatic field which extends from the elevated capacity
to space:

C =35x 107 farad 3500 pFd.
~ And therefore a total electrostatic capacity of:

€, =19x l(j-% farad

With a ratio of:
Cs :Cc= 0.35.

And a transmission efficiency of:
C :Co= 19 percent.

B) The electrostatic potential is given as:

E_ =100 kilovolts.

With an angular velocity of:
1.2x 10° radians per second.

Energy is supplied to this potential at a rate of:

P =200 kilowatts.
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C) For a peak potential of 100 kilovolts, the two electrostatic fields are:
1) The confined field:
. 10 .
’\]/ =18x10 lines of force
W =32 watt-second
2) And the transmitted field:
’Y-’ =42x10" lines of force

W =7 watt-second

D) For potential variation of 1.2 x 10 radians per second, the power flow of the

two electrostatic fields are:

1) Confined power flow:

G
P. =17x10 volt-amperes
Xc =6x10* sec. per farad
(ohm)

2) And the transmitted power flow:

P.=48x 106 volt-amperes
st 2x10° sec. per farad
(ohm)

E) The total electric current transmitted into the earth is hence given:

[,=48 amperes

With a transmission loss of 200 kilowatts and a corresponding electro-
motive force of:

Eo = 4200 volts

F) For the entire array the total power flow is:
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P =21x 10° volt-amperes

And for a dissipation rate of 200 kilowatts, the power multipaction factor 1s
thus given:

50 =100 x dimension|ess

If) The entire array is divided into three distinct section elements: element 1
and element 2, and a third terminal element

A) The mid-section elements are of the following electrical dimensions:

1) Electrostatic capacity to space:

Cy =14x10_ T farad 1400 pFd
P.,- = 1 7 x10" volt-amperes
Is= 3 amperes

= 6 x 10 sec. per farad 6K a

2) Electrostatic capacity to ground:

C.=49x 10 farad 4900 pFd
P =56x10° volt-amperes

[<=56 amperes

X=18x 10° sec. per farad 1.8Ka

3) Electromagnetic inductance:

L =13x10'  Henry
X, =16 Henry/sec. (OHM)

4) The electro-motive force developed by the electromagnetic induction of
the element half-section L/2 is given by the relation:

B /l=X E =550 volts

And therefore, the power flow of this induction:

E‘_XIT= P=40x 103 volt-amperes

And thus the ratio of magnetic to electrostatic power flow is:

P iB= 40:7300 = 1.5 percent
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B) Having derived the electromagnetic and the electrostatic coefficients of the
elemental sections, the electromagnetic propagation coefficients are thus:

Z. = transmission impedance of confined electromagnetic wave
Z. = 173 ohm

Z = transmission impedance of un-confined electromagnetic wave
Zs =316 ohm

And likewise:
V, = transmission velocity of confined propagation
=]
V,=3x10 cm./sec.

LA transmission velocity of un-confined propagation

Vs ™ 5.6x 1010 cm./sec.
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Nikola Tesla
Guglielmo Marconi
Ernst Alexanderson

Raymond Heising

Appendix III

Historic Patents

US Patent #1,119,731
US Patent #586,193
US Patent #1,360,167

US Patent #1,562,961
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Nikola Tesla

First Generation Electrostatic Wireless
US Patent #1,119,732
Demonstrated Experimentally, but Unrealized Commercially
(Colorado Springs Experiments and Basis of Wardenclyffe)
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UNITED STATES PATENT OFFICE.

FIEOLA TESLA, OF NEW YORE. N. Y.

APPARATUE FORE TRAKEMITTING ELECTRICAL ENERGY.

1,119,732,

Speeifisntion of Letters Patent.

Patented Tiee. 1, 1914,

Application filed Tanuary 18, 1902, Serinl Ho. 30,240, Eenewed May 4, 1607, Serinl Ne. 371817,

To all whom it mey concarn:

Be it known that T, Nigona Teswa, o eiti-
zen of the United States, residing in the
borough of Manhattun, in the city, county,
and SHtate of New York, have invented cer-
tein new and n=eful Improvements in Appa-
vatus- for Transmitting Electrical Energy,
of which the following is a specification, ref-
erence being had to the drawing accom-
panying and forming o port of the sanee,

In endeavoring to adapt currents or dis-
charges of very high tension to varions valu-
able uses, as the distribution of energy
throuoh wires from central plants to distant
places of consumption, or the transmission
of powerful disturbances to great distances,
through the natural or non-priificial media,
I heve encomntered diffionlties in confining
conziderable amounts of electricity to the
conductors and preventing its leakage over
their supﬁmts, or its escape into the ambient
air, which always tales place when the elec-
trie surfoce density reaches o certain valbue.

The intensity of the effect of o transmit-

tiper cirenit with a free or elevated terminal

iz proporticnate to the quantity of electrie-
ity dieplaced, which is determined by the
produet of the na&mnit}r of the eirpuit, the
preasure, and the frequency of the currents
employed. To produce an electrical move-
ment of the requived mognitude it is de-
sirable to charge the terminal as highly as
possible, for while o great quantity of alec-
tricity may also be displaced by a large
capacity charged to low pressure, there are
dizadvantares met with in many cases when
the former is mude too large The chief of
these are due to the fact that an increase of
the copacity entails o lowering of the fre-
nency of the impulses or discharges and a
3imim:tinn of the energy of vibration., This
will be understood when it is borne in mind,
that a cirenit with a large capacity behoves
0E 1 s]m:]:springé whereis one with s small
capacity pets hike p stiff gpring, vibrating
more vigorously. Therafore, in order to
attain the highest possible frequency, which
for certain purposes iz advantageons and,
apart from that, to develop the grentest
energy in such a transmitting civewit, T em-
ploy a terminal of relatively small capacity,
which T charge to az high o pressure as prac-
ticable. To accomplish this result I have
found it imperative to so construct the ele-
vated conductor, that its enter surface, on

which the electrical charge chiefly accumu-
lates, has itself o large radins of curvature,
or iz composed of separate elements which,
irrespictive of their own radius of corva-
ture, are arranged in clese proximity to each
other and so, that the outzide ideal surface
enveloping them is of a large radins. Evi-
dently, the smaller the radms of enrvatore
the greater, for a given electric displace-
ment, will be the sirface-density and, con-
sequently, the lower the limiting pressure to
which the terminal may be charged without
glectricity escaping into the air. Such a
terminal T secure to an insulating support
entering more or less ingo its intorior, and T
likewize connect the cireuit to it inside or,
generally, at points where the electrie den-
sity is small,  This [plal'l of constructing and
slipporting a high ¥ charged conductor I
have found to be of grent practical impor-
tanee, ind it mav be usefully applied in many
waysa.
eferring to the accompanying drawing,
the fignre 18 a view in elevation and part
saction of an improved free termingl ond
civenit of large surface with supporting
structnre and generating apparatus
The terminal I consistz of a suitably
shaped metallic frame, in this case s ring of
nearly cirenlar cross section, which is cov-
ered with half spherical metal plates P P,
thus constituting o very large conducting
surfoce, smeoth on all places where the elee-
tric charge principally accumulates,  The
frame is carried by a strong platform ex-
pressly provided for safety appliances, in-
struments of observation, ete., which in turn
rests on insulating supports F F. These
should penetrate far inte the hollow space

formed by the terminal, and if the electric

density at the points where thé]j' are bolted

EitH

Bh

k1]

)

B

85

a0

to the frame iz still econsiderable, they mnfly
o

b ially protected by conducting ho
as H.

A part of the improvements which form
the sibject of this specification, the trans-
mitting circuit, in its general fentures, is
identieal with that described and claimed in
mﬁ m-]giha.l Patents Nos, 645 676 and 640,821,
The circnit comprises a coil A which is in
close inductive relntion with o primary C,
and one end of which iz connected o a
ﬂund-plam E, while its other end is led
through a separaté self-induetion coil B and

1iHd

105

a metallic cylinder B to the terminal D. 143
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ab

a6

45

b

E- 1,118,738

The connection to the Intter should always
ke made nt, or near the center, in order to
secure a syminetrical distribution of the cur-
rent, as othorwiss, when the fnmumcf ia
very high ond the flow of large volume, the
performance of the apparatus might be im-
paired. The primary C may be excited in
any desired manner, from a soitable source
of currents (3, which may be an alternator
or condenser, the important requirement
being that the resonant condition is estab-
lished, that is to say, that the terminal D is
charged to the maximum pressure developed
in the eirenit, s .I have specifisd in
original patente bafore referred to, Thead-
justmenta ghould b made with particalar
cave when the transmitter is one of great
power, not only on account of economy, but
also in to avoid danger. 1 haniton
that it is teabla to oo in 8 resonal-
inr circmit g8 E A B B" D immenss alectri-
g? activities, measured fens and even
hondreds of thousands of er, and
in such a onse, if the pointz of moximum
pressiive should be shifted below the ter-
minal Iy along coil B, a ball of fire might
break out and destroy the support ¥ or any-
thing else in the way. Furthnhﬂhrlﬂ
tion of the nature of this

bt siaded, that ithe destroctive action
may take place with incanceivable violence.
This will cease o be ising when it is
borne in mind, that the entire energy accu-
mulated in the excited circuit, instead of re-
quiring, ad under normal werling condi-
tions, one quarter of the period or more for
ite tramsformation from static to linetic
form, may spend itself in an mﬂun;glﬂhlr
smaller interval of time, at & rate of many
miliimul!hmhﬁ:] ol Thgqmd;t.p
apt to occar when, transmilting circmit
being strongly excited, the impressed oscil-
Iationa w it are camsed, in ANY MARDeEr
more or less sudden, to be more rapid than
the free osoillations. It is therafore ad-
visable to begin the adjustments with feeble
and sumnwihnt uluEur impressed cscillations,
strenglhening wnd qoi them grad-
ually, until apparatus ]J::‘bun brought
under lpufm:,k contral. To m;:lull wﬂu
- provide on & convenient place, pref-
errﬁ?_mmiuln,murmdmh
or plates either of somewhat smaller radins
of curveture or ing more or less be-

dart out there and lose itself harmlossly
E‘t{mﬂr. Such a plate, .
tion similar bo of a safety valve on o

latter iz in the form of a eylinder with
smooth or polished sorfaoe of & radius moch
larger than that of the half spherienl ele-
ments ' P, nnd widens out at the bottom

into a hood H, which should be slotted to 19
avoid loss K e#ddy currents and the ﬂ.‘l‘l’a
pose of which will be clear from the fore-'
m The coil B is wound on a frame or
I¥ of insulating material, with ite

turns closs toguther. ave discovered that 13
when so wound the effect of the small radins
of curvature of the wire itself is overcome
xgﬂm?ﬂ]h-ehnauunmduugnmfnlﬁm
iug of curvature, correspondin at

of the drum, Th?:?fuwum is 'ngﬁmliﬂm'- LR
able practical importance and is applicable
not only in this special instancs, but gen-
erally. For example, such plates ot P P

of terminal 1), though bly of

rading of curvature, not be necessarily 85
i that the individnal
plates or elements of a high potential con-
ductor or terminal are in prox-
imity to each other and with their outar

boundaries nlong an ideal symmetricnl on- #
veloping surfaes of a large radiug af eorva-
ture, the advan of the invention will

end of the eoil B—Eﬁdl,i.fdﬂﬂ tna
extanded

the
find, lessens the
the charge to break out from the wire con-
- rEﬂh nudtnpm:lmgthpmp-mu

Heving desaribed my invention, T eluim:

1. As a moans for producing gront elec-
trical activities & resomant cirenit having
,Em I;?:nd high tanl, l;mm 108

5 in
surfaces of large nFE?f curvature so as
io F"ﬂ-‘lmi I-Hkm o tﬂﬂ]ﬂ“ MF!
substantially as sot forth.

2 In apparatus for the transmission of
electrical energy » circnit connected to 110
d and to an elevated terminal and

E;n'ng ite ouvter conducting bounda
which are subject mﬁh tengion, nr
in surfaces of la ii of curvature gub-
i az, and for the purposs described. 11
3. In & plant for the transmission of elee-

2
P..
FE
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sion, haﬁnghl'rts outer eonductimg boundaries
on which a high tension charge accumulates
arranged in surfaces of large radii of curva-
ture, substantially as deserived. .

5 The means for producing eXcessive
electric potentinls comsisting of a primary
exciting cirenit and o resonant seconda
having its outer conducting elements wha
are subject to ]S)lti‘; tension arranged in prox-
imity to each r and in surfaces of large
radii of curvature so as to ?Omvant lenkage
of the charge and attendant lowering of po-
tentisl, substantially as desoribed. E

6. A circuit mmprri:ﬁa part upon which
oecillations are imp and onother part
for raising the tension by resonance, &
latter part being supported on places of low
electric density and having its outermost
conducting boundaries arranged in surfaces
n.t!n? radii of curvature, as set forth.

7. In apparatus for the transmission of
wlectrical energy without wires o grounded
circnit the oufer conducting elements of
which have a great te area and are
arranged in surfaces rgre radii of eurva-
ture so as to permit the storing of a high
«h at a small electric density and pre-
vent throngh leakage, substantially as ™
described. :

8. A wireless transmitter comprising in 30
mdmmrmm B ROUCGE afuﬁ;ilhhnns nia.
, & primary exci circuit and &
gn;r:ndad and elevated conductor
the outer conducting boundaries of which
are in proximity to each other and arranged
in of Rarge radii of curvatore, sub-
stantially as described.

9. In apparatus for the transmission of
electrical emergy without wires an dlevated
conductor or antenna having its outer high 40
potential conducting or capacity elements
arranged in ty to each other in
gurfaces of large radii of corvature so as fo
overcome the affect of the small radius of
curvature of the individual elements and

of the charge, as set forth.

10. A d resomant transmittin
circuit having its outer conducting bound-
gries ar in surfaces of large radii
of curvature in combination with an ele-
vated terminal of t surface sup
at points of low electric density, su -

¥y a8 described.

45

NIKOLA TESLA.
Witnesses : :
© M. Lawsow Dyre,
Ricmarp Doxovax,
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UNITED STATES

PATENT OFFICE.

GUGLIELMO MARCONI, OF LONDON, ENGLAND.

TRANSMITTING ELECTRICAL SIGNALS.

EFECIFICATION forming part of Letters Patont Fo 588,108, dated July 18, 1807,
Applization fled Decowler ¥, 1026, Barlal Ho. 614,838, (Ho malel)

Fooredd teleomy 8F mumy aomoern:

Lo ib known that I, GUGLIELMO MaRcCoNT,
student, o subject of the King of Italy, resid-
ing at 21 Iinrlington Roead, Tondon, in the
eounty of Middlesox, England, have invented
cortain new and neefol Improvements in

Transmitting Electrical Impulzesand Siznals |

and in Apparatus Therefor, of whieh 11, s fol-
Inwing i3 n apecification,

Aceording to this invention clecirieal siz-
nals, actions, or manifestations nee Leansmit-
ted through the air, earth, or water by means
of oseillations of high frequency, sueh as have
been enllod the “1lertz rava" or © Hertz os-
clllations.” Usually all Hno-wires are dla-
penged with, At the transmitling-station T
employ a Bulimkorff coll, having in its pri-
mary eirenit g horse key or other signaling
instroment andat i3 poles npplianess for pro-
dueing the desired oscillations, The Rulim-
korll eoil may, however, be replaced by any
other source of high - tension  electrieity.
When working with arge amounts of BOETEY,
it is, howewver, better 1 keop the aoil or trins-
former eonstantly working for the time dar-
ing which one is transmitting, and instesd of
interrupting the current of the primary in-
terrupting the diacharge of the secondary.
I'n this ense the contacts of the key should be
immersed in oil, as otherwise, owing to the
length of the spark, the carrent will conlinue
to pass after the contacts have been sepa-
rated, At the roceiving-station thees iz a
local-battery eirenit, containing any ovdinary
recelving instroment and an appliance for
elosing the sirenit, the latter boingr actusted

1?7 the oseillations from the transmitting-sta-
L

n. When transmitting throngh thoe air
and it i3 desired that the signal shonld ouly
b sent in dne direction, I place the oscilla-
tion-prodnoer at the transmitting-station in
the foeus or focal line of & reflector directed
to the receiving-station, and I place the ol
cait-closer at the receiving-station in w simi-
lar raflector direeted toward the bransmitting-
station.  When tronsmitting signals through
the earth, I connect one end of the oseilla-
tion - produeer and one end of the cirenit-
eloser Lo earth and theother ends to similar
platea, preferally electrically tuned with each
other tn the air and iosolated Trom e,

Figure 1 is a diageammpalic front elovation

of the instrumentsat the transmitting-atation
when signaling throngh the air, and Fig. 2
13 o vertleal soction of the transmitter. Tig. ss
2% {2 o lengitudinal seetion of the oseillator o
a larger seale.  Fip. 8 ahows a 'dotail on a
larger seale. Fig. 4 iz o diagrammatic [ront
elovation of the instruments at the receiving-

station. Fig. 5 18 a Tull-sized view of the re- Ge
eoiver. Mg 4 shows a modifiestion of the
tabe . Vig. 7 shows the detestor,  Fig. 8 s

# full-sized view of the Ygoid- resistanee
Pigs, ¢ and 10 show modifleations of the ar-
rangementaatthe transmitting-station. Fig. 65
11 shows a modifiestion of the aremngements
at the recciving-station.

