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VOLUME 9 
VRIL AND AERIAL RADIO 

9.1 BLACK RADIANCE 
We learn of the strange nature, behavior, and response of Vril 

through numerous technological sources. Comparisons among the 
designs of early electrotechnology are especially useful in these 
regards, opening the discovery of new Vril phenomena which may not 
be realized through the accessible qualitative learning processes. 
It is through examples of old electrotechnology and wireless 
designs that we discover certain facts concerning Vril which are 
otherwise never observed. An enormous fund of Vril related 
information exists in the very oldest radio patents. The collection 
of related empirical phenomena provides the researcher with an 
endless and necessary bibliography. 

Our aim is the development of technology which, eliminating 
all additional energetic applications, operates entirely in Vril 
functions. When this condition is established in a grounded 
radionic system, strong manifestations of the black radiant energy 
appear. The black radiance is Vril. 

Our summary investigation of Wireless Science begins with a 
re-examination of patents which are replete with obvious anomalies 
indicative ·of Vril suffusion. Only a complete study of these 
forgotten designs, and the empirical observations associated with 
them, can lead to a coherent discussion of black radiant energies 
and the potentials which they offer to humanity. It is in this 
context that our thesis has found historical continuity. 

Qualitative science requires a fundamental reorganization of 
thought around the black radiance. Our discussion must focus on the 
most fundamental ground of being: that domain in which both the 
physical realms of our experience merge with the metaphysical 
realms. Interactions, between black radiant ground energies and 
inertial forces, have been chronicled in previous volumes of the 
VRIL COMPENDIUM. readers are directed to search the catalogue 
descriptions of each volume for study topics. 

What is VRIL? What kind of energy is it? K~own also throughout 
,the most ancient cultures under different names and titles, the 
black radiance is specific and most fundamental among the 
consciousness energies. Egyptian, Greek, Persian, or Oriental, 
every culture describes the black radiant energy ... the energy 
associated with fundamental consciousness and being. Whether in 
descriptive phrase or metaphor, through scientific account or 
mythical prose, each true culture has known of the BLACK RADIANCE 
and its special powers. 

VRILis the name which medieval Anglo-Saxon geomancers gave to 
the black radiance. I have chosen to employ the term Vril because 
it best defines, describes, and identifies the black radiance for 
modern purposes of examination. Medieval Anglo-Saxon geomancers 
identified Vril with the smooth glowing black space which appeared 
atop special mountain ridges and valleys. They observed how the 
smooth crown-like radiance becomes constricted in the ground, 



assuming a highly organized lacework of dendritic and sinuous 
discharges through the ground. 

Vril is densified and tightly concentrated in the ground, 
where it encounters and focusses into inertial space. Necessarily 
dynamic o~ behalf of bioorganisms, Vril discharges in the ground 
evidence -persistent distributions. These Vril threadways may be 
mapped, the black glowing current which wriggles across wintery 
meadows, through valleys, and down from rocky ridges. 

In its sinuous and dendritic black radiant discharges, Vril 
was identified with the vital, the "virile" energy. Floral beauty 
of incredible intensity was found springing up all along Vril 
paths. When spring arrived, the Vril current paths were already 
dark green and lush with flowering growth. Medieval geomancers 
noticed that vegetation maintained its verdant nature, long into 
winter when undermined by wriggling Vril threads. 

The more consciousness-evocative potentials of black radiant 
Vril were noticed immediately. Vril was not an energy having bounds 
and limits to inert activities. Vril entered the being, effecting 
healings and new ideas. Sinuous Vril trails were the "dancing" 
paths from which visions sprang, the "songlines" where musical 
melodies seemed literally to emerge from the ground, the dendritic 
pattern which connected sacred sites for travellers. Vril trails 
were renown for their clarified consciousness. Timeless suspensions 
were also associated with Vril paths, along which personal time is 
continuously altered. 

What is Vril energy and what does it do to us? Vril is an 
external manifestation of a conscious energy in which we are 
permeated. Vril is the fundamental ground of being. We do not 
auto-generate this energy, we absorb Vril. It is in this absorption 
that we have our existence and consciousness. The radiance of this 
fundamental ground is generative, creative, and projective. 

Vril is EIDETIC energy, the energy of projected images. Of 
what do the images consist? There are varieties which, in human 
receptive ability, leads from fundamental qualities, archetypes, 
ideations, ancient scenes, modern remote views, and otherworldy 
scenes. Vril images become material; whose complex interpermeations 
compose the experiential world. Vril is the intelligence, the 
noumenous presence through which world-dioramas are generated, 
sustained, and interwoven. , 

7 
Vril emerges from its mysterious metaphysical depths, depths 

which greatly undermine the substantial subterranean world. Those 
locked into the inertial-fixation of mind ask aloud, "how can this 

'be?" Vril is conscious energy, revealing vectors which are 
conscious in nature. At inertially inaccessible depths therefore, 
one translates out of the material world completely ... out of the 
inertial lock which binds mere physical excavations ... and journeys 
in degrees of freedom defined by consciousness alone. This is the 
true subterranean world, the Vril radiance which underlies, 
generates, and supports the ~xperiential world. 

Vril is EIDETIC energy. Its thready discharge lines permit 
experiential examinations of regions which lie far below and well 
beyond the physical ground. In this, Vril reveals itself as the 
experiential foundation. We are also shown that the rigid inertial 
worldframe, so imposing and obstructive to physical movement, is a 



transparent ephemeral. The ephemeral inertial worldframe can be 
violated by appropriate and penetrating Vril focus, the very lesson 
taught to us through discoveries made during the early years of 
electrical communication. 

9.2 VRIL. MATRIX 
Whether veinlike in the ground or discharging into space, Vril 

evidences its EXTERNAL distributions. Our normal habitation is Vril 
permeated with innumerable thready discharges, the Vril Matrix. 
Vril assumes the thready constriction discharge because it focusses 
into inertial space. Vril is consciousness. Vril generates 
conscious space. The black radiant glow is the rare terrestrial 
expression of pure Vril Space. Such locations are special, the 
persistent sacred spots known from archaic times. 

Self-generating Vril emerges from unknown metaphysical depths, 
projecting and sustaining experiential domains. Vril generates and 
extends experiential space, conscious space, in directions which 
are determined by its own intent. Vr i 1 is a persona, not an 
objective force. Vril Space is structured. In Vril Space, conscious 
directions are unlimited in scope, expression, and orientation. In 
Vril space, consciousness freely moves among the organized 
qualities, meanings, archetypes, and worlds in continual 
translations. Vril Space translations comprise the familiar 
explorations with which children and artists are intimate. 

Inertial space is a gelatinous occlusion which exists 
throughout terrestrial surface space. Inertial space extends out to 
a specific boundary, where it weakens to certain degree. Inertial 
space is non-consciousness. Inertial eradicates consciousness and 
sensation. Inertial space binds movement in volume-limited degrees 
of freedom, having special points of origin in fixed structure. 
Inertial space has been adequately described by those who chart the 
"world-grid"; in no way expressing the world-distribution of 
conscious and living energy. Vril maps achieve this feat with 
elegant accuracy, explaining why certain regions are either 
exceptionally biovital or biotoxic. 

Pure black radiant spaces are not rare in the terrestrial 
environment. They are found as the historical sacred spots. In such 
locations, one senses the absence of inertial space occlusions to 
a degree which cannot be found in surrounding ground. The combined 

.absence of inertial burden on bioorganisms, and the exceptional 
mindstates of these radiant spots, made them highly sought by 
archaic sensitives and insensitives alike. One feels the difference 

' at these sites. The sacred spots tell a mysterious message of 
triumph: the triumph of pre-palaeozoic former encounters between 
Vril and inertial space. 

Vril works and strives on our behalf. In its permeating 
progress outward from every generative point, Vril contacts ·and 
dissolves the flow of inertial space. Inertial space responds by 
becoming "hysterical" and armored. Focussed to dissolve and 
cavitate inertial space on behalf of biological and conscious 
organizations, Vril generates and maintains world bio-integrity. 

The Vril Matrix is forever pulsating and processing. It 
generates the articulate bioconscious space, having diverse strata. 
These strata begin where Vril contacts and assaults the static 



inertial space, stratifications being the shockfronts of successive 
and continual dissolutions. Vril is external, independent, 
generative, and objective. Vril consciousness becomes subjective 
when organismically absorbed. The degree of Vril experience depends 
upon sensitivity and willingness. Will and acceptance causes 
greater personal Vril suffusions. One has the potential to grow in 
consciousness as one permits Vril currents to do so. It is in this 
that we comprehend the distinction among sensitives and 
insensitives. 

The deepest world-examinations bring us into direct contact 
with black radiant Vril space. Though we are so intimately suffused 
by this vivifying presence, we often do not recognize Vril. Black 
radiant Vril often manifests in a semi-sensate manner, being 
recognized only through the clarified consciousness which it 
projects. Yet there are locations where Vril reaches such 
intensities that we experience its wonderful black radiance 
directly. In certain locations, this black radiance causes a 
visible diminution of solar light at noon, being felt throughout 
the body and mind as an intensification of all qualities and 
vitality. 

Vril active groundpoints often manifest a wonderful 
levitational quality, one which raises consciousness and clarifies 
sensations beyond the familiar confines in which we live. Black 
radiant Vril is a real stratum, the existential world-foundation. 
Vril densifies in the ground, forming successive densified strata. 
In each of these, bioconsciousness develops and thrives. The strata 
progressively extend above the experiential ground surface, 
reaching aerial and spacic heights. 

The Vril Matrix projects eidetic images. These materialize, 
being the process by which experiential reality solidifies. Each 
such projection materializes, completely interpermeated by its. own 
being-supportive Vril threads. In this, we recognize that 
experiential dioramas are indeed bioorganisms. These projected 
experiential dioramas blend together in their edges, forming an 
experiential world which appears cohesive and integrated. In truth, 
world experience demonstrates the multiple coordination of numerous 
such dioramic projections. 

The projections emanate from the generative Vril strata as 
they progress and develop through ages of . time. Experiential 
dioramas blossom as glowing jewels from a deep blackness which 
~seems to be nothing. The supportive Vril "worldframe" is known as 
the Cupula, the Tablet, the Seas, the Chalice of existence, and the 

·Grail. All of these are summed in the term given by ancient 
writers: the KRATON. 

9.3 VRIL AND WORLD-STRUCTURE 
Connective Vril threads permeate throughout each experiential 

diorama. They form the natural communications system of the world 
by which experiential dioramas have their primary existence. How 
they develop and project sensory messages to other bioorganisms is 
the process of consciousness. 

Anglo-Saxon visionaries traced these delicately wriggling 
black radiant trails throughout natural environments. Often, but 
not always associated with underground waterways, Vril visionaries 



were prized as water-finders. Vril was visually seen and 
erroneously termed "mercurial waters" by ancient alchymysts. Aqua­
video, the supposed visualization of subterranean waterways, is a 
direct sighting of subterranean Vril; only surreptitiously 
associated with water. 

It was through personal contact with the black radiant energy 
that archaic minds were taught concerning the world structure. 
First, in simple expressions concerning the connectivity of ground, 
space, space objects, and mind, the archane sensitives gradually 
rose in conscious degree to begin developing artifices and systems. 
Use of the black radiant energy was given to them through 
powerfully received eidetic impressions. 

These sensitives knew that Vril founds the world. The world is 
not founded in matter. Rather, it is the generative Vril 
consciousness which projects experiential worlds in which sentient 
beings each respond and inhabit. It is, moreover, in this Vril 
experiential knowledge that highly advanced states of being are to 
be obtained. Without this, there is only the limitation of inertial 
engines and world-models; a non-experiential bondage to restricted 
rigidification, tending toward death. 

Our beings are primarily participants in this conscious world. 
It is an unlimited, unbounded world of organized structure and 
process. The connective means through which this consciousness is 
absorbed occurs through innumerable Vril threads which 
interpermeate our auric anatomy. Fine as hair, yet complexly 
patternate in nature, continuously flowing Vril currents suffuse 
and sustain our being. 

Vril is organismically absorbed in the form of these fine 
pulsating thready discharges. Their messages arrive in continually 
endless processions. We each, as sensory recipients of this 
external conscious dynamic, respond to every inflection and surge 
in the Vril Matrix. World-generative Vril gives the communications 
Matrix through which world bioconsciousness is maintained. It 
therefore serves as a communications exchange among sensitives who 
are equipped to transact mindstates directly. 

The archetypes of Vril Technology undergo successive, 
aperiodic permutations as the Vril Matrix develops. In the 
Cathedral System, one sees the repetitive archetypes of Vril 
Technology in a new transmogrification. Preserved in stone for all 
.the centuries to see and wonder, the Gothic Cathedrals represent 
·the prevailing Vril worldstate of medieval times; a worldstate 
which has since then permuted into an entirely new regime of 

' applications. 
The world-structure has direct impact on the nature of 

radioelectric propagation among regions, a topic which must be 
completely treated with respect to its Vril parameters. Knowing the 
world-structure was the secret of the Templars. Their megalithic 
revival was not made of rough hewn rocks, as were their megalithic 
predecessors. Templar architecture employed the finest hewn 
stonework which servant-masons could produce. In their geometrized 
constructions, distributed along aperiodic Vril points, are hidden 
the secrets of medieval eidetic communications. 

The Cathedral System represents the largest privately governed 
project since the pyramids. It is a Vril system, having enormous 



implications in communications and a host of other related 
disciplines. The operations evoked within the Templar System remain 
mysterious, although their placement most certainly civilized 
Europe with a power not seen among other world regions. Even the 
Orient with its massive geomantic works, commissioned and 
structure~r by famed Emperors, never succeeded in achieving the mind 
expansions seen during the European Renaissance. 

In a revolution spanning several centuries, alchymy was 
replaced by electrical technology, as a major focus of human 
endeavors emerged from Europe. The discovery of new electrical 
phenomena appeared with remarkably great regularity, from the late 
Seventeenth Century until the early Twentieth Century. Forms, never 
before seen, spontaneously began appearing in widely separated 
laboratories. In the absence of close contact and rapidly shared 
knowledge, electrical phenomena were slowly being developed into a 
technology which would come to rule academic thought. 

The developments which quickly emerged contained within their 
assortments the very framework of modern radioelectric 
communications systems. Each discovery, each development unfolded 
in wondrous successions. First is each of these episodes came 
examples of phenomena, later termed "anomalous" by the developing 
convention of academicians. Nevertheless, these first fruits each 
demonstrated that a power, superior and more fundamental to 
electricity itself, was present and active. That power, the 
suffusive presence which densifies as rivulets in the ground and 
floods outward into space, is VRIL. 

Anciently known and forgotten through countless human foibles, 
Vril consistently presented itself to sensitives whose magnified 
consciousness enabled the development of a new Vril Technology. 
More recently, academicians began denying the very existence of a 
bioconscious Matrix, eidetic earth currents, and the transmission 
of non-powered communications across great distances. Despite the 
numerous, deliberate, and complete denials of Vril Energy, Vril 
continually made itself known. 

With this brief and very general instruction concerning Vril 
behavior, we may now begin to study the aspects of wireless in 
which Vril energy is so obviously operative. Thus it was that 
systems, designed to operate entirely by electrical applications, 
Vril-generated anomalies began plaguing .systems operators, 
designers, owners, and academicians alike. It was impossible for 
·systems designers to divest themselves of the anomalies which kept 
appearing. Despite countless re-organizations, theorists were 

,unable to devise communication systems which completely eliminated 
these manifestations. Before approaching these fascinating 
developments, we will now examine the major steps through which 
empirical discoveries re-identified Vril. Let us examine the very 
first recent instance where metallic aerials and grounds were 
devised and employed. 

9.4 .. GALVAN! 
Luigi Gal vani observed that frog legs began to kick when 

placed on a copper table out under an opened storm sky. Each 
distant lightning flash caused the spontaneous and persistent 
spasms in the animal muscle. The kicking persisted for a time after 



each stroke, provoking wonder in Galvani. His experiments had a 
deliberate first goal which, for a time, involved him in the 
revivification of dead animals. When small animals could not be 
brought back from death through these stimulations, he abandoned 
this phase of his work. 

Noticing that frog legs could sense the lightning often before 
the strike, Galvani began making observations. He found that the 
muscle spasms occurred in the absence of visible strikes, during 
snow storms, and on blue sky days. He learned that it was possible 
to obtain greater stimulations when very tall aerial masts, 
insulated from the ground, were employed. To this aerial assembly 
he combined a copper plate, submerged in a very deep well. The 
combination proved to be the very first aerial terminal and water­
saturated ground. 

Thus, most scholarly researchers do not suspect that the true 
father of all aerial-ground radio systems is Luigi Galvani. We may 
clearly see these forms throughout the several etchings which 
remain of his work. The unique introduction of these structures 
have great archane significance. But, how did they come to appear 
in Galvani's work? His invention of these components remains a true 
wonder, for the aerial and ground had no precedent. 

In the work of Luigi Galvani we also see remarkable evidence 
of the first primitive radio transmitter and detector. He found 
that the sensitivity of frog legs, in detecting distant 
manifestations of vital fluid, actually exceeded that of gold leaf 
electroscopes by many orders. In these aerial displays, Galvani saw 
the dynamic process of vital energy at work, for he observed these 
otherwise invisible displays despite the condition of the skies. In 
fact, Gal vani was able to discern the difference between vi tal 
fluids discharged in the sky during fair and foul weather. 

Galvani used the term "atmosphere" for aura. Metals emanated 
strong such "atmospheres" up to several feet. When grounded or 
elevated, these atmospheres suddenly expanded outward to several 
yards. Galvani and his assistants explored the sensations evoked 
when passing between such plates. Each metal projected its own 
assortment of impressions, both visceral and emotional. During the 
Twentieth Century, Dr. A. Abrams would show that rheostatic 
solenoids and variable resistors could literally tune the metals; 
propelling their expansive atmospheres to nearly unlimited volumes . 
. A few modern researchers have recognized that these distant 
expansions reveal and operate within a natur~l ground conductive 
system which is world-permeative. 

Galvani, qualitatively discerning the special sense-permeating 
influence of all metals, discovered that metals were tremendously 
modified whenever grounded or elevated. Touching either grounded or 
elevated metal plates magnified the peculiar sensations felt among 
large plates of well-insulated metals. Standing between such 
plates, Galvani and his assistants noted the now-magnified 
permeating sensations of copper, zinc, iron, silver, and other 
metals. 

Galvani saw that the metals, so elevated or grounded, became 
more nearly unified with their true environmental sources. This, 
their auric nature, was a legacy hailing from the alchemists of the 
Renaissance. Lowering copper plates into stone wells, and elevating 



iron or zinc masts overhead, Galvani magnified the penetrating and 
beneficial auric effects. In these qualitative experiments, Galvani 
was rediscovering Vril. 

Grasping both aerial and ground terminals in their own hands, 
both he and his assistants sensed the "thrilling currents" of 
bright weather days and the "deadly currents" which signalled 
impending thunderstorms. Thrill shocks vivified. Deadly currents 
could kill. Galvani explored and distinguished all opposed 
varieties of currents associated with metals and the environment. 
He maintained an opened mind concerning the various energetic 
species which he had observed. 

There was much life-magnifying force to the metal atmospheres 
when each was properly disposed in the natural environment. But 
those pre-storm currents represented incursions of another 
energetic form which ruined the vital quality. This phenomenon, 
this change of current nature from vital to deadly, represents the 
incursion of deadly inertial currents into metals from their 
external sources of origin. 

In his eloquent view, this atmospheric emanation was 
especially active in living things. The excess auric emanation of 
human operators and animal anatomical parts could be made to 
artificially stimulate frog legs. The excess energy of the 
experimenter was being transferred, through metallic conductors, to 
the frog legs. Manifesting itself in the sudden muscular spasms, 
Galvani interpreted the activity as proof of his theory. Gll~ 
focussed his observations on the anatomy of frogs and dogs in order 
to precisely locate the physiological receptors of the vital fluiq, 
believing that such a study might again bring him closer to an 
ability to revivify dead organisms. 

Galvani thus distinguished between what later became known as 
Radionic emanations and Voltaic currents, refusing their reduction 
into a single electrical condition. Galvani always considered his 
work representative of vital energy phenomena. For Galvani, all of 
nature was a flood of these "atmospheres", the radiant 
manifestations of a divine ordination. Life, he reasoned was the 
result of mysterious projections. These projections came from both 
the sky and the earth. When they blended, vitality was conferred. 

9.5 VOLTA, FRANKLIN , 
While European academes failed to reco'gnize the complete 

difference between Radionic thrill shocks and electrical "deadly 
shocks", certain qualitative researchers continued their 

' exploration of the vivifying currents. This research pursuit later 
developed into the science of Radionics, first with Reichenbach in 
Germany, and later with Abrams in the United States. 

Nevertheless, academes insisted the essential unity between 
Galvanic currents and Voltaic currents; an erroneous and deceptive 
poise. Mounting biopathic fears concerning any and all mention of 
aura, soul, or psychic force, academicians drove their 
consciousness progressively into more quantitative science. If 
academically approved measuring instruments could not detect 
Galvanic thrill currents, then the thrill currents did not exist! 

This sorry self-deception eventually produced increasing 
academic tunnel-vision by a steady inclination toward non-



experiential experimental methods. Along with this came the 
invalidation of human sensations, the disanullment of human 
consciousness, and the neutralization of dialogue concerning both. 
Now, academic science would not even discuss its own imperfections! 

Having first reduced all world-forces to the three known 
inertial varieties (gravitational, magnetic, electrical actions-at­
a-distance), science began looking through its own template at the 
whole world; daring to suggest that all it saw could be equally 
reduced to forces. 

Volta showed that his "electrical current" could be 
continually produced in special metal piles, interspersed with 
brine-soaked blotters. Galvani and Volta corresponded in 
gentlemanly fashion, though in later years Galvani confided his 
dislike for Volta. 

Volta, Galvani believed, had simply managed to produce one of 
a great variety of currents; certainly not the ONLY metallic 
atmosphere. Galvani considered Volta's thesis an imposture. It was 
illogical for Volta to imagine that Galvanic currents were simply 
"the same" flow of current. It was equally obvious that sensations 
and differences in sensitivity formed the true difference between 
researchers; a fact which later provoked much jealousy and hatred 
among researchers and academes. 

Galvani recognized that Volta had captured the academic ear, 
receiving total credit for a partial truth. Volta forged ahead, 
studying the electrical currents . produced by his method and 
discovering their painfully disruptive effects. Pain and sometimes 
death was always associated with this Voltaic breed of current. 
Galvani had already showed this. But academes ignored the vital 
currents! 

Benjamin Franklin, whose investigation of natural 
electrostatic phenomena resulted in the development of several 
remarkable static bell-ringing devices, adhered to Volta's view of 
these currents. While performing his deadly work with lightning and 
lightning rods, Franklin developed simple signalling devices which 
employed the deadly currents of approaching storms. These 
necessitated outdoor aerials, a lethal arrangement. The accumulated 
electrostatic energies caused aerial-connected bells to ring and 
pithballs to fly apart when storms were approaching. Amusements for 
the naturalist, these little experimental

1 
arrangements were 

. dangerous components to maintain for pleasure ' in one's house. 
More sensitive persons recognized Galvani's discovery of vital 

energy rays. Whenever weather was fair, a defined beneficial effect 
was brought indoors through such aerial conductors. The effects 
were especially magnified when united with ground cables. These 
components, radiators of vitality, became permanent fixtures in 
numerous researcher's homes. Unfortunately, many scholars did _not 
bother to read Gal vani' s warnings. These simple systems became 
deadly during thunderstorms. The tragic death by lightning­
electrocution, of the Russian academe Richmann, brought a death­
knell to all of this curious research for a great long while. 

9.6 JOSEPH HENRY 
During the years between 1840 and 1900, several major and now 

legendary investigators made thrilling discoveries in the 



electrical sciences. Fortuitous accidents were made by scientific 
researchers who were simply and romantically "playing" in the 
laboratory. It was while engaged in this "scientific playtime" that 
the first evidences of broadcast electrical effects were 
discovered. 