Refarring now to Fig, 1, cis o batterr, and
i an ordinary Movee key closing the éieenit
through the primary of a Rohmkorff enil ¢ 3o
The termingls ¢ of the secondary clreuit of
the coil are connected to two metallic halla
o d, fixed by heat or otherwise at the ends of
tubeg o o, Fig 2% of insulating material,
guch as ebonite or valeanlte, ¢ ¢ are similar 75
balls fixed in1he olher onds of the tubes o
The tnbes 4° fit bightly in a similsr fube Jd2,
having covers 0¥ throngh which pass rods o)
eonnecting the balla diothe condnctors.  One
{Jm' Both)y of the rods d* is connected to the 8o

all d by a ball-and-socket joint and lns a
sgerew-thread upon it working ina nuat in the
eover . Oy turning the rod thervefore the
distanee of the balls & apact ean be adjusted.
@ are holes in the tube o, throngh which vase- 85
line, oil, or lile material iz intradoeed intg 1 he
space between the balls e

The balls d and ¢ are preforably of solid
brasa or copper, and the distance they shonll
be apart depends on the guantity and eles- go
bromotive foree of the electricity emploved,
the effect inereasing with the distanee so long
as the discharge passea freely.  With a eoil
giving an ordinary eight-inch spark the Jdis-
tance between e and e should be from one g5
twaniy-fifth to one-thirtieth of an inch and
tha distance between o and ¢ about one and
o half inches.  fisa cvlindrieal parabolie re-
flector ‘made by bending a metaliie sheeat,
preferably of brass or copper, to form and
fixing it to metallic or wooden ribs /', Other
eonditiona being enual the Iarger the balls
the greater is the dislaneo at which it i3 pos-
gible to commenicnte. I Tnve gencrnlly ased

£
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balls of solid Luass of four inches dinmeber,
riving oseillations of ten inches length of
WaATE )
The reflectors applied to the receiver and
g tranamitter ought to be preferably in length
and opening the double at lanst of the length
of wave cmitted from the oscillator,
If & very powerful source of electrisity
Fiving a very long spark be employad, it iz
ro preferable to divide the spark gap between
the central ballz of the oscillator jmtosavearal
simaller pups in geries. Thiz may ba done br
imtrodosing between the vz balla smaller
opes, (of gbout half am inch diameter,) held
15 inf)nr.il:i-}u by ehonite Trames.
find that the repularity and power of the
discharge of an ordinery Eubmkorf! eoll with
a tremblar-break on its primary is greatly
improved by caosing one of the contactas of
r3 the vibrating break to revolverapidly. Ido
thaia by having o revoluble central eors of,
Fig. 3, in the ordinary serew <, which iz in
eomuwunication with the platinum contants,
T oamse the gaid contral eore with ono of the
z2¢ platinum eontacts atteched- to 16 to revolve
by connecting it {o a small electric motor ¢
1i8 mator epn be worked by the same oir
cwit that worlks the eofl, or, if necessary, by
& separate eifeuit. The conoections are not
3o shown in the drawings. By this means the
platinems are kepl smooth and any tendency
to stick is removed. They last also much
longer. At the receiving-station ia a baltary
whose eirenit inelades an ord inary telegraphic
35 instrument (or it may be a relay or other ap-
gmratns which itis deglred to work from a
iztapes) and a civeuit-closer,
In Fig, 4, g is the battery, and § a tele-
praphie instroment om the derived eirenit of
4o & relay .
The applianee I employ 25 a circuit-closer
1= shown full size at Fig. 5 and consists of a
glass tnbe j, contalning metallic powder or
gralos of metal ', ench end of the colomn of
4§ powder being connected to & metallic plate k
of suitable length to canse the system to reso-
nate electricelly in onizon with the electrical
oacillations transmitted. The glass tnbe may
e Teplaced in some cases by one of goita-
se percha or like material,  Twoshort plecesof
thick silver wire * of the same diameter as
the intarnal diameter of the tnbe §, 80 a8 to
fit tightly in it, are jolned to two pieces of
platinnm wire 7, The toba is closed and
53 sealed onko the ptatinum wires i at both ends.
Many metals can be employed for produe-
ing the powder or fillnge §'; but I prefer to
weea mixture of two ormore diferent metals,
I find hard nickel to be the best melal, and
6o I prefer to add to the nickel filings about ten
pereant. of hard-silver filings, which increasa
greatly the sensitiveness of the tube to elec-
tric oscillations. DBy increasing the propor-
then of silver powder or grains the sensitive-
G5 mess of the tubee also increazes; bot it is het-
ier for ordinary work not to have s tube of
too great sensitiveness, gs 16 might be influ-

D oneed by atmwspherie or ofher electricity.
The somsitiveness can also be increased by
adding & very amall amount of merenry to
the filings and mixing up vntil the mercacy
is abeorbed, !

The mereney mugt not be in such & guan-
tity as to clot or eake the filings,  Analmost
impareeptible globule is sufficient for a tube,
Imatend of mixing the mareury wilh the pow.
derona can obkain the same ofects by slightly
amalgamating the inmer surfaces of the Hlugs
which are to b in conioet with the filinga.
Wery little mercury must be used, just suffi-
ciont to brighten the snrface of the metallic
plugs without showing aoy free globules. The
size of thetube and thedistance etween the
two metallie stops may vary under eertain
limite, The greater the gpuee allowed for the
powder the larger and coarser ought to be the
filings or grains

1 prefer to make my gensitive tubes of tho
Tollowin g size = The tube 7 i= one and ona-hall
inches long and one-tenth or one-twelfth ol an
ineh internal diameter. The lemgth of the
gtops #* is about one-fifth of an inch, and the
distanes between the stops is abont one- thie
tieth of an ineh. I find thot thio amaller the
space between the stops in the tube the more
sensitiveit proves, bat the space cannot under
ordipary ciroumatances be exesssively short-
ened withoutinjuring the fidelity of the trans-
myigaion.

The metallie powders onght not to ba fing,
ot rather as coarse as can be prod by &
larga and roogh file,

All the very fine powder ooght to De ve
moved by hlowing or sifting.

The powder ought net 10 be com pressed be-
tween the stops, but rather loose and in sueh
a condition that when the fube is tapped the
powder may ba seen to move. L

The tuba must ba sexled, bt o vacnnm in-
side it a8 not cssential, excopt the slight vie-
vom whichresnltsfrom baving hested it while
gealing ik, Caremusialzobe taken nottohead
the tube too mmeh in the center when sealin
it, as it would oxidize the surfaces of the ail-
wor stops and also the powder, which wonld
diminish its sensitivencss. [ use io sealing
the tabea a hydrogen and air flame. A vae-
nnm is, howaver, desirable, and I have naed
one of aboot one one-thonsandth of an atmos-
phere, obtained by & mercury-pump. Itisalso

and free from greage or dirt, and the files naed
in produoctng the same ought to be frequently
washed and dried and uged when warm.

If the tube has heen well made, it showld be
sensitive to the induetion of an ordinary elec-
tric bell when the same is working at one to
two yards or more from the tnbe.

In order to keep the sensitive tube jin good
working order, It I8 desirable, bot not also-
Luotaly necessary, not to allow mowe thamn ona
milllampere to flow through it when active,
If a stronger curpeut i8 necessmry, several
tubes may be put in derivation betwaen the
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tuned plates, bot this arrangement is not
quite as satisfactory as the single tube. [t is
necesaary when using tnbes of the type I have
deseribed nok to insertin the cirenit more than
ome oell of the Leclanché typo, a3 a higher
oloctromotive foree than L5 valts iz apt to
pass o ourrent through the tuba even when
ne cecillations are transmitted, T can, how-
evar, constract tnbes capable of working with
a mueh higher electromotive fores, Fig. @
ghows one of these tubes, In this tube in-
glead of one space or gap filled with filings
theve are saveral spaces separated by seclions
of tight-fitting aiiver wire. A tube thuos &on-
sbructed, observing also the rules of construe-
tion of my tubes in general, will work satis-
factorily if the elect romotive foree of the hat-
tery in eirenit with the tulwe is egual to 1.2
volts multiplied by the nomber of gapa. With
thiz tube also it i3 well not to allow & eurrent
of more than one millismpers to pasa,

“The tnbe § may be replaced by other forms
of imperfect electricel contacts, but thisis not
desivible, .

The plates k are of copper or alnminiom or
other metal, about half an inch or more hroad,
about one-fiftieth of an inch thick, and pred-
erably of snch a length as to be. eloctrically
taned with the electric oscillations transmit-
fed.  Themeana T adopt for Hxl.ng]:.he length
of the plates is as follows: T stick a vectan-
gular sirip of tin-foil m (zee Figz. 7) abont
twenty inches long (the length depends on the
supposed length of wave that one is measur-
ing} by meany of & wealk solution of gum onto |
# glasa plate m', Then by means of & very |
gharp penknife or poing I cul seross the mid-
dle of the tin.foil, leaving a mark of division
m®.  If this detector iz held in the phmximttiy
(fomy or five vards) and paratlel with the axis
ol the oseillator in action, it will show little
sparks at " If the lenfth of the pieces of
tin-fell approximates to the length of wave
emitbed Ceoam the oseillator, the spark will tale
place hetween them at a certaln distance from
the transmitter, which i3 a maximom when
they are of snltable lengtl, By shorlening or
lengthening the strips, therefore, it is easy Lo
find the ]en¥ﬂl wost appropriate to thelen%lh
of wave emltted by the oscillator, It 1= de-
sirable totry thia detector in the focus orfocal
line of the reflector,  The length so found is
the proper length for the plates &, or rather
these ahould be about half an inch shorteron
meeoint of the length of the sensitive tube g,
connected Debtween them. : |

{ 1s m eylindrieal parabolic refleetor similar |
to bhat-used at the transmitting-station,

The platea & may be in the form of tubes or
@ven wires,

Tt iz alighily advantageous for the foeal dis-
tanes of the reflector to be equal to one-foarth
or-thres-fourths of the wave length of the os-
eillation transmittod.

When nro cacillations -are sent from the
trmnsmitting-station, the Tube j does not con-

duet the current, and the loeal-battery sirenit

iz broken, but when the powder or tube iz in-
flueneed by the elactrieal oscillations from the

tranamitter it condnets and closes the cirenit. jo

I find, however, that whan ongee started the
powder in the tube continnes to condnat even
when the oseillations from the transmittor
have censed, bul if it be shaken or tapped
the cironit is hroken, A tobe well prepared
will Instantly interrupt the enrcent ing
through it at the slightest tap, provided it is
insorted in a civenit in whieh there iz [ittle
gelf-induction and small electromblive fores,
guch as a single eell, and where the effects of
gelf-induetion have begn removed by one of
the methods which I will presently deacribe,

Tha two plates & communioats with the lo-
cal cirenit through two very small coila &
which T will aall * choking-coila,” formed by
winding afew inches of very thin and insnlat-
el eopper wire avennd a bitof ron wire about
an inch sud a half long. The object of these
choking-eoilais to prevent the high-frequeney
pseillation indoead aorosa these plates by the
transmittdr from dissipating itself by run-
ning along the local- battery wires which
might weaken ita afect on the sensitive tuba
4. Thesechoking-eoilz may, howaver, ba some-
times replaced Dy simple thin wires, They
may also be connected directly to the tube j.
Tha logal cireuit in whish the sensitive tuba
jlainserted contains & sensitive relay a, pref-
erably wonnd to a resistancs of nbout twelva
hundved olims.  This resislancs nead not be
necessnrily that of the relay, but may be the
gum of the resistance of the relay and an-
other additionsl resistance.  Therelay onght
to be one possessing small self-induction.

The plates &, tuba 7, and colls & are fas-
temed by means of wire stitehes o to & thin
glass tnbe o, preferably not longer than twelve
inehes, irmly fixed at one end to a strong piece
of timber ¢!, This may be done by means of
wood or ebonite grasping-sorews,

I do the tapping antomatically by the coe-
ropbatarted by the tube, emploginga tremblar
fron the eirenit of the relay @ similar in con-
struction to that of an electrie Lell, Dut bav-
ing m shorter arm. The vibrator must be
carcfully adjusted. Proeferably the biows

' should be directed slightly npward to prevent

the filings from gelling caked. In place of
bapping the tube the powder ean be disturbed
by slightly moviag ontward and inwerd ene
or hoth of the stops 7, the trembler @ being
replaced by a small electromagnet (or mag-

| nets) whose armatuare is connectod tothe stop.

I ordinarily work the telegraphic recolver
Te (or other instrmments) by o derivation, as
shown, from theeleenit which works the trem-
Ller g They con alsoe, however, be warked
in series with the trembler. When working
ordinary soundoers or Morse apparatus, a spe-
cinl sdjustment of the same i5 sometimes
needed to enable one to oblain dets and
dashes. Somelimes it is necessary to work
tha telegraphic instruments ov relnys from
the back-stops of the first relay, as iz done in
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some systems of muliiple telegraphy. Sneh
adjnstments ave known to telegraphie ex-
perks.

Bymeans of a tube with multiple gaps it s
possible to work the trembler and also the
signaling or other apparatus diract on the elr-
enit which containa the tube, but I prefer
when possible to work with the single-gap
tuhe and the relay, a3 shown, With a sensi-
tive and well-constructed frambler it is also
possible to work the trembler with the single-
gap tube in series with it without the relay.

In derivation on the términals of the relay
n iz placed an ordinary platinoid resistance
double-wonnd [or wound en the * bight,"” as it
iz sometimes termed) coil g of about foor
times the resistancs of the relay, which pre-
vents the salf-induction of the winding of the
relay from affecting the sensitive tube.

The cironit actuated by the relay confaina
an ordinary battery r of about twelve cells
and the trembler p, the resistanes of the
winding of which shoald be about one thou-
aand ohms, and the nuelens ought preferably
to be of soft iron, hollow and split lengthwise,
ke most electromagnets nzad in telegraph
instroments. In series or derivation from
thiscircnitis inzeried the tale:%m?hin or other
apparatns k which one may desire to work.

Xt ia desirable that this instrument or appa-"
‘walas, if on a derivatlon, should have a re-

sistanoe equal to the resistance of the trem-
bler p. A platinoid reslstance h' of abait
five times the registance of the instromeftis
inserted in derivation across the terminals of
the instroment and eonnectad as closs tothe
game ag poesible,  In derivation s the
torminals of the tremblar pis placsd another
platinoid resistance 7, also of abont fivetimed
the resistance of the trembler, A sim lar ra-
sistanee ¢ is imserted in a civemit connecting
the vibrating contacts of the trembler! TIn
derivalion across the terminals of the relay-
eirenit it i well to have a liguid resistanes s,
which is constituted of o serles of tubes, one
of which is shown fallsizein Fig. §, illed with
waler -aoldulated with sulinric acid. The
pumber of these tubzs in series acress the
gaid terminals ought to be abonas ten for a oie-

cnit of filteen wolts, 8o as to prevent, in con-.

spqnenceof their connter elestromotive fores,
the current of the local battery frow passing
through them, but allowing the high-tension
jerk of enrrent generated at the opening of
the clrenitin the relay tor pasa smoothly across
them withowt preducing pecburbing sparks
at'the movable contact of the relay. IL is
also neceasary to inserta platinold resistanca
in devivalion on any apparatus ome moy be
working on the local cireuits, - These resist-
antes ought also to be insertad in dorlvation
on the terminals of any resistance which may
b apt to %lva gelf-indunetion. :
I have hitherto only mentioned the nse of
eylindrical reflectors, but it is also -possible
to use ordinary coneave reflegtors, preferably
parzbolie, such as are used for projectors.

It 1a not essential Lo have o reflector at the
tranamitters and reselvers, bug in their ab-
senea the distanes at which one can communi-
eate I8 much smaller. -

1 find it comveniént when transmitting
aecrcsslong distances to make use of the trans-
mitter shown in Fig. 9.

{ { are two poles connected by a rope I, to
which are snspended by meana of insulating
suspenders twomatallic plates £, preferably
in the form of eylinders closed atthe wg, L0m-
nected to the spheres ¢ (in ol or other dielec-
tric, a3 before) and tothe other balls #in prox-
imity tothe spheres ¢, in communication with
the coil or transformer o, The balls Farenod
abaolutely necessary, as the plates £ may be
made to commanicate with the eoil or trans-
former by mean=of thin insnlated wires. The
teceiver I adopt with this transmitter is simi-
Tar 1o it, except that the spheres ¢ are re-
placed by the gensitive tube j and plates L,
while the spheres P are replaced by the chok-
ing-coils &, in commumniestion with the local
eircuit. It may be observed that, other con-
ditions being equal, the larger the plates at
the transmitter and receiver and the higher
they are from earth and to a cortain extent
the farther apart they are the greater is the
diatance at which correspondencs is possille.

When transmitiing throngh the earth or
water, | nse a transmitter as shown in Fig.
10. I econnect one of the spheres d 1o earth
E, praferably by a thick wire, and the other
to a plate or conduetor i, suspended on a pole
¢ and insulated from enrth:; or the apheres
may be omitted and one of the spheres e ba
eonnented to eprth and the other to the plate
areondnetori. At thereceiving-station, Fig.
11, Tconnect one terminal of the sensitive tube
§ to eirth B, also by athiak wira, and the other
o a plate or conductor w, preferably slmilay
to . The plate v may be suspended on a
Fo]a:ramlmua‘t.h-a{naula‘[&ﬂﬂ'ﬂm carth., The

arrer the plates of the receiver and trans-
milterand the higherfrom the encth the plates
are suspended the greater is the distance at
which it is possible to commumiente, When
nsing the last-described apparatus, it is not
necessary to have the twoinstraments in view
of eéach other, as it is of no consequenes if
they are separaied by mountains ov other als.
stacles. At the receiver it is possible to pick
up the oscillations from. the
without having the plate . This may be
done by connesting the terminals of the sensi-
tive tube j to two earths, prefernbly at a cer-
tain distenes from each other and in o line
wlth the direction Trom which the oseillations
are coming. These connections mustnot be
gotirely conductive, buf most contain a eon-
denser of enitable ﬁi:ﬁmcltf—sax o S0 NATE

ard of surfico, pong cnn alao be nsed
inatead of plateson pales, provided they earry
up-a plate orare themsalves made cond netive
by 'I:ramﬁ eovered with tin-foil. Asthe keiglt
to which they may Le sent is great, the dis-
] tanee ab which communieation is passible be-

earth or water
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comas greatly multiplied. Kites may also
bs sireceasfully emplayed it made condoetive
by means of tin-foll. - _

The appafatus above described is so sensl-
tive that if is essential either that the trans-
mitters and veceivers at ench station should
be ata considerable distance from each other
or that they should be sereened from esch
other by stout metal plates, It is sufficient
to have all the telegraphic apparatns 1n a
mutal box and any exposad part of the eivant
of the recoiver inelosed in metallic tabes
which are in electrical communieation with
the hox. (Of conrse the part of the apparatus
whieh lias to receive the madiation from the
distant station must not be inolosed, but pos-
sibly serecned from the loeal transmitter by
means of metallie sheets.) When working
theangl the eartly or waler; the loeal receiver
R gwitohed ont of cirenit when the
transmitter is at work, and this may also bo
done when working throengh air,

What I elaim is—

1. In a recciver for electrical oseillations
the sombination of an imperfect clectrical
eoniact, & cirenit through the eontact and
meang actuated by the cireuit for shaking the
conbaek.

2. In a receiver for electrical oscillalions
the combination of an Imperfeet electrical
eontact, matallie plates connected to it, o eir-
euit throagh the contact and means acbualel
Ly Gl eirculd Do shakiog Ll contach, i

3. In a recelver for electrical oscillilions
the combination of an imperfect electrioml
eontact, motpllie plates connected to the con-
tact, choking-eoils connected to (e conbuet,
a ¢irenit throngh the eoils, and contact and
means actuated by the circuit for shaking
the contact.

4. In a recpiver for electricsl oscillations
the combination of a tule containing metallis
powder, a cireuit throngh the powder and
menns actuated by the eirenit for shiaking the
powdier,

i, Inm g recoiver for clectriesl oscillations
the combination of a tobe containingy metallic

gu wiler, metallic plates connected to the pow-
er, a oivenit through the powder and means
actuated by the eirenit for shaking the pow- |
der. d

0. In a reseiver for elecltrical oseillations
the combination of ntube containing metallic
powder, metallie plates connected to the pow-
dor, choking-colls eonnected tio the powder,
a civenit thronsh the eolls and powder and
means aetunted by the eirenit for shaking
1he powiler, .

7o In m reegiver Tor electrieal oscillations
tho eombination of o tube containing a mix-
tivre of metallic powders, o cirenit throngh the
powder, and means actuated by the cirenit
for shaking the poewder.

5 In o vesclver for electvical oscillations
e combination of o tibe containing a mix-

taree of motalle powdies, metallie platos con-

nectad to the powder, a cirenit through the
powder and means actuated by the cironit
for shaking the powder,

9. In areceiver for electrical oscillations
the combination of a tube containing a mix-
tare of metallic powders, matallic plates con-
néeted to the powder, choking - coils con-
neeted to the powdor, a eirenit throngh the
eoils, and powder and means actuntod by the
eirenit for shaking the powder,

10, In o receiver for electrical oscillations
the combination of a tube containing p mix-

| ture of metallie powdar and merenry, o eir-

onit throngh the powdar and means petnabsl
by the cirenit for shaking the powder.

11. In a receiver for electrieal oscillations
the eombination of a fube containing a mix-
turs of matallie powdor and merenry, matallic
plates connected to the powder, o elrenit
through the powder and means actoated by
the-eirenit for shaking the powder.

12, In a receiver for electrical oseillations
the sombination of a tube containing a mix-
fireof metalllegnwd&rauﬂ maraury, motallic
plates connected to the powder, choking -eoils
connoetad to the powder, & oironit thronsh
the coils and powder and means actnated by
the cirenit for shaking the powder,

13. In & regsiver for eloctrical osclllations
the combination of a tobs, metalic pluzs in
tha tube, motallic powder between the plugs,
a oiroult through the plugs and powder and
meeansd ackaated by the cirenit forshaling the
powrder,

14, In n recsiver for electrical oscillations
the combination of a tube, metallic plogs in
the tubse, metallio powder between the plugs,
metallic plates eonnected to them, & circnit
throozl the plugs and powder and nesns
actoated by the cironif for shaking Live Jrow-
dor,

15. Im a receiver for electrical oseillations
thecombination of & tube, metallic plugs in Lhe
tube, metallie powder between the plugs, me-
tallic plates connected to the plugs, chokiog-
eoils connected to the plogs, a cirenit fhrongh
the onils and plogs and means setuated Dy
the eirenit {ocshaking the powder,

16, In & recsiver for electrical opelllations
the combination of w tube, metellic plugs in

{ the tube, & mixtura of - metallic powders be-

tween the plogs, @ cirenit through the pings
and powder and meang actoated by the eir-
enit for shaking the powder.

17. In & receiver Tor electrical oscillations
the combination of a tube, metallic ]slngs in
the tube, a mixture of metallic powders be-
tween the plags, metallic plates connested to
the plngs, a cirenit through the plogs nd
powder and means getnated by the cironit
for shaking the powder,

18, In a recelver for electrical oscillations
fhe sombination of a tube, metallic g{ugs in
the tabe, a mixture of métnllie powders bo-
twaen the plugs, metallie plates connected to
the plugs, choking-coils connceted to the
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plogs, a eircuit throngh the coils plugs and

powder and means actunted by the eirenit for

shaking the powder. ] [

19, In a receiver for electrical oscillations

5§ the eombination of a tube, metallic plugs in

ithe tube, a mixture of metallic powder and

inercary botween e plogs, o cirouit throogh

the plugs and powder and means actnated by
the cirsuit for shaking the powdor.

1o 20, Tn o receiver for eleetrical oseillations

the combination of a tube, metallic §I11£H in

the tube, & mixtire of melullie powdai and
mercury hetwesn the plogs, nretallic plates
eonnected to the plogs, & cireait throngh the

t5 plugs and powder and means actuated by the
eirenit for shaking the powder,

21. In a receiver for electrical oscillations
the combination of a tube, metallic plogs in
the tube, o mixture of metallic powder and

so mercury between the plugs, metallic plates
connected to the plugs, choking-ceils con-
neeted to the plogs, aeirenit through the cells
plugs and powder and means actuated by the
cirouit for sheking the powder.,

ag 23, Im & receiver for electrical oscillationa
the commbination of an imperfect electrioal
contact, & circuit throogh the contact, & rela
actnated by the circolt and means antuilteg
Ly the relay for shaking the contact,

3o 23 Inm a receiver for electrical oacillations
the combination of an imperfect electrical
contact, metallic plates conpeeted to it, a ele-
muit throngh the eontact, a relay sctuated by
the elrenic and mesna actusted by the relay

35 for ahaking the contuct, :

. In & receiver for electrical oscillations
the combination of an impecfect electrical
eontact, metallic plates connected to the con-
tact, ehoking-colls connected to the contact,

4o acircuit throvgh the goils and contack, a relay
actuated by the clrenit and méana actunted
by the relay for shaking the contact, K

25, Ina receiver for electrical melllatluns.

the eombination of & tobe containing metsl-
45 lio powder, a cireuié through the powder, a
relay actuated by the circuit and means so-
tuated by the relay for shaking the powdgr.
6. Im o recelver for elestrical oselllations
the combination of a tube contrining metal-
5o lie powder, metallie plates conneeted o the
powder, a cirguit throngh the powder, a relay
aclunated by the eirenit’'and menns actuated
by the relay for shaking the powder, L
27. Im & receiver for electrical oscillations
55 the combination of a tobe containing metal-
lie powder, metallic plates conneeted to the
powder, choking-coils connected to the pow-
der a cirooit through the éoils and powder a
relay actnated by the cirenlt and means ac-
o tuated Dy the relay for shaking the powder.
28, Im o receiver for elestrical oscillations
the combination of & tabe containing & mix-
ture of metallic powders, a cirenit through
the powier, & relay actusted by the circnit
G5 and means aetumtsed by the relay for shaking
the powdar. i :
#9. In & receiver for electrieal oseillmtions

the combination of & tube containing & miz-
ture of matallie powdera, metallie plates con-
nected to the powder, & eirenit through the
powder, a relay actuated by the eirouit and
means actoated by the relay for shaking the
powder, i e I

0. In a receiver for glectrical oscillations
the combination of & tnlws containing a mix-
ture of metallic powders, metallic plates con-
nected Lo the powder, eholing-coils connected
to the powder, a eironit through the coils and
povedar, 2 ralay ackoated by the eironit and
means actuated by the relay for shaking the
powder,

1. In n receiver for electrical oseillations
the combination of a tube containing a mix-
ture of metallle powder and mercury, & i
emit throngh the powder, a relay actuated by
the eirenit and means actuated by the relay
for shaking the powder,

32, Io o recegjver for eloctrical osoillations
the combination of o tube containing a mix-
ture of metallio powder And mercury, metal-

 lic plates connected Lo the powder, a cirowik

throungh the powder, a relay actuated by thoe
oirepit and means actuated by the relay for
shaking the powdear.

34, In a receiver for electrical oscillations
the combination of a tube econtaining a mix-
ture of metallic powder and mereury, metal-
lig plates connected to the powder, chok-
ing-coils connected to the powder, a cironit
through the ooils and powder, s relay aciu-
ated by the cirenit and means actnated by
the relay for shaking the powder.

%4. In a receiver for electrical oaciliations
the combination of a tube, metallle plugsin
the tube, metallie powder between the plugs,
a.cirenit through the plugs and powder, & re-

“lay acinated by the circuit and means actu-
atedd by the relay for shaking the powder. |

35 In a receiver for electrical cacillations
the combination of A tnbe, metallic plugs in
the tobe, metallic powder betwesn the plugs,
metallic plates connecied to the plogs, & cir
cuit throngh the plngs and. powder, a relay
actoated by the eirewit and means actoated
by the relay for shaking tha“?owdun :

3. In o recelver for electrical oscillations
the sombination of & tube, metallic plags in
the tube, metallie powder between the plugs,

_metallic plates connected to the plugs, chok-
Ing-cofls connected to the plags, a cireuit
through the coils, plugs and puwrl,er, A relay
aebnated by the cirenit, and mesns aetnated
by the relay for shaking the powder,

a7, In o reseiver for electrical oseillations
the combination of a-tube, metallic plugs in
the tube, & mixture of metallic powders be
tween the plugs, & circnit throngh the plo
and powder, a relay actuated by the eirenft,
and means aetoated by the relay forshaking
the powder. :

34, In o receiver for electrical oseillations

the combination of & tubwe, matallic plugs in
the tubs, & mixtore of metallic powdera be-

tween the plugs, metallie plates comnected to
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the plogs, a civenit throngh the plogs and |

powder, a relay actuated by the civenit, amd
means actuated by the relay for shaking the
powder. : '

o0, In a veceiver for electrleal oseillations
the combination of a tobe, metallic plugs in
the tube, & mixture of metallic powders ba-
tween the plogs, metallic plates conneeted to
the plums, choking - eoils connected to the
plugs, a cirenit throngh the colls, plogs and
powder, a relay sctuated by the eirenit ani
means actnated by the relay for shaking the
povwder..

i, Tn a receiver for eleclrioal oseillations
the combination of a tube, metallic plugs in
the tube, a mixture of metallic powder and
mercury between the plugs, acirenit through
the plurs and powder, & rolay actusted by the
clrenit and means actoated by the relay for
shaking the powdaer. ;

41, In n receiver for electrical oseillationa
the eombination of a tobe, metallie plugs in
the tule, a mixtere of metallic powder and
mereury betweon the plogs, metallie plales
connected to the plugs, oeirenit through the
plugs and powder, arelay actoated by the cir-
euit and means aetuated by the relay foeshnlc-
bing the powder.

42, In a veceiver for elecirien] osecillations
the combination of a tubs, metallie Elugﬂ- in
ihe tnbe, a mixture of metaliic powder and
marenry between thd plogs, metallic plates
conuested to the plugs, choking-eolls connect-
od to the plags, 4 clrouit through the coils,
plugs and owider, a reluy acinated by the eir-
enitand means actoated by the relay for shak-
ing the powder.

43. The combination of & spark-producer
at the transmitting-station, an earth eonnee-
tiom 1o ona end of the spark-produesr, an in-
sulated comduetor connacted to the otherend,
an imperfect cloctrical eonbact at the receiv-
ima-gtation, pn earth conneetion to one end
of the contact an insulated eonductor con-
nected to the other and and a cireuil throogh
tha contact. 3

44, The combination of s spark-prodocer
al the trapemitting-station, an earth ¢ mneo-
tion to one end of the spark-producer, an in-
sulated condnctor connected to the other end,

an imparfect alectriesl conbact at the receiv- |

ing-station, an earth eonneotion to one end of
the contaet an insulated conductor eonnected
to the other end, o cirenit throngh the éon-
tuet and means actuated by the eircnit for
shaking the contact.