In ari experimental arrangement, designed to discover the 
nature of spark discharges, Joseph Henry discovered a peculiar 
manifestation of radiant energy ( 1842) • Wishing to accurately 
determine the direction or directions in which spark discharge 
currents actually moved, he devised a simple experiment to this 
end. His question centered on the vibrant nature of sparks. Did the 
charge merely shuttle between charged bodies ... or did they bounce 
back and forth? 

He reasoned that sparks would produce a resultant magnet1c 
polarity in magnetized needles. Allowing the discharge to pass 
through such a needle would permit a measurable record of the 
current directions. Directions would relate to the resultant needle 
polarity. Each discharge produced a different polarity, indicating 
that the spark was an alternating phenomenon. But these effects 
could be modified. 

It was possible to so arrange the Leyden Jar parameters as to 
"fix" the discharge, preventing its alternation. Moreover, Dr. 
Henry discovered that actual conduction of the spark discharge 
current was not required for the needles to be repolarized. needles, 
could be repolarized several feet from the spark discharge. Trying 
to discover the range of this strange and unprecedented electrical 
effect, he placed needles throughout the building in which he 
worked. Each time, the effect worked its power. Magnetized needles 
were repolarized. 

Thinking that this was a conductive effect, a possible leakage 
through the stone of the building, he insulated his spark 
apparatus. Standing on glass blocks, the large Leyden Jar continued 
to produce its radiant effects. Dr. Henry found that the magnetic 
needles had been repolarized ... in the basement, several floors down 
below. The spark discharge had produced an amazing effect through 
a substantial volume ... through 400,000 cubic feet of space without 
connections. 

He turned all of his skills toward this new a strange 
phenomenon, by which electrical energy had be~n transferred by a 
?trong discharge through space. In trial after trial, Dr. Henry 
discovered to his amazement that the sudden electrical discharges 
obtained through large Leyden Jars could produced electrical 
~ffects at a distance. The distances were impressive, ofteh 
reaching several hundred feet. Moreover, these energetic transfers 
occurred directly through several floors of oak, stone, and iron. 

How did electrical force of this penetrating power effect this 
change through such volumes of wood, iron, stone, and air without 
material connections? There was no precedent for this observation, 
the key to a new technology. His astonished conclusion was that 
light-like ELECTRICAL RAYS had penetrated the floors and cellar 
vault. 

Twenty years after this momentous discovery, an amazing 
manifestation of Vril inspiration produced the first modern 
wireless communications of signals ( 1862). True and deliberate 



aerial signalling systems began with Dr. Mahlon Loomis. His designs 
and experimental demonstrations proved not only that aerial 
communications were possible, but that a mysterious natural energy 
could supply all the necessary means for signalling between distant 
mountaintops. While Dr. Loomis was first to employ both the 
capacity ~erial and ground, we do not include his work in this 
issue. He has been given a separate and just place of honor, since 
we believe that the Loomis System was a pure Vril communications 
device (V. 7) . 

9.7 ELIHU THOMSON 
The penetrating power of the electrical rays, first discovered 

by Dr. Henry, was the essential mystery compelling all subsequent 
researchers. One such experimenter was Elihu Thomson, a high school 
instructor. During the year 1872, Elihu Thomson conducted a series 
of experiments in order to more closely examine the development of 
electrical sparks from a large induction coil. 

He noticed that the sparks from his coil visibly and audibly 
intensified when one of the high voltage terminal wires was 
accidentally connected to a large metal table top. Wishing to 
further intensify these strange effects, Thomson connected a wire 
from the other high voltage terminal to a cold water pipe nearby. 
This being done, the spark discharge become completely different in 
nature. The loud crackling white threads were fluidic and powerful, 
an appearance which he had not previously seen. The arrangement 
soon manifested another phenomena for which he was not prepared. 

Touching a metal cabinet handle, insulated in the midst of its 
wooden board, Thomson received a sharp shock. Perplexed by this, he 
look to see whether or not some accidental electrical connection 
had been made with the experimental apparatus. This being 
impossible, he tried the cabinet handle again, receiving the same 
sharp shocking sensation. 

Now he walked around the room, touching the insulated metal 
objects with a penknife blade. In each case he perceived a strong 
and continual spark discharge which took the form of a whitish­
violet fluidic stream; nearly identical to the induction coil 
spark. At this point, he was completely astonished. Here was a 
phenomenon by which all the metals of the room were being charged 
without visible conductive connections. 

Not completely realizing the full impdrt of what he was 
observing, he wished to see the extent of the charging effect. 
Walking down the hall, he met Elihu Thomson, sharing with him the 
observation. Together they went through the building, floor by 
floor, touching metal objects with the penknife blade. In no case 
were the resulting sparks diminished. The amazing phenomenon 
brought them as far as the school observatory, where an astronomy 
teacher was informed of the experiment. In the dark, they ~ach 
beheld the steady sparks which could be drawn from the metal tube 
of the school telescope; a remarkable manifestation of radiant 
electricity 

What Thomson had accidentally produced were the effects which 
Joseph Henry had observed nearly thirty years before. Because Dr. 
Henry used frictional generators to charge his Leyden Jar for 
single discharges, he could not have enjoyed the full extent of his 



discovery. The induction coil, which owed its existence to Henry's 
discoveries, was employed by Thomson in a novel manner. The 
arrangement had somehow combined characteristics which had not 
previously been obtained, fortuitously producing a steady barrage 
of explosive sparks such as those which Henry had developed. 

It w~~ the special characteristic of these sparks, as opposed 
to others, which had in them the power to release such energetic 
effects. The experiment, being performed with other arrangements, 
did not succeed to produce these radiant electrical effects. Once 
again, ELECTRICAL RAYS had been generated, a phenomenon which 
required another twenty years before their full potential was 
utilized. 

9.8 GROUND SYSTEM ANOMALIES 
Anomalies were inadvertently revealed when telegraphy enjoined 

the ground. The employment of double end-grounded lines brought 
inexplicable effects which appeared as electrical manifestations. 
All too numerous in their diverse kinds, and all too numerous in 
their varied varieties, these electrical anomalies could not be 
adequately explained by conventional models of electricity. When 
academes decided that theory was at fault, they attempted 
remodelling their existing science to incorporate the anomalies. 
This failed on a number of occasions, provoking the wrath o.f 
frustrated theoreticians. The final outcome of this time period was 
the total denial of such events and anomalies: the eradication and 
disqualification of the phenomena. 

Throughout the COMPENDIUM we see how Vril, the black radiance, 
interacts with grounded artifice. More specifically, we have 
endeavored to show the high degree with which black radiance 
actually interacted with the components of electrotechnology. When 
once those components were incorporated in ground connection, the 
anomalous manifestations arrived daily. There were those astut~ 
observers who recognized hat, contrary to the official denial of 
phenomena, another energetic stratum had possibly been contacted. 

This energy was one whose effect in the telegraphic and 
telephonic systems was to aperiodically evoke anomalous functions 
and malfunctions. Spontaneous electrical generations baffled 
telegraphers, and delighted system owners. It was possible to 
operate telegraph systems without batteries ~or years in certain 
locales. In addition, there were equally fascinating accounts of 

~phenomena whose characteristics exceeded those accounted to 
electricity. Perceptual phenomena noted in telegraph stations 

• included time-space distortions, strong and consistent eidetic 
impressions, and telepathic episodes. 

Thus, certain operators noticed that their own familiar 
perceptual state was considerably modified when communicating with 
specific stations during the night. Lost time, distorted space, 
fixed visual impressions, and an ability to know why the other 
operator was calling ... as well as the exact nature of their 
message, were some of the niglit "hauntings" with which telegraph 
operators became accustomed. 

Operators were quick to recognize each of these rare behaviors 
in systems, being equally quick enough to share them amongst their 
ranks. Theoreticians were slow to begin entertaining them, 



considering them the mere banter of the telegraph "servant class". 
Their experiences could not be adequately approached by the 
conventional science. 

Hailing our rediscoveries of the Vril presence into this 
curious period, when electrical anomalies plagued grounded systems, 
we find our answers arriving with elegant exactness. The primary 
communications mode through which Vril communes with us is EIDETIC: 
a combination of primary images and absorbing visceral sensations. 
One often feels as though they are present at the site with which 
they are conductively connected. This bilocational sensation of 
being simultaneously at the transmission site and the reception 
site is common among Vril phenomena. 

Eidetic whole images are transmitted through very thin Vril 
threads. These threads follow conductive lines when necessary 
(Hieronymous, Drown). The phenomenon by which threads become whole 
images has been experimentally examined. It explains the numerous 
phenomena of bilocation and remote viewing which persistently occur 
in specific ground locations. It explains why certain remote 
viewing agents required grounded light bulbs as a gazing tool. Vril 
enters electrical systems, automagnifying its presence. Eidetic 
energy is especially enlarged when encountering low pressure bulbs, 
argon also acting as a facile eidetic agent. 

Vril is constantly flowing in pulsations from and across the 
ground. Grounded metallic structures absorb and pass these Vril 
currents. Grounded systems · enjoin Vril directly. They do not 
require electrical additions for their operation. Grounded Vril 
saturated systems operate in the EIDETIC MODE, their primary mode 
and function. Neither electricity nor code is necessary if the 
operators allow themselves time to recognize the forgotten 
perceptual mode, eidetic vision being the lost sentient language. 
Through eidetic communications we learn of the fundamental world­
language once again, the mode through which all worlds dynamically 
interact. 

Ground objects thus serve as a source of eidetic currents, a 
source of eidetic viewing. Is it not curious that natural instances 
of remote viewing best occur near well grounded locations? Eidetic 
images may be thus absorbed directly through proximity with ground 
objects. In such a case, eidetic discharges project into the 
recipient from the grounded object. Through dir~ct contact, one may 

. absorb and experience eidetic processions with great ease. The 
process is best facilitated through implementation of grounded 
radionic instruments. 

Ancient methods learned that stone marked Vril points gave 
especially strong eidetic impressions on touch. It was gradually 
realized that iron rods served this function with far greater power 
and clarity despite season or hour. Copper provides a softer 
interface between subterranean Vril strata and the recipient. _One 
finds this eidetic flow completely absorbing, being required to 
allow oneself to believe once again that the imaginal flow which 
enters through closed eyes is indeed real: The various behaviors 
which Vril currents display are an important tutelage for the 
serious student. Only when these principles are learned through 
personal experience, may one begin to make progress in developing 
Vril Technology. 



Ground communications systems, whether wire or wireless, 
conduct the eidetic imagery . which becomes the meaning of each 
message. This notion is foreign to most thinkers, who imagine that 
code and meaning necessarily arrive as a single unity. We have 
discussed the instances in which eidetic impressions and code are 
actually sundered. Instances are rare but not absent in which code 
is perfectly received .•. while their meanings are vague and 
indistinct. 

Contrariwise, there were instances in which meanings proceeded 
in absence of coded transactions. Operators could always identify 
both the gender and operator when called to the receiving station 
by the message alarum. Each of these abilities is impossible, 
considering the fact that telegraph keys are digital switches. 
Lacking sensitivity to provoke such coded "inflections", academic 
science could never evaluate these telepathic instances on the 
basis of "touch" or "tenor". For this, and other related reasons, 
several dignitaries of great renown were moved to a necessary 
examination of psychic phenomena (Crookes, Lodge). 

9.9 VRIL WIRELESS 
The astounding achievements of both Antonio Meucci (V.5), and 

of Nathan Stubblefield in these regards (V.7) received considerable 
attention during their day. Antonio Meucci, true and original 
inventor of the telephone, conceived of trans-Atlantic conduction 
wireless in 1845. In his wireless method, tested across New York 
Harbor, telephonic messages were impressed directly on seawater 
through submerged metal plates. He conceived of large such systems, 
having differentiating electrodes for maintaining the integrity of 
telephonic signals across the great stretch of sea miles between 
New York Harbor and Valentia Bay, Ireland. 

Nathan Stubblefield, by far the greatest modern developer of 
Vril System technology in numerous regards, first engaged wireless 
vocal communications ... in 1872. Mr. Stubblefield publically 
demonstrated vocal ground-radio systems (1906) along the northeast 
coast on dates very much later . than these initial verifications of 
his theories. Mr. Stubblefield worked with telephone repairmen. It 
was probable that his original experiments focussed on broken 
telephonic lines, whose continued operation remained "anomalous" ·at 
the time. He may have been the first pers.on to deliberately 
.implement a double-grounded telephonic line, impressing his voice 
in the conductive ground. Receiving these vocal signals at ever 
great distances through an equivalent double-ground, he may thus 

' have been first to recognize the principle of conduction wireless. 
Despite these beginnings, his work took on a completely different 
aspect when an intriguing discovery was made. Somewhere during his 
initial research in conduction wireless, Stubblefield discovered 
that commercial amounts of an electrical power could be drawn 
directly from certain groundpoints ... indefinitely. This constituted 
his famed "earth cell", or geological cell, patented as a 
"battery". 

Scholarly examination of his work leads to the inexorable 
conclusion that Stubblefield may not have been working with 
electricity as we know it. The characteristics of his results 
support this belief. His ancillary developments included: drawing 



usable power from the ground to drive motors, light special 
arclamps, heat cabins, detect intruders, and receive very distant 
signals. His lamps and motors ran "cold", never burned out, and 
required no replacements. The same was true of his earth cells, 
which were never deactivated and which never corroded. 

His final life's work, a process for "extracting, storing, and 
rebroadcasting sunlight", cannot be comprehended through electrical 
models. This last accomplishment of Stubblefield was never 
mentioned in any research reports, although all too numerous 
witnesses testified of the "brilliant light which flooded out of 
the hillside". 

After his death, his emaciated body was recovered. The cabin 
laboratory was a shock for those who entered, having been filled 
with large strange and alien apparatus. Warmed by a mysterious heat 
source which rippled with continual heat "from two shiny metal 
plates", this Vril system maintained its vigil over his body in 
silence. It was known that his systems could be kept in continual 
operation for weeks without ever a concern for deactivating or 
replacing them. Corrosion or decay was never a problem, his famed 
ground receiver not being an ordinary electrolytic cell. 

After the stunning achievements performed by Meucci, by 
Loomis, and by Stubblefield, systems operated entirely through pur~ 
Vril applications, others began questioning and elaborating on 
their methods in "more conventional terms". As each of these used 
means which did not employ electrical currents as we know them, 
both the academes and designers were in developmental checkmate. 
Mr. Stubblefield represented a major mystery to those of his day. 
His own "scallywag" partner, A.F. Collins, developed a counterfeit 
system which employed heavy storage batteries and carbon button 
telephonic transmitters. Many erroneously imagined that this 
represented the Stubblefield system. 

Most disconcerting is the fact that most designers and 
theoreticians continued their frail attempts at telegraphic 
wireless in absolute ignorance of what had been achieved in Murray, 
Kentucky early in 1872. Mr. Stubblefield actually performed his 
original experiments at this early date, developing and protecting 
his discoveries until 1898. 

It is remarkable testimony to the ignorance of enlightened 
convention that the scientific and inventive co~unity actively and 

. aggressively pursued inferior experimental investigations 

. throughout this time period. Even when Mr·. Stubblefield had 
revealed his great work to the world at large, there were those who 

' stubbornly and ignorantly delved into less worthy wireless 
telegraphic ventures. Nevertheless, both Telegraphy and Telephony 
were about to be dissolved in Wireless. In this new venture, Vril 
would again make its first astounding forays. But first modern 
indications of these realities came through the pioneering work bf 
Nathan B. Stubblefield. 

Misconceived and inappropriate, a group of "electrical 
inventors" soon emerged. Having the duplication of Stubblefield's 
demonstrations as their goal, they each designed and redesigned 
each other's devices. None however, achieved the results which had 
been surpassed decades before. The wonder of a supernal energy, a 
dream-like non-electrical energy, had been implemented by persons 



such as Meucci, Loomis, and Stubblefield. This energy was 
transduced into pure manifestations of light, heat, motion, and 
vocalizations; possibly without the intermediate by-products 
commonly termed "electrical". 

Theorists studied the electrical characteristics of Telegraph 
and Telephone systems with great intent, hoping to find the 
"conventional reality" within the lost legends. Overshadowed by 
Meucci and Stubblefield, an emerging inertial technology 
strengthened its hold on designers and experimenters alike. Vril 
technology seemed again to recede below ground, the dream current 
returning to its metaphysical sea. 

Each subsequent electrical discovery, after these stellar 
achievements, became the redundant recapitulations of a more 
decadent technological phase: pure electrotechnology. It seemed 
that few minds were capable of grasping the significance of the 
great and previous empirical summit. Stubblefield had already drawn 
usable power from the Vril Matrix. 

Performing experimental work with electrical applications now, 
several confluent discoveries were subsequently made which 
surreptitiously enabled wireless communications. These discoveries 
began with those of Tesla in regard to ELECTRICAL RAYS. It was 
through this means that the first aerial electrical transmissions 
were made. Others applied the various kinds of electrical 
irritations (alternations, oscillations, and impulses) directly to 
the ground in order to wirelessly "transmit signals" by EARTH 
CURRENTS. 

During this time frame, Dr. Amos Dolbear (1886) developed and 
patented a radio communications device whose propagation mode is 
yet problematic for examiners. Using large closed-capacitance for 
his aerials, Dr. Dolbear was finally able to engage vocal 
communications for several more miles than stated in his initial 
reports. Careful examination of his design reveals an impossible 
configuration, one in which no "spark discharge" actually occurs. 
Telephonic communications are applied directly to the induction 
coil transmitter by way of a carbon button microphone. Vocal 
transmissions were empowered when the apparatus was poised on 
stone. Complete records on Loomis, Stubblefield, and Dolbear may be 
found in COMPENDIUM Volume 7. 

9.9 TESLA 
The system which combined telegraph lines, subaqueous, and 

subterranean segments had successfully operated for years. Early 
' subaqueous and subterranean conduction telegraphy employed rapidly 
impulsed currents, power provided through combinations of induction 
coils and magnetic reed vibrators. Capable of transmitting strong 
telegraphic signals through long courses of dry grounds, wetlands, 
and water bodies, inventors began investigating the functiori of 
circuit interrupters. It was subsequently discovered that high 
voltage signals of shortest possible duration travelled to greater 
di'"stances. · 

Experiments in England showed that high voltage interruptions 
were effective in conducting signals across channels and large 
tracts of ground (Preece, Hughes, Branly). Circuit vibrators and 
other such interrupters were therefore investigated in numerous 



laboratories with great interest. Heinrich Hertz developed a series 
of experimental spark apparatus through which he claimed it 
possible to transmit spark energy through long distances. Taken as 
proof of the Maxwell electromagnetic wave theory, Hertz ·was 
heralded with great honor. . 

Nikoi~ Tesla complained that he had been unable to reproduce 
the results claimed in Hertz's classic report. Moreover, Tesla 
claimed the accidental discovery of a spark-related phenomenon 
which differed completely from those of Hertz. Nikola Tesla wrote 
a curiously unquoted article in which he describes the discovery in 
detail. Most scholars ignore the paper entirely. 

Tesla felt a strong shock when manually interrupting a high 
voltage DC generator. Believing that he had received the shock 
through his hand, he insulated himself entirely from the apparatus, 
and performed the experiment again. Again he received the shock, a 
prickling tension which struck ·him like a shockwave. Devising a 
mechanical interrupter, he was able to gain distance from the 
system enough to study the effect. When this was done however, 
Tesla could not escape the shock effect. Irregardless of his 
distance from the system, the shockfield continued to propel 
irritating tensions throughout the laboratory space. Here then was 
real evidence .... strong evidence ... for the transmission of 
electrical force through space. The question now centered about 
Hertz. Why were his effects so very different ... and weak? 

Tesla studied the literature, finding only the two incidents 
of Henry and Thomson in corroboration. Tesla examined the designs 
of Hertz, discovering between the two experiments fundamental 
differences in electrical values. In effect, Tesla stated that he 
had discovered a means for releasing electrostatic RAYS. Hertz had 
only succeeded in releasing electromagnetic WAVES. Tesla stated 
that waves could not possibly be useful in transmitting power 
through space, being the weak equivalent of a heat loss. Tesla 
proved that electrical rays w·ere the strong force, reliable and 
penetrating. True wireless transmission of power could only be 
effected by such rays. 

Tesla's statement was the announcement of a new electrical 
force, a force which did not find place in the collated fund of 
academic phenomena. Although the empirical records of Henry, 
Thomson, and Thomson stood as heralds of this radiant electrical 

.force, few but Tesla engaged it seriously. Em~irically discovered 
and defying the fixed icons which ruled the electrical engineers, 
Tesla's announcement was neither comprehended, accepted~ or 
endorsed. 

Requiring very specific and stringent electrical parameters 
for their liberation, Tesla described the means for interrupting a 
high voltage field to release electrical rays.b The effect required 
a unidirectional electrostatic voltage of high initial value. This 
being very abruptly interrupted, a new electrical force appeared 
throughout the surrounding space. Emanated through the spark 
discharge proper, these electrostatic rays were penetrating and 
potent. Tesla found that even copper shields did not block their 
passage. Placed in oil, the rays propelled a gaseous stream which 
deformed the oil for several inches. 

Tesla discovered that high voltages could cause an effective 



separation between charge carriers and electrical fields. The 
sudden charging of a conductive line produced a sudden 
electrostatic field expansion. This field penetrated space with 
irritating force, a release of electrostatic rays. By causing the 
irreversible abrupt expansion and collapse of an electrostatic 
field in. a specially constructed high voltage discharge device, 
Tesla states that a new electrostatic force emerges. 

The liberated radiant electric force shoots beyond the bondage 
of charged particles, penetrating to great spatial distances with 
apparently undiminished force. If the interruptive process is 
continuous, the release of electrostatic rays is continuous. The 
process had nothing at all to do with magnetic fields or magnetic 
inductions. All the energy was contained within the expansive 
electrostatic field. 

Generators of these rays had to employ unidirectional 
impulses. Tesla clearly describes the precise parameters required 
in order to prevent the instabilities of alternations and even 
o~cillations from occurring. The effects which Henry and Thomson 
each observed were very rare events. The release of these rays 
required very special circuit values, parameters which preserved 
the unidirectionality of the electrostatic field throughout the 
transformation process. Instabilities, whether of alternations or 
of certain oscillations, would ruin the effect which he claimed to 
be the greatest secret of electrical force. 

Moreover, Tesla discovered what would happen if this ray 
energy was intercepted by other conductive bodies. Single-layer 
solenoids behaved as peculiar capacitors in this space. Expansive 
electrostatic rays were not conducted as charge through the 
solenoid windings. Electrostatic rays focussed over the solenoid 
surface. Tesla found that these surface-focussed electrostatic rays 
expand over the coil surface, travelling over the windings as an 
ever increasing voltage pulse from end to end. This greatly raised 
voltage could not be accounted by the familiar magnetic transformer 
proportion. 

Measurements on the coil condition gave surprising results. 
The coils gave a zero-amperage reading, evidencing the fact that 
charge carriers are blocked from moving through the windings. In 
their absence, the electrostatic field actually travelled over the 
coil surface. The explosive propagation of th~se rays produced an 
ever-increasing voltage rise with increasing coil resistance. Tesla 

· stated that it was possible to produce voltage transformations of 
ten thousand volts to the solenoid inch, factors which informed 

, engineers that a truly new electrical force and inductive principle 
had been discovered. 

Tesla describes the ELECTROSTATIC TRANSFORMATION of impulses 
from low voltages to high voltages without the inductive effects of 
magnetism. He publically demonstrated the Tesla Transformer, a true 
ELECTROSTATIC INDUCTOR. During his Royal Society Lecture, Tesla 
gave the exact function and parameters required to reproduce this 
new device. Tesla took great pains to prove to his listeners that 
his Electrostatic Transformer did not function because of magnetic 
induction. He equated the electrostatic inductor to a pulsating 
Wimhurst Machine of far greater power. 

These sharp and penetrating rays were found to flood the 



surrounding space whenever directed. They could be used to produce 
extremely high voltages through equally great distances. In his 
series of new discoveries with the electrostatic rays, Tesla had 
found a means for directing and collimating the radiant 
electrostatic effects which had so irritated him in his accidental 
discovery: It was during this lecture that Tesla first describes 
his preliminary experiments with the transmission of electrical 
power without wires, a feat which greatly out-classed the mere 
transmission of radio signals. 

Toward the very last portion of his lecture, Tesla 
demonstrated the delivery of intense power to a vacuum lamp. The 
small and focussed ray field produced a very intense light at a 
good distance without wires. At the very end of his talk, Tesla 
predicted the use of geoelectric energy, the transmission of 
electrostatic ray power, and the establishment of radiosignalling 
stations across the world. 

No longer would he trifle with polyphase of high frequency 
alternating currents. In fact, each of his subsequent patents 
reveals his clear distinctions among the three current 
forms ... alternating, oscillating, and impulse currents. But, why 
had Tesla entered this field of study at all? Alternating Current 
was his original forte, was it not? 

9.10 MARCONI 
Professor Augusto Righi devised a scheme for producing very 

powerful spark impulses across very small capacities, insuring a 
rapid intermittent break of any applied electrical tension. Righi 
staged his discharge capacities to obtain extremely rapid 
oscillations and alternations, immersing his central discharge gas 
in paraffin oil. This permitted a more powerful field absorption 
before spark breakdown. The oil bath blocked the discharge until 
the field strength reached some exceeding strength, whereupon it 
suddenly discharged its full charge with sudden impulsive force. 

Righi was one of those who observed and corroborated the 
findings of Tesla. Radiant electrostatic rays were distinctly 
different, and ultimately more penetrating, than the weak waves 
obtained when alternations were generated. As Tesla had first 
described with detail in his famed forgotten article (Electrical 
Experimenter, 1892), Righi recognized the spec~al power inherent in 
impulse discharges and oscillations. ' 

This oil bath discharge gap was the improvement which allowed 
. Dr. Righi to produce very prolific electrostatic rays. In fact, by 
· placing his small oscillator inside a copper pipe or paraboloid, 

Righi succeeded in projecting electrostatic rays to a great 
distance. 

The several components which appeared in the Marconi Radio 
System, operated before the English military, were noticed by the 
academicians who had conceived and invented them. These Royal 
Society members viewed Marconi and his device with quiet, 
conservative, and contemplative scorn. His induction apparatus was 
that of Ruhmkorff. His coherer detector had been developed by 
Eduard Branly. The high frequency discharge oscillator and harmonic 
tuning circuits were clearly invented by Lodge. Combinations of 
coils and capacitor plates were derived from circuits invented by 



Hertz, Edison, and Thomson. High frequency air-core transformers, 
capacity aerials, ground connections, and the various tuning 
components had been invented by Tesla. Beam ultra-shortwave 
transmitters employed Righi oscillators and the parabolic 
reflectors of Hertz. 

First to admit that he had derived electrical components 
previously discovered and developed by others, he selectively gave 
credit to predecessors when it suited his pride to do so. This weak 
defense was a necessity, since Morgan was watching. 
Many of the legends from whom he "adapted components" were . still 
living. By now, his extensive financial base permitted him to cover 
the numerous suits which were .justly levelled against him. But 
Marconi was ever the victor in court. He now fared with the rich of 
the earth who gave him strong aid in these bureaucratic matters. 

One person made several casual public statements concerning 
his own priority in radiosignalling systems. That person was Nikola 
Tesla. Tesla had his proof for this priority in a great number of 
his patents. In each, we see the entire marconi system prefigured. 
Tesla was not interested in royalties. He was already a 
millionaire. Tesla simply wished to enunciate his views on 
creativity and invention. The question dealt with true revelation 
and true patent licensure. 

Contrary to historical reference, Marconi was never able to 
produce anything truly creative. Statements made by Marconi, each 
thoroughly prepared and rehearsed, forever revolved about the 
"nature of invention" rather than on true creativity. He also 
pandered the tired phrases concerning inspiration .and perspiration. 
Obviously he had not the former, nor the latter. He was simply a 
good promoter of the ideas and inventions of others. Unfortunately, 
he had neither the gratitude nor the decency to include those from 
whom he so liberally and openly.stole. 

Though brazenly implementing several of Tesla' s patents, 
Marconi refused to acknowledge Tesla at all. Perhaps this was part 
of the picture. Marconi demonstrated his bureaucratic connections 
in several court cases. In each court decision, the Marconi claims 
were persistently upheld. Apparently it was important for Morgan 
that Marconi's wireless become the success which history records. 

9.11 ACROSS THE ATLANTIC 
Limited in his viewpoint of natural science, Marconi never 

strayed far from the academically accepted world of electrical 
science. He always "played the science game straight", so that 

' ridicule and the possibility of social unpopularity would never 
come near him. He knew well what happened to Tesla. New and 
penetrating radio theories would not be heard spouting from his 
lips. Irregardless of the true glory of the legend, Marconi chose 
to avoid Tesla's legendary route of scientific martyrdom. 

The necessary test of his radiosignalling system, the "acid 
test" was imposed on him by his principle investor. Before seizing 
the financial profits away from ordinary submarine telegraphic or 
telephonic exchanges, Marconi had to prove the ability of his waves 
to cross the Atlantic. To this end he was given funds with which to 
conduct a demonstration of the practical transmission and reception 
of signals ... with clarity. The system had to bring the clarity and 



speed which submarine telegraphics afforded. High speed telegraphic 
transmission was the central feature toward which his efforts would 
be focussed. 

The transmission sites were chosen on opposite sides of the 
North Atl.antic: at Glace Bay, Nova Scotia and at Poldhu in 
Cornwall, · England. There, enormous aerial structures were erected. 
Four huge multi-girdered masts were first erected. Upon these, an 
immense inverted pyramid of cables were strung. Work on these 
aerials proceeded slowly, weather conditions prohibiting more rapid 
deployment of the necessary transmitter components. 

These sites were chosen because of their obvious close 
geographic poise, Marconi anticipated that the first signals would 
be relatively weak and furtive. Until the proper parameters for 
transmission and reception were chosen, there would be wide room 
for failure. Transmissions were to proceed from Cornwall, being 
received at the Nova Scotia side. The famed signal was a simple 
Morse Code "S" ... the three dots. This signal was to be continually 
broadcast in hopes that the others in Nova Scotia would receive 
them. Telegraphic affirmations would serve as confirmation of 
signals received. 

The weather raged against his efforts. The high winds finally 
destroyed the Nova Scotia reception aerial. With time working 
against him, Marconi decided to try a simple method for launching 
an aerial wire to greater altitudes than the original pyramid 
afforded. Taking a lesson from Mahlon Loomis, Marconi had large 
kites constructed and outfitted with copper screens. These were 
sent aloft, using the very winds which destroyed his aerial towers 
in order to give him aid. 

Many doubt whether Marconi • s signals were ever received, 
believing that Marconi faked the results in order to stall .for 
time. They assert that his stall technique was based on · his 
confidence that a strong signal could eventually be transferred 
across the Atlantic, but that the initial attempt had failed. 
Nevertheless Marconi's wave signal, clouded with noise and static 
common to its mode, was indeed received across this stretch of the 
North Atlantic. It was transferred, but not through the power which 
was provided by his transmitter on the western shores of England. 

Indeed, when one considers the initial power and aerial 
geometry which Marconi utilized in his famed trans-Atlantic 
experiment, one concludes mathematically that the signals could 
never have been detected at all! Calculations show that the Marconi 
signal could never have been transferred through the power levels 
which were employed, the effective output energies of his spark 
generators being insufficient to produce an intelligible wave 
signal across that distance. How then did the signal manage the 
cross-over? It is here that we may begin again recognizing the 
antagonistic roles which Vril and electricity play in the 
environment. It is also through these antagonisms that the 
resultant effect of communicated intelligence, of meaningful 
dialogue, occurs between distal communicants. But, contrary to 
conventional explanations of radioelectric signal exchange, we will 
learn the true function and limit of electricity during the 
communications process. 

The electrical irritation of Vril results in a production of 



. electrical charge wherever the willful reception of signals is 
established. The appearance of electrical charge does not occur as 
a result of "passages through" conductive media or spaces. The 
appearance of electrical charge occurs "in situ"; in the very site 
where signals are willfully received. 

In this first Marconi arrangement, electrical irritant was 
applied within the aerial Vril stratum. The received signals were 
fraught with the static. Static is evidence of a Vril metabolic 
process by which the electrical charges, applied at the 
transmission site, are actually destroyed through dissolutions. 
Being thus digested in the Vril Matrix, transmitted charges vanish 
in the Matrix. If charges are dissolved in transit, what then 
remains to be communicated? 

Conventional explanations for empirically observed phenomena 
do not account for details such as these. Being aggregate 
phenomena, producing whole effects, one tends to overlook the 
individual portions of a dynamic natural expression. This leads to 
faulty conclusions and erroneously constructed models. When 
convention endorses the model, it becomes rigidified in utility. 
New ideas therefore become impossible to convince. The elegance of 
qualitative science consists in its ability to appeal directly to 
sensation and subjective reality, its primary base. One might 
therefore allow a rare moment of personal sensation during 
scientific analysis, seeing the fundamental Vril dynamic which 
generates every other effect. 

Grounded systems are absorbed in the natural black radiance of 
the district. When groundpoints are properly chosen, these grounded 
systems become especially Vril radiant. Human operation of these 
systems permits the addition of extra sentient impressions on the 
primary radiance. The radiance is articulate, a complex pattern of 
messages, therefore the addition of minor patterns is possible. 
This is the signal portion which is effectively and losslessly 
exchanged between distant geopoints. 

Meaningful communication does not consist of coded 
transactions. Coded transactions ride the meaningful component, a 
black radiant Vril signal which has the nature of consciousness. 
Meaningful communication consists of auric modulations. Modulations 
of the human aura impress the exchange of eidetic impressions on 
the Vril Matrix. Whether telegraphic impulses or vocal expressions, 
it is the auric component which enters system qomponents and makes 
·patterned impressions on the primary Vril radiance. When such a 
system is electrically "flashed", radiant Vril patterns suddenly 

, expand in an antagonistic fury which becomes hazardous. 
Thus, based on confused understandings, wireless electric 

signal transmission spawned a world-revolution. But such distant 
communications were not new for the archane societies who developed 
the megalithic system. The greatly expanded and enraged radiant 
Vril patterns spread throughout the district on behalf of 
bioorganisms. The response is one intended to preserve life in the 
presence of irritations which kfll. Vril messages are patterns, 
there is no transference of matter. Vril floods the world, 
therefore its pattern changes are instantaneously received. 
Placement throughout the district and region determines the degree 
of Vril pattern receipt. Specific groundpoints are imminently more 



in contact with the pattern changes, being connected in the 
naturally established Vril threadways. Pattern changes are 
fascinating fluidic exchanges of black crystalline states. These 
"pattern flickers" have been observed, and preserved in experiments 
which employ chemical emulsions. 

Vril. ground currents feed each bioorganism in a district on an 
individual basis. The needs of each bioorganism is thus contained 
in the Vril flow, an enormous and complex pattern which can be 
intercepted and studied. Whenever this patternate flood of life­
generating expressions is disturbed, Vril overwhelms and asserts 
its presence. Electrical applications into the ground or aerial 
strata produces this antagonism. Many individuals yet preserve 
enough of their sensitivity to feel these irritations throughout 
the environment. The pattern transactions occur because they are 
intended to preserve the diverse bioorganisms which depend on Vril 
currents for their individual existence. 

Because of this Vril response, electrical disturbances are 
lost at the ground site; being absorbed and dissolved by the Vril 
Matrix. There are interstitial phases in this Vril digestive 
process during which "other kinds of electrical species" thus 
appear. These, however observed by experimenters, have nothing to 
do with the Vril pattern exchange. They only serve to prolong the 
expansive Vril antagonism until local inertial space is cavitated 
enough for the patterns to be exchanged. While unidirectional 
impulses best serve in this antagonistic relationship, raising Vril 
states to enormous pattern potentials, any electrical application 
will effect the distal pattern transaction. 

Marconi had not yet learned the secret of choosing proper 
"related" geological points to insure the most powerful signal 
transactions. Points such as these evidence the eidetic 
connectivity of distant locations, producing both eidetic and 
subsequent electric charges in situ. Fixated on the relatively weak 
electric charges produced by the primary eidetic energies which are 
exchanged, operators failed to tap the primary power at work in 
these systems. It was a fact that certain geological locations 
exchanged radiowave signals with impossibly great power. After 
shifting from ray to wave signalling apparatus, Marconi came to 
rely upon such means in order to boost every fraction of output 
power. . 

We will see that additional patterns whi~h are impressed on 
Vril ground messages are actually unnecessary, since these contain 
information on all bioorganisms in each area. Ancient sensitives 

' learned how to read these individual eidetic signals, obtaining 
detailed information on sentient-related activities in their own 
districts and others. One may, through the artifice of specially 
constructed ground components, gaze into the Vril dialogues which 
occur in particular districts. We may select, with certain 
strength, very specific locations from which eidetic currents can 
be drawn to our apparatus. 

In all of this we peer into the anatomical communications of 
the Vril Matrix, learning that eidetic ground messages comprise a 
mysterious dialogue. This dialogue engages diverse Vril strata, 
districts, and regions. It is a wor l d language of vast and mostly 
unintelligible import with which more archane designers and 



priestly operators were familiar and adept. Indeed we will find 
that the archane technology of certain civilizations, now shrouded 
in archaeological misrepresentations, was wholly devoted to Vril 
and its naturally mystifying dynamics. 

9.12 WORLD WAVE COMMUNICATIONS 
In misdirected efforts to improve his wireless system, Marconi 

inadvertently converted his transmitters from ray to wave systems. 
Shifting engineering emphasis from the electrostatic rays to the 
transverse waves produced weak transmission signals. This 
necessitated higher power outputs at the transmitter sites, 
requiring mammoth generation and transformation facilities. One may 
examine the photographic record of this cross-over from rays to 
waves. 

The change provoked Tesla to make several penetrating and 
derisive comments ("True Wireless"). Tesla later made an appearance 
at the New Brunswick Marconi Wireless Station in New Jersey. In 
this revealing portrait, the very soul of Tesla may be seen. 
Disgusted with the unnecessary waste of effort and outraged by the 
display of bureaucratic control, we glimpse a rare moment in 
Tesla's biography. According to Tesla, the employment of 
electrostatic rays is the only mode for transmitting power and 
signals. 

Marconi, unaware of the real difference between rays and 
waves, chose the weaker electrical mode by which to forge his path 
of development. Apparently ignorant of Tesla' s true discoveries and 
claims, Marconi continued to develop and perfect only Hertzian wave 
technology. These, the inefficient detritus of electrical currents, 
could never fare against Tesla's power transmitters and receivers. 
They unfortunately became the radio convention, forever 
contaminating the academic mind with strongly rigidified conscious 
bias. The fundamental difference between Tesla Radio and Marconi 
Radio is so vast that their names should never be placed on the 
same page. Rays exceed waves in power, penetration, speed, and 
clarity. 

The electrostatic ray, potent and penetrating, did not 
disperse with distance. Furthermore, the very ground itself 
intensified the rayic signals as they were conducted. It was 
observations such as these which encouraged Tesla to attempt 
accreting natural ground energies when employ~ng impulses of very 

' specific duration and repetition. Despite all of the natural and 
anomalous clues, Tesla had not yet come to realize why this was so, 

, yet believing that the communicated exchanges entirely took place 
in the "electrical medium". 

Most of the early wireless stations were prolific radiators of 
electrostatic rays, with only minor performance in the Hertzian 
broadcast mode. This is certainly evident in the capacity aerial 
systems. This would also explain how it was possible for Marconi to 
transmit and receive intelligible signals across the Atlantic with 
the equipment he devised. Marconi thereafter advanced the Hertzian 
Radio scheme, utilizing ineffective transverse waves to signal 
across space. 

Great difficulty attended both the generation and detection of 
these weak transverse waveforms. Yet, the indomitable Marconi 



pushed his system into the gargantuan realm to avoid failure. Only 
the exceptional donations and continued support of Morgan could 
grace this failure-bound venture with success. Certainly no such 
patron ever appeared to freely grant aid to Tesla, whose electric 
rays far outstripped Marconi Wave Radio as a threatening power 
broadcast ~ystem. Marconi Stations were enormous in both cost and 
size. For their hugeness, the overall performance was 
disappointing. Marconi Radio Systems were slow in telegraphic 
transmission and weak in reception. In this light, we must recall 
Meucci, who had already demonstrated VOCAL transmissions across 
great volumes of seawater in 1845. 

Some Marconi systems were so large that their reception aerial 
were placed miles away from the transmitter aerials in order to 
isolate the receiver. Induced transmitter signals could destroy the 
sensitive detectors to which operators gave careful attention. The 
original radiofrequency generators which Marconi employed were 
based on the hydrogen-arc systems of Valdemar Poulsen; mammoth 
constructions which were actually plasma magnetrons for the VLF 
range. More elaboration on the hydrogen arc generators has been 
included in (V.ll). 

Worldwide Hertzian mode VLF engineering developed around 
Marconi. Through his sponsorship, Marconi is responsible for 
proliferating the "weak wave" method. Marconi radio-transmitters 
exalted the Hertzian waves, requiring exceedingly long aerial 
structures. Impossible to construct out of solid metal plate, 
capacity aerials were out of the question on every consideration. 
The patents of Lodge and Fessenden reveal the enormous size 
required to achieve signal potential with these aerials and their 
excitation generators. Tesla had already foreseen these foibles, 
having developed and perfected diverse means for achieving true 
electric ray transmission (Dollard) . 

Marconi began fabricating the articulate line aerials from 
wrapped cables. Marconi's famous bent-L design utilized heavy 
copper cables, with length reaching one mile or greater in some 
instances. The numerous cables of this array fanned open from their 
generator site, stretching in parallel cadence. Powerline 
technology in a usable form, a new means to employ almost-obsolete 
investments and secure the monopoly. Who else could afford the 
construction of these sites but Morgan? . 

The Marconi transmitters utilized VLF alternations, originally 
provided by large arc generators of enormous output. He eventually 
relied entirely on harmonic alternations, the pure sinewaves which 

· are now equated with radio. Indeed, most engineers are incapable of 
recognizing the existence of other electrical species, dispelling 
the reality of electric rays and their role in effecting vastly 
improved radio-communications. Because of their enormous 
physical size, Marconi stations were useful only in slow-speed 
telegraphic communications. It was said that the first stations not 
only "lit up" during operation, but "rang like a gong" with each 
keyed application of power. So much power was consumed that the 
structure required a long discharge period between keyed 
applications. While Marconi stations resembled huge capacitative 
"waveguides", directing Hertzian alternating radio-energies out to 
the sea, it is probable that a great deal of his success was based 



on the extension of his effective aerial length through seawater 
conduction. The extensive copper ground screens, laid on the 
seafloor for a mile or more, has recently been found off the New 
Jersey shore. These screens greatly outdistanced the overhanging 
aerial structure of the famed "bent-L". 

Thus, ·· recognizing the inherent failure of this scheme, Marconi 
resorted · to trickery of the lowest kind. His first VLF 
transmissions were not entirely aerial or "radio-radiant". Using 
forgotten principles of Antonio Meucci, Marconi frequently employed 
both conductive geological structures and seawater channels in 
order to propel signals through seawater in the old conductive­
wireless manner. The excessive power levels consumed in Marconi 
transmission sites, and the equally excessive amplification systems 
at Marconi reception sites, were never necessary in Tesla's 
electrostatic ray signalling system. Electrical shockwaves, 
delivered through space as sharp pulsating electrokinetic rays, 
delivered all the required power by which Tesla drove his 
electrical receivers. 

These early high power VLF stations were not unlike blunt­
ended, or terminated power stations. These were eventually 
constructed so as to launch VLF waves along geologic orientations. 
With their special trellis-like arrays, these enormous arrangements 
ran for nearly a mile or more straight out into the seawater. Brute 
force was the only means for sending the lossy alternating waves 
out across the northern sea, submarine geology being an often 
necessary means for conducting more . power. Marconi trellis 
aerials (Bent-L designs) operate because of Vril parameters, albeit 
inefficiently. Vril gathers upon the trellis as do vines, 
thickening near the aerial roots, and spreading outward toward the 
opened sea. Vril surges between electrical pulses, impelling the 
actual message, context, and comprehension previously thought 
inherent and homogeneous in radio signals. Vril vectors occur along 
the trellis conductors. The applied electricity causes the 
meaningful signal to greatly expand, flooding the surrounding space 
with its characteristic black radiance. 

Underlying the entire fanfare was the fear that Tesla might 
find a willing party in the government sector, one which would 
implement his power broadcasting designs and wreak havoc in the 
Morgan Electric empire. Content to occupy himself with the 
inferiority of an electric wave transmission mode, Marconi 

·developed huge stations which required the sizable fortunes of his 
patron. Morgan, ever the invisible promoter, willingly endorsed his 

, controllable and predictable "star inventor" for various reasons. 
One of these included the fact that Morgan was heavily invested in 
powerline technology, a failed ploy to entrap Tesla and 
Westinghouse into a parasitic partnership. 

Any designer can clearly see that Marconi stations obviously 
employ the powerline technology which Morgan had previously 
monopolized in order to ruin Tesla. The corporate monopoly of 
Marconi Radio by Morgan is difficult to ignore. No longer in 
control of "his Radio", Marconi found himself being pressed into 
service by patron and academicians. Morgan had caught him, pulling 
him into the net. Marconi no longer had the pleasure of relaxing in 
seclusion. He had to produce, and produce new designs with great 



deliberation. Now he was irked into serving his own creation, a 
task which taxed his temperament beyond all ability to endure. 
Marconi began sailing away. His yacht "Elettra", purchased at no 
small price considering the day, was a self-imposed exile lasting 
for several decades. 

Betw~·en honors ceremonies, press interviews, and business 
meetings, · Marconi sailed. On occasion he would land and appear at 
new station dedications, all arranged by others to whom he had 
delegated authority. Marconi Radio Stations were subsequently built 
across the globe, principle sites being chosen on the basis of 
strategic access to main cities. The process was now a formula. 
Building Marconi Stations was now a methodic engineering exercise. 
The Marconi stations were huge and costly, often extending several 
miles into the sea. Tesla high frequency alternators, long 
abandoned by Tesla himself as inefficient, began appearing in 
Marconi Stations. 

Designs which had been appropriated by Alexanderson of RCA, 
they were now heralded as the "greatest achievement in modern radio 
engineering". The media publications, owned and operated by the 
patron, was churning out the popular mythology which stimulated the 
minds of young and hopeful engineers. Throughout this time period, 
Tesla had already perfected generators for the pure production of 
electrostatic rays. 

Nevertheless, Marconi required these mammoth alternators in 
order to replace the large Poulsen Hydrogen Arc generators, for 
which he paid handsome royalties. Though paying him legendary heed, 
most young experimenters had no empirical connectivity with the 
systems which Tesla had outlined. The contaminated press had 
already found ways of misrepresenting the Tesla method. It remains 
so to this day, where ray technology is completely derided as 
"impossible". Tesla Radio systems were compact and portable, 
utilizing the very smallest spiral-loop capacity aerials. The 
equivalent Marconi Station would necessarily be several football 
fields in length! 