45, The combination of a spark-produeer
at the transmitting-etation, an earth connec-
tion to one end of the Hpari:-pmﬁ oear, an in-
sulpted condoetor connected to the other end,
an imperfect electrieal contast at the receiv-

ing-atation, ehoking-coils connected to each

pnd of the eontest, ar oarth eonnection to one
gnd of the imperfeet eontact an insolated
eondunotor conneeled Lo the other end and &
eironit throngh the coils and contact. |

46, The combination of a e.par]:—pm-gnaﬁr

at the transmitting-station, an earth connec-
tion to one end of the spark-prodocer, an in-

| snlated cond petor connected to the other end,

an imperfect alectrical contact at thea receiv-
ing-station, choking-eoils conneeted to each
e of the contact, an enrth connoclion b ome
end of the imperfoct contact, an insnlated
conduoctor connacted to the other end, a el
cpit throngh the coile and contact and means
acknated by the cirenit for shaking the eon-
taek, :

47, The combination of a spark-prodocer
at the transmitting-station, an earth connec-
tion to one end of the spark-prodocer, an in-
snlated condnetor connestad Lo the otherend,
a tube containing metallic powder at the re.
reiving-glation, an earvth conneetion to one
end of the pewder, an insulated condmetor
connected to the other end and o elrenit
through the powder. ' n

48, The combination of a apark-producer
ot the transmitting-station, an sarth connec-
tion to one end of the dpark-producer, an in-
silated condnetor conneeted to the other end,
a tube containing metallle powder at the re-
ceiving-station, an earth connection to one
wni of the powdsr an insulated conduchor

| eonnected to the other end, a cirenit-throngh

the powder and means actunted by the e
«nit for shaking the powdar.

4%, The combination of a spark-producer
ab the transmitting-station, an enrih connec-
tion to one end of the spark-producer, an in-
gnlated eondnector connected to the other end,
a tnbe containing metallle powder at the re-
ceiving-station, choking-coils connected to
eadh end of the powder, an earth connection
to one end of the powder, an insulated con-

_duetor connected to the other end and a cir-

euit throngh the coils and powddr.

50. The combination of a spark-preducer
at the transmibting-station, an earth connec-
tion to one end of the sparl-prodacer, an in-
gnlatad conduotor connecled to the other end,
o tirhe containing metallic powder at the re-
seiving-station, choking-coils connected 1o
aach and of the powder, an earth connection
to onaend of the powder, an insalated con-
ductor-conneeted to the other end, a cirenit
throngh the eoils and powder and means ao-
tuated by the eivonit for shaking the powder.

51, The combination of a spark-producer
at the tranamitting-station, an earth connac-
tion to one end of the aparf:-pmdumr, am in-
anlated condnetor eonneeted to the other end,
a tube containing metallie powder at the re-
eeiving-station, choking-voilé and earth con-
peation throngh eondenders ponnected to each
end of the powder, & eirenlt through the eolls
and powder and means actusted by the eir
onit for shaking the powder.

52. In a receiver for electiical umiﬂuiiuusi

the combination of an imperfect electrical.

eomtact, a cirenit throngh the contact, an elec-
trie trembler shaking the contact, and means
for preventing the self-induction of the trem-
bler from afecting the eontact,
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53. *A receiver for eleetrical oseillatory im-
pulses having & mediom whose electrical re-
sistancs s altered h{eths recelved electrical
oseillations, & trembler or shaker for acting
upon the varlable-resistance mediom to re-
atore it toe its normal eondition of electrical
realstanes, and means for controlling such

trembler to cause it to act upon the variable-,

resistance mediam to restore it to its normal
eondition after each reception of such oseil-
latory impulses, )

(Bt A meceiver for electrieal osdillatory bm-
pualses having a mediem whose electrical re-
sistance i alterad by the recaived electrical
oseillationg, a trembler or shaker for acting
npon the variable-resistance medinm to.re-
store it to its normal eondition of electrical
resistanes, means controlling soeh tremblar
to eanse it to act upon the variable-resistance
medinm to restors it to its normal condition
after each vecoption of snoh oseillatory im-
polaes, and means for rendering manifest

paid aleotrical oscillatory impulses consaen-
tivaly received, whereby defined signals may -

be given out by the receiver,

i, Theecombination of & transmitfer capa- |

ble of producing at will of the operator alec-

trie osvillatory impulses or rays, and & re-
coiver responsive thereto having a variable-
registance mediom whose resistance is altered
by such recalved u&eiilutmjrim}mlaﬂs, MeADs
eontrolled by the received oscillations for re-
storing such medinm to its normal condition
after each reception of such oacillations, and
means for rendering manifest the received os-

elllations, wherely signals sent from the trans-

mitier may be recelved npon the receiver.
&8, ‘The combination of a transmitter capa-
bile of producing électrical oscillations or rays
at the-will of the operator, and a receiver lo-
eated at a distance and having a conduetor
tuned to respond fo such oscillations, & vari-
able-resistance: mediom, in cirenis with the
eonduetor, whose resistance is altered by the
recelved oscillations, means controlled by the
received oseillations for restoring the resist-
ance mediom to its normal condition after
earh reception of such oscillations, And means
for rendering the received oseillations mani-
fust, ¥ .
GUGLIELMO MARCONI,
- WWitnesses:
WILFRED COEFMAEL,
FrEDp C. HARIES,
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UNITED STATES PATENT OFFICE.

ERNET F. W. ALEXANDERBON, OF ECHENECTADY, NEW YOREK, AREIGNOR TO GENERAL
ELECTRIC COMPARY, A CORPORATION OF NEIW YORE.

. ANTENITA.
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To all whom it may coneern !

Be it known that I, Egpxsr F. W. Apxx-
axprmsox, a citizen of the United Sdates,
residing at Schenectady, in the county of
Schenectady, Stule of New York, have in-
vented certain new and useful Improve-
ments in Antenne, of which the following
is a spec 10m,

My present invention relates to antennm
for radio signaling systems and more par-
ticularly te the manner in whioh the radia.
tion of the transmitting system is effected.
My present application is a continmation in
part of m&r &urinr application Serinl No.
123,278 filed Okct, 2, 1916,

The antenna of a radio signaling system
as previously constructed has consisted of
an elevated eloctrical conductor or a net
work of conductors which is charged by a
source of high frequency energy in such a
way that it becomes a source of energy radi-
ation of the type known as the Hertzian os-
cillator, The theory for the radiation of an
antenna  haz therefore been  universally
treated by the mathematieal theory of the

"Hertzinn gacillator.

The usual radiating antenns system may Le
considered 2z a single Hertzian oscillator.
It has been projposed heretofore to employ
a plurality nFmr.h oscillators in order to in-
erense the amount of radiation or to seoare
directive effects but no practical use hos
been made of this idea because of the dill-
caltios of controlling the phase of the ossil-
Iatione in the different radiators in soch

way that they would produce a combined

radiation of a predetermined desived char-

One of the objects of my invention i= to
provide means wl'mt‘ﬂ.li' it will be possible
to operate o plurality of practically separnte
mdii:nrs in ;:mh A w{:y that s nmnﬁtimﬁ:m‘ti-
ation of the desired character may be readily
obtained.

There are several advantages which may
be obtained by operating a radiating system
as a plurality of separate radintors inatend
of a8 n single radintor, Omne of these advan-
tages is that less energy consumption is re-
quired in order to ||Hm n given strengih
of signals. This advantage may be -ex-
plained briefly as follows:

In any single radiator, the strangth of the
electrostatic and the electromagmetic field

88 of the radiated wave iz proportional to the

enrrent and voltage supplied to the radia-
tor. The energy consumed by the radiator
is |I:rn|pﬁl'l. tonal to the prodoct of current and
voltage and is consequently proportional to
the square of the field intensity of the radi-
ated wave. The general theory of wave mo-
tion, however, teaches that ii several sys-
tems of waves are superimposed, they com-
bine in such a way that the feld intensity in
any one place iz the aleebrpic sum of the
n:mmmtnri.' intensities of all the =eparate
waves. a system consisting of & plurality
of separate radistors is controlled n such a
way that the relative of the oscilla-
tions from the individual radiators iz made
to eombine in a i»rudatarminu:i desired way,
it will be possible to operate the \ in
such a manner that the feld intensity in the
receiving station is the arithmetic sum of
the field intensitics produced by all of the
individual radiastors, A radintion of unity
intensity from a station with a single radi-
ator may be said to uce a fleld intensity
of unity in the receiving station. If a svs-
tem comprising a plurality of radiators is
aperated in sueh o wey Chat eneh of the radi-
ators emits & wave of unily intensity, the
effect on the receiving station will be the same
as that of & wave with a field strength of as
many times unity a8 there are individual
radiators,

The energy consumption of the single rn-
diator may also be called unity and the
s{nrgir consamplion of each of the indi-
vidual radiators of the multiple system will
also be unity when operated as deseribed.

f then we assumo that there ure six indi-
vidual radistors we will obtain with an en
ergy consumption of six times that of the
single radistor a fleld intensity at the re-
celving station which is six times as great
&2 that obtained with a single radiator. If
it were, on the other hand, desired to pro-
duce by a single radistor, a ware st the re-
ceiving station having a field strength equal
to =X times unity it wonld be necessary (o
mmeroase the current as well s the vollage
in the single radiator to six times unity and
consequently the ene consumption of the

radiator would be 38 times unity.
Thaus it will be wmen that the energy oon-
sumption of the single radiator will be six
times ns great as that of the six individual
rediators in order to. produce the same in-

tensity of signals.
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A second advantage of my muitiple radia-
tion system is uul:; nni.rs pmpkblr.- the
production of signals of greater intensity
tfl:‘m it his been p?nqﬂ;le to produce hereto:

re regardless o amount of energy
consumed,  With any sntenne there iag'?v,
practical limit to the amount of radintion
which may be obtained, this limit being par-
tially fixed by the maximum voltage for
which it is practical to insulate the aerial
Inﬂherwnnll,itiln_dpﬂm'hlgtn|mm
the stremgth of the gignal above a certain

value mcrensing the amount of ene
Eup!:rl" o a s radiator. whereas erﬁ
a plurality of individual radiators any in-

erense in the signn] strength desived may be
obtained merely by incrensing the number
of radiators

A third advantage of my system of mul-
tiple radiation is that it renders possible the

s:::hctwn’ of a radiation of energy with a
tided directive effect comparable with the
focuzing of a beam of light by 2 lens or a
mirrar. While the desirability of such an
effect has frmiﬂenﬂj.r been mentioned and
various means hove baen pro for socur.
ing it none of the means heretofore pro-
posed have been found to be applicable to
practical operntion,

A secon uhju:f. of my invention is to pro-
vide a convenient and practical means for
adjusting the phase ions of the indi-
'Iiljllﬂ[ radiations so that the advantages of
directive radiation may be realized.

In the usual type of antenna eorvespond-
ingr to & single Hertelan oscillator wiiel ling
heretofore been used the energy & intro.
duced throngh a_ground lead in sertes with
a loading coil.  In an antenne of this tyv)e
designed for long distance transmuission as-
sume that the current introduoeed through
the loading coil iz 100 am and the po-
tential of the aerial is S0 volts I
energy required to maintain oscillations i
guch an anlenna may be 50 kilowate This
means that the encrgy component of the
oscillating voltage is 600 volts, or as it s
commonly expressed, the antenna hes o e
gistance of 6 ohms, Thos the energy re-
quired for mainteining oscillations 1@ deliv-
ered 1 the form of 100 am at S
volts. While it might be possible to supply
energy to each ome of s plurality -1{ -
diators in this way such a method wonld.
if the individual radiators were Incated at a
congiderable distance from each other. in.
volve nnnecesanry losses dee to induetive
or resistunce drop in the feeding wires.

A further ohject of my invention 8 Lo
provide o system for supplying enevgy to
the individual radiators which will over.
come this ﬂiﬂd“nh.E.

In attaining this ohject of my invention
I transform the energy to the form of high
potential and low current and instead of

sunpiying 1t at the ground point of the load-
D coil supply # av a high tension point.
For example. in the cise above mentioned,
the W may be supplied to the radintors
at . virlte and one ampere.  Thos while
‘n ench ease 50 kilowntts of encrpy i ro-
auired the old form of antenna consumes
this energy :n the same form as if it were o
restgtance of five aohms whereas the radia-
wr mpplied in accordance with my inven-
uon consumes Lhe energy in the form of a
reststance of 50,000 ohms. This may be ex-
yllmd by reason of the fact that in the old
orm of antenna the energy is imtroduced
i series with the inductance and capacity
A1 the antenna wherens in the form of p ra-
dlator which [ employ the energy is intro-
duced o o ciremt which is the egquivalent
of the antenna capacity in parallel with the
nductance. By introducing the energy (o
the mdividuai radistors in this wav it is
nossthle to feed o large nomber of such ra-
diators located at a considerable distance
from each other without incurring any great
losses m the transmission conductors, In
arder to transform the enevgy into the de-
aived form o might be possible to use o
transtormer of the ordinnry type with the
reauired ratio of transformation. I have
found. however. that it is more convenient
to ase one of the rudiating circuits as an
meillation transformer. and to supply the
nergy to all of the other radiators from
the high tensmion end of the first radiator.
In s preferred form then, my multiple
radiating system may s considered ns le-
ng made np of o primary radiator which at
e spme time serves as an oseillation tenns-
former for supplying high tension energy
o one or more secondary radiatm=  In
arder 1o have o completely balanced system
of radiation, it might appear desirable to
ocate the primary radiator in sach a way
mlative to the secondary radiators that the
“nergy connections to each of the secondary
radiators can be made divectly to the pri-
mary radiator throtgh wires of equal length,
Viile this mught be a practical method of
onstriaction, I have found in actusl proe
tice that it s not necessary to connect ench
o1 the secondary radiators directly to the
orimary radiator and that it 1= of practical
onvenkenoe n the construction of the an-
wnna 0 connect the secondary radistors
successively o each other. that s so that en-
ergy current fowing from the primary
raciiator repches the secondary radiators in
fcoession.  In one oose in which my inven-
ton fins een ||1:—|pih:ti in practice the an-
tenna  has the character of a horizontal
sransmission line supported on towers, This
wntenna is divided imto a plomlity of in-
tividual radiators by means of ground con-
nections with loading coils therein at suit-
able intervals along its length. serial
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wires which serve as radiators also serve for

‘transmitting energy to all of the successive

racdiators. Since the energy is transmitted
to the secondary radiators in the form of
high potential and low current it iz appar-
ent that a large number of radiators may be
connected to such a tl‘unﬁjinissiun line witlh-
out n:ausl.nﬁ' ¥ appreciable chianges in volt-
age and phase,

The novel features which 1 balieve to be
characteristic of my invention are set forth
with particularity in the appended claims.
My invention itself however, hoth as to-iis
organizition and method {:’2 operation to-
E,i]l&t ar with further objects and advantoges
thereof will best be understood by reference
to the Tollowing description taken in con-
nection with the secompanying drawing in
which Figures 1, 2 and 3 show disgram-
maticully as many different modifications
and Fig. 4 is a diagram explanatery of the
directive radiation feature of my invention.
In the form of my invention indicated in
Fig. 1 the radiating system is composed of a
plurality of horizontal conductors 1 of eon-
siderghle length elevated ahove ground by
meanz of the supports 2 from which they
are insulated. This system is divided into
five individual radistors by means of the
ground connections 7, B, 8, 10, and 11, indi-
vidual tuming or loading eoils 12, 18, 14, 15,
and 16 being included in each ground con-
nection, The ground connections indicated
consist of a plurality of wires 17 stretched
over b EHIE:I.EE of the gronnd, the end of
?hcil conductor being permanently earthed.

energy for signalmg purposes is sup-
Elied to the first ridistir 4:5 'F
igh freﬁ’umc}f alternator 13, conmected
through the transformer 19 to a transmis-
sion line 20 which conveys the enrrent to the
transformer 21 by means of which it is in-
troduced into ground connection 7.