Tesla's mocking indictment of this wasteful broadcast method 
has been reprinted ("The True Wireless") in which he shows that 
Hertzian VLF resembles the radiation of radio "heat" rather than 
the more powerful electrical ray mode which he himself discovered 
and developed. Marconi had completely misunderstood the very 

_patents which he adopted from Tesla, interpr~ting every text as 
·harmonic high frequency AC. · 

Ignoring Tesla' s established principles of power transmission, 
· Marconi focussed all of his attentions on establishing world wave 

communications. Developing the lossy systems which Tesla 
continually upbraided as "inefficient and excessive", a determined 
and well-financed Marconi established a world-girdling radio 
communications "circuit". This system eventually was absorbed into 
the growing RCA megalith. Tesla later appears in a revealing 
photograph which was taken at the dedication of a Marconi station 
in New Brunswick, New Jersey. He is clearly displeased for a great 
number of reasons. Einstein and Steinmetz represented two forces 
with which he battled all his life: abstraction without experience, 
and the bureaucratic prostitution of scientific expertise. 



9.13 SHORTWAVE 
An avid experimenter and worker throughout his life, Marconi 

was a far more successful businessman than a discoverer of new 
electrical phenomena. But in this latter realm, he was not entirely 
without merit or ability. Because of his exceptional technological 
access, . ~arconi soon discovered several natural phenomena 
concerning the frailty of Hertzian propagation. This was a fact 
reported by Tesla a decade before. 

Both Marconi and Fessenden each individually found that 
diurnal changes in VLF signal strengths often varied by the minute; 
a dangerous fact for stockholders to know. VLF signals were found 
to vary as much as eighty-percent between specific hours of the 
day. This inefficiency equalled lost revenue, a closely guarded 
secret until the remedies were found and quickly implemented. 
Marconi's method was not to back track his work as far as Tesla 
would have insisted: a complete revision of radiant mode. 

Marconi found that trans-Atlantic communications suffered in 
transit along east-west directions, while north-south trans­
Atlantic communications came through with great power. This mystery 
led him to the creation of special world-wide "radio circuits"; 
signal paths which were rigorously tied to their geological 
features and best suited for signalling throughout the day. 

Therefore, while Marconi continued to explore the possibility 
of creating newer forms of radio apparatus, he nevertheless 
maintained a strict confinement to the Hertzian principles. He was 
always implementing and absorbing the newest electrical devices 
when their adaptation to radio could improve the Marconi System. 
His wife divorced him. Marconi sought refuge in a freedom which 
kept him an exile at sea. 

Sailing the world for years in his yacht "Elettra" he finally 
managed escapes from patrons, media, business, and his own over­
inflated image. Here there was peace and tranquility, solitude and 
space out under the night skies. Marconi returned to his boyhood 
days where, content to read and experiment, he re-sought his own 
lost trail. Too much too soon. The old "rapid rise, rapid demise" 
story which fame at an early age brings. 

His desire to make transoceanic travel safe and troublefree, 
succeeded in perfecting a number of directional beam transmitters 
and detectors. With these it was possible to pippoint a ship on the 
ocean with great precision. · 

He joined the world wide effort, along with other researchers, 
to investigate the electrical layers found above the clouds. Even 
as Mahlon Loomis suggested some fifty years before this work, 
Fessenden, Heaviside, Kennelly, Austin, and many others 
investigated the mysterious ionosphere. Aimed toward the sky, 
shortwave beams were seen as echoes bouncing off the "ionospheric 
ceiling" of an immense world-covering cavern. 
Marconi patented a shortwave beam signalling device early in his 
career (1897). It was nothing more than the very oilbath spark 
generator of Righi placed in the bent copper parabolic mirror of 
Hertz. 

Marconi eventually explored short and ultra short Hertzian 
waves which were best suited for ionospheric bouncing. Bouncing 
these signals off the ionospheric "cavern ceiling" made long range 



communication possible. Ever the master of adaptation, Marconi 
utilized the new and special vacuum electron tubes in both his 
shortwave transmitters and receivers. Marconi later developed new 
Hertz ian designs, adding first a telegraph key and then vocal 
modulators to the simple miniature dipoles. Through these previous 
fundament~l inventions, Marconi developed and popularized short 
Hertzian waves for public access, opening the world of HF, VHF, AND 
UHF to amateurs. 

With his shortwave transmitters and receivers, Marconi 
successfully saw the popularization of radio, a reality of which he 
had not previously dreamt. The gigantic bent-L aerials now were 
miniaturized, so that amateurs the world over could 
intercommunicate freely. Marconi offered his UHF transmitter to the 
Vatican, perhaps to ameliorate his by now seared conscience. 

The work, no longer a simple upper room experiment with 
components belonging to others, became an excessive burden set on 
him by his principle investor. Constantly clamoring for the 
perfected systemology of instant world-communications, Marconi had 
to deliver the patron his due tribute in continual successions. 
This meant that he had to consistently conceive and develop 
original inventions; a task which proved beyond the ability of the 
experimenter-turned-diplomat. The romantic dream was long gone. The 
upturned nose, so evident in Marconi's earliest portraits was now 
replaced by a deeply embittered condescension. Jaded and despoiled, 
Marconi died with honors. 

By far not the first to conceive, investigate, develop, and 
proliferate radiosignalling apparatus, Marconi commercialized a 
form of radio which should never have been proliferated. Masking 
the true wonder and world-potential represented in Teslian 
Technology, Marconi had been heralded far too long as "the father 
of radio". Reaching back before the Century's turn, Antonio Meucci 
first demonstrated the exchange of telephonic signals through 
seawater. Mahlon Loomis first demonstrated the exchange of 
telegraphic signals across 20 miles without wires or batteries. 
Nathan Stubblefield exchanged vocal signals through the ground 
without batteries. 

The tragedy of a young and zealous experimenter has not been 
completely told. His dreams were not completely satisfied. Having 
been promoted so quickly, his mind and creativity were actually 
prevented from achieving that true originality by which legends are 

"truly marked. In his life, this prize, this inner blessing never 
blossomed. The rose, frozen in snow. 

9.14 CAPACITY AERIALS 
It is indeed indicative of our poverty in Vril knowledge, that 

we often require the contrasts afforded by radioelectric effects on 
the Vril environment. The study of wireless components grants 
revelatory understandings by way of such contrasts. Activated by 
electrical means, these components produced uncommon Vril states in 
regions. w·ith these uncommon Vril states came equally bizarre 
effects in both the inertial and perceptual experiential realms. 
The reappearance of long lost geometric forms, now becoming useful 
in wireless, was a strange sight for those who watched designers 
setting them up toward the zenith. 



Ball aerials, inverted cones, cylinders, and coaxial radiators 
are a few of the designs which comprised the early working radio 
systems. With these capacity aerials it was possible to transmit 
and receive signals far in excess of ordinary applied power. 
Ordinary inspection of the patent texts reveals an abundance of 
radio anomalies associated with these designs. We should perhaps 
first begin by comparing the nature of signals and signal qualities 
reported with capacity aerials before even considering those 
yielded by familiar Hertzian wave-antennas. Are there, in fact, any 
capacity aerial deficiencies or even superiorities in some aspect 
of signals transceived? Capacity aerials are simultaneously 
immersed in a number of very different energy forms. We may 
simplify the numerous interactions into a basic antagonistic 
conflict between inertial space and Vril space. Early wireless 
operated solely in the VLF range. Both the nature of radioenergy 
generators and the aerial symmetry determined the nature of signals 
transmitted. Early wireless relied on spark generators, the quality 
of which determined the nature of energy delivered to the aerials. 
The radiant propagation of electric vectors from capacity aerial 
symmetries provokes serious questions. The source energy becomes 
converted in the capacity aerial, becoming an altogether diverse 
radiance. A patternate Vril radiance. 

Though large in surface volume, none of the designs is 
possessed of sufficient geometric length for true electric waves to 
reach their necessary power maxima. Lacking the required expansion 
length for waves, such capacity surfaces cannot radiate a complete 
fund of energy which may be delivered by harmonic radioenergy 
sources. Capacitance aerials cannot effectively radiate Hertzian 
vectors. The impossibility of radiating electric waves from these 
metalloforms is matched only by an equal impossibility of using 
them to detect such waves. Yet the experimenters found empirical 
evidence for the overwhelming success of these designs.In fact, 
most of the working patent designs should not work at all as 
transmission aerials. As empirical discoverers and patent examiners 
found to their own amazement, these structures do in fact succeed 
in radiating signals of all kinds. From Teslian perspectives, these 
capacity aerials may be thought as Ray Vector radiators, thus 
explaining their often misunderstood performances. 

In capacity aerials, each applied charge of the harmonic cycle 
translates into an electrostatic pressure. · Charged with each 

· alternation and incapable of expanding through sufficient 
dimensional length, the capacity aerial functions as a semi­
efficient radiator of electrostatic field lines. 

When supplied by appropriate spark discharge apparatus, 
potential was made available for the production of Teslian electric 
rays. In fact, the only electrical mode by which aerials of these 
empirically over-efficient designs may operate is through the 
electrostatic rays which Tesla rediscovered. Only electrostatic 
rays operate in the coaxial capacity aerials of Marconi, where 
transverse waves could never stir a detectable current. Proper 
implementation of these capacity aerials required the abrupt high 
direct voltage without alternation which Tesla perfected. 

Since capacity aerials operated with electrokinetic ray modes, 
energies which are not presently believed to exist by all but a few 



academicians {Aspden, Jefimenko), we are led to examine the 
particular details by which meaning and message are conveyed 
through rays. The only electrical function which operates in these 
designs is the Teslian electrostatic ray, prolifically produced 
along with the transverse waves when high voltage sparkgap 
oscillato~s are employed. This meant that powerful unidirectional 
rays could antagonistically radiate along with the system-suffusing 
Vril radiance. But coded signals do not compose a meaningful 
signal. Electrostatic rays, however potent and penetrating, do not 
complete meaningful exchanges from such systems. Just how then does 
a capacity aerial conduct, transduce, and radiate the meaningful 
signal component at all? 

Coded and acoustic signals are separate from the meaningful 
component comprising the sentient message. No sentient exchange, 
whether through code or acoustic signal, comprises a meaningful 
exchange. The meaningful signal is supplied by Vril, being the 
ground of consciousness; that from which all our intentions and 
urges to communicate arise. All communications systems therefore 
necessarily enjoin the Vril black radiance. This was the very 
observation made when systems of this kind were directly connected 
with the ground. 

To comprehend the manner in which eidetic currents radiate 
from electrified capacitance, we must first understand how these 
eidetic currents permeate radiosystem components from the ground. 
Capacity aerials which are highly insulated in the electrical 
manner, are not insulated from ground or aerial Vril strata. Oil 
immersions do not insulate capacity aerials from Vril, which 
densified in oils (Fessenden) . 

By extending thready black radiant arcs from the ground, Vril 
suffuses through circuit components. This process is selective. 
These Vril discharges then rise through the capacity aerial, 
flooding its solid metal surface with bioacti ve patterns. Vril 
pattern currents naturally and aperiodically pulsate from ground to 
space through such capacity aerials before electricity is ever 
applied. The natural flood of Vril eidetic images slides over and 
through solid metal surfaces with an ease dependent on metal 
composition, disposition, overall surface geometry, and placement. 

We see that Vril suffuses capacity aerials completely. Natural 
eidetic signals, the district prevalent Vril energies, flood the 
metallic volume with black radiant currents. ! In addition, every 
impressed eidetic signal flows into the capacity hood, both pattern 
populations blending on the surface. Before electrical applications 

' are engaged, there exists a defined procession of eidetic currents 
from these capacity aerials. These may be shown through radionic 
examination of both the metal hood, the ground, and distant 
locations. Thus, without applications of electrical power, on can 
exchange meaningful eidetic signals. This is the very means· by 
which archane megalithic technology operated. But what is the 
overall effect of electrification? What happens to the natural 
flood of throbbing eidetic currents in the aerial capacitance? r 

Electrification of the metal hood causes a sudden expansion of 
all the conducted Vril currents, a bioassertive automagnification 
of enormous and hazardous intensity (Reich). In the process, Vril 
signals are magnified beyond their normal limit (Kilner, Abrams). 



One may often see the black radiance which surrounds a large 
electrified metal surface. What is the true and fundamental 
"capacity " by which materials and material forms are distinguished? 

The sheer volume of metal and surface area of capacity aerials 
offers adequate absorptivity of ground suffusing eidetic images. 
This eideiic absorptivity is the only and fundamental CAPACITY of 
a metal surface, the ruling function which is dimly perceived as 
"electrical capacity". These absorbed eidetic currents are also 
conducted in aperiodic pulsations, flowing from ground to space by 
means of the metal surfaces. Radiating through the metal hood, 
eidetic images flow from the aerial metallic surfaces directly into 
the aerial Vril stratum. Distributed across the hood surface 
according to Vril geometric principles, learned and used by 
Templars, eidetic image currents are thus directly applied from 
this terminal. 

The aerial Vril stratum is a vertical symmetry of black 
radiant threads which proceed from ground to space, interspersed 
with connections which spread in all directions. It is understood 
that, while these black threads may be objectively and visually 
sighted in certain circumstances (Watson, Corliss), the aerial Vril 
stratum is one through which experiences flow. The Vril world is 
one which generates and defines world experience. It projects the 
world as we know it. Access within these strata permit transcendent 
cooperative modifications of world structure. 

The Vril aerial stratum is especially densified over central 
Vril powerpoints, long known for their direct link with special 
stellar or planetary foci. Once absorbed into the capacity aerial, 
the eidetic currents are unfortunately violated by electrical 
irritations of the most dreadful degree. High voltage irritations 
can kill bioorganisms. What then do they do to the resilient Vril 
currents themselves? 

The spark generator used along with a capacity aerial 
determines its efficient projection of electrostatic rays. The 
efficient degree to which the capacity aerial is therefore 
electrostatically shocked determines the degree to which it 
functions best as a conjugate ray transmitter. Conjugate ray 
symmetries are always engaged in Teslian devices (Dollard) . 
where electrostatic rays maintain a continued Vril expansion for 
long distances. 

1 

Any electrical irritation which traverses ,the Vril strata will 
cause a corresponding enraged expansion response in the Vril 
domain. This occurs even when alternations are sued. Only the 
electrical presence is required for this dynamic to take place. 
In turn, the degree to which the capacity aerial projects 
electrically enlarged eidetic threads horizontally from its surface 
determines the degree to which subsequent measurements of 
"skywaves" and "groundwaves" are observed in meters. Intriguing 
enough, electrical lines alone do not long proceed in horizontal 
attitude with respect to ground. How then do we explain their 
powerful long-range effects? 

Tesla found that capacity aerials did not produce better 
transmission with increased height. Nearness to ground always 
produced stronger signals, the densified Vril ground stratum 
supplying the suffusive eidetic articulation. Eidetic articulat i ons 



determine the exchange of communicated signals. Only a population 
of true long-range horizontal eidetic discharges could account for 
the long-range performance of these smooth surface aerials. 

We must follow the eidetic flow through such a system. From 
the ground, eidetic currents of enormously magnified pattern 
potential~ are radiated into the aerial stratum from the capacity 
surface. Vril threads flow outward, proceeding along the rays of 
electrical irritation in long horizontal discharges. The capacity 
aerial radiosystem is an eidetic fountain, employing a powerful 
(unnatural) inertial irritant to achieve its function as a 
communicator. Most horizontal eidetic discharges follow the 
irritating raylines until they reach ground. Some maintain their 
horizontal attitude, self-generating their processions in a 
remarkable display of bioprotection. This accounts for some 
remarkable "skywave" performances of capacity aerials. 

According to Tesla, the capacity aerial system did not require 
the excessive aerial size or elevation above ground level which 
Marconi lavished upon his wireless systems. Thus, capacity aerials 
can function in both transmitting and receptive functions while 
close to the ground. This intriguing feature leads directly to a 
discussion of black radiant strata and Vril current interceptions. 

Situations in which weak electrostatic charging occurs result 
in more ground-reentrant eidetic projections. This reentrance 
produces strange local static phenomena. Not dispersed as charge 
from the metal hood, static charges appear throughout the 
surrounding grounds to some degree. Representing the cavitation of 
ground absorbed inertial space, by projected eidetic threads, a 
large volume of ground suddenly manifests the spontaneous 
electrical charging effects noted by early experimenters. This 
charge is electrically measured as an increased "groundwave", but 
is not radiated energy. It is eidetic dissolution of inertial 
space, with a resulting population of fragments known as "charges". 

In their direct application to the aerial Vril stratum, 
eidetic currents are modified by the "geometric spread" which the 
conductive surface dictates. Capacity aerials are direct 
connections in the aerial Vril stratum, eidetic exchange terminals. 
Electro-magnified eidetic signals are thus propagated through the 
very specific Vril routes of a district. Their patternate 

. processions communicate eidetic information throughout the 
district. All those who engage the Vril point distribution in 
specific locations are then privy to the flood of eidetic 

' information. Those who know the mappable relationships among widely 
dispersed regions also know that they can receive such eidetic 
information in specific points of their neighborhood. Vril points 
may be enjoined through nonelectrified radionic apparatus. 

The geometry of a capacity aerial modifies both ·the 
absorption and projective directionality of eidetic image 
currents. Vril responses to hood geometry modifies the manner in 
which ground discharges will extend up into the hood. Specific 
geometries block or enhance eidetic distributions throughout the 
metal hood surface. Eidetic thread distributions do not conform to 
dielectric field distributions noted with diverse metal plates and 
solid forms, they influence dielectric fields. 



Eidetic threads avoid negative curvatures, but will focus upon 
them when multiple negatively curved metal layers are stacked. 
Their discharges most powerfully spring from sharp edges, but are 
noticeably suppressed and complicated by stippled or decorated 
edges and surfaces. Singular metal masts always project strongest 
eidetic current from their terminal points, but collections of 
vertical metal masts always densify eidetic currents at right 
angles to their lengths. Vril tunnels into material distributions 
and layers, a fascinating topic which was mentioned in regards to 
the formation and densification of mineral layers (V.4). 

Spherically shaped metallic surfaces produce eidetic 
distribution through which eidetic patterns may be discerned. These 
patterns are not uniform homogeneities, evidencing the complex 
details of wood grain patterns. Nevertheless when spherical metal 
shells are layered, one within the other, an astonishing 
focalization of all eidetic currents occurs. This focussing effect 
draws all of the surface absorbed eidetic currents into a singular 
constriction. The site where this constriction occurs is dense and 
active, always influenced directly by spaceward bodies: by the sun 
and moon, as well as by stars and planets. In this regard, it was 
not uncommon to read reports which correlated radio effects in 
capacity aerials with space conditions. Clearly astromantic in 
effect, RCA later employed an individual whose sole task was to 
chart planets and thereby predict best daily frequencies of 
operation (Nelson) . 

It is not difficult to arrange small empirical tests of these 
eidetic effects. One may even appropriate the larger metalloforms 
found in architectural structures to make simple verifications of 
these statements. Large forms which are equivalent to the sky­
pointing coniform capacity aerials of Fessenden, have been closely 
examined in these regards. These aerials project intense eidetic 
energy spaceward, the verticality or angulature of which is always 
modified by local Vril conditions. The verticality from such sky­
pointing coniforms varies with season and time of day, being 
powerfully influenced by both solar and lunar positions. The 
resultant eidetic projection varies from zenith by as much as 
forty-five degrees, seeking out mysterious fixed points in space. 

Such vertical projectors visually manifest black radiant Vril 
threads at certain times. But these threads often become whitened 
·in hue as the day progresses, being the black thready sites where 
inertial space is actively dissolved and absorbed. The 

,characteristic white inertial sheaths have been previously 
discussed (V .1) . These coniforms are noted for their prolific 
production of electrostatic charge, an anomaly erroneously 
associated with ordinary aerofrictive charging. 

These coniform aerials engage and draw entrant space energies 
in a remarkable manner, eidetic signals being modified directly 
from Vril strata beyond terrestrial environs. The ascending and 
greatly intensified Vril threao thus touched into deep Vril space 
strata. The immediate descending response instantly occurs in 
numerous widely separated points simultaneously. Through the 
implementation of this unusual capacity aerial design, space­
descending eidetic imagery of an excessive power was received in 



greatly distant locales. This certainly occurred in locations for 
which no successful electrical explanation can be given. 

Dielectric discharges spring from sharp edges, not varying 
from this general response even when encountering the baffled 
plates of air capacitors. But eidetic discharges prefer tunneling 
through 6bstruction, automagnifying as they process. Eidetic 
discharges obey responses whose tendencies always insure the 
proliferation of biovi tal states. This strictly behavioral response 
reveals the intelligent nature of Vril, which resists the 
simplicity of rules applicable to dielectric field distributions. 
One is driven to a necessary empirical examination of eidetic 
fields when studying and discussing metalloforms. 

Other qualities of eidetic content are altered by the metals 
(elements and alloys) used, and the ability of the geometry to 
diffract certain eidetic components. Highly convoluted metal 
surfaces diffract portions of eidetic currents, magnifying or 
suppressing qualities which exist within specific currents. 
Capacity aerial geometry collectively modifies the meaningful 
content of Vril signals. Concentrated toward specific ground Vril 
receptor points, one receives eidetic messages along specific 
meandering Vril lines. Thus, while electrical vectors may be 
entirely absent at furthest ranges, strong eidetic impressions with 
or without attendant infinitesimal electric charge will be 
detected. 

While most engineers are content to accept the notions that 
each of these capacity aerial systems operate as Hertzian 
radiators, there are in fact other designs which should not radiate 
waves at all. A number of these appeared in an article written by 
Professor Righi. From Righi's drawings we see a great number of 
puzzling capacity aerials, some of which could not possibly radiate 
Tesla Rays or Hertzian waves. The numerous huge coaxial hood~and­
shield assemblies should not operate as either transmitters or 
receivers in either ray or wave radiant modes. How did these 
transmit the empirically ascertained signals? 

Close examination of Marconi "coaxial aerials" and their 
accompanying text only intensifies the paradox. One realizes that 
these large metallic forms could never project radio energy through 
their heavily shielded capacity to be a transmitting aerial. As a 
receiving aerial, no external radiowave energy should ever 

, penetrate the capacity shield. The induction o~ detectable current 
would then be equally impossible. This aerial design should not 
operate, either as a ray or wave transmitter. With neither rays nor 

' waves permitted entrance, how were signals exchanged? How then did 
these designs operate at all? 

It is first very evident that all electrical functions were 
blocked completely. The only signal which could effectively 
penetrate the Faraday barrier would be a non-electric one, a 
"neutral radiance". There is only one energy which, being pre­
electric and communications-fundamental, could ever bridge the 
electrical barrier. Coaxial capacity aerials grant us a remarkable 
opportunity to realize unexpected Vril behaviors, clearly operating 
in the eidetic mode. Any electrical charges observed in operation 
of these designs is fortuitous, being manufactured "in situ" by the 
radiant or entrant eidetic Vril threads. 



9.15 ARTICULATE AERIALS 
Articulated aerials for wireless communication first emerged 

from the laboratory of Nikola Tesla. These designs were compact 
spiral loops of incredible effectiveness. In both transmitting and 
receiving electric rays of various pulse lengths, Tesla claimed 
their efficiency was unusually high. He began replacing several 
capacity aerials of his own construction with these pancake spiral 
and loop aerials. Tesla discovered their remarkable effectiveness 
in receiving both his own ray transmission and those of Hertzian 
rich Marconi VLF signals, publishing these reports well before the 
turn of the century.It was with these that the world's very first 
high power ray transmissions were made. 

Marconi and Fessenden later produced extremely large 
articulate aerials of their own design. These dissected the solid 
geometries of previous capacitor aerials, producing combinations of 
cage-like forms. These arrived in quick succession. In typical 
fashion, Marconi and Fessenden constructed enormous articulate 
aerials. In Marconi's typical style, some these were necessarily 
miles in length. Marconi consistently ignored what Tesla stated 
concerning these designs. In truth, the articulate aerial revealed 
that a truly living exchange medium was somehow involved in radio 
signalling. 

Tesla first believed that electrostatic ray components would 
permit a strong signal reception with negligible aerial dimension. 
But these facts do not adequately explain how such a small and 
compact flatwound spiral is so successful in receiving the very 
much longer waves of ordinary broadcast bands. When the mysterious 
handheld ferrite-core loop aerials later proved to have anomalous 
operative efficiencies, physicists were not provoked into giving 
renewed explanations for the empirical anomaly. 

How a non-Hertzian aerial can act so powerfully in receiving 
such long waves as used in ordinary AM broadcasting finds no 
satisfactory answer in theory, and remains conspicuously 
unaddressed. But let us question the convention once again, evoking 
academic reprisals of the most unenlightened variety. How does a 
small and compact spiral loop manage the powerful reception of VLF 
signals? It would seem that the employment of ferrite core material 
actually magnifies VLF signals, serving as preliminary signal 
amplifiers. In what manner does such a passive material, assumed to 
have somewhat lossy characteristics, actually boost an incoming 

.. signal? 
The best an earliest answer to many of these questions did not 

, emerge from the convention. It came from one whose words were held 
in disrepute. Tesla believed that the effective communications 
exchange medium was gaseous in nature. He observed steady gas-like 
streams emerging from wires which conducted unidirectional impulses 
of high repetition. He also observed thready gaseous emanations in 
highly exhausted bulbs when electrified through high voltage 
tension. Tesla assumed that these threads communicated their 
content without loss of detail when traversing space. But gases, 
irregardless of their dynamic state or density, cannot transact the 
uninterrupted consistency of whole images through thready currents. 

Such patternate integrity is certainly not found in the 



aetheric "ultragas", as Tesla first assumed when making his 
preliminary discoveries. Furthermore, the finer wire spiral loops 
began evidencing a wonderfully powerful receptivity which seemed 
self-intensifying. That aerials, having articulate detail, could 
greatly outperform smooth surface capacity aerials became somewhat 
mysterious. No engineer ever launched a theoretical model 
explainin·g this fact. Increased articulation, increased detail 
should bring only needless electrical complications in overall 
impedance. Shortwave radio designers later sought simplicity, which 
the smooth surface metal aerials afforded. But here was an anomaly. 

Articulate, convolute, woven matrix ... each exceptional such 
aerial became more highly transmissive or receptive with increased 
convolutions and woven complexities. Electric rays would not 
require such convolute complexity for reception. One sees numerous 
early examples of working geometric aerial forms which could never 
be considered as feasible by contemporary engineering conventions. 
Electric waves would never operate in such geometries. The 
increasing complexity of the articulate aerials approached 
organismic detail. The manner in which highly articulated aerials 
magnify messages-in-reception indicates something of an organismic 
nature in the transmitted signals themselves. 

Articulated aerials, whether wound or woven in design, had no 
place in conventional theory. It became apparent that transmitted 
signals also increased in clarity when special woven or even 
convoluted geometries were employed. These strange organismic 
designs were incredibly effective in both transmission and 
reception. This then inferred the existence of spatial variegation 
within signal pulses, a volumetric patterning. Neither electric 
rays nor electromagnetic waves partake of such qualities. 

In the efficient operation of articulate aerials, we therefore 
see evidence that an energetic carrier or medium. One perceives 
that organismic patterns of a highly complex nature may be 
exchanged among widely distant signallers only through an equally 
articulate medium, capable of sustaining, preserving, and 
exchanging details of incredible complexity across vast aerial 
spaces. 

It is clear that, in reception, the energies which impinge on 
articulate surfaces of appropriate capacity are not electrical in 
nature. The energies which render intelligible transactions are 
eidetic, absorbing these thready discharges along flatwound 
pancakes of various volumes and dimensions. We see that Vril 

, behaviors far exceed those observed in electrical phenomena. The 
detailed manner in which Vril phenomena respond to and cooperate 
with material structures reveals a bioarticulate nature. Aerial 
wire-wrapping designs cannot effectively operate except in the Vril 
mode. 

Vril is an articulate expression, a living entity possessed of 
deeper functions. Those with which we have had to describe thus far 
are vegetative characteristics. There are other characteristics 
which match and then greatly exceed sentient potential. Vril 
process covers the entire range of consciousness, from 
infrastructure to permuted structure. Vril exists in a self­
generating stratum of its own, building upon the established 



firmaments of its own achievements. Vril has characteristics of 
both growth and processive continuity from which vegetation finds 
its nature. Plant growth and vegetative process indirectly reveals 
certain Vril dynamics. 

In transmission, one recalls that electrical applications are 
merely used to provoke antagonistic reactions in the primary 
substratum, Vril. Magnified into enraged states, Vril eidetic 
currents discharge into aerial or ground Vril strata. Previously 
suffused with ground emergent Vril currents, the empirically 
designed aerials evidence cooperation with certain Vril 
characteristics. One characteristic which Vril manifests is growth. 
Vril threads emerge from the ground and grow into grounded artifice 
like vines. 

Vril suffuses all grounded communications systems, emerging 
and extending as gradually growing discharges from the ground. In 
this behavior, one recognizes the nature of floral growth, that 
which the medieval geomancers called "VIROLE ... a woven bracelet" 
and "VRILLE ... to weave". Flooding the huge components of wireless 
radio (massive aircore inductors, giant plate capacitors, magnetic 
arc dischargers, and immense aerials), Vril behaved as climbing 
vines do in spring. When encountering ground supportive extensions, 
vines surmount and gradually propagate. Vines add matter to their 
preliminary shoots, growing and cross weaving their own extensions 
until the vascular bundles become like cable. 

Articulated aerials are Vril trellises. Coil aerials 
corroborate what we know of Vril. New facts are obtained by 
examining how Vril and the Vril stratum behave in other natural 
situations. We may best learn how coil aerials and other articulate 
aerial designs operate by noticing the response of vegetative 
process to trellises of various forms and symmetries. The growth 
characteristics of climbing vines, ground covering ivy, and grape 
vines, grant us a physically tangible means for studying what kinds 
of responses ground-emergent Vril demonstrates. It is at once 
remarkable that the large articulate VLF aerials resemble garden 
trellises of various kinds (Marconi, von Area, Hart, Latour, Chubb, 
Conrad, Scheller, Chireix, et al). 

There were articulate aerial forms which completely defy 
conventional analysis, converging from the feedline and 
reconverging at their terminus. Thus in a great number of anomalous 
behaviors, each of which corroborate the mdre vegetative Vril 

, behaviors, one observes that impossible aerial forms actually 
outperformed those longlines which Hertzian theory demanded. If we 
recognize that the primary operation of articulate aerials occurs 
in Vril parameters, then we will find that a great number of 
correlative facts will begin to self-organize. We can apply what we 
have learned concerning the true and foundational nature of 
communications. Relying on Vril eidetic currents to transact 
meaningful communications, one recognizes why loops can be so very 
remarkable in both transmissive and receptive modes. 

Vril grows into grounded coils, climbing onto and over coils 
like vines. The grounded structures themselves behave like vine 
trellises, receiving and conducting proportional amounts of Vril 
threads. Each coil has a specific Vril capacity, accommodating a 
specific fund of flowing Vril threads. Vril is densified outside of 



coils when they are electrified, powerfully collapsing back into 
the coil when the electrical pulse has passed. This sudden Vril 
collapse brings with it an increased Vril growth potential, a 
frighteningly magnified Vril presence which is dangerous. In this 
manner, electrified coils greatly magnify Vril. 

As hi~torically noted, the electrical parameters of coils is 
related to a peculiar capacity. But this capacity is eidetic in 
fundamental nature. The eidetic capacity of a structure determines 
its resultant electrical capacity. Vril will load coils and other 
such symmetries when properly grounded. The very wire or cable upon 
which or into which Vril is provoked to flow will determine what 
general sorts of Vr i 1 responses may be expected. Eidetic accretions 
discharge from absorptive capacities, bringing with them their 
continuity of meaning and message directly through the underlying 
ground contact. 
The only rational means for assessing exactly what Vril will do is 
through the old empirical method of making scale models. 

Layers, braids, weaves, each represent conditions into Vril 
will articulate. Vril threads accrete upon stippled, scored, and 
crenelated surfaces with great affinity. Vril self-magnifies as it 
encounters resistance, multiplying the eidetic capacity in an 
equivalent volume with which smooth solid surfaces cannot compete. 
Articulate aerials produce Vril magnifications by the simple 
resistance response, being natural geometric magnifiers. Thus 
naturally assuaged into a magnified state, Vril begins its 
communications in strengthened degree long before electrical 
irritations propel its rage response throughout the district. 

The articulated aerial forms (whether woven, twisted, or 
braided) absorb Vril in the normal fashion, but so resist Vril 
absorption that it self-magnifies while flowing through the 
structure. One has added advantage then, the eidetic signal 
component being already magnified by natural process. Less input 
irritation is necessary to produce strong resultant meaningful 
communications. Crenelated and scored wires each effect more of the 
Vril automagnification process. These aerials produce both much 
greater Vril outputs (natural eidetic transactions), and inputs 
(natural eidetic receptions) . 

Let us imagine for a moment that these metallic lattices, 
these trellises, were equivalent to a smooth solid metal surface. 

~ Let us also allow that the means by which they operated with such 
effectiveness had origins in a charging process. If each of these 
aerial forms operated by some such charging process, why then did 
equal metallic volumes of different weaves or convolutions work 
better than their solid equivalents? In this farfetched 
consideration, neither wrapped nor woven aerials can be 
rationalized. 

Let us also assume that small sections of these designs were 
individually receiving ray or wave transmissions. The collective 
sum of induced currents could spill out into the connective ends. 
If these same connective endlines functioned as absorptive 
capacities, the inductions could occur in small linear dimensions 
until they reached their maxima. This might permit a large resonant 
induction to take place, producing detectable signals. But how then 
to explain this mechanistic scheme in designs having cross-



connections ... effective short circuits? 
It becomes very clear that certain other such convoluted 

designs could never be explained by the above two mechanistic 
schemes. The wavering trace of "Zig-Zag" aerials receive strong 
signals in VLF, broadcast bands, and shortwave. The signals they 
receive ca·n neither be ray nor wave in nature. "Zig-Zag" aerials do 
not funct1on in electrical parameters, being a paradox of wonderful 
representation. Their very symmetry defies theory and reason. Any 
supposed induced electric vector will be counteracted in the 
geometry of such an aerial, until a neutralized state is obtained. 
Yet, even small Zig-Zag aerials reportedly received signals of 
prodigious strength. 

Curious during this time of radio development was the 
appearance of woven cage aerials, space-distributed examples of 
their planar prototypes. Receptive devices which should never work, 
these systems outperformed many longer ray and wave aerials. In 
truth, these cage and loop systems effectively accrete Vril 
currents in very special symmetries 

Much smaller loops began to become popular when shortwave was 
introduced in the public sector. Here, the Teslian principles could 
be used to best efficiency despite the Hertzian transmission ·of 
radiosignals. Coil and loop aerials could be large, such as those 
six foot diameter varieties which Tesla displayed in 1894, or as 
small as six inches in diameter. With shortwave, the compact spiral 
and indoor loop aerial made their second public debut. The 
efficiency of these aerials enabled a reasonably good signal 
reception indoors, performing · remarkably well for their small 
dimensions. These units received signals with equivalent strength 
as longwire aerials, eliminating the necessity of such large 
outdoor structures. They offered strikingly good performance during 
times where static played havoc with longwire outdoor aerials. 

Closer attention to this curious developmental series reveals 
that a breed of broadside loops was first developed, after which an 
astounding flat-faced loop aerial appeared. As transmitting aerials 
these devices exalted the electrostatic rays inherent in 
transmitters of the day. As receiving aerials, the eidetic 
component was absorbed with great power. 

On occasion, Vril threads have been observed descending from 
specific space points. These are often associated with whole space 
regions where star clustres seem especially vibrant. Descending 

·vril threads have a decidedly insensate nature, and have been 
erroneously called "white" rays by some who refer to their semi­

, visibility or semi-sensate nature. Both ascending and descending 
Vril threads pulsate and vary in their natural manifestations, 
obeying mysterious Vril ordinances. 

Such mysterious discharges between ground and space, actually 
modified and empowered certain monopolar aerial systems. In their 
operation we see eidetic translations between otherworlds, the 
systems being suffused by eidetic Vril threads from stellar 
domains. In this, we sense an ancient theme. We recall the archane 
astromancers who received the descending eidetic space currents, 
and learned of other worlds. 

9.16 VRIL AND WORLD COMMUNICATIONS 



Vril dynamically interacts with human artifice. This fact has 
been observed throughout the millenia. Grounded systems, (dolmens, 
stones, temples, cathedrals, or radionic systems) have forever 
behaved mysteriously for their human percipients. This topic became 
the focussed fascination of several legendary researchers (Kircher, 
Mesmer, Ga·l vani, Reichenbach, White, Abrams, Hieronymous, Drown) . 

For those engaged with electrical systems, new and strange 
behaviors were making themselves known. Vril overtly engages and 
actively modifies the physical behavior of electrified or 
magnetized devices. It was in this active encounter that inventors, 
developers, investigators, and operators alike beheld numerous 
objective phenomena which were each deemed "anomalous". T h e 
Vril domain permeates and rules all grounded and aerial 
communications systems. Despite the fact that they are empowered 
through electrical energies, these communications systems 
necessarily involve Vril,interactions of a most intriguing sort. 
The distinct shift in ground communications made itself apparent by 
the appearance of new aerial components in ground radio circuitry. 
A gradual elimination of double grounds showed the metamorphosis, 
aerials growing longer with time as designers were placing radiant 
emphasis on different electrostatic aspects. Nevertheless, the 
reasons why radioelectric signalling operates at all is not found 
in the electrical parameters on which designers focus attention. 

While these objective anomalies attracted the attentions of 
those who dealt only with measurable energetic forces, recognition 
of the second variety of anomalies did not come a swiftly as those 
which baffled the engineers and designers. Time was required before 
sensitive operators and designers alike recognized the more 
"perceptual modifying" aspects, paranormal perceptions, associated 
with grounded communications systems. 

In the complex electrical communications systems, the active 
black radiant phenomena were modified and often masked. Only the 
most gifted observers were thus empowered to separate black radiant 
currents from the applied electrical energies. In nonpowered 
electrical systems which are grounded, Vril processions 
demonstrated remarkable behaviors. Certain sensitive empirical 
designers recognized the anomalous dynamics taking place in their 
systems. Empirical observation does not always grant complete 
accuracy of scientific assessments. Experimenters, confusing 
dielectric rays with Vril threads, believed that electrical impulse 
impelled signal radiation. But such improper as~ociations are often 
compounded by uninitiated observers. The conjugate nature of 
certain energies, such as dielectricity, flows in the spaces which 
Vril occupied. 

Although dielectricity effects powerful modifications of Vril 
threads, it does so through a process of irritation. In this 
manner, electrical impulses, not alternations, best produce greatly 
enlarged Vril reactivities. In such states, subsequent paranormal 
dynamics become evident. There are those who confuse conjugate 
natural dynamics with devices which are only accidentally able to 
function in other parameters. In this case, electrical systems 
engaged Vril energies quite directly. In truth, and in retrospect, 
one realizes that Vril guidances were constantly striving with 
those who insisted on using unnecessary electrical force. The 



electrical components were an outgrowth of this Vril impressment on 
designers. 

Radio-electric systems fortuitously arrange the antagonist ic 
relationship of electrical inertia and Vril, producing dangerously 
empowered distant communications in the Vril Matrix. Powerfully 
attracting· and focussing the consciousness of a few singular 
individuals, a renaissance in qualitative science began before the 
last Century's end. Abandoning radioelectric methods, these 
experimenters preferred a new nonelectric instrumentation of 
eidetic currents which became known as RADIONICS. 

Each of these experimenters recognized the inherent hazard 
caused by forcing coils and other grounded components to absorb 
more than their natural capacity of Vril threads. Eliminating every 
irritating application, they defied reason and affirmed intuition. 
In so doing, these legendaries rediscovered the basic Vril 
principles which had almost been lost since their reemergence in 
the Mid-Nineteenth Century. Adding to these precious pieces of 
knowledge that which had been long forgotten through the centuries, 
these researchers were afforded an opportunity to develop 
technology which the scientific convention has never and can never 
equal. 

Numerous radionists recognized that radiostations create such 
heavily inertialized states at the ground level that biovitality is 
reduced to dangerously depressed levels. Effectively eliminating 
the normal sensate eidetic currents which flood a district, 
radioelectric applications destroy the normal access to aerial Vril 
strata. Forced to dissolve these inertial conditions, Vril becomes 
continually enraged. Because of this radioelectric irritant, Vril 
shifts eidetic imagery to higher geometric pattern states while 
areas become devoid of immediate eidetic flow. 

The aggressive and antagonistic interactions between Vril and 
inertial space produce various phenomena which have been observed 
and collated by scientific examiners for centuries. Those physical 
phenomena, the dynamics of moving bodies and of forces, are 
collectively termed "inertial" because they both exist and are 
active in a surficial plane of operation. 

Though seeming to hold dominion in our experience through 
their overt and ponderant character, kinetics and the 
manifestations of forces have no root in the more fundamental 
world-reality of consciousness. Kinetics, the ~cience of surficial 

· inertial experiences, do not penetrate to the ~epth from which our 
consciousness emerges. 

Mere sensory observation of the world, in absence of 
consciousness, does not constitute the deepest available tool for 
exploring the world. Without primary consciousness as the world­
exploratory tool, no factual derivation can satisfactorily stand or 
comprise a "valid" science. The ancient philosophers who knew these 
simple truths relied on their minds before experimenting. 

Vril is pre-electric, pre-particulate, pre-aetheric, radiant 
black space. It was empirically rediscovered that personal 
interceptions of Vril threads produced remarkable processions of 
live images. The rediscovery of eidetic earth connection evokes a 
flood of paranormal experience. Magnified image processions are 
experienced when special radionic instruments conduct Vril from the 



ground. True eidetic communications devices are passive radionic 
instruments, requiring no other energy than v7il itself. 

Pattern communications systems requ1re no electrical 
irritation, the eidetic energy alone supplying all the necessary 
communications power. Eidetic communications is an exchange of 
patterns. ~his exchange requires no power other than the flicker­
procession of Vril itself. What one does require is an exceptional 
radionic instrument which, grounded and filtered, can separate and 
project each eidetic component with articulate clarity. CLARITY and 
PATTERN determine the efficiency of pure eidetic communications 
systems. 

EIDETIC EXPERIENCES are the natural transmissions and 
receptions which form the mysterious dialogue among geopoints, 
equally mysterious foci. Eidetic experiences were noted in few 
professional journals because of their distinctively "occult" and 
"paranormal" implications, a poise which academes had firmly 
resolved to eradicate. Nevertheless, tales of true eidetic 
communions have been told and retold by those who plied their trade 
in telegraphy and telephony. These, deposited in old trade 
journals, were the object of ridicule in their day. When wireless 
operators began corroborating these accounts, a few researchers 
began to take notice. 

There remain a few who preserve the truth of these paranormal 
incidents. The discovery of paranormal eidetic transactions in 
wireless stations, while not understood, were not completely 
dismissed. Not uncommon were the times when distant operators 
communicated in total accord, the one anticipating both the 
questions and answers of the other. Being "under the influence of 
the spark" was a common enough phrase to explain its own meaning. 

Vril energies oppose and overwhelm pulsating electrical 
signals, producing a continuous Vril flux throughout impulsing 
systems which is eidetic. Vril opposition to electrical irritation 
manifests in electrical signals as anomalous and spurious 
undulations, static, and "noise". Vril generated electrical 
undulations do not themselves communicate their complete eidetic 
power to operators. The eidetic imagery of VLF systems continues 
flowing and overwhelming operators even when VLF generators are 
deactivated. This phenomena was noted by operators, especially 
during the night. . 

The self-charging of aerial structures :was known to reach 
lethal potentials, evidence of the Vril accretion process in 
passive grounded systems. The eidetic flood which emerged through 

' the aerial systems without power was a paranormal phenomenon often 
observed in the early wireless days. These items have been 
described in several lectures (Nichols) . The aerial terminal 
enables connectivity between ground Vril and space discharge 
points. Such threadways, established instantly, produce surpassing 
effects in the double ground systems. These effects diminished 
completely when aerial systems replaced the double ground systems. 

Now, eidetic communications required very specific placement. 
Distant stations often reported either "blindspots" (improperly 
placed points) or "freak reception" (properly coincident points). 
These latter phenomena resulted because district groundpoints act 
as Vril beacons. Double ground systems activated all such points 



simultaneously, but the aerial-line systems shifted emphasis from 
the whole district to very specific points in the district. This is 
why certain latter systems required so much power in order to 
maintain radio contact, while others could communicate across 
thousands of optical miles without much power at all. 

The Twentieth Century has been a strange episode, an epoch 
where mere investors and developers managed a broad array of 
wonderfilled patents into megalithic industries. Themselves not 
true discoverers, certain names stand out as obsessive moguls. 
Morgan, Sarnoff, Zworykin, Steinmetz: the commercializers of far 
deeper and yet unfathomed scientific wonders. Consistent with the 
general profile, such personalities managed the complete 
eradication of essential themes. 

Purloined from inventions, whose originators they methodically 
eradicate, the consumable aspects of invention are commercially 
reduced for production. The inhuman assembly line hammers away the 
wonder. The ceaseless forge pounds out the mystery. The press 
bleaches out the glory. 

Radio is not now that glorious and vitalizing tool which 
Meucci and Stubblefield foresaw ... that wonder which mystified 
children sense when huddled close to pocket crystal receivers. 
There, safely secure in the heart of winter, a sapphire space of 
cold winter nights pulses with the stars. The message of eternity. 

-

• , 
Mr 0 and Mrs 0 Chris 

~ l glowing roses in a globe 

quartz crystals in a glass case r , 
deco electric clocks 

''- .... ~ 
~ your peace was a white light to 

~ 
me 
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THE EFFECTS OF ATMOSPHERIC ELECTRICITY 
ON MUSCULAR MOTION 

·Having discovered the effects of artificial electricity on muscular 
contractions which we have thus far explained, there was nothing 
we would sooner do than to investigate whether atmospheric elec­
tricity, as it is called, would afford the same phenomena, or not: 
whether, for example, by employing the same devices, the passage 
of lightning, as of sparks, would excite muscular contractions. 

Therefore we erected, in the fresh air, in a lofty part of the house, 
a long and suitable conductot, namely an iron wire, and insulated 
it, Fig. 7, and to it, when a storm arose in the sky, attached by their 
nerves either prepared frogs, or prepared legs of warm animals, as 
in Fig. 20, 21, Tab. IV. Also we attached another conductor, namely 
another iron wire, to the feet of the same, and this as long as possible, 
that it might extend as far as the waters of the well indicated in the 
figure. Moreover, the thing went according to our desire, just as in 
artificial electricity; for as often as the lightning broke out, at the 
same moment of time all the muscles fell into violent and multiple 
contractions, so that, just as the splendor and flash of the lightning 
are wont, so the muscular motions and contractions of those animals 
preceded the thunders, and, as it were, warned of them; nay, indeed, 
so great was the concurrence of the phenomena that the con trac­
tions occurred both when no muscle conductor was also added, and 
when dle nerve conductor was not insulated, nay it was even pos­
sible to observe them beyond,.hope and expectation when the con­
ductor was placed on lower ground, Fig. 8, particularly if the light­
nings either were very great, or burst from cl~uds nearer the place 
of experimentation, or if anyone held the iron: wire F in his hands 
at the same time when the thunderbolts fell. 

Moreover, the phenomenon occurred whether the animal was 
exposed in the fresh air, or, for the sake of convenience, had been 
enclosed in a suitable jar, as in Fig. 7, or kept within the room. It 
occurred also although the nerve-conductor was at some distance 
from the nerves themselves, particularly with lightnings either more 
violent or ne·arer, as we said occurred in artificial electricity when 
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the sparks wer~ either stronger or extorted nearer the animal. Finally 
that worthy of not1ce occurred, that not merely by one contraction 
of muscles was the whole thing manifested in the lightning as in the 
spark, but by many, succeeding one another as it were in one mutual 
moment of time, of which the nurrrber of thunders seemed to corre­
spond to the number which a thunderbolt is wont to produce. . 