The first radiator comprises the ground
connection 7 and the portions of the condue-
tors 1 adjacent thereto and this radiator
gerves as an oscillation transformer to step
up the voltage applied through transformer
21. Energy is thereby supplied directly at o
high potential from the first radistor to
the second radiator, which comprises  the
gronnd connection 8 and the portions of the
conduetors 1 adjacent thereto, The second
radiator alse acte ez an oseillation trans-
former changing the high potential low eur-
rent energy mto the form of lower poten-
tial Iarger current Pruducinﬁ an oacillating
charging ourent in grownd connection B
w ﬁ miny be of the same magnitude as the
charging current in ground connection T,

. The conductors 1 also serve oz a transmis-

gion line for conveying the high potential
energy to the third, 'ﬁ)urth and fifth ra-
diators in suecession. Theae radiators fune-
tion in the same manner as ihe second ra-

the series by o

diator eo that charging currents of the same
order of magnitude are set up in all of the
ground connections.  As an indication of the
advantage which may be obfeined by the
use of my invention tests have been made
with an antenna of the type shown in Fig. 1
which was divided up ints 6 individoal ra-
distors, When 30 kilowatts of hich fre-
CUERCY ERETEY  Were uupflieﬂ. to the an-
tenna and a single ground connection nsed
a charging corrent of about 100 amperes
was obtained. When six ground connec-
tions were used the charging eurrent in each
ground connection was about 45 wmperes
making & total charging current of 270 am-
peres. In other words the effective radia-
tion with the same amount of energy was
about 2.7 times that which was uhluined
when the antenna was operated as a single
radiator.

In wsccordance with the Hertzian theory
of radiation the ability of a certain aerial
to radiate is determined by the so-called
radiation resistance. This radistion resist-
anee is proportional to the square of the
ratio between height and wave length, It
12 aleo well known that an antenns to be
used efficiently should be operated at a
somewhat lower frequency than its natural
?rludic[ty. This method of operation ealls
or o certain amount of inductance which is
ordinarily used for tuning. If it is at-
tempted to operate the antenna at a higher
frequency than the natural periodicity it is
necesanry to introduce a capacity instead of
an inductance for loading and it is knowa
that the operation in this way iz ineflicient.
For long distance werking antenne of lar
horizontal dimensions are employed. The
large horizontal dimensions give high elee-
trostatic capucity and !.ﬂms.equmt% thae
natural periodicity of the antenna which is
determined by the physical dimensions of
the aerial is low. Thus if such an antenna
is operated at ite nantral periodicity, or at
a lower frequency the wave length s much

ater than the height and ::u:-nsequm:t[f-

e ratio between height and wave 1
results in a low radiabion resistance and a
high ratio hetween the radistion resistonce
and the ground resistance; in other words, in
low efficiency. Thevalue to which the ground
regigtance may be reduced is also limited to
& certain extent in practice h-ithB phy=ical
dimensions of the antenna, Hence it may
be said that such an antenna when used as 2
simple Hertzian oscillator has a definite
maximum possible efficiency or natural ra-
tio between radiation resistance and ground
resistance, When, however, the antenns is
provided with o pfura]it of ground connee-
tions in accordance with my invention, ite
natural 1'i:}tiicitg is increased beyond the
value determined by its %hysiml dimensions
when used as a simple Hertzian oscillator,
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that iz, the natural periodicity of the entire
antenna is equal to the natursl perodicity
of each individual section which = supplied

Y nd connection, asuming that the
natural” periodicity of all of the soctions is
the same. In other words, the natural pe-
riodicity of the antéenna 18 incrensed to a

voloe mueh gronter than the valus which ie
determined by its physical dimensions, As
# reault Lhe antenna can be operated offi-

ciently at much shorter wave lengths
by Inml.'?ll:a:‘hﬂu rl.:lnul‘.;:ﬁ!rmm::.u in-
versely wi uare wave length.
The result of miﬂ- a more favorable ratio
between radi ;‘“m" - and ground rl-
inh.nm,: Ao effect of provi n pla-
rality o d connections is mmﬁmm
the ground e that is, the ratio be-
tween radiation resistance wid d re-
sistance or efficlency of the antenna may be
greatly inereased.

The form of my invention illostrated in
Fig. 2 differs from that shewn in Fig. |
merely in it= eonstructional details. In this
caze each individual radiator takes the form
of an umbrells type of antenna and the in-
dividual radiators are all conmected by o
transmission line 22 which supplies hlih
potential energy from the first rodistor 23
to the secondary radiators 24, 25, 26 and
97 in succession. A radiating system con-
structed in this way operates in the same
manner as the ong illustrated in Fig, 1.

In Fig. 3 I have indicated a ification
of my invention which may be employed
when it is desired to obtain a directive ef-
fect. In this case the individual radistors
are separated by inductances 28 20 and 30
which may be made of snch a value as to

thiore-

give the phase displacement in the waves
radiated gnocesgive radiators, requived
to secure the desired directive effect. [f de-

gired, condonems may be emploved between
the individual radistors instead of indue-

tances,

In determining a method whereby a sys-
tem comprising a plurality of individoal
radiators may be adapted for directive radi-

ation an antenna such as illustrated in Figs.
1 or 2 may be conmdered az o uniformly
distri capacity betwesn o linear con-
ductor and ground. The electrostatio field
aurrounding the conductor extends in three
directions but for the purpese of this dis-
cuzmon it will be sulficient to consider the

m.mﬂd dient only in two directions,
tis‘mlglttrliut direction between con-
ductor and ground and im the horizontal
ion along the condoctor. When an
perial conductor is sel into oscillation 5
gource of continuous waves of definite {re-

uency standing waves are formed in the
alectroatatic field, These waves must be
analyzed in accordunce with the horizontal
as well as the vertical distribution of poten-

mai. If the conduetor is not connected o
ground n any way it has a natursl period
»f horzontnl oscillations, In this case no
melilations will oceur in the vertical plane
If one end of the conductor is connecled to
it will have another natural period.
e oscllntions i this ense will be howi-
zontal and also to some extent vortical inas-
much s o charging eurrent will pnss ba-
tween the conductor and groond.  An nerinl
sonductor this area with the oround
wnnection at one end has previously
1#ed to considernble extent. I sueh a eom-
fuctor s connectesd to ground through a
Amhu af ﬂmfnrmgldislmhqhq' i enils
1 & multiple radiating antenna as
described previously, Furthermore, if the
ndnctance of these coils iz 2o adjusted that
the oseillations tn all of the different coils
are substantinlly in phage the antenna may
w zard to have vertical cscillations but no
hWorizontal oseillations. It is, however, pos-
sible to tune the antenna in such a way that

.® has both vertical and horizontal oscilla-

tons simuitanecusly. The vertical and
“orizontal oscillations may be of different
freauency if & source of emergy supply of
more than one {requency is available. This
mught be the case if the antenna waos exeltoed
av an are generator or & pliotron ceeillator,
[n the present case, however, it will be most
sonvenient to consider the radiation as of
1 fingie frequency such as may oceur if the
antenna is excited by a high frequeney al-
ternator. in which cese the horizontal amd
*erical ascillations that take place simul-
uneousiv are necessarily of the same fre.
queney. In the cnse where the conductor is
sonnected to ground at one end only the
horizontal oscillations eeenr in such o way
that the grounded end ig a node and the
spen end hag maximum amplitude. Tt was
at one time considered that an antenna of
thig tvpe mould produce a directive eadin-
don. [t has sow. sowever, been proved
that this 1 not the sase, the reason being
zhat the length of the antenna has been less
than one- fourth of the wave length of radia.
won at which it has been operated. whereas
w zecure an sffeetive directive radintion it
would be necessary that the length of the
antenna should be at least equal to one-half
9% the wave length of rodiation. In p sim-
nie horizontal antenna such as hag been
tescribed the distribution of capacity and
nductance nas always been found to be sach
that the wave length of the shanding wave
! the antenna & shorier than the wave
' of radintion. This condition, as will
e explained more fully herenfter, prevents
the securing of the most effective radintion,
The fundomental rule which should be fol-
lowed and which will be explained in the
{ollowing aiscussion 18 that the wave length
of the standing wave should be equal to or
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%‘r‘enter than the wave length of radiation.
f radistion iz desired in the longitudinal
direction of the antenna the standing wave
ghould have a length equal fo the wave
]?::Fr.h of radiation, whereas if a directive
racliation is desired at right angles to the
direction of the antenna the length of the
standing wave should be infinity. For an
intermediate angle the relative Iengtlu of tha
standi wave and the radiation wave
should eqgual be the secant of the [mgﬁu
between the direction of radiation and the
direction of the antenna. I order to prove
this relation geometrically, assume that a
wave beging to travel with the velocity of
light from one end of the antenna. It is
degirable in order to zecurs maximuom effi-
ciency of radiation that the wave as it
travelz along the antenna should always re-
ceive impulses which are in phase with the
wave itzell. For this reason the standing
wave should have a wave length equal to
the wave length of the traveling wave. If
un antenna oscillates with a standing wave
which has a greater wave length than the
wave lemgth of radiation, that is, if the
wave travels along the antenna at a velocity
greater than that of light, the different
points of the antenna may be assumed to
emit radiation of different phases and the
loeus for points at which individual waves
are of a certain phase may be represented
by cireles deawn avound the different cemn-
ters of radiation.

Beferring now to Fig, 4, assume that the
standing wave is represented by .. Around
point a of the standing wave which is repre-
sented as 0 node a circle may be drawn hav-
ing n radius equal to the wave length of rodi-
ation L. Arvound point & w civele may be
drawn of a radivs one-quarter of a wave
length shorter. Around point ¢ the circle
hag a vadius of one-half a wave length and
around point o a rading of one-quarter of a
wave length. The line ¢ which 15 t t to
all of these cireles indientes the direcfion of
radintion, the radiation being greatest in a
direction perpendicular to this tangent, and
it will be apparent from an inspection of this
figurve that £=1, cos a where « is the angle
between the direction of the antenna and the
direction of radiation. Applying the above
formula to a case where the standing hori-
gontal wave is shorter than the wave lencth
of radiation the direction of such radiation
would be expressed by a cosine greater than
unity. Thizs condition being impossible
means that no directive radiation esn take
place and that the radiation will be ineffi-
clent.

The type of horizontal antenna connected
to ground al one end which has previously
been used as such distribution of inductance
undl capaeity that the ganding woave is theo-

86 retically equal to bot in practice has been

shorter than the wave length of radistion.
In other words, the wave travels along the
antenne at a velocity less than the velocity
of light. If it iz desived to increase the ve-
locity at which the wave travels along the
antennn and thereby lengthen the standing
wave gither the inductance or capacity must
be decrensed.  Anything however wﬁm is
done in this direction by changing the com-
bination of the wires will defeat the object
sought. An additional parallel wire will da-
crense the inductance Eut increase the ca.
pacity and fewer parallel wires will decrease
the capaeity but increase the inductance. B
the nse of a plurality of radiators such as{
have described the desived object may be
attained. The mEznity between the aserial
and ground may be neutralized by distrib-
uted inductanee between the aerial and
ground, If the distributed eapacity i en-
tirely nentralized by distributed i.m:ipur:mnm
for the frequency at which the antenna is
excited the El;u.n-:lmﬁ wave will have a length
ual to infinity, which means that all parts
of the aerial conductor will escillate in phase.
This condition produces non-directive radia-
tion if the antenna is shorter than helf of

dhe wave length of radiation and directive

radiation at right angles to the antenna if
the antenna is sufficiently long in relation to
the wave length of radiation. If a long an-
tennn is used and divective radintion 1z de-
gired at any angle except o right angle, the
necessary length for the standing wave may
be determined from the wave length of the
vadiation and the desired angle. The indune-
tance of the aerinl being known it will then
be possible to ealenlate the amount of distrib-
uted eapacity which will create a standin
wave of the desired length. This require
capacity will be found to be lower than the
cupaeity between the nervial and ground, The
method to be followed then will be to neu.
tralize the portion of the capacity to ground
which iz not desived, leaving a balance of
distributed capacity which will give a stand-
ing wave of tllala degired length. Inatend of
nentralizing the capacity to ground it will
be poagible to nevtralize the lonritudinal in-
ductance of the nerial conductor by series
condensers.  Both of these methods may be
used in combination if desired.

If the method of adjusting the tuning of
the antenna 13 considered from the above
point of view it will be found that the
method of radiation which consists in I.il'&il'lg
a mamhber of independent radiatore excite
from a commen source of high frequency
emergy in guch a way as to operate in phase
ig mliy n gpecific cose of o compoeite hori-
zontal antenna with a horizontal standing
wave, Thizs spacific case is ene whers the
length of the standing wave is infinity and
this method of radiation whether direclive
or nondireetive may be differentioted from
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the methods of radiation that have been

E:tm heretofore by the charscteristic
r the standing wave has & length equal
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to or greater than the wave length of radin-
tion, whereas such antennse as have been
used previously huve had standing wuves
of a wave length shorter than wave
length of radiation. The term *standing
wave " as used in the above description and
in the claims which follow = not employea
in the restricted semse in which it i# com-
monly understood, namely, as the resultan
of two waves traveling with eouni velocity
n ngpmu directions s0 s w0 produce
points of large amplitude and inwermodiace
nodes of sero amplitude. The phenomencn
described by this term s also of o different
nature than that known as a “traveling
wave” since the latter term as ordinaniv
used implies & complete transfer of energy
from one point to another at the same rate
that the wave travels. While in the present
case is transferred from one point
to another this transfer is merely incidental
as a large portion of the ene remnins
fixed in position. Moreover, such transfer

a8 does ocour may tuke place in the opposite

direction to the truveling wave effect. At
any point along the length of the antenna
the amplitude of eseillations 1= the same as
at any other point, but when the standing
wave, a5 the term 15 here used. 1 of finie

the oscillations of different portions
of the antenna are displaced in phase. The
maxima of successive LONS ooeur N suc-
cession, however, 80 that the efdect, so far
a8 the wave in the ether 18 concerned, s
that of o traveling wave,

While I have illustruted and deseribod the
preferred form of my invention, it will be
apparent thal many modifications therein
may be made without departing from the

_mﬁdlhl_ppmdnd
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st I elaim as new and desire to secure

by Letters Patent of the United States, is:
. L A radinting antenna system compris-
& primary radiating unit supplied by o
ree of radio- frequency current and a plu-
rality of secondary radiating units an_ ind;-
vidual ground connection for each of said
1 - units, the secondary radiating
units being connected znccessively o 4
transmission line which suppiles energy
from the primary radiating unit to the sec-

L

radiating uni
. 2 A radiating antenna system compris-
ing & primary radisting unit and o plural-

ity of secondary radia
successively together and to the primary
unit, an individual ground connection for
each of said rodisting unite. a source of
i radiat mil e

umit, imary ing unit be-
ml'{dlj connected pnmm the ﬁlr:l! of said
secondary units and serving as an osvilla-

units connected

aon transformer for supplying Slc-
esEvely to all of the secondary radiating
s at o high potential,

+ A mdiating antenno system comjiris-
ng a set of horizontal nerial wires, a plo-
ity of inductanee coils connected between
@i sennl wires and ground ab mbstan-
ually umformly distributed pomnts along the
ength of sad -'lr?ﬂ:ndp;]mw of radio
Tea current supplying energy to
mﬂm at one point, the energy thas
mppled being distnibuted through the
ETIAl wires o muntain synehronous oseil-
ations 1n each of the oscillating civenits
ormed by ong of said indoetonees, amd the
apaclty to ground of the pertions of the
werial wires adjacent thereto, )

% A radiating antenna compiising
s+ Diurality of sections, all of the different
200nE bmng joined together successively
v aenal wires, each section consisting of
ieral wires sonnested o ground through an
mauctance and forming a separate oscillat-
g cireuit, and a source of radio frequency
urrent for supplying energy to the nerial
vires which join the several sectiong, ench
wetlatine mreuit being tuned to the fre-
meney of the tnurg{ thus supplied.