Now, indeed, such contractions were produced not merely with 
lightning but in a stormy sky, with clouds passing over the almost 
removed conductors they arose for the most part~spontaneously; 
and when this had happened, both the electrometer:s gave no slight 
signs of electricity, and not rarely sparks could be elicited from· the L. 
conductors raised 'high in air, differently from when contractions 
were obtained with lightning-flashes; for then more often no sparks J 
were elicited, and-more delicate electrometers hardly aroused any -~ 
suspicion of electricity. 

Now experiments of this kind were undertaken not only in dead i. 
but also in living animals, and in both the phenomenon appeared, 
and none of those thi_ngs was omitted which we have disc~vered in 1:. 
artificial electricity, but all for the most part occurred in the same J 

way. At first sight, indeed, it seemed that this considerable differ- ~ 
ence existed, that the prepared frogs which, with a suitable conduc- · ' 
tor, were enclosed in a little glass machine, Fig. 6, Tab. I, s_eparated 
from the conductor of the electric machine by an interVal, on the ~ 
passage· of the spark were violently disturbed, as we said, but, ·when 
lightning burst from the clouds, were wholly quiescent; perhaps ~ 
either because, if any ~lect~city were conveyed from the electric ' 
cloud to the little machine by means of the conductor, it was· very \i 
slight, and occupied a very small part of its surface, so that it was ' 
not adequate for inducing contractions, or p~rhaps because none 
was carried to the same little machine; just as for the most part, 
for the same reason the same con tractions are lacking on the passage 
of the spark, if the little machine is placed, not near the electric 
machine, but near that end of the electric .conductor, EE Fig. 3, 
Tab. I, which' is far distant from the same machine. - ··· _ 

Upon diligent investigation of the circumstance, on this account, 
the manner of action appears similar between artificial and atmos­
pheric el~ctrici ty; perhaps fo~ obtaining these con tractions within 
the little glass machine, it is necessary that the electric atmosphere, 

~ either wholly or for the most part, should surroll:nd the same rna-~ 



LUIGI GALVAN! 

chine; but, from what has hitherto been stated, it seems· to be far 
removed from the position of the little machine and from the ex­
periment. 

But not merely the phenomenon having been explored, but its 
laws also having been subjected to examination, we have ascertained 
that the same are maintained in no dissimilar manner in atmos­
pheric, as are maintained in artificial, electricity. 

Now, indeed, the effects of storm electricity, as they say, having 
been investigated, not of thunder and lighting alone, it occurred to 
us _ also to test what sheet lightning and northern light~ would pro­
duce in animals prepared in the customary way. Therefore we 
adapted our animals to an atmospheric conductor not only during 
lightning but during northern lights. But no contractions were ever 
then produced, perhaps because either such coruscations do not 
depend on electricity or, if they do, either in too remote a place, 
or they, occur for some very different reason than thunderbolts. 
But these are questions for the ph~sicists. 



LUIGI GALVAN! 

From these observations it was· clear to us that there is required 
not only the application of a conducting body to the nerves, but also 
a certain magnitude and extension thereof, for the production of the 
phenomenon. Hereafter, for the sake of perspicuity, not of brevity, 
let us be permitted to call such a conductor a nerve-conductor. 

Moreover, we attached to the extremity of this conductor a frog 
by means of a small hook fixed into its spinal cord, Fig. 2., and some­
times placed the frog opposite the machine, sometimes placed its 
conductor so that the frog was now near the machin~, now far dis­
tant from it, and therefore now the. feet, now the prepared nerves, 
were turned towards the machine, which had the conductor now 
before now behind it; nevertheless contractions were always ob­
tained equally. 
. We- investigated moreover whether the phenomenon would be 
obtained in prepared animals, from a machine situated far distant, 
and this em-ploying very long nerve-conductors. Moreover, the trial 
was so conducted that when an iron wire, I 50 feet long and more, 
was employed, nevertheless, when a spark was produced, con trac­
tions of the muscles occurred, even at so great a distance from the 
machine. 

We arranged an experiment in this way. We suspended an iron 
wire, EEE, Fig. 3, by a series of silk threads and, as· the physicists 
say', insulated it. One end vre attached similarly by silk threads to a 
nail driven in the wall, F; the other we conducted far from the ma­
chine the length of the w~re into various other rooms. To this, at 
point C, we attached another iron wire, B, to whose extremity a 
frog was attached; and for convenience enclosed the frog in a glass 
jar, A, the ~ottom of which was filled with some conducting material, 
like water, for example, or very fine lead shot~ whereby a better 
experiment resulted. But when a spark was produced from the con­
ductor of the machine, surprisingly the. headless frog moved at so 
great a distance and jumped vigorously about. The same thing hap­
pened if a frog outside the glass jar was attached in the same way to 
conductor EE, and far more quickly if there were attached to its 
feet some conducting ·body which communicated with the earth. 
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LETI'ERS OF CAR.MINATI AND GALVAN! 

- -
, .:- Signor Volta concluded that the 
;).deficiency of electric fluid exists on the part of the nerves, not the 

· ·.;~ excess, as you had believed you could advance on other conjectures . 
·-~-:. : Therefore, .our 4istinguished Signor _Volta wishes the contrary of 

· .. ·.your opinion, w4ich is not yet held as a settled thing, because based 
. ;· on experiments · of the utmost delicacy, made by him in number, 
: :~ :;but not yet repeated as much as he would wish. 

: .. .. Meantitpe, while the above celebrated physicist attends to these 
·: experiments on frogs, that they may be perfectly reasonable and 
. easy to perform, let not others among us cease to experiment on 
other animals, including warm-blooded; and already are verified the 

:·.tests made by yourself on_ birds and quadrupeds~ Those of my own 
. Institute are now propositig some experiments, which can be of very 

useful application to medicine, on the action of poisons and of drugs, 
· especially of those which are called medicinal and heroic. 
· To do these experiments I have already made suitable arrange­

ments with Signor Volta; and so, after having conferred with him 
about it, I have already performed a trial of experiments directed 

· to determine the action of opium, of camphor, of musk, ·of snake­
. venom, of cherry laurel, of bitter almond, and others, with regard 
to exalting and abating animal electricity, applying these materials 
now to nerves and now .to muscles, now in substance, and now by 
~eans of infusion, holding the animal for some time immersed, either 

· intact or deprived of some parts~ Within a short time I shall perhaps 
be in· position to communicate to you the principal results of these, 
my researches. 

1 

We purpose still to investigate what may be the electric action 
of nerves on other parts than the muscles, that is on membranes and 
on vessels; and in what manner it modifies the circulation of fluids, 
the secretions, and other things; if indeed in this we have not been 
already forestalled by you, as supposes our most esteemed friend, 
Don Mariano Fontana, who esteems you as much as I, who do not · 
allow mysdf to be surpassed by anyone in the honor of being, with 
the most distinguished consideration and greatest respect, yours. 

Pavia. 3 April, 1792. 



Letter _from Doctor Luigi Galvani to 
Professor Don Bassano Carminati 

l have finally written out, in some manner, amid the scarcity of 
time in which I live daily, the few considerations pertaining to the 
experiments of the illustrious Signor Volta which I promised you 
in my latest. I beg you to submit them to the sagacious· discernment 
of so illustrious a philosopher, to ~hom I entrust them and on whose 
judgment will depend principally their fate. They are expressed 
roughly and in confusion; in such a manner, that .is, as the. brevity 

· of time and my scanty ability have permitted. But whereas he ·be­
lieved them not entirely useless, you can embellish them with the 
elegance of your style; therefore I consecrate . them ~holly to you. 

The learned author, then, as you advise me1 has measured the 
quantity. of artificial electricity which, in a frog prepared and arma­
tured in the manner proposed by me, suffices to produce muscular 
con tractions, and has found this to be the tenth part of a degree of 
what is necessary to· render it sensible to the most delicate elec­
trometer, and thence he draws two beautiful conclusions: one is 
that the frog prepared in a similar way ·is an electrometer . ten times 
more sensitive and delicate than any yet invented, and even than 
his own most delicate ones; the other is that a similar minute quan­
tity of animal electricity will suffice to produce natural and spon­
taneous movements in the aforesaid animal; thence there comes by· 
legitimate deduction the prodigious force which extrinsic electricity 
must have, whether it be terrestrial or atmospheric, in animals and 
thence in man, and therefore he had not yet sufficiently learned what 
and how great changes occurred to infer this either in one or in the 
other. i 

In short, in a very brief time he has shed no little light on the 
most interesting point of the influence of terrestrial and atmospheric 
electricity on our actions, and on the alterations and diseases which 
frequently afflict us; and in other animals he has no little encouraged 
the doctors to continue the use of artificial electricity, making them 
hope, with every reason, no small advantage. 

He has made other beautiful experiments concerning the seat of 
the excess and of the deficiency of this animal electricity, referred to 
muscles and to nerves. -
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At E~pt>lll)'~ the Count uo Lu~ hus· a locomotl,·e which 
dnve~ a. threBhiug machine by mea.us ~r a It ather belt some 
mctrl's in length. Standing near the . pelt, und to prot~er 
him from the heat of the fire, he ·one day ht>lJ open a p:tra­
oul which hatl a wooul!n haut.ile antl .a fru.n)e or bracing, 
mauc, ati usual, of iron: · li:lppeniu:;{ to touch 0110 of . the 
bract•H he imuwlliately expcrienc~cd a senHible elE:-ctric 
sho('k. 1 

• . :: . . ·. · · : . • . 

Tho followin~ day I repenteu the .cxpe~iment nml ~>htained 
sparkH nbout three· fourth~ of an inch long, following each 
other so rapidly us to indicate an almost continual curn•nt, 
the intl·n~ity of wlth.:h ~:o~ecuH.•d to dept!tltl upou tlw rnpi<..lity. 

'"-'-_,.·,-· \Yith which the belt moved. \Vhen the engine workt>d \'<.•ry
1 

rnpidly, strong spnrks e:;cuping from the hclt to the uoilcr 
prouu<.-e.l n cracking noise, which couhl lu.! distinetly 
!ward. thou~h t.hc light' prevt~lltl•d thmll from being seen. 

How t•oulu thisllt3 explairw<l? Could it he attributed to IIL'II-~~4,. 1' ... 1inlf;J:J~;~~'· 
d('ctridty uell.'\'opeu by the evaporation of water- in the 
boikr. ali in the hydro-electrie machi~1eof Arnisti'm1gT N(), taJM~I.l 
lwt•ause th<' boilt.•r of Armstrong-'s Huchinw must ·he 
11111\llltt•<l on insuhlting pillars of ~lass, while in tllis ea~t>, 
on tlll' <'Otltrary, the iron wlH..'l•l:; of the lo<.·onH)ti\'t~ res 
upon and fl>rtllL'll a ecnillmiiiieatioil with damp grounu. -·-·· 
. Tht.•(•xplanation, whichsel'IDP<l to lilt .' snti~fuctory, iii th~ ­
fullowin);: Tlw bt•lt was not tmtlil'it•ntly ti~ht, and the en­
~itH·t·r l'l'snrtt.•d tu tlll' comnwn exp··~lient of powd••ring it 
wit 11 ro:-;in in ordt>t' t<l incrt•ast.• its ndht.•!:dou to the t.lri vin~ 
wht.•t•l and plllll')'. Still the atlhet:Jiolt was not Jll'l'fL•ct, and 
l•y tilt• fl'il'tion IJl'lWet· n tl~t• pullt•y an<l ~t.·lt, as in tilL· usual 
t•l,·ctw-phPI'o\1~, tlll' l\\'t> lluid~ wt•rt.• ~wpatatl'd. The 
frattH' nf tlat.•para..;ul adetl tht• P 'lrt ·of a <'<JIIdL'Il~t·r. atld a~ 

•"•ow•-..;~t l lht• bl'lt wa~ about tt.•n yards lou~ and lllll'·fuunh of a yartl ;~~~~~~~ 
r.IJI"r.t~~~ . .K..JII widt•, it pr. ·s\'lltt•tl a superlit~ial un•a. ut' nhtl\lt l\\:ll and Olll'· 

half squarL• yard~. upnn whil:h a con-.;itlL•ral,lt.• qtt:wt i ty of 
frc•• t.•lt•t·tril'ity l'ollld l•l' :H't.'tllintlatt•tl. I ha<l 110 lllt'alls of 
lll'tt•rttlining- tht.• ~l)t't:tt•s t)f t•IL•l·trivit)"• U11l I t)Jitlk ,.,.. _ __..,_,_ 

rl·!(ill<llt~. --.1 . J!. Flllll<'l~t· i11 .\'afttl'l' , 



ON A NEW co_N_NE__._O_T_Io_N,.. FoR ·jTHE ~Nnuc~i.oN c.oxL. 

Dy Pro(. J.:dwln J. lloa.aton,ln the Jour at of tbo Fraoklld Instlt,te. 

The following·cx~fri~lC nts wen fnlldc at 'tho Cont~' High ~.,.. . ._ .... 
School of Philatlclphiu, with a vit )V .of inorcasing ·the quan­
tity. of the spark or .· tho inductio ' coil \vi ·}!out greatly . di-

;.i;;~~~~~~;,·~ minishing it:i length, Tho . instr ' cnt used· was made by 
Hitchie, of Boston ... and will . thro .. tho spark ~ix inches jn 

.....__ ... ,o..LJ~~~l~~~~~~ fre;n~~f tl~e poles . L ends ~! th ;t~oc~nd~;y ·~i~o·: was: cJl~ 
"""r.a~a~• nech.-d with th~ earth .. by a cop ·~r wire, o.ttncl;ed ·to. ··n: g~ 

-.;;~..,Q.1!l'i(J~~ pipe. The other pol~ ·. was connect~:~ '~~th a wire, which rest: 
ctl on n lnrgo lccturo ; to.hi~ holdin :~he coil.. pn t.~rriing \}{e 
break piece, the · ele~tricity, .tnst~n ,,,of being l9s.~ .by,passtng 
along the wires to th

1
o earth, j um · 

1
1 from~ tho polo ·connect· 

od wlth the table · tp . that ·conno · <1 with tho earth. .Tho 
thickucMs o! tho ~njark · w~s· gre ,Hr · increnMcd, its lon~li 
diminished, and lt:i 1 color ·chang :. . to a· sqvery whltc, ~s 
wh<'n a Leyden jar is plnced in do.path of tho discharge; 

\Vhilo t}1e electric~ ty ~9 tlo.wing *~tween' the points,. long HII~~Jf~rJW.4i~~\ 
t!parks mny be drawn from any· ~· rt ot the table, or from 

II:~~~~~~~ nny metnllk artlcl~ W~thin;eighC o. :. ; Inc feet ot th~ coil . . :on 
on<~ occasion, the gas' wutt llgh ~ed ... a t~pnrk drawn floin .tho 
finger o! a· p·orlion stnnding on ·the . 9or . . : ~ho gas 'plp·e b~Jng 
in 11lmost perfect con~ection wit~ po eil.rth, tho sparkmust . . , 1 
hnvo been given to.it fr!lm tho bO<~ · bt. tho person. ::: . ·:· · ; . f· :_('. 1. 

On another occn~i~n, ·one wlro w : ~ttached to tho gas pipe,' .. ..,. !..• ~ .. ··.-.-..... c .... 

f'lltr:;;l;i:!'iifil! as be!ore, and the other to a stove, !Whoa~ pipe connect~ '\vith ~ 
that ot another stove l~.an adjoi ~g ~om. The thickness __ _....__ 
of the spark . was greatly increa' d. · Sparks were: dravm ~ .. -.-. 
from· the distant stovo, a'nd ·e.ven.f! ~ ·~ sm'~nataam e~g\n1e, 
~hloh latter wus fully: thirty !oe~ ~om the ~U. t~ln ' i'Lll .. ,the 
experiments it ~o.s fqund ·neces~ jto insulate tho handle of 
tbo break p1 ns a: slight shock. 'ae . experienced at ·f!Very 
break. Tho pte · pelng k9t1t .a·t a :~~lltanc'e !rom ·c~c~ ~ 'otl~.u.r 
les:t than tho ils lat~ng po~ver.oq: ~con; six l_n~}~~· no ~a!l· 
gt~r o! inj1uing l l~1strument w ; ·approhendeq. : : In one In· 

rLI .... .IWitli,'\AIIIIri. Stance .sparks WCro ·qra\Vfl, Jn a I UDdernca'th :'tJie adjoi.n. ~. 
ing room, !rom a wire whl.ch ·co cctod with ;tl1o '.to.lJlc on 
which tho coil rested. · . . · ' ::·, f .: ~ .; '· ,:;.~ :· ::,z.··' ·?: ;. i:' 

The sa facts showing : grcnt los's · ·1 t4o cl~ctrl.~ity,:huf' Indi­
cating tho need for fL la·rg" .condu !,~r, probnb1y to allo'Y the_,........_ 
rapld di:~clu1rgo ot tl~e soco~do.ry . 'l'e, a largo ·Insulated COD· 

ductor ~as extemporized, by placl : some old .tin stills · q.nd 
percolators on' large 'glass jars. n connecting one of the. 
pole:s wltl1 this conluctor, and th pther with. the gas pipe, 
the quantity of. the spa.rk was in~: , ascd, though there w~s 
reason to belio'Yo th t, wit}~ a larg' ~!conquctor, btliter r~sult11 
would haYo been obtn{ned., .Tho c \iductor wa.s then divided 
lnto two, o! aoout e~unlslze_,· whic Lf~eie · · colmect~d with the 
poles .. Tho q.unntlty of the sp~r~ Jfas. lncrca.aed, with, h.ow. 
over, great du~lnutiou in the lcntfth . .' By successively di· 
mlntshlng tho 1.1lze pf one of tho inductors, and increasing 
that of tho . other, the lt'ngth '!f ~ o spark was lncrQaspd, 
without any sensible diminution its quantity, 'Untll, when i 
one o! tho 'conductors was less ttn one . &q~o.re !O<?t ln. :sur7 '\. 
face, . a fine quantl~y ipa.rk ·of ut five ·· inches· w~ pb·,. : 

tai~e<~.lll be n~tlcecl:tiuit th.is ~n~~i~tlo~ is a:,~e~hn~ ·a~~~l~r ·, 
to that used in thu common cyll . ~erl . or plato ml'chln~, in 
which one ot tho' conductors, gen tally the negative, Is con· 
ncctt!d with thu 'cn~th, and ·tho qantlty ot the electricity 
thereby lncrenacd .. \ • · · ~~ I· . • . 

In all tho. ~xp~lmonts Jn whlc~, o~e 'polo was In ~artlnl -,., ... 
connection w1th th ourth, as whcn1 ~t rfstcu on tho table, the . 
lo~s of clcctri<"ity URt havo ~cnn yery great, for several gas 
and water pipes were in connection iwith tho table . .. If, then, 
the tnble merely serves us an !mpcr!ectly Insulated conductor, 
which allow:~ tho rapltllntluctlon ol.t!lcctriclty in tho et!conda­
ry wire by It~ rupid dit~cho.rgo, and}therehy, notwithstanding 
tho loMs, gives HO gn•tlt an incrcnl!e in tho quantity o(. tho 

,. ,.park, it woultl scorn that If, in::ttcutl ot tho tauln, lln insulated 
CQildUctor of Yery lllrgn surfucu weru Used, ll much greater .. \ir ."!UJ.__..~ 
lnerco.~u In quuntity wnultl be obtnlnt•d. 

It would l!cem from tlw above ux'pt!rinu:nts, that tho maxi­
mum incrt~aHu will lu: ohtllincd whon Ollll o( tho polu11 IH con­
nt~ctt~d with no lmmlutt•tl conduc:tor, tmy Hevcrul hundruu _ ...... .,. . ...,..c~~ 
squa.re !et!t In surfuct~. n.ncl the: ntlwr with tho enrth . 

_, "<·· ~ ... . 't'J•f,'ff~.- ~ .. ---.. .. 
· ·t~ .• • 
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CURIOUS .EFFECTS OF HERTZIAN WAVES. 

BY 

D 
N the issue of the London Electrician of June s, 

-1894, under the)1eading, "Hertzian· "W:aves at 
the Royal Institution," the following remark 
occurs: "It is wholly probable, as Dr! Lodge 
suggests, that Hertzian waves may often have 

manifested themselves in physical laboratories to the 
annoyance of the workers, etc." 

I may mention in this connection that in 1877, if I 
remember the year correctly, while working a Ruhmkor::ff 
induction coil, one terminal of which was grounded and 
the other terminal of which was attached to an insulated 
metallic body, Prof. Houston and I noticed that when the 
sparks were passing between the terminals of the coil, it 
was possible not only to obtain minute sparks from all 
metallic bodies in the immediate neighborhood, that is, in 
the same room, but that delicate sparks .could be taken by 
holding in the hand a small piece of metal near metallic 
objects in many other rooms and on different floors in the 
building, although the pieces were not connected to 
ground. These could only have been Hertzian effects, 
but there was no recognition of their true character at the 
time, though the effects were seen to be connected with 
the very quick charging and discharging of the insulated 
body. An account of these experiments was, I think, pub­
lished in the Jo·urnal of the Franklin Institute at the time. 

I desire also to· mention, as coming under my notice 
within the past year, a curious and rather amusing illustra­
tion of the principle upon which the beautiful instrument 
for detecting the presence of electric oscillations devised 
by Dr. Lodge and called by him the "coherer," is based. 

It was reported to me when in Philadelphia that a cer­
tain electro-plater had found that he could not pursue his 
~ilver plating operations during thunder-storms, and that 
if he left his plating over night and a thunder-storm came 
up the work was invariably ruined. I was disposed to be 
thoroughly skeptical, ~nd expressed my disbelief in any 
such effect. Being urged, however, I went to the silver 
plater's shop, which was a small one, and questioned the 
silver plater himself concerning the circu1Il£tance which 
had been reported. \Vhile it was evident that he was not 
a man who had informed himself electrically, I could not 
doubt that, after conversing with him, he had indeed been 
stating what was perfectly true; namely, that when his 
operations of plating were . going on and a thunder storm 
arose, his batteries, which ·were Smee cells,' acted as -though 
they were short.circuited, and the deposit of metal was 

. made at too rapid a rate. The secret came out on an in­
spection of his connections. The connections of his bat­
teries to his baths were made through a number of bad 
contacts which could not fail to be of high resistance under 
orJinary conditions. I could readily see that virtually he 
was working through a considerable resistance and that he 
h:'ld au excess of battery power for the work. Under these 
circumstances a flash of lightning would cause coherence 
of his badly contacting surfaces, and would improve the 
conductivity so as to cause an excessive flow of current, 

give a too rapid deposit; and-as he put it-"make the 
batteries boil." · 

The incident suggests the use of Dr. Lodge's ingenious : 
instrument in the study of the waves which are propagated 
during thunderstorms, of which waves we have practically 
little or no information. 
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F y 
Thorr{:son was already at work setting up apparatus for the 

experiment. He was quite certain that the so-called "etheric 
force" was .a train of electromagnetic waves sent through space 
by the rapidly oscillating sparks from the induction coil, an action 

' analogous to sound waves set in motion by the vibrating cords of - ~ 
the human voice. The energy, he believed, was supplied by the 6 
coil, transformed at the surface of the condenser plates into electro­
magnetic waves which traveled out in all directions, and, upon ·1 

passing through a "receiver" composed of metallic objects t 

almost touching, transformed back again into minute electric (, 
sparks. If he was right, the experiments would be valuable labora­
tory proof of Maxwell's theory, so far existing only on paper. 
Thomson was, in fact, after bigger game than Edison. He hoped 

..J#"~fill~ to make a basic contribution to physical science. 
Edwin Houston lent little to the occasion except th~ table top 

in his ground-floor classroom, where Thomson had set up a large 
Ruhmkorff induction coil. But Elihu was too sure of his procedure 

- to need his superior's help. The connections were very simple. 
One terminal of the coil he fastened to a water pipe, the other to a 
large tin still mounted on a glass jar near by. The coil was supplied 
with current from a powerful battery of bichromate cells under 

-- .. the table. Any modern schoolboy will recognize that he had made 
the classical setup for a transmitter of wireless signals. 