~ The method of supplving energy to a
“adiating system comprising a plurality of
adiating wnits which consists in supplying
Mmergy to one of sad units ot & compara-
aveiv low potential, atilizing said unit as an
scilation transformer for producing a com-
waratively high petential and digributing
sergy at the high potential thus produced
“rom the lirst unit suceessively to all of the
e units,

% The method of maintaining synchro-
wus oscillations m a plurality ng radiating
mits which conssts in supplying radio fre-
wency snergy directly to one of said units

ind suopiving energy from said firsd unit
mecesmvely w all of the other radiating
mite,

"~ The method of radiating electromag-
aetic emergy from o system of horizontal
onductors which eonsists in praducing an
sectrostatic fleld in said u:-umﬁmtnm which
ms 0 hhnnmul standing -.rn.vr t;n!mnsl
‘beren having a wave length which is nt
2%t a5 great as the wave length which i te
s radiated,

*. The method of radisting electromag.
wiie energy from o radiating antenna sys.
wm which consists in producing by a single
source of radin frequency energy nn electro.
static field in sad eadinting systeam which
185 a horzontal standing wave formed
therein having a wave length which is at
£ast as great ns the wave length which is to
ze radiated,

'. A radiating antenna system comprising
1 =1 of aenal conductors, means for exciling
saud conductors by o single source of radio
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Irequency energy, and means for neutraliz-
ing, by resonance, the diztributed sapaeity
belween the merial condoctors and groun
the eonductors being eo preranged and sai
means being “so adjusted as to produce a
standing wave of potential along the aerial
conductor having a wave length ot lopst as
great as the wave length to be radiated.

. 10 A radiafing antenna systemn compris-
Ing aerial eonductors arronged in oo bori-
gontal lime, a single souree of radio fre-
quency cnrrent for exciting said antenna
syslem, a plurality of inductances distrih-
wted along said aerial conductors and con-
nected between snid conductors and groumnd
said condoctors being so arranged and sai
inductances being adjusted a0 as to partly
nentralize the distributed capacity between
the gerial conductor and ground in such a
way that the distribution of potential along
the aerial conductors will form a standing
wave of & wave length at least as great as
the wave length to be radiated.

11. The method of radisting electromag-
netic energy which consists in charging an
insulatad continnons system of aersl con-
ductors through a plorality of vertical
pronnded conductors connecied thereto in
muitiple, the oscillating charging eurrents
in the different ground condoctors being reg-
nlated g0 ag to have a progressive phase dis-
placement, .

12, The method of radiating electromag-
nitie energy which consiats in nh:u-g_lng an
imsulated continnous syatem of aerisl con-
duwetors  through 2 I;}ura!it}r of wvertical
ronded mnfncturﬁ eonnected thereto in
multiple, the oseillating charging currents
in the different ground conductors being reg-
ilated so that Lﬁﬁ}' are progressively shifted
in phase to such a4 degree as to give a direc-
tive radiation in a desired direction.

12. The method of radiating electromag-
netie amerey from a radiating anbenna syetem
which eonsists in nentralizing distributed
erpaeity betwesn snid systom and pround ot
i plumﬁit;.r of points in the svslem, exciting
gaid systemn by a single soures of radio foe-
quency energy, and producing a standing
wave of potential along the system having o
wave length ot least as great as the wave
lemgth to be radiated, -

14, The method of creating an electro-
magrnetic wave with a directive radiation in
a system of aerial wires having a pluralit;
of induetance coils connected VLT mig
aerial wires and ground ol substuntially amni-
formly distriboied points along said wires
which consists in producing synchronons os-
rillating enreents in all of the ground eon-
ductors by means of energy introduesd into
the system through one ground conduetor
pnd regulating the currentz in the different
condnetors so that they will have o progres-

5 zive phase displacement.

15. The method of direelive signaling
which consists in supplying energy from a
source of radio frequency current to a radi-
ating unit, supplying energy from said radi-
ating unit to s plurality of other radistin
units and adjusting the relative phases o
the currenls in the different radiating units
g0 that the waves emitted by wll of the units
add accomulatively at peints in o certain
predetermined direction.

16. The method of directive signaling by
means of electromagnetic waves which eon-
gists in supplying energy from a source of
radio frequency current to a radiating unit
and supplying energy seid radiating
unit to a plurality of other radiating units
which are =0 adjusted that the interference
effect of the waves emitted therefrom creates
A maximum amplitude of signal in a desired
direction and a minimum amplitode in an-
other direction.

17, The sombination in a radio signaling
syztem of an insulated system of aerial con-

wetors, o plurality of vaertical conduoetors
each of which has one end connected to said
aerial .‘s-%-'item and the other end grounded,
means tor supplying energy to the entire
svstem through one of said vertical condue-
tors to produce synehronons oseillating cur-
rent= in all of the vertical conduclors, and
means for adjusting the phase relation of
the currents in the different vertical conduoc-
tors in such o way os to prodece o directive
radiation,

18. The combination in a radio signaling
syatem of an insulated system of aerial con-
ductors, o plurality of vertical conductors
each .of which has one end connected to said
nerial system and the other end groonded,
means for supplying energy to the entire
gvetem through one of said verticnl condae-
tors to produce synchronous escillating cur-
rents in all of the vertical conductors and
means for adjusting the relative phases of
the different oscillating currents so that the
waves produeed by these eurrents add accu-
mulatively af points in @ certain predeter-
mined direstion,

18. The combination in a vadio signaling

em of an insulated system of aerial con-

ductors, & plurality of vertical eonduectors

each of which has one end connected to 2aid
aerial syetemn and the other emd prounded,
means for Euiplfin.g energy to the entire
system throngh one of said vertical conduc-
tors to produes synchronous gscillating oor-
vents in all of the vertical conductors amd
means for adjusting the relative phases of
the different cscillating corrents so that the
interferance effect of the waves produced
ereates o maximum amplitnde of signal in a
desired direction and a minimum amplitode
in another direction,

20 A radiating antennn evstern oompris-
ing n continnems systemn of aerinl conductors
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s in & horizontal fine, a piurality of
connections for sand cOTLALL-
ing tuning means located st substantiaily
uniformly distributed points along the
length of said system whereby said system
is divided into o plurality of radiating unite
capable of oscillating substantially inde-
pendent of one another, and means i:;r sup-
plying energy to said system through a un-
gle one of said ground connections.
_ 21 A radisting antenna system compris-
Ef a system of continuous elevated hornzon-
conductors, & plurality of ground con-
nections for mid system comtaining tumng
means located at substantially uniformi
distributed points along the length of suig
gystem *n[hurel?r suid system iﬁlﬁvldm no
a plurality of radisting units capable of
oscillating substantially independent of ane
another, and means for suppiying energy to
=aid system th the ground connection
nearest ane eng whereby said elevated con-
ductors serve both as a pluraiity of substan-
tially independent radiating units, and to
transmit energy st a high potentinl from
the first endintor to the ather radiators n
EUCCESELON,

2. An antenna for o wireless signaling
gystem comprising a long horizontal son-
tinnous conducting network supported above
the earth and comnnections betweon sl net-
work m'ld earith al a ploranity of mocesive
points a its whereby the natarai
pEl‘iﬂdiﬂi?ﬂf the antenna is increased be-
ggnd the value determined by its ﬁhynnm

imensions when used as a simple Hertzian
oscillator, all of said earth connections in-
clndiugainiluﬂllima adjusted in such a way
that the multiple impedance of the induc-

hnmiaxgalmtlhlt of nsi:npic inductance
necessary for tuning the whole antenna st
the operating f

resJuUency. -
.= Thm;uhmnum s wircless sigmal-
ing system of an antenna comprising &
horizontal conducting nﬂmnprk !nuﬂppuﬁ
above the earth and connections between the
sald network and earth at-o plurality of suc-
cesgive points whereby the natural pen-
odicity of the antenna is ncreased beyond
the value determined by its physical dimen-
sions when undﬂnﬂmphﬂ;glmu oscil-
Iator, all of said earth connections ineluding
inductances, and means for supplying the

energy necessary for :
tions of a single definite freq in the en-
tire system through one of the multiple paths
to ground.

_ 24, The cm;thlnnt'mn in & wireles signai-
ing system of an insulated system of lo
borizontal continuous aarinlﬁwnductnrﬂ,n%
plurality of suceessive vertical conductors
each of which has one end connected to sid
aerial and the other end grounded.
and a source of sustained high frequency os-
cillations for producing synchronous cscil-

+.280.187

aung currents of a single definite frequency
m a plurality of muoltdple paths, each of
woich comprises u vertieal conductor and (he
space capaity of a portion of the aerinl,

35, The combination in o wirsless gignal-
g aystemn of an insolated system of long
aorizontal contimious gerial conductors, o
olarality of rertical conductors ench of
which has one end connected to suid serial
vstem and the other end gropnded, and a
warce of sustained high ncy oscilla-
tions for predecing substantially in phase
ssciilating ewrrents of a single definite fre-
quennyrm all of the vertical conductors,

5. The combinntion in a wireless signal-
mg system of an insuloted system of long
norizontal cononuous perial condustors, a
olurality of vertical conductors ench of
which has one end connected to said aerial
svstem and the other end grounded, and a
warce of wustained high frequency oscilla-
uons for sroducing oscillating corrents of
v angle definite frequency in all of the ver-
tical conductors which differ in plinse {rom
ang another by less than $0°,

0. An antenna for o wireless signaling

vstem compriing 4 longz horizontal con-
tinuous condueting networl supportod whove
she enrth and having of itzelf a low natural
eriodicity  and connections between said
wtwork and carth at a plurality of sueces-
ave ooints along s length, whereby its
astural veriddicity 15 increased Lo a much
sreater value., all of said enrth connections
neiuding mductances for toning said an-
Wwhna.
8 The combination in o wireloss signol-
mer systam of an insulated system of eon-
rinousd aerinl conductors, a plorality of ver-
ucal conductors each of which has one end
oanected 10 said continuons aerial system
uid the other end grounded, means for pro-
memg synchronous ostillating currents in
il of the vertical conductors, and means
‘or adjusting the phase relation of the eur-
rants 10 the different vertical conductors in
suefy ooy ne to produce o divective radis-
ri0,

29, The combinntion in o wireless signal-
mg svatem of an inanlated svstem of contin.
tous serinl conductors, a plurality of ver-
ucal conductors each of WEit:h haz one end
oonnected to said continuous gerial system
and the other énd gronnded, means for pro-
e chronous oscillating currents in
afl of the vertienl conductors, and menns for
wijusting the relative phoases of the different
ascillating eurrents so that the waves pro-
duced by these currents add accumulatively
It points in o eertain predetermined divee-
LGN,

. The combination in a wireless signal-
mz system of an insulated system of con-
unuous serial conductors, a plurality of ver-
ucal conductors esch of whach hos one end
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comnected to eaid continuons nerial system
and the other end grounded, means for pro-
r]m:iné_v, gynchronous escillating currents in

the vertical conductors, and means
for adjusting the relative phases of the dif-
ferent oscillaling currents so that the inter-
ference effect of the waves produced creates
a maximum amplitude in o desired direction
and & minimum amplitude in another direc-
tion.

31, An antenna for a wireless signaling
5 Stfm_r_u:lmpris.inﬁ g lomg horizomtal con.

uctor insulated from the earth and havinge
such natural constants that an electricy]
wave will travel along its length at o ve-
locity less than the veloeity of light, and
means  uniformly  distributed along - the
length of said conductor for inereasing the
velocity at which an electrical wave will
travel along the conductor.

42, An antenna for a wireless signaling
system comprising a long horizontal eou-
ductor insulated from the earth and having
sach natural constants that an  electrical
wave will fravel along its length at a ve-
locity less than the velocity of light, and
means  uniformly distributed along  the
length of said conductor for increasing the
velocity at which an electrical wave will
travel along the conductor to a veloeity at
least equal to the velocity of light.

3. An antenna for a wireless signaling
gystemn comprizsing a long horizontal con-

uetor insulated from earth and having
such natural constants that an electrical
wave will travel along its length at a ve-
locity less than the veloeity of light, and
& plurality of indoctances uniformly dis-
tributed along the length of the conductor
and connected between the conducter and

earth for neutralizing a portion at least of
the shunt capacity thereof and thereby in-
creasing the veloeity at which an electrical
wave will travel along the conduetor,

#4. An antenna for a wireless signaling
system comprising a long horizontal con-
ductor insulated from earth and having
such natural constantz that an  electricsl
wive will travel slong its lenoth at a ve-
logity less than the veloeity of light, and a
plurality of inductaness uniformly  dis-
tribmted along the length of the conductor
and conmected between the conductor and
earth for neutralizing n portion at least of
the shunt eapacity thereof and thereby in-
crensing the velocity at which sn electrical
wave will travel along the comductor Lo o
velocity at least equal to the veloity of
Light.

45, An antenna for a wireless signaling
system  comprising a long horizontal con-
ductor msulated [rom earth and having
such natural constants that an electricsl
wave will travel along its length at o we-
locity less than the velocity of light, a plu-
rality of inductances uniformly distributed
along the length of the condnctor and con-
nected between the conductor and earcth for
neutralizing a portion at least of the shunt
eapacity thereof, and thereby inereasing the
velority of the electrical wave in the son-
ductor, and a plurality of inductonees con-
nected 10 series with said conductor between
the different earth points for decreasing the
velority of the electricn]l waves in the con-
ductor to a desired voloe,

In withess whereof, I have hereunto set
my hand this 11th day of September, 1917,

ERNST F, W. ALEXANDERSON.
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UNITED STATES

1,562,961

PATENT OFFICE.

RAYMOND A HEISING. OF MILEUTRN, NEW JERSEY, ASSIGNOR TO WESTERN ELEC-
TRIC COMFPANY, INDORPORATED, OF NEW YORK, N. Y., A COREFORATION OF NEW

TORE.

DIRECTIVE BADIO TRANSMISSION SYSTEM.

Application Gled Moy 14, 1831,

To all whom i may eoncen;

Be it known that I, Ravwosns A. Heerxa,
a citizen of United States of America, resid-
inz af Milburn, in the county of Essex, State
of New Jersev, have invenled cerfain new
and useful Improvements in Directive Badio
Tranamission Systems, of which the follow-
ing is o full, clear, concise, and exact de-
seripion. .

This invention relates to directive trans-
mission of encrzy and !IEUL"I.'IIP]III'L'I'E-D]EI]}' Lo
methods of and systems for directively
radisting and sheorbing electrie waves.

An object of the present invention 18 1o
provide a transmission system for radiating
energy directively. Another object of the

Berial Neo, 470,042,

invention is to provide a focussing antenna
whieh will concentrate the radiated energy
af a distant point.

The propagation velocity of wave in any
medivm is in geperal the uct of its fre-
quency and its wave len in that medinm.
L: Ll cose of free eleciric wuves, the -
gatien velocity iz approximately ﬂm,&%
metors per second. In the come of guided
electric waves, the wave length and the wave
propagation velocity are {unctions of the
#lectricn] constants of the guiding (ransmis-
ston eonductore. As given by Heaviside,
the wave b of & sustained wave over
p cirenit having uniformly distributed in-
ivctance and capacity is

2r

(1) N -
wj | VORI TR = ORy - SR-LO) |

where A is the wave length, w is the angular
velocity or the wave frequency multiplied by
2z anid 8 K, I, and O are respectively the

shunt smlnctance, series resistance, @eries

indlistance, and shuant capacity of the &ar-
et per unit length.  Thisa ware length evi-
1||-L1I:L depwenids upem the ningnitudes of these
Four elyetyricnl characteristies per unit length
of the eirvuit. By varying thess it is pos-
silhe fep inerense ov decrenss the wave Je
ol the sustained wave and aceordingly to
vary the wave propagativn velocity along
the cirvmit,  Jf a oaded erveuit of this char-
acfer is uzed for radisting or absorbi
tric wives, the waves, il smstar sine
winves, may e propagated afong the cirenit
wt m preater veliveky than that ot which they
progress in the cther. If a defnite small
part of w transmitiing antenon bo consid-
e, the enerey of the wave proceeding
Tooms that part will be !mrl I¥ propngated
along the eirewit as a guided wave and pact-
Iv podiuted and propaguted out through the
pirrenncing space.  The shape of the re-
sultani wave nt n the ether will be de-
pendent npon the relative velocities of wave
propagation in the two media, It is, there-
fore, possible to mive o radinted wove var-
pgly liteeted  fronts ibepending upon the
Tomdling of the antenna circuit, Tt is lile-
wise prssibile to so absorh the directed radi-

sl wive nt a receiving antenna sa to caoss
gll of the absorbed energy to eumulatively
affoct the receiving devies.