For a receiver Thomson rigged up a black box, open at one 
side and provided with two graphite pencil points nearly touching 
within. One of the pencils carried a large brass knob outside to , 

~\' ,, ·~. 
\ \ 

- \\' ,, ) 
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absorb more of the waves. Again, the rudimentary radio receiver. 
From our twentieth century knowledge of electrophysics it seems 
certain that Elihu Thomson, with the basic apparatus in his 
hands, must have gone on to discover the whole great principle 
of wireless signaling forthwith. But he did not. For the second 

. time in four years he missed the practical implications fairly 
staring him in the face and stuck to his theoretical investigation. 

Thomson, the pure scientist, was to the fore that day. He was 
only the first of that long line of laboratory men-Hertz, Crookes, 

~• Helmholtz, Lodge and many more-who must complete their 
work before the youthful Marconi -vvould see the enormous '..~ 

practical value of electron1agnetic telegraphy and at l~st make ~·­
it work. 

A great invention is ·a notorious insult to the men who make - ~ 
it. Though a thousand minds labor, it refuses to be born till it (_ 
pleases and then it turns to mock them all for their stupidity. if 

No doubt if some prophetic person had told Thon1son just 1 
then that he had the secret of a priceless system of communication 
in his grasp, he would have been unmoved. All that he wanted to 

;;.~~fJ do was to refute Edison's idea of an "etheric force" and establish 
~~~experimental proof of Maxwell's waves. Turning on the Ruhm-

. korff coil and setting the gap to give the brightest and fattest 
sparks, he began a systematic search for the electromagnetic 

'waves he hoped to find. Everywhere in Houston's classroom 
- · "spark:s flashed brilliantly in the black box. Thomson took it into 

, the next roo1n; the sparks were just as strong. Down cellar they 
were as good, even to the farthest corner. lie found that it was 

· · unnecessary to use the box at all. There was runaway energy 
enough to produce the sparks by holding a sharp pencil against 
the brass knobs of the doors. 

Elihu hurried from room to room, trying every metallic object 
that was insulated from ground. On ·the second floor he got the 
same results, and on the third. Finally climbing five flights of 
stairs to the obs~rvatory on the roof he made the pencil test again 
and found the wave energy still abundant. 

Astronomy Professor Snyder, working quietly in his observa-
.\ tory, was considerably surprised when his visitor burst in. But as 
~the young chemistry instructor panted out an explanation of his ~-

: experiment Snyder dropped what he was doing and took a decided A 
t.~ ~ • .. .., , .._~ • rtr ....... ~• _, · __ _ __ _ 
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interest. With growing attention he watched as Thomson drew 
sparks, first from the doorknob, then from the eyepiece of the 
telescope, and finally even fron1 a group of small metallic objects 
in a glass case. 

Thomson invited him to try the pe11cil for himself. Snyder 
did so, growing more excited every minute. At a time like this 
the most sedate scientist acts like a child with a shiny new toy. 
The professor of astronomy knew Maxwell's work well-knew 
too that he had predicted the passage of electromagnetic waves 
through space or "ether" between the atoms of all known sub­
stances. This was certainly the proof. The spark coil was operating '\: 
90 feet below them, and the energy was coming up through five · 
floors loadt;d with mortar and bricks and heavy beams. / 

They moved along the hallway to the door of the library, which ~ 
had a particularly splendid brass knob. Here the sparks were so r 

intense as almost to be audible. Thomson stopped suddenly and " 
grinned inquiringly at Snyder. The older 1nan nodded. "There's 1 
no doubt about it," he said. "Electric energy transmitted through 

1" space. 
· ~ut science is never spectacular all the time. Other very 

different tests were necessary. If the sparks really were generated 
by electromagnetic waves instead of by some unexplained 
"etheric force," they would be absent when the waves were 

~ absent, even though the induction coil was still in operation. 
· · " Thomson devised an ingenious apparatus to suppress the waves 

, without stopping the coil. It consisted of two "resonators" or 
tuned circuits, each sending out a wave of it~ own. The two could 
be adju?ted so that their waves would add up and go out together, 

, or so that they would oppose and neutralize each other. 
This principle of "interference" was a very old one in the 

field of light waves, having been discovered centuries before by 
,, Newton. Elihu Thomson reasoned that if Maxwell were right in 

saying that light and electromagnetic waves were of the same 
nature, then the interference principle should work now. ' 

He \Vas delighted to find that it did \Vork. The two resonators 
could be adjusted "in phase" to send out powerful waves, giving 
their sparks all over the building. Or they could be set in opposi­
tion, so that no waves went out at all, and consequently no sparks , 
aooeared. · · ' - ~-l /lj;_;_·J-r::__ . 1::_1~\ ~:/~ t....,. ~ , .Atf I'~. ~ A_~ -~ v 1 ~!7F 
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')'HE DISSIPATION OF THE ELECTRICAL EN­

ERGY OF THE HERTZ RESONATOR. 

BY 

. ~i r'------
~ d;~~ . kA--
~ NYONE who, like myself, has had the pleasure 
' ·. · .. , • ~ of witnessing the beautiful demonstrations with 
\' ' · . vibrating dil:!phragms which Prof. Bjerknes, 

· .,) :J . exhibited in person at the Paris Exposition in 
r ~ ~ 1889, must have admired his ability and 

~
~r,, _ ' pain~t~kin~ c~re to such a degree, as to h~ve an almost 
1.~~ · ~-- ....... ~ ImphClt fa1th m the correctness of obser:vat10ns made by 
~ 4111(' t - ~" him. His experiments "On the Dissipation of the Elec-

trical Energy of the Hertz Resonator," which are describ.ed 

~ 
n in the issue of Dec. 14, of THE ELECTRICAL ENGINEER, are 

~ . \~- ... prepared in the same ingenious and skillful· manner, and 
~ f."' , "; •: 1 the conclusions ~ra wn from t~em are all the more interesti~g 
· · ~ as they agree w1th the theones put forth by the most ad-

·- vanced thinkers. There can not be the slighest doubt as 
· to the truth of these conclusions, yet the statem~nts which 

, follow may serve to explain in part the results arrived at in 
' a different manner; and with this object in view I venture 
to call attention to a conditi_on with· which, in investiga­
tions such as those of Prof. Bjerknes, the experimenter is 
confronted. . 

The apparatus, oscillator and resonator, being immer~ed 
. in air, or other discontinuous medium, there occurs-as I 
have pointed out in the description of my recent experi­
ments before the English and French scientific societies­
dissipation of energy by what I think might be appropri­
ately called electric sound-waves or sound-waves of electri­
fied air. In Prof. Bjerknes's experiments principally this 
dissipation in the resonator need be considered, though 
the sound-waves-if this term be permitted-which 
emanate from the surfaces at the oscillator may consider­
ably affect the observations made at some distance from 
the latter. Owing to this dissipation the period of vibra­
tion of an air-condenser can not be accurately determined, 
and I have already drawn attention to this important fact. 

These waves are propagated at right angles from the 
1~~~~~ charged surfaces when their charges are alternated, aud 

di!!sipation occur!l, even if the surfaces are covered with 
. ' ~hick and excellent insulation. Ass?ming that the "charge" 

'-. ~.·1 Imparted to a molecule or atom either by direct .contact 
. \. · · ' or inductively is proportionate to the electric density of 
~:~"""' 1 ·. · '/ the surface, the dissipation should be proportionate to the 
~ . · ... square of the density and to the number of waves per sec-

·' · ond. The above assumption, it should be stated, does not 
l?"t ' . agree with some observations from which it appears that 

'lit....:'J; an atom can not take but a certain maximum charge; hence, 
..,,... ' the charge imparted may be practically independent of the 

~~lt~~J density of the surface, but this is immaterial for the pres­
ent consideration. Thts and other points will be decided 

~~~8IIJJ when accurate quantitative determinations, which are as 
yet wanting, shall be made. At present it appears certain 
from experi.ments with· high-frequency currents, that this 
dissipation of energy from a wire, for instance, is not very 

w~· far from being proportionate to the frequency of the alter-

~? ,~~ ... l.' . .. ,. ~ ·, 
. J..T, ~ · · . I 

. .. ,#-.," , 

·" 

nations, and increases very rapidly when the diameter of 
the wire is made exceedingly small. On the latter point 
the recently published results of Prof. Ayrton and H. Kil-. 
gour on ''The Thermal Emissivity of Thin Wires in Air" 
throw a curious light. Exceedingly thin wires are capable of 
di~sipating a comparatively very great amount of energy by 
the agitation of the surrounding air, when they are con­
nected to a sourQe of rapidly alternating potential. So in 
the experiment cited, a thin hot wire is found to be capa­
ble of emitting an extraordinarily great amount of heat, 
especially at elevated temperatures. In the case of a hot 
wire it must of course be assumed that the increased emis­
sivity is due to the more rapid convection and not, to any 
appreciable degree, to an increased radiation. Were the 
latter demonstrated, it would show that a wire, made hot 
by the application of heat in ordinary ways, behaves in 
some respects like one, the charge of which is rapidly alter­
nated, the dissipation of energy pe_r unit of surface kept at 
a certain temperature depending on the curvature of the 
surface. I do not recall any record of experiments intended 
to demonstrate this,· yet this effect, though probably very 
small, should certainly be looked for. -

A number of observations showing the pec~liarity of 
verv thin win•s were made in the course of my experi­
me!;.ts. I noted, for instance, that in the well-known 
Crookes instrument the mica vanes are repelled with com­
paratively greater force when the incandescent platinum 
wire is exceedingly thin. This observation enabled me to 
produce the spin of such vanes mounted in a vacuum tube 
when the latter was placed in an alternating electrostatic 
field. This however does not prove anything in regard to 
radiation, as in a highly exhausted vessel the phenomena 
are principally due. to molecular bombardment or con­
vection. 

When I first un-dertook to produce the incandescence of 
a wire enclosed in a bulb, by connecting it to onl~ one of 
the terminals of a high tension transformer, I could not . 
succeed for a long time. Oa one occasion I had mounted ~' h. .. ·• ~ 
in a bulb a thin pla.tinum wire, but my apparatus was not · ~---··-~ 
adequate to produce the incandescence. I made other bulbs, ,, 
reducing the length of the wire to a small fraction; still I 
did not succeed. It then occurred to me that it would be 
desirable to have the .surface of the wire ~s large as pos­
sible, yet the bulk small, and I provided a bulb with an 
exceedingly thin wire' of a bulk about equal to that of the 
short but much thicker wire. On turning the current on 
the bulb the wire was instantly fused. A series of subse­
quent experiments showed, that wh~n the diameter of the 
wire was exceedingly . small, considerably more energy 
would be dissipated per unit surface at all degrees of 
exhaustion than was to be expected, even on the assump­
tion that the energy given off was in proportiqn to the 

. square of the electric density.. There is likewise .evidence 
which, though not possessing the certainty of an accurate 
quantitative determination, is nevertheless reliable because 
it is the result of a great many observations, namely, that 
with the increase of the density the dissipation is more 
rapid for thin than for thick wires. · 

The effects noted in exhausted vessels with high-fre­
quency currents are merely diminished in degree when the 
air is at ordinary pressure, but heating and dissipation · 
occurs, as I have demonstrated, under the ordinary atmo- ........-- ·;_ 
spheric conditions. Two very thin wires attached to the~· 
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. terminals of a high-frequency coil are capable .of giving off . 
---·-...--:>~ an appreciable amount of energy. When the . d_ensit:#'is 

. ~ very great, the temperature of the wires m;f.y be percep-. 
tibly raised, and in such case probably the greater por­
tion of the energy which is dissipated owing to ·the 
"Jresence of a discontinuo'!ls. medium is transformed into 
heat at the surface or in close proximitj to the 
wires. Such _heating could not occur in a medium 
possessing eitlier of the two qualities, na.mely, perfect 
incompressibility or perfect elasticity. In fluid, insulat- · 
ors, .such as oils, though they are far from being perfect~y 
incompressible or elastic to electric displacement, the beat­
ing is much smaller because of the continuity of the fluid. 

When the electric density of the wire surfaces is small, 
t}lere is no appreciable local neating, nevertheless energy 
is.dissipated in air by waves, which differ from ordinary 
sound-waves only because the air is electrified. These 
waves are especially conspicuous when the discharges of a 
powerful battery are directed through a short and thick 
metal bar, the number of discharges per second being very 
small. The experimenter may feel the impact of the air at 

, distances of six: feet or more from the bar, especially if be 
•. takes the precaution to sprinkle the face or bands with 

ether. These waves cannot be entirely stopped by the 
interposition of an insulated metal plate. 

Most of the striking phenomena of mechanical dis place­
ment, sound, beat and light which have been observed, im­
ply the presence of a medium of a gaseous structure, that is, _ 
one consisting of independent carriers capable of free 
motion. 

When a glass plate is placeJ near a condenser the charge 
~~~~~~~of which is alternated, the plate emits a sound. This 
RHr!Pii~~..:~~~~~~ sound is due to the rytbmical impact of the air -against the 

plate. I have also found that the ringing of a condenser, 
first noted by Sir William Thomson, is due to the presence 

~ of the air between or near the charged surfaces . . 
. When a disruptive discharge coil is immersed in oil · ·· · -.. .) ? contained in a tank, it is observed that the surface of the 

~; ~~ oil is agitated. This may be thought to be due to the dia­
l(.·-~~~ place~ents produced in t~e oil by.the changing s~resse~, b~t 

1 
•• ,~.;. su?h lB not the case. It IS the ~1r above the 01l wh10b ~s 

,

\ · ~i agttated and causes the motion of the latter; the 01l 
~\~~ .' ~!li · ''i itself would remain at reEt. The displacements produced in 
~Y. ·' ', '\f. it by changing electrostatic stresses are insignificant; to 
~.io"'~ - - -;·.....,...~ such stresses it may be said to be compressible to but a 

' _. ... ~.~~ very small degree. The action of the air is shown in a 
1 ,., 1~t; curious manner for if a pointed metal bar is taken in the band 
~ 1\. ~ ~ and held with the point close to the oil, a bole two inches 
;A .'·i \ ·~~ deep is formed in the oil by the molecules of the air, which 

~ ~ '"' are violently projected from the point. 
. The preceding statements may have a general bearing 

..... r~ upon investigations in which currents of high frequency and 
~·.· • '. -~t:·~ potential are made use of, but they also have a more direct _ : .-.~ - -J~: bearbg U_Pon the experiments of ~rof. Bjer~n~s which · are 
~ l 4 · here considered, namely, the "skm effe~t," IS mcreased by 
· · . · - the action of the air. Imagine a wire immersed in a 

medium, the conductivity of which would be some function 

is more rapin when the resonator is it;nmersed in air than it 
would be in a practically continuous medium, for instance 
oil. ' 2. ·The dissipation owing 'to the presence of air ren~ 
ders the difference between magnetic and non-macrnetic 
metals more striking. The first conclusion follows di~ectly 
from the preceding remarks; the second follows from the 
two facts that the resonato:r receives always the same 
amount of energy, independent of the nature of the metal 
and that the magnetism of the metal increases the imped~ 
ance of the circuit. A resonator of magnetic metal 
behaves virtually as though its circuit were longer. There 
is-a greater potential difference set up p~r unit of length, 
although this may not show itself in the deflection of the 
electrometer owing to the lateral dissipation. The effect 
of the increased impedance ~s strikingly illustrated in the 
two experiments of Prof. Bjerknes when copper is depos­
ited upon an iron wire, and next iron upon a copper wire. 
Considerable thickness of copph deposit was required in 
the former experiment, but very little thickness of iron in 
the latter, as should be expected. 

Taking the above views, I believe, that in the experi­
ments of Prof. Bjerknes which lead him to undoubtedly 
correct conclusions, the air is a factor fully as important, 
if not more so, than the resistance of thP. metals. 

of the frequency and potential difference but such, that 
the conductivity increases when either or both of these L. • 
elements are increased. In such a medium, the higher the 
frequency and potential difference, the greater will be the 
current which will find its way through the surrounding 
medium, and the smaller the part which will pass through 
the central portion of the wire. In the case of a wire im­
mersed in air and traversed by a high-frequency current, 
the facility with which the energy is dissipated may be 
considered as the equivalent of the conductivity; and the ~1"·"'-'•;r: 
analogy would be quite complete, were it not that 
besides the air another medium is present, the total dissi­
pation being merely modified by the presence of the air to 
an extent as yet not ascertained. Nevertheless, I have 
sufficient evidence to draw the conclusion, that the results 

1 .... ..-.lli:tlillr::..::J• obtained by Prof. Bjerknes are affected by the presence of 
___ .. ...,. · &ir in the following manner ; 1. The dissipation of energy 

... ~(1 
.. l' 
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ON THE GENERA TI01V OF LOJVGITLlDIL\r_A.l 

WA V.E·s IN ETHER. 1 

·. IN a short note published in ~ATURE of February.6, I suggcs_kd 
·. .··. an arrangement of four Insulated and electnfied sphtncal 
co.~duc.iors ~vifh their ~entres in one line, giv.ing rise t.o ethereal 
waves 1n the surround1ng atmosphere, of wh1ch the dtsturbance 
·in ' tbe line of centres is essentially longitudinal. But at any 

. iiQite distance from this line there must also be laminar or dis­
tQitional waves of the kind expressed in Iviaxwell's equations. 
'fhe.object of my present communication is to show an arrange­
tnent by which a large space of air is traversed by pressural dis­
tiubance, or by waves essentially longitudinal, or by conJensa­
tional-rarefactlonal vibrations; with but' a very small proportion, 
practic~lly evanescent, of. laminar waves. . . 
. · L~t · AA be a plane cucular metal plate msulated wnhm a 

. me~al ca~e ccc'c, as indicated in the drawing. Let D be a 
d~harger ·which can be pushed in so as to make contact with A . 

. ::.:·Let A be charged to begin with, positively for instance as indi­
·c~~~d by th:e letter~ .·PPPP; NNnn showing negative electricity 
• ' -~ • . .. , , ; j • 
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indu.ced by it. - Let now the discharger be pushed in till a spark 
passes. The ·result, as regards the space bet ween AA and the 
roof RR over it, will be either an instantaneous transmi~sion of 
commencement of diminution of electrostatic force, or a set of 
electric waves of almost purely longitudinal displacement, accord­
ing as ether is inco,mpressible or compressible. 

H~nc~ • . if the .· theory of longitudinal waves, suggested by 
• Rqntg~n·. ~ . the explanation of his discovery (for the consideration 
~f. wh~ch ·he. has given stro:ng reasons), be true, it would seem 
probable that a sensitive photographic plate in the space betv~·een 
AA and RR should be acted on, as sensitive plates are, by 
Rontgen · rays. Either a . Wimshurst electrical machine: or an 
induction·coil, adapted to keep· incessantly charging .A:\ wit11. 
great rapidity so as to cause an exceedingly rapid succ;ession ot . 
sparks between· D and A, might give a practical result. In 
trying for it, the light of the sparks at D must be' C<uefully 
screened to prevent general illun1ination of the interior of the 
case and ordinary photographic action on the sensitive pbtt:. 
· The arrangement may be varied by making the roof of shce'L 
aluminium, perhaps about a millimetre thick, af\d placing th~ 
sensitive photographic plate, or phosphorescent substance, <?11 
tht= outside of this roof, or in any convenient position above_ 1t. 

\Vhen a photographic plate is used there rr:ust, of course, b~l.n 
outer cover of metal or of wooJ, to shut out all ordinary light 
from above. Thi~ arrangement will allow the spark gap :U D to 
be made wider and wider, until in preference the sparks p<bS 

between AA and the aluminium roof aLove it. The transparen~y 
of the alutllinium for Rontgen light will allow the photograph.H.: 
plate to oe marked, if enough of this kind of li~ht is produced lll 

the space between the roo( and AA, whether with c,r with•Jttl 
sparks. 

l .:\paper by Lord Kch·in. rt:aJ bcfure tLe Rv) :.1 S0ciety on Ft: l>ru:<ry 1_: 
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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 vacuum is not essential for the generation of the 
Rontgen light might seem to be demonstrated by an experiment 
by Lord Blythswood, which he described at a meeting of the 
c;lasgow Philosophical Society on vVednesday, February 5· 
As a result- he exhibited a glass photographic dry plate with · 
splendidly clear marking which hacl been produced on it when 
placed inside its dark slide, wrapped ronnel many times in black 
velvet cloth, and held in front of the space between the main 
electrodes of his powerful vVimshurst electrical machine, but not 
in the direct line of the discharge. 1-Ie 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 p:ut, 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 
'vholly clue to sparking within the wooden case. I haYc 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 arrJ.ngement which I now suggest, with no sparks or 
brushes between Ar\ and the roof, gives a satisf:1ctory photo­
graphic result, or if it shows a visible ~low 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 pro<iuce enough of longi­
tudinal waves, or of condensational-rarefactional vibrations, to 
ar.t sensibly on a photographic plate, or to produce a physical 
glow on a phosphorescent substance. 

* ;.J 
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Fessenden could think best when flat on his hack smoking Pittsburgh 
stogies; that's when he got his real ideas. At Old Point Comfort, Va., he had 
a radio shack built on the sands away from the main shop at Old Point, !O 

he could go off by himself and think. 
Late in 1903, Fessenden set up stations at Washington, Collingswood, .N.J. ~ 

and Jersey City;: N_.J.-that was the first overland wireless. In 1904, we made 
tests of the Fessenden apparatus for !he Navy on hoard the U.S.S. Topeka. -., _ 
The Navy installed a _ station at Navesink Highlands; N.J. {Sandy Hook), • 
and we had a Fe5senden "interference preventer" receiver at the Brooklyn 
Navy Yard. We_ were ·able to communicate with the Topeka at sea from 
Sandy Hook! Later we tried to establish communication between Lynn, 
Mass., and Schenectady, N.Y., hut even with a 5-kilowatt spark we couldn't 
make it, apparently because of ore deposits in the intervening Berkshires, 
but Schenectady heard the Brant Rock signals without any trouble. 

Fessenden, whose experimental stations were usually located on 
the seashore, "ran his office in a bathing suit." Reminiscing one day, 
Roy W eagant, one of his early assistants, said: 

He could he very nice at times, hut only at times. His voice boomed like 
a hull .•.• He had no regard for cost; he once sent for a 100-horsepower 
boiler and had it shipped by express. The more anything cost the better he 
liked it. He was sometimes unsound technically, hut he more than made 
up for this by his brilliant imagination. He was the greatest inventive genius 

• of all time in the realm of wireless. 
If he had confined himself to being a discoverer and a creator, and had 

let the commercial designing end of the business alone,· his company would 
have dominated the world. But he wanted to boss the design of everything, 

"' to every last detail, including the binding posts. He demanded high speed 
from his alternators and from his men. Results, plenty of results, and results 
quickly, were what he wanted. He had an utter disregard of money. 

.. 

More than 500 .inventions were attributed to Fes~enden in the 
varied fields of electric waves, sound and light. His electrolytic, or 
chemical detector, _introduced in 1902, increased the range and ' 
effectiveness of wireless. It used a solution of 20 per cent sulphuric 
or nitric acid into which dipped a silver-coated platinum wire about 
the thickness of a horse hair. As a detector, it was a· step between 

~ the coherer and the crystal to the electron tube. ,. . -(., r· I . I' '· . _~· 
~ - . ~ - · 
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~\. rom a photograph in the collection of Dr. R. A. Fessenden. . 

· . , MEASURING THE HEIGHT OF THE HE.\ YISIDE LAYER 
B\' 1neans of this elaborate transtnitter Dr. Fessenden earned 011 expcrancnls tt~ 
1906. The o crator1 Guy Hill, has since beco11te kno'ic'n to radio fans cver)'7.Phcre 
nt C.n/Jtaia or set_·cral '!cars associated ·with .. ~fajnr Grucra! Gear e 0. Squier. . ~ , . 
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WIRELESS TELEGRAPHY. 

BY REGI~.!LD .!. FESSENDEN. 

VERY little is known in Europe of the scientific K.Ork done _ 
i~ .\meriea, and comequent.l,y tbere is a good deal of repeti­
tJOn to the mutual disadrantage of w01kers-on both ~ides of 
the .\tlantic. 
. l t may, therefore, be of interest if I gi"'ie a brief descrip­

tiOn of wme of the work done by me relatiV"e to the deter­
mination of laws gowrning the .ptopagation of wireles5 
distml ances, together >l'ith a little new matter which hns 
not he~etofore been published. 

w ~ V'E MEAS"CREME:XT. 

A lanze number of receh·ers for electric wans were tested 
in the years 189li and 1B97, and a number o{ new ones 
in\ented. 

In connectiun with recei>~, Eome. Sfruitive indicating 
instruments were al.Eo deEigned, one·- of these . being the 

·. string ga1yanometer >l'hich "\\aS constructed for_ me, according 
to my desJgns, by Mr. John A. Bra::;hear, the optical instru­
ment maker, in 18%. -This proved a qnite satisfactory 

· instrument. and has since com·e into nse under the name of 
the Eintho~en ~tring gah·anometer. 

The earlier forms of recei>ers were abanduned in fa-rour 
c·f the inl:trument which I have described elsewhe]e. 
consisting of a Boys' radio-micrometer havina its 
thermo 'Coupling heated by radiation from · a h~atina 
coil. This pro~ed fairly satisfactory, and the matte~ 
of putting it on the market was considered by Messrs. 
Qneen & Co. about 1899, but this was nCV"er done, though 
the instrument was described ai. the 18!19 meeting of the 
.American Association for the Ad-rancement of Science. I 
found thai this instrument ga-re. fairly satisfactory results in 

. many waye, and the general usefulness of the instrument has 
.., been confirmed bv 1Ir. Duddell. . . 

Tills instrurne~t wa!!, however, abandoned in the spring of 
18£\~l for the Elihu Thomson 1in~ galvanometer, in which 
two coils generate inducti\ely cnrtents in a third coil or ring 
suspended at an an!!le of 45"" to the first coils. This latter 
imtr~ment_pro\ed 'in?ch m?re suitable for quantitative work~ 
especially m connection w1th resonance phenomena, as its 
olanic resistance conhl be kept very low, and the coils were 
IlQt in proximity to any iron. · 

With this instrnmenL a large number of absolntelv reliable 
quantitati\e measnrem~nts ;as made, and the la;s of the 
propagation of the waves definitely determined. 

It was found that the intensity fell off as the square of the 
distance up to distances of several miles, and that the waws 
>~'ere not trne Hutzian wans as held bv some. nor current 
wans spreading oat at a uniform height; as held by Taylor. 

r 
nor electrostatic impnl~es, one antenna forming one plate of 
the conllenser, and the other antenna forming tbe otber 
plate, as held by Blonde! until 2fter the publication of my 
re~ults. but were a new type of wans, the exi~tence of which 

. '\\as stated w 'be possible by Hertz, but the existence oi 
which Lad not been demonstrated by him. Tbis ne'i> type 
of wa\e was found to be different from the Hertzian wans 
;n that Hertzian waws were propagated in a ;.;traight lin•?. 
bm these wa\es followed the surface of the l't•ndnctc•r. It 
"·as foniHl to differ from electric OEcillation~ :n wires in tbat 
wbile it followed the surface of the conduetor. the electn ·­
~tatie and electro-magnetic intensities were in phnse in:;tc:au 
of ~)U0 avart. 

Tbis furru of indicator was developed imo a ti:le~r :q .L:c 
retx·inr. bnt for sde1nifi<; v;ork; it "\\as ahand•·llt:d in faYot;r 
of the hot-wire barretter. 

The hot-wire ba1'1'etter COI1sists of a minme platinum wi:·: 
about '1)00U-i of an inch in diame~er, and about . ._)1 of an 

/ . inch le-n~. Its specific heat was such that a fiftieth of an 
/ erg is sufficient to eause a change in resistance 11f 1 per cent. 

This instrument possesses many ad~amages o\er <·~ht:r 
instruments for accurate !;"Cientific >~'ork. It introducEs 
no self-induction vr capacity into the circuit. It can be 
stnndardiseJ so as to be absolutely quantitati-re in thE- tame · 
way as a platinum thermometer. It needs no adjmtmem. 
It does llt)t affect the tuning of the circuit in anv \laY . It 
(·an be ~i-ren 'UCh a rt:Sistance that it absorb~ aJJ imru J ~'~" 

irre~;pecti\e of frequency. It can be buried in the ground 
or immersed in water w' as to measure the intensity of the 
wa\es there, and pOEseEses many other ad>anta~es. 

With thi_s imt:nment a ~~at deal of w~rk was done, 
more espec1ally m determmmg the way Jn which the 
intensity of the waves falls off below the surface of water 
l'ontaining different percentages of salt, below the surface of 
different kinds of soil, and in determining the chancres which 
take place in the electric oscillations where the W~\es have 
to make sudden changes of course, as in goinu up a bank 
from the water ; in studying the way the wn\es a~ reflected -
an~ by means o_f a step_-ladd:r in_ mea~uring the way i; 
which the waves mcrease m he1gbt m gomg out from a ver­
tical antenna. It was also used largely in making experi­
ments on tuning and in measuring waV"e lengths, and in 
detecting possible changes of wa\e lengths with distance. 

With this receiver it was found that, when stations were 
comtruc~d on_ the sea level close to the_ water's edge 
and _provided with ~ wa•e:chute, up to 50 miles the energy 
recei\ed fell off directly as , the square ·of the djst.ance. ·· 
These experiments -were completed -in '1901 and 190:?. ~-·i<· , 

In 1902 ·the liquid . bariettcr· -was invented. This was ·.-::-
f?nn?, ~hen proper preeantions were taken, to be a truly~-':': ·· 
t1tat1ve mstrument, and by 1903 the correctness of this law · 
i.e., that the intensity falls off as the Eqnare of the distance, ·-
was proved up to a diStance of 250 miles. · · : .-.). · .. 

~ince that ti~e further experiments have been .made np." to 
a distance of a httle over 3,000 land miles, and it -bas been 
found that the law still holds. · 

.AniOSPHERIC ABSORPTIO~. 

The weakening* of signals- observed at different times ' · 
due, amongst other things, to tv;o causes, one due to the fact. . 
that some recei-rers snch as the coherer must be adjnste.d leS"s · . 
sensitively when there iS much atmospheric-disturbance-in · 
the neighbourhood, the other due to an actual absorption of 
the energy. . -. 

Insulating an antenna or con:Mncting it of such a &.ze. 
that there is no ionisation has no effect on 'these lo~rei. Nor 
does the weather at either station have any effect on these- , . · ,..-,.;~,.-.::;r: 
losses, as the lo~es depend upon what is going on in the air~~-:~ Z:illl"~~ 
between stations. It is true that Captain Wildman's expeii- ' ·· 
ments show that the loss varied with the condition of the' 
,,·eather at the stations, but this "\\as doubtless due tcr the : 
fact that the stations were close together, 1·.e., only a little· . 
o-rer 100 miles apart, so that the ,•.-eather at the stations was . 
the same as the weather between them. 

In wdrking across the .ltlantic between Boston and · · 
1Iaci.Jrihanish, it is found that the intensities of the signals . 
recei-red by either station are identical on the same night. 7 

Out of a great many obser-rations made during the last 
winter, on 9G per cent. of the tests the intensity recei-red at . 
~achrihanish from Boston were identical >l'ith the intensities ­
rec:ei\ed at Bostou from - ~Iachrihanisb. Ry identical is­
meant that the intensities agreed within 5 per cent. The 
difference which occurred on 4 per cent. of the tests was. 
probably due to causes aside from armospheric absorption. 

This identity in the strength of the si!!nals would not of 
itself proYe that the eff~t obtained wok rlace near or at the 
s~ations thcmseh·es. These results W\:rC, howe-rer. che-cked 
in the following way. In addition to the stations at 
)lachrihanish and Boston, operators were stationed at the 
following points :-One of the company':; cottages. Lynn, 
:'cbencctady, Philadelphia and Wa5l!ington, che disc11nces 
irnm the Boston station bein~. respt:l"tinly. :!t_ttJ yards, 
:~·· miles. 170 miles. :?70 miles and 40V mile::. The 
}faehrihanish station is distam 3.•)tJ.1 !a11d mJ<:s !·r·:o m the 
Br.•:3LO!l station. 

The intensities >~'ere tak~n by measoriug the :men~icies of 
certain signals which experiment had ~ho'i>n to be best 
adapteu for gi\ing qnantitati>e results. 

It will be seen from this that a wiue range was con:red, 
and the rL-snlts of these experiment:- <:bowed that the absorp­
tion did not take place at the stations. The amount of this 
absorption \aries ~ery greatly. 

In making the comp'lrison we will ·~onfine ouw:!Hs for 
the present strictly to measnremen~:: !Dade at night, on 
account of the fact that the amount of sunlight will \ary on . 
JJTerent da>s during the danim~. 

Taking the beH ~night a~ ~tandarJ. and it may ~ men- · · 



tioned that in every case so far -examined, the best night 
never exceeds the theoretical intensitY, thereby showing that 
there is DO rejfeclifm, the intensities Oll the worst nights were 
as follows for the following distances. 

(By intensities on the worst nights is meant the intensities 
which may be expected to occur as often as three or four 
times a moi1th. The -fact may here be noted that these 
worst nights appear t.o·oo really worse ni~hts, i.e., not more 
than 1 per cent. of the total ~ights will be found to be worse 
than the worst nights. This would seem to i..pdicate that on 
the so-called worst nights the absorbing body occupies almost 

_ the_ entire path of the waves between. the stations.) 

I SirengU! of signala received 
Station. nna.b110rbed signa.la being 

_ t&ken as 1,000). 

Distance. I on wont nights (streugU! of 

---------------1-----_----, -
Company's' cottage 200 yards : 1,000 
Lynn . . . 30 mile& . : 1,000 
Schenecf:ady . . . 170 miles 1 bOO 
Philadelphia :.. 270 milea - -· · - 300 

, Waahington ... 400 ~lea _ .- _. .. -.- 150 
Machrihanish . . . 3,000 mil~_; -: - ·'_ - .-· --, 1 

. --. . 

It will be seen that 'the · absorption ·increases a.8 a ·high 
power of the ~i.stance, at least nJi . ~tO. a ~in distance. 
There is some indication tEat_ after a 'few thonsand miles the 
rate of absorption becomes cQristant. ··. For example, on certain 
nights there appeared to be ind1eations at. ·the Boston station 
of a double set of impulses being i-eee{ved,-one about a fifth 
of a second latRr than the other. ,Jt is tO.oearly yet to make 
any definite statement in regard ~·this: matter, b~t there is . 
some reason for thinking that the- seco"nd 11et of signals 
arrived at the station after goii:Jg the_longer way round~ 

To take an actual numerical example, the strength of 
signals receh·ed at Boston from Mach.rihaiUsh on the night 

., of January 30th was 480 times that of a.u4.ibility. If the 
second set of signals .went around the other· way, their 

( 

intensities, according to the square law would be -
. · 8': 252 or·aa 9:25, i.e~, 1: 70; -' 

hence signals which had gone. the other way round would 
have an intensity of . · -

480 . tha . d"bil' 70 = 7 times stronger n au 1 _tty.-

I 
I 

As a mutter of fact, the second set of ~goal~ which we 
may call the echo signals, were really nearly t~ce as strong. 
This, of course, might be taken as an argument against- their 
having come that way, but I am not dispose{! to consider it 
as a _conclusi>e one. If, however, they did come round the 
other way, it is evident that the rate of absorption must 
become uniform after. a certain distance. 

I subjoin a chart (fig. 1) showing the variations for a single 
month in working becween Boston and Machrihani.sh, the 
month taken being that of January. No sending was done 
on .January Is~ on account of iU! being a public holiday. 

Flo. 1.-Ct:RVE SHOWING VA.BuTio!i OF I!rTENSI'l'Y OF TR~::ts ­
A'I'L.a~Trc ~!ES.'HGE..~ FOB THE )Io~TH Ol" J..\;:n:.A.Ri, 1906. 

The intensities taken were in terms of a standard intemitv 
wh!ch was about three times that of the lowest intensity ~t 
wh1ch messages could be read under the best conditions. 

The ~ariation, as will be seen, is extremely great, and on 
three mghts, i.e.. on January 13th, 1 tlth and 31st, the 
strength of the signals recei>ed was approximately only one-

thousandth of the strength ~t which signals were recei .. vea· ~n \ 
the night of January 30th. \ 

On the night of January 30th, the strength of the signals 
received agreed almost exactly with that deduC€d from 
theoretical considerations. The 'signals were of course on 
that night qnite loud, and some of the operators amused 
themselves by reading the messages with the telephone held 
3 in. from the ear. · 

Incidentally it may be mentioned that the amount of 
power used in making these tesU! during the month was 
approximately 4 H.P. On a number of occasions messages 
were exchanged using only a single horse-power. · .. 

This atmospheric absorption will -be seen tp be perhaps 
the most important factor in wireless working over long 
distances. Work has been commenced on the stations at 
Boston and iYiachrihanis.h wi~h a view to increasing the 
intensity of tpe signals one hundred times, and it is e."\pected 
to have this work completed by the -fall of 1906. When 
completed it will be possible to hear messages with only 
one one-hnndred-thonsandth of the strength that they come 
in on on the best nighU!. It is not proposed, however,to·. 
install one hundred times the energy, but ID:erely to .use : 
about 50 H.P., the intensity being increased ten times by the ') 
.a8e of a-new forni of receiver which is approximately-_ieiJ --
times~ sensitive as the-liquid barretter:_- - - -

° CILL'WE OF_ WAVE-LENGTH. 

A very interesti.Dg question is wh~ther then~ is ~y change 
in .wave-length .in transmission · over _long - distaD~. , . 
Th~retically, there. should be no change, but it see~~ ~ 
advlEable to ascertain the Iact. _ - : . . .' ~ 

-In measuring wave-lengths the writer commenced .in 1897 ·_ 
and 1898 by nsing a long solenoid and vacuum tube after 
the method. originally devised and nsed by Tesla. in 1893, 
and later by Fleming and others. It was found that th~ 
method · did not give sufficiently accurate resulU!, and, more· 
over, it could not be used to nieaan..re waves accurately at 
any considerable distance frorri the station. A methOd . 
therefore, devised and put in practice in 18~9, which 
capable of measuring wave lengths accurately to a fifth- -ol: 
1 per cent., and which at the hands of different observers on ·­
different days, bas given results agreeing to one-fourth of 
1 per cent.. The fact may be mentioned here that the wave- -

,I 

1, Antenna : 2, \'ariable inductance: ll, Receiver; 4, Condenser ; 
5, Ground: 6 and 7, LamP". 

FIG. 2. 

length sent. oaL by the :Jiachribanish sU1r.ion has been 
m~asured at Boston to within one-fourth of 1 per cent. by 
th1s means. 

In this method a variable inductance is used. as it is 
difficult to construct an accurare variable condenser ha>"ing 
any very wide range. T.Je Yarley-Tbomson rheostat was at 
first used as a V"ariable inJnctance, but it was found tbar. 
\fith the low voltages met with in wireless work the contacU! 
could not be depended upon. A variable inductance 'on a 
new principle was therefore devised, in which the contactin!!' 
cylinder of the Varley rheostat is made of a tube of pure 
electrolyte copper having a spiral thread cut in it, so that 
all , tht! wire wound on to the copper cylinder forms the 

T'!.lli•~~D!~ . 
~ . 
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primary of a transformer, which has a short-circuit secondary 
-namely, the copper cylinder. The wire can therefore be 
insulated and co>ered with a coat of varnish without inter­
fering .with the action of the variable inductance. 

This variable inductance is placed in shunt to a standard 
air condenser, the resonant circtlit opened, a hot-wire 
barretter inserted in it, and is connected to the aerial and 
ground as shown in the figure. _ .-

Non-inductive resistances, consisting generally of lamps, 
are inserted in the aerial and ground connections at the 
points 6, I, as shown in the figure. This is for t}le purpose 
of rendering the antenna oscillations deadbeat, thus leaving 
only the supply circuit resonant, and thereby avoiding all 
questions of double frequencies. · 

With this apparatus measurements were made of the wa>e­
lengths at different distances from sending stations, and it 
was found that there was no variation in- the wave-length 
am~unt~ng to as much as one-third of 1 per cent. 

AEOLOTROPIC ABSORPTION. 

_ It has been found that the abso;.ption varies in different 
directions on different nights. On one night stations can 
be readily heard which are located in the South, while on 

liWMS~ other nights stations tO the East and West can be heard 
best. There is considerable evidence in. favour 6f dil!niction 
effects being produced. There are also strong indications that the · o\ _______________________ /··c· 

SUNRIS£ SUNSET 

FIG. 3. 

absorbing masses are not continuous, but somewnat resemble 
transparent clouds. There are alro indications that the 
size of these clouds varies considerably, the diameter varying 
from about 150 ft. comparatively low down, i.e., within five 
or ten miles of the ground, in tropical countries, up to 
masses having a diameter of at least two miles, -and much 
higher up in the air, as indicated by the experiments betweerr 
Boston and ~lachrihanish. · 

To go thoroughly into this matter would require more 
space than the Editor would, I believe, care to allow 
me. I -will merely refer to some experiments made 
between two of our stations on the River Amazon 150 miles 
apart. 

At these stations it was found that the signals had an 
intensity of 20 during the night time, but that "'ithin 15 
minutes after sunrise the signals bf>came inaudible. The 
curre showing the strength of the signals was very abrupt, 
as shown by the full line of fig. 3. After making certain 
changes in these stations, -which somewhat increased the 
strength of the signals, the curre took the shape of the 
dotted line shown in the same figure, in which it will be 
seen that the slope is more gradual, and the relati>e change 
in the intensity of the signals is very much less. 

D.1 YTUIE A~D ~IGHTTDlE. 

As will be seen from the .Amazon curre, o>er short 
distances in tropical countries the difference between daytime 
and nighttime is very marked. Between :Machrihanish and 
Boston, howe>er, so far the indicationR are that the difference 
bet-ween daytime and nighttime is very much less than that 
between good and bad nights. A sufficiently extended 
series of oLserrations has not been obtained, but ro.- far the 
indications are that the worst day is not >ery much worse 
than the -worst night, while the best day is very much worse 
than the best night. It is expected _that more -will be . 
kno"U of this as soon as we have had time to make an 
extended series of obserrations. rp to the present time the 
days ha>e been so much taken up with experimental work 
that there has been very little time for ~nding. We have, 
however, quite a complete set of tests between Washington 
and Bo.ston, a distance of 400 miles, both daytime and 
nighttime, and these tests show somethiug of the same 
character, i.e., worst day gi>es signals of about half the 
intensity that the worst night does. · · 

.. if" ~ ~~ ~ \ -'"" 

SuiDu.nY. 
It is too early yet to draw definite conclusions on this sub­

ject, but the following statements seem to be in accordance 
-with the facts. 

1. There are large masses of absorbing material, probably 
ionised air, in the upper atmosphere. Down near the sur­
face these masses are not continuous, but somewhat resemble 
clouds, and their size diminishes as we approach the earth. 

2. In temperate climates wave.<~ sent out do not reach up 
to the heiaht of the absorbing masses. and hence are not 
absorbed appreciably up to distances of ioo mnes. 

3. Bevond distances of 100 miles the waves reach up into 
the abso~bin(7 matter and are absorbed. Beyond 100 miles 
the abrorpti;n increases at a rate proportional to a higher 
po-wer than the first of the distance. Beyond se>eral 
thousand miles there is a possibility that the rate of absorp-
tion becomes constant. ' 

4. For long distances the absorption may be very great, 
and more than 99·9 per cent. of the energy may be 
absorbed. 

5. Sunlight causes the height ·-at which absorption ~kes 
pla_ce •to approach considerably nearer the ground. . . 

6. Sunlight acts by changing the air in some way, pro­
bably by ionising it. This is shown by the ;rapid_ rate at 
which si<Ynals die out after the sun rises, sinee, to take the 
case of the Amazonas stations. 15 minutes would not be 
sufficient to sUlow the ionised air to flow downwards to an. 
extent necessary to produce the absorption. · 

7. In tropical countries the absorption height is much lesB 
than in temperate climates. . · · 

8. The absorption may be aeolotropic-i.e., there may be 
much areater absorption in one direction than in another. . . 

9. I~ the temperate zone there is considerable difference 
between the absorption at night and during the daytime. 
Between distances of 300 and 1,000 miles in the temperate 
zone there is considerable difference between the absorption 
at night and during the day-time. In distances of over 
1,000 miles the difference is not so marked. · · 

This suggests that the action of daylight is to lower the 
level at which absorption takes place, and hence, when 
stations are so far apart that waves reach abo>e the absorbing 
level even during the night-time, the lowering . of _ the 
absorption )eve! during the day does not produce so marked 
an effect as in the case of stations . whose waves lie below the 
absorbing level at night-time. 

10. The height above the earth at which marked 
absorption begins to take place may be roughly estimated as 
about 300 miles at night time and 100 miles during day­
time, for the temperate zone, and 100 miles at night-time, 
and :30 miles during day-time for the tropics. 

(To be wnt£nued.) 
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Rev. Joseph I·.~urgas' First 
overland transnission of 
wireless & voice(radio) 1905 
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Wireless r:elegraphy Station, Wilkes-}Jarre, pa. 
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Father :\lurgas' Antc!lna TO\\·crs Built in 1905 in 'Vill~cs-Barrc, Pa., ncar his old Slovak Church of Saerrd ilcJ.rt. 
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The Murgas System of Wireless Telegraphy . 

T HI~ , .. ,,., t •u n h ·l•k• lo mnn• for 

ltalh 'l ••• l•flJ: lll.,.llt;.:••tu~ ll•ruu~h 

d t~lur l.tfH"~ 111 ll •t dl•c-r 1nJ 1.ha· 

t•n ... u,e ••th \llfl."" . 1hc u1 lo •lw .. h 
t l ~ til•• 111 ••• 0 1 ... 11.11 • ~· II Chll\11101111 Jt""J· 

•:: n.•l••l :~:- ~•r · · l•'ta trlr.,-ar•h). 
In l'·tl· ·r•t• \,,_ ::,~ .If!!. and 7~9,1126, 

:r:s•ol•'l tu Ill' ' ~h .' )0, 1~1HI, a m~lho-1 
.• uJ "' ' .11 ~> J:,· H I r .• rlh •l•nd1y JDt.,.,.,..J;"'~ 
tual t. • tunrll t . IH"' I "II~ s::n·~o~lc · r rapu.Jil ,\' 

1h .111 J·'•'"ull c..l- 1-'•naLI~;;" . ,\ff"' itllrt..: 

'"' . 1.•· ~~ ,1. "' ''" r· '" ,,, ...,. r .l,t-,1, I•H •('• ,;, 

•• J ....... · ~- ... 

hur eo( a11 t·l.,lric riuuit, auth •• UC'· 

IUf: at llu.• lntt·nuplt·r Lt·rminala an•l om· 

~~'"lu• · nl .t,~tnwltuu u( tl•~ It rtnil••la, C$­

f"''l ally ,. tLC"rt:' lar~t a1nounft uf ('ncr~~:~· 

atf' t'"'f'lu.""''· •• wdl 11 the •ltNfhanlagcat 
Alh·ndant Uf'UII wn\ in,; 1•artA. 

It ia Ute 11111n ohjrrl of lite prt"f.('nt