According o the present invention a radio
transmitling or receiving antenna is made
long with reapect to the wave- of the
wave to be transmitted or received. In
order to make this antenna bohave as a con-
dnetor of infinite length und therehy nvoid

ho il lpnlwvuu‘tlur:til:m of n reflecled .wu.w.ld it 1z de-

sirnlile to terminate it in an impedance ele-
ment hnving an impedance equivaleot in
mugnitude and charmeter (o the iteralive or
smrge impedance of the antenna itself at the
terminabing point. At intervals correspond-
ing o u fraction of a wave-length, the an-
tenna i@ loaded by inserting semes capacity
or ghinnt indactinee or both o make ita
wive propagation velocity for the waves to
bo transferred higher than the correspond-
g wave propagation velocity in ether,

Sinee the enerpy inon radinting antenna de-

eremsem with incressing ditance from the
aonren, it 15 desirable in ordor to secure the
best results to pro ively increase the
radisting factor of EE.IHH‘LLI and this is
done by increasing its height.

The jinrmtiun pmihgﬂdinﬁm in one
laternl direction to the substantin] excln=ion
of radistion in any other by an arrangement

of |:uru|1q.|f antenne, For fooussing on
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fixed receiving point the loading of the
transmitting antenna may be p ively
increased 5o as to progressivel ange the
direction of -the wave front of the emitted
wive. The anténna may also be corved
luterally to add to the focussing effect. For
multiplex operation, waves of & plurality of
different frequencies may be focussed at the
same or different points by loading the an-
tenna in different manners for wavea of each
of the different frequencies. )

Other chjects of the invention will be ap-
parent upon considerstion of the following
detailed description taken in commestion
with the sccompanying drawing in which
Figure 1 illustrates diagrammatically a
loaded antenna long with respect to the wave
length of the emitted wove; Figure 2, a

transmission = t including
series capacity loading ;ﬂr increasing the
wave propagation velocity ; Figure &, s unit
section o tlmmdnchrnf'ﬁ;ilmmﬁ:?'iguh
4, an antenna system provided with shunt
indoctanes loading; Figure b, o di m in-
dicating the directive operation of loaded
antennme: Figure &, a dingram of current
and ener ]g?utrihutim in antenng of the
type disclosed; Figure 7, the radiating co-
afficient diagram for antenne of t]:li:hujr H
Figure 8, a polar diagram showing is-
1ri§:lt\i‘-un of ﬁu radiated wave nmplitude in
various amngular zones; E?ﬁlru 9, a polar
diagram showing the distribution of energy
of & modulated carrier wave; Figure 10, an
antenna system for neutralizing the directed
enérgy in one direction; Figure 11, an nr-
rangement of laterally curved antennm for
focussing energy at a distant receiving sta-
tiom; Figure 18, a diagram indieating the
operation of a type of fecussing ays-

tem depending u P ive change in
louding ; Figure lﬂn IHE'::I]! ArPRDZEINent
for this second type of system; Figure 14, a
directive focussing system employing both
capacity and inductance loading:; Figures
15 to 17 iMustrate detnils of Ioading ar-
rangements applicable to any of the fore-
going systems; Figure 18, a receiving sy=-
tem with & loaded antenna; and Fignre 10,
a multiplex system for fooussing n plurality
of differsnt waves

Referring to Figure 1, & source 1 is asso-
ciated with an antenna 2 to supply energy
thareto for radiation. Antenna 2 is prefl-
erably of a length several times the wave-
length defined in equation (1). This wive-
longth depends upon the inductance and
EIIll:i per unit length of the radiating cir.
ot
tances, as is the common practice, the wive-
longth is greatly shorfened. Tn  fact, in
loaded line telephones practice, the wave-
length multiplied by the Tnency may give
a velocity of the ordar 0,000,000 meters per
second instead of 300000000 meters per

n loaded telephone lines with induc- be
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second which is the velocity of light and of
free electric waves [Since increasing the
inductanes per unit length which i3 done in
loading telephone lines, shortens the wave-
length sl & given: frequency, it will be evi-
dent that it is possible by reducing the in-
ductance per unit Jength, to increass the
wave- h of a unit circuit. If the resist-
ance and shunt conductance of the circuit
are made zero, squation (1) reduces to

Ir

From equation (2) it would appear that,
with circuits of negligible series resistance
and shust conductance per unit length,
sither reducing the series inductance per
unit length or the shunt capacity per unit
length, should increase the wave length and,
therefore, imoresee the velocity at which a

iven frequency wave is p guted alomg
ﬁm cirenit. 1ig can actuslly be accom-
plished in several ways it being remembered
that the long antenna with its capacity to
ground and the return ground conducting
path may, if uniform and if prnrerlj-' ter-
minated, be trented as any other alternating
current eonducting eircuit.  One simple way
to increase the velocity of the wave propaga-
tion is illustrated in Fig. 1 in which series
[oading capacities & and shont inductunces
#) are inserted in the conducting line and are
gpaced much in the same manndr as are the
loading indvctances in loaded telephone
lines. These loading inductances and eca-
pacitice shoold be separated by distances
mnall compared to a wave length, so that
the effeel of uniform distribution of the
capacity is approximated. Although the
exact number of such clements may wary
greatly, it is desirable to use eight or moere
per unit leugth. For simplicity only n few
elements are shown. The sction of this ca-
pacity loading ix to introduce series romct-
poee enposite in sign to that of the natural
series inductance, and accordingly tn pro-
fluce Jower effective series inductance per
unit length. The action of the inductances
londing is to introduce shunt reactance up-
posite in #ign to that of the natural shuont
capacity and hence to produce lower offective
shunt capacity reactance per unit length.
It will, of courze, he nnderstond that either
series capacily loading or shont indnctance
Innding alons may be meed,

As has been previonsly mentioned, a civ-
enit of this character of finite length must
properly terminated fo avoid having =
wave reflected from the free terminal. A
reflected wave produces nodes along the cir-
cuit and infroduces complications of varions
ports.  1f the transmitted wave gives di-
rective radiation in the general direction of
its trapsmission the reflected wave will give
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dircctive radiation in the opposite direction,
To eliminate the roflected wave and prevent
this reverse transmisston, it is only necessary
to lerminate the line with a proper imped.
anee &, the value of which miay be compoted
from well known transmission equations,

Fig. 2 illustrates a modifiestion of the ar-
rangement of Fig.'l in which series capacity
loading 1% eployed.  Conductor 2 is pro-

wesively elevated to increnss the radiating

nctor &0 as to maintain the energy radia-
tion n3 nearly equal as possible at all points
along the antennn,  To waintain the unit
gliunt cupscity constant with increasing
height a conductor of incressing zize is em-
ploved.  An element of the recurrent net-
worl thus formed is illustrated in Figure
&, in which the natoral series inductance §
and shunt capacity 5 of the conduetor, both
indicated by Su'[.t-uﬂ lines, constitute together
with the loading eapacity 3 o uniform mec-
tion of the line.

Fig. 4 illustrates another method of an-
tennu loading which conrims in reducing the
effective shunt capacity of the circuit. =
in aecomplished by connecting between the
Line amd proynd, Joading induclances 0
which are preferubly spaced eight or mare (o
the wave length, although in this case as
well ns in the cosa of the sevies eapocity lond-

- ingr, a considerable vapintions in this number

43

. lone L,

LB

iy be permitied. Tt is a well known fact
that the effective eapacity of & condenser is
ridduced by connecting in parallel with it a
large inductance, The eflective reactance of
rhe condenser is increasel. At a given fre-
queney the natural capacity & of n it see-
tion of the eonduetor witly the inductanes G
shunted around it ez several times the ca-
pacitative reactance which the eapacity 5
Resietanes tends to shovten the
wave length, Tt is wecordingly desirable (o
nuike the resistance of the antenna conducior
very low, In loading systems of the kind
ilesepibed, the variations in effective crpacity
or effective inductance will be particularly
marked for a given freguency, and wave ve-
lweities for such frequencies may be attainod
exceeding that of light.

The fact that a wave may e made to
travel over a cirenait with a velovity greater
thun that of free electric waves or light, niny
be made nse of in direclive trunanission.
Referring to Figure 5 in which OA repre-
ponts 4 plan or top view of o | londed
antenna of the type Musrated in Fignres 2
anid 3, suppose that the source of waves is
located nt terminal . An electrical dis-
turbanee ocenrring us sn alternation of elec-
trical potential ot this point travels alongr
the cirenit to & point A, By radiation point
€} becomes the center of a disturbance nﬁkﬂ
form which emanates in all  directions
through space. If the space velocity i. &, the
volocity of free slectric waves is soch that

cenpaeity,  That the t-l‘l'l'l'llllluhi]!f)!

the radiated wave travels a disiance OB
during the time that the guided wave travels
the distance OA, the wave front of the radi-
sted wave in the space surronnding the an-
tennn will take the directions BA and CA.
The direction of propagation of the radi-
ated wave Iningtiwrpendjuu]tr to this front
is indicated by the arrows. The angle be-
tween this wave front and the antennn evi

dently depends apon the valios of e redded
wave velocity to the free wave velosity, [f
right angle triangles are dravn similarly to
Fig. 6 for the case where tho bass QA cquals
the radii O} and OC, the hypothenures AL
and AC will be infinitely shiort and at Fglt
angles to the base OA. This illustrates the
critical case in which the ratio of velocities
i# nnity. When this ratio ix unity, the wave
will nccordingly be propagated in the direc.
tion of tranemission along the cirouit, i e,
DA, The I:H}'E'.i-l'.'ll hdsis for the phenome.
non when the ratio is unity is made readily
apparent by noting that as the wave is ra-
diated n the direction of antenna OA, sinee
this wave is paguted along the antenna at
the same velocity, new centers of oscillation
are continuensly heing established on the
wave front which in turn gives rise to waves
which travel in the direction QA coincident-
ally with those from the eriginal wave zonree
O wnd lavisge the pnme phage.  There ne.
mitdingly resnlis & reenforoing of the wave
in the direction OOA.  The ariginal wave o
the waves rodinted from thess emntors of
oecillntion in the oppesite direction are op.
posard in phiase and mutoally extingwish encli
other. When the ratio ia infinite tho wave
feont will obvionsly be purallel to the con.
tloctor and the direction of propagation will
be perpendicular to the antenna. When this
ratin i6 lesw than unity,. the antennn s not
directive.

In Figure 4. the terminating clement Z i«
shown ue comprising series resistance anil
impodanee
may he clsely approximated by resigtunce
alone will be evident from a consideralion
of the speeifieation of TToited States patent
to Heising 151854838, padented Angust 10,
1019,

In order Lo secure best resnlts, the dicected
wave  ahould be of wnilosm  inlensity
thronghont its wave fronl. Thix roquires
that the mdiation in power should e the
game for encls wnit length along the line. In
a line having uwniform vesisfance, induct-
ance, and capacity, the eurrent decrenses
logarithmically, and the radintion will pe-
cordingly be non-uniform. If the energy ia
to be upiformly radiated, (e remsining en.
erzy in the guided carrier wave should de-
evengs nniformly from the terminal © of the
anfenna to the terminal A, where the re-
mainder of the energy should ha o
by the terminating impedance Z. In order
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to gecnre an enevgy dislribution of this elinr-
acter a2 illustrated by line 7 of Figure G,
the current along Uie circuit must vary a8
the square reot of the encrgy as veprosented
by eneve 8 of Figure &, In ordor that the
radiated power may be vniform along the
line with decreaming current, it will be ovi-
dlont that the rediating constand of the an-
tenma oy ite rediation pesistanee musg be
i ".'Il:ill:H:l.' increased along the line. TEshould
vary according to the reciprooal of the
square of the current amplitude, as indi-
cated by corve 9 of Figure T which repre-
eente the radiation coefficient or radiation re-
gistnnes,  Since the readistion resistance
varies approximuately as the square of the
height of the Tino, thiz variation in Tesist-
nnee may be seowred by varying the height
of the ling 50 as to make this height ap-
proximately proportional to the square root
of the required radintion resistance. This is
imdicated in Figures 2 and 4 in which the
height of the line increases from the source
to tle remote terminal in accordance with
the requirement just stated. The gradunally
ingronging height with decreasing current
will produce uniform rodistion thronghout
the length of the condnclor. Innsmuch as
the energy remaining at A is absorhed in the
terminating network Z, it is possible to ter-
minate the line at such a point that the
lieight of the antenna will not, bocause of
tha very small current, be requirmd to excoed
pinctical limits in order to maintain con-
stant radiation.

With an antenna of varving height and
i eonstant size condoctor, the inductanee
and capacity per unit length will change.
It is ihle to progressivaly vary the mag-
nitudes of the londing renctances along the
line 0 as to maintain the wave velocity con-
stant. Az an alternative method the diam
eler of the condnetor itsell may vary pro.
prewsively with the height. With this Intter
arrangement the loading inductances and on-
pacities may remain the smme per unit wave
length if a constant wave velocity is to |w
maintained thronghoit the length of the con-
ductor. Figores 2 and 4 indieste n varia-
tion i the diameter of the conductor 1o
mimintain the eapacily per unit Tength sub-
stantially constant.

Figure § shows a complete radiation curve
with the wave amplitinde as n function of ila
angulay divection from a purticulsr loadel
line antennma of twelve times the wave
length, The position snd direction of ex-
tension of the antenna ia indicated by the
arrow, The principal energy falls within
a seclor of & 14° anpgle m-ﬁed W omall
anmonnts fall in other divections due to in-
terfovence,  Increasing the length of the
antenna to twenty-four wave lengths woull
cut the angular width of the transmission
loop in two and would reduce the size of

1,562,801

the snall loops representing power fruns-
mitied in other directione.

In radio telephony when modulating a
carrier wave in secordpnee witl' speseh, o

Lund of waves of different frequencies re- 10

sulta. If for example, a carrier wave of
0,000 cycles frequency 18 used and the
eunge of the frequeney of essentinl speech
currents is about é cycles, the modulated
encrgy will have frequencies ranging from
48,000 to (2,000 cycles, In o system of Lhis
kind these various frequency waves will
travel along the loaded antenna with differ-
et velotities due to the fuct that the effec-
tive inductive reactance or effective capaei-

tive reactance per unit length changes with
frequency. If a carrier wave of 50,000
cyeles fraquency i radisted from an an-

tenna Lwelve wave langths long, at & 45° an-
gle, a2 shown by the curve of t’igure 9, the
48000 and 52000 cvele frequency waves
will be spread out in different directions, as
shown hy enrves a und b respectively of the
mme figure. Tn this cas the di 10n 1=
not particularly linvmful sz there is sulfi-
cignt amplitude of both of the extreme fre-
ency waves ocourring in the 45° angle di-
rection to give a very signal. Simi-
lnry, if waves of this frequency are radi-
ated in w 25 divection, as shown in the same
figure, there will be a pood quality of seh
tranamitted from the energy produeed over
an angle several degrees in width, If, how-
ever, the tranzmission angle is 607, as chown
in the same Bgure, the H2.000 and 48,000
eycle waves overlap very slightly and »
change in quality is apt to result. In Fig. 0,
the pomtion and dircction of extension of
the antenna is indicated, for the respective
divections of maximum directivity, in a
manmer siniilar to that of Fig, 8. )

The transmission angle depends upon the
propagation velocity, A larger transmis-
aion angle sccordingly vequires a larger
propagmtion velocity which in tnrn causes
a larger difference between the propagation
velocitieg nlong the line, of the different fro-
grency components,  Accordingly the dif-
ferences in direction of the various fire-
quency oompnnents, rro acecntuated as the
Erundmission angele of the band o4 0 whols
is ipereased. If waves of frequencies lower
than 50,000 cycles are used as m carrier,
Lheso variations will become still Inrger and
it is, therafore, of advaninge tn use high
carrier frequencies.

As is diagrammatically indicated in Fig
&, there is directive radiation in two Tateral

irections. Anarrangement of multiple an-
tennw for suppressing radistion in one of
these directions is illustrated in Figure 10 in
which parnllel directive antennme 20 and
21 are 30 spaced thaet their Live en-
ergy transmission loops 22 2% from
the terminnls 24 oodd 25 connected with the
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gouree extend in the same directiom, and
nentralize in epace. 1f energy of the sama
phase iz simultaneously supplied at points
o4 and 95, and if thesa pointz are a holf
wave length apart in one direction in which
their respective antenna radiabe most pow-
erfully, the elfect of the energy radiated
from point 25 will be to oppose and neu-
tralize that radiated from point 24 in this
directior. This is for the reason that for
all points in space in this direction these
radiated energies will be uﬁpmite in phase.
In other wm'r?a loop 22 will neutralize loop
28, If the distance between the points 24
and 25 does not correspond to a half wave
length, the phasa of the energy supplied to
one of the antennas may be so shifted by a
variahle impedance device 30 thas the poinls
24 and 25 will tend to radiate energies which
will neutralize in space in the direction of
the loops 22 and 23. This will leave mtg%
the foops 26 which are similarly direc
and which are additive.

If it is desired to focus on & distant sta-
tion, the directive antenna may be curyed
in direction az Indicated in Figure 11 in
which the two cnrved antennse 27 and 28
are each given such curvature as to focus the
radisted energy on 4 receiving station st 29,
In general, in the case of curved antenna
it. will be poasible to cbtain only roughly ap-
proximate neutralization by the use of two
antennse. Certain special enses, as for ex-
ample, that where the antenne extend along
arcs of concentric circles and are arranged
to focus their radiated energy at the center
may give fairly exact neutralization.

;. fmusﬁiﬂg effect could slso be obtained
by inereasing the wave Pl'gﬁeﬂgmgn valoeity
afm:ug the line so that in region of one
terminal of the line, the wave will be
Frnpu.gn[.ﬁd at o prepter rate _l'hﬂl’l. m !:]!E
region of the other terminal. The operation
of this will be clear from an inspection of
Figure 12, in which an antenna OA is so0
loaded that a wave of given frequoncy ap-
plied at O will be %rnpa ated, in the first
unit of time from O to in_the second
unit from M to N, in the third unit from
¥ to A. Supposs that each portion OM, MN,
and NA is, throughout its length, composed
of liks mr:urrin% sections, If the p?a-
gation velocity of the unguided waves whexn
a & per unil of time, the radi-
ated wave from portion OM will have a
front, the direction of propagation of which
ig indieated by arrow F. direction of
the radiated wave of porlion MN will be
ag indicated by Q) am.k.mthat from portion
NA as indicated by K. If the loading i3
made to progressively vary so that the wave
length progressively varies, & smoothly
curved wave front will obviously result,
Figare 13 indicates dingrammsatically an
antenna loaded in this manner by a progres-

sively closer spacing of the loading ca-
aoity or shunt inductance elements, or both.
nstead of closer spnc!inﬁ of capacity €le-
ments of the same size the cepacitances of
the successively capacity elements may be
progressively smaller, thus giving the same
series capacity effect. In g similar manner
instend of closer spacing of the zhunt in-
ductanes elements, the shunt inductance ele-
ments muy be uniformly spaced and their
reactances may be progressively. dimished

in me:ignitu.dﬂ. : :

A desirable form of loaded antenna: is
shiown inm Figure 14 in which the two an-
tennm 31 and 42, which may be either straight
ot laterslly curved according to the arrange-
ment of Figures 10 or 11, are arranged with
corresponding points equidistantly spaced.
A source 33 supplies energy to both these
antenns over parallel circuits one of which
ineludes & phase changing deviee 34. This
Earves, as in the arra ent of Flgure L0,
to maintain the ieg emitted from cor-
respording points of the two sntenne at
the proper relotive phoees such that the
energy  radiated from ome antenno  will
neatealize that radieted from the other in
one direction.  Bach antenna comprises hoth
earies capacity and shunt indvetance load-
ing, thus combining the arrangement of Fig-
ures @ oand 4, The antennm are progressive-
ly varied in height from the seurce Lo their
remote terminals in order Lo maintain con-
stant the energy rediated per unit length.
Esch antennn terminates in an impedance
element ¥ which iz designed to abeorh the
regidun] unradiated energy resching the re-
mote tertoinal,

Figure 16 illustrates a section of an an-
teang cirenit loaded for waves of two dif-
ferent frequencies. L, and O, indicate re-
spective series inductance including  the
patural inductanes of the cireuit and series
capacity which LnguL‘tmr pive 4 capacity re-
actance at one o i
The shunt path L, C, C, dcas not affact
current of Lliuis desired frequency, since L,
and C, constitute an antiresonant leop hav-
ing subatantially infinite impedance st that
one fraquency.,  The shuntfpnth may, there-
fore, be regrarded as apen for the fraquency
comgidered, For current of o second - fre-
quency, the path L, C, iz conduective and the
net reactanee of the whole unit at thia fre-
quency may be varied by varying C, so as to
give any reactance desired for the recond fre-
guency current. Of course, an additional
shunt path such as L, C, C, conld be used
for another frequency by sfmunti:n such o
path about condenser G, and including in it
s tuned loop or anliresonant cirenit to ex-
eludecurrentofthe second frequency, Inthis
manner, the number of different frequency
enirrents may be increased ns much as desived.

Tigure L6 represents u circuil having two

the desired frequencies. -
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degrees of freedom and which can be ad-
justed to give the same deaired renctances us
nre given By the areangement of F:i]g. 15,
This cirenit may aecordingly replace that of
Fig. 15 Its exact adjustment is, howover,
enpsiderably mors :Iiﬁ,'imlr_

Figure 17 illustrates an adaptation of the
principle of Figure 16 applied to shant in-
ductance loading. L, represents a unit shunt
Inading inductones designed in accordunce
with the principles previonsly lnid down for
earrents of one given frequency.  The anti-
resonant fnop 35 tuned to this ene frequency
effectively cuts off the other shunt paths for
such currente, The loop 35 admits currents
of the secoad {requency and 2 variable in-
ductance L, permile the network L., 35, L,
to give the proper imductive reactance for
the seron frﬂ}lurnr_'r carrent. Loop 30 in
the third path is antiresonant to and effec.
tively exeludes currents of the second given
frequency for which variable inductance L,
provides the desired renctance. 16 conducls
a thivd frequency for which L together with
the rest of the nelwork may determine the
ilesired reactance,

Figure 18 illustrates a receiving system
with progressively changing loading ele-
ments. The conventional receiving element
18 oonpled to the antenna in the ordinary
manner and is preferahly designed to in-
troduce therein the proper terminating re-
siatanece to avoid veflection loss in noeordonos
with the principle previonsly stated.

Figrure 19 shows n multiplex transmitting
avastem equipped with three carrier wave
eourees and an antenna loaded in the mannar
of Figure 17, Transmitting kevs are amo.
ciated with fwo of the sources and & micro-
phone with the third, bt it 1s to be under-
stand that these are merely repressntative of
any dxived arrangemonts for modifeation
of the carrier waves,

Thronghout the apecification the variong
fontures of the invention have been ex-
[luined from the stnndpoint of racdintion ot
n trunsmission station. The principles of
wate ahsorption are in peneral the same as
those of wave rndiation. Tt iz, therefore, to
it understood that the various f=atures of
the invention are equally applicable to re-
eeiving svateme and the varions cirenit dia-
prems may cach be congidered as representn-
tions of a receiving gystem with the simple
substitution of receiving apparatus for the
CRITVIEE WAVe 50UTen,

In the appended claims the transfer of
energy either by radistion from an antenna
to the ether or by absorption from the ether
to the antenna is analogous to the transfer
of energy between media of diferent char.
acteristice.  In telephone parlance the term
“transdncing " 18 commonly used to deserile
gererally o tramsfer of energy withont lim-
dation s to the nature of the transfor,

1,808,0481

Wherever this term ocenes in the appended
elaims, it will be understood that 1t e in-
tended to be generic both to radistion wnd
nhsorption of wave energy as well as to the
transfer generally of energy from a medinm
of eertain charncteristics to media of dif-
ferent characteristics.

What iz claimed in:

L A method of directive radio transmis-
ginm, utilizing a source of carvier woves and
a linear radiating  conductor  connecteod
therewith, which comprises the steps of ra-
disting a portien of the waves from said
source into space, transmitting another por-
tion of said waves along the conductor, ab-
sorbing a portion of the energy thuos trans-
mitted st points in the conductor, radiati
the absorbed from said points l-:ﬁ
preventing  reflection of the unabsorbed
transmitted waves ot the remote terminal,

2. The methed of wave transmimion
which comprises radisting from a conduetor
very long with respect to the wave longth
of the radinting energy an amount of ¢n-
ergy per unit langth of said conductor sub-
stantially uniform throughout the entire
length of zaid conductor.

4. The method which comprises propagat-
ing an electric wave along a linsar condne-
tor at a wave propagation velocity exceed-
ing that of light and radisting a substan-
tially oniform amount of wave energy from
ench unit length of seid condnctor,

4. The method of directive radio trans-
mission, utilizing a conducting element,
which comprises propagating said waves
along the condnctor, ennaing the propagated
velocity to differ in a systematic manner ot
differant points in said conducting element,
alsorbing a portion of the energy from the
wave propagated thereicross at each element
of the conductor, and radiating said ab-
snrbed cnergy.

G The method of directive trunsmission
counprising propogating woves nlong o con-
ductor at o velocity exceeding that of light
wnil progressively varying the velocity of
propagation throughout the lenzth of the
CONAUCLOL.

6. The method of electric wave transmis-
sion, using a long conductor, which com-

rises Eupglymg periodic energy to said con.
duztor and propagating it ot progressivel
inereaging velocibiea thronghout the ]eng!.i:
of the conductor, .

7. A loaded cireuit having loading ronec.
tances progressively vurving in magnitude
throughout its length 5o a8 to vary the wave
}rrupu:;:ltiun velocity for waves of a given

reqUency.

8 A directive transmitting antenna com-
prising a loaded circuit having its loading
constants so adjnsted that waves of a ziven
frequency are propagated thereover at a ve.
Ineity exceeding that of light and & termi-
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nating impedance connected thereto for al-
sorbing, without veflection, energy trams-
mitted to suid impedance.

* In n directive radio teansmitting sys-
tem in combination, a (consmilling antenna,
i ognurcs pssecigted therewilh for supplying
gontinnong waves to said antenna and o ter-
mingting element connected to said antenna
for preventing reflaction of said waves back
toward snid souree.

1. En o direclive radio transmilling sys-
termn in combination, & iransmifting antenno,
means for supplying periodic energy there.
to, suid antenna being @o loaded az to trans-
mit the wave form of said energy af a ve-
Incity exceeding that of lieht and o ter-
minsting impegunue connacted tooanid an-
tenna to prevent retranemission of enerry
bock to soid menns,

11. In eombination. o long hortzontal an-
tenna, a source of perindic energy associnted
therewith for supplying energy therato, and
means for cuusing said antenna Lo recdinte o
uniform quantity of the supplicd cpergy pere
unit length of the antenna.

12, ITn combination, o lons anlonng, menns
connecied te one terminnl thereof for sope
]Flj-]ng [rerioidia eneErEy thereto, and meang

or changing the radiation resistanee of said

antenna progrossively throughout its length
go a5 to keep the quuantily of roliated eo-
ergy constant per unit length, )

13. An nntenna, meung for supplying a
periodic wave of a given frequency thereto
and means for prosressively varying the
ware propagution velocity of @il antenna
wherehy theradisted energvof saicl wave may
be directively foenssed I.I{jl'l-l'l a distant poant.

14, A comductor curved npwardly throwgh-
ot its lengrth, aml mesns for so loading eaid
conduclor a5 Lo eanse i Lo radiate chevgy
directively thronghost itz leneth,

15, A meihnd of dirsetive valio franzmis
slom, wtilizing a searee of carvier waves
and o linear padiatimg eonductor eannpelel
therewith, whieh conprises the steps al p-
ihabing o porlion u][ the wives of =0l
somree into Bpace, transmitting anotlor por-
tinn nf said waves along the conductor, ah-
sorbing n portion of the enovay thns trans-
mitted nt points in the conduetor, radinlinge
the nleorhed energy from sl points, ney-
trilizing the eradiacien fron z2a0d condnstor
in one direction, and preventing deflection
of the nnsheorbed fransmitted waves ot the
remnete lerminal- :

16, The mathol which comprizes prapa-
gating an electric wave along o linear con-
ductor nt o wave propagetion velocily e
cerding thal of light, radicting o substan-
tially uniform amount of wave encrgy from
each imit length of said condnetar, and nen-
traliging the radintion from sail eomlue-
Err in mme disecLion,

v, The methed uf cdivective vailin (roas

mission, utilizing & econdpcting  elonent,
which comprises propagating snid waves
mlong the conducting element, causing the
propacuted velocity to d:fTer in a syslemptic
manner at differenl puints in said condnet-
ing element, absorhing o portion of the en-
ery from the wave propoagated thevencross
at each element of tl]m condneting element,
rudiating said absorbed energy.aud nenteal-
izing the radiation from suxl romlveting
element in ene direction.

14, The method of direetive Lransmission
comprising propagnting waves alone o con-
dueter at u velocily exceeding that of light,
progressively varymg the veiJ{-;nir.F of propa-
ﬁutiﬂn thrmyghnutnghe [ength of the com-

uatar, and neuiralizing the radiation from
the conduetor in ene direetion.

16 A loaded cirenit having loading pe-
actunces progressively varying in magni
tude throughout its length so as to vary the
wave propagatien veloeity for waves of a
given frequency, whoreby snid cirenil lends
to radiate directively in lateral directions,
amil means for nentralizing the vadiation in
oie ol =nid directions,

20. A divective transmitting antcunn eom-
prising a4 loaded civenit having s lnadine
constants so adjusted that woares of o given
frequency nve propagated thercover at a ve-
locity excceding that of light, whereby said
circuit tends to radinte divectively in lat-
eral alirections, o terminating impedance
connected to snid eircwit for absorbing, with-
ot reflection, energy transmitled fo said
impedanee, and means for neutralizing the
rudintion in one of suid divections,

1, A boaded civeoit having loadine - re-
actances progressively varying in magnitude
through ity length =0 a3 to vary the wive
%:-l'-:-[':::gntitrn velocity for waves of a wiven

requcney, whereby  snid eirouit tends to
radinte ngim-ti':r*h' m ateral dircetions, and
means Tor nontealizing (e rovliation in one
of*snid divections, sald means comprising o

-geeotud londed cirenit arrangsl purnTll:I

will the Gest loaded cireuit

22 In combination, n source of energy
and connected thereto o Tomiled eirenit hav-
i lowling reactances progvessively vary-
ing in mugnilode throughont its length so
ag to vary the wave propagalion veleoity for
wavea of a given fremiency, whereby anid
loaded eirvenit tonds to radiate direCtively
in laternl diregtions, and meana Tor new
tralizing the radiation in one of said direc-
tiona, said mesna comprising a secom] [oad-
eil cirenit arranged in parallel with the first
lowsled eivcwil witli, respect lo sid souree
and including n phase shifting means,
whereby the encrgies supplied to said load-
pil clrevits have a desivid phese difference.

To witness whereol, I hercunto subecribe
ey fewe chis THhodday of May AL T, 1021,

RAYMOND A TIEIRING.,
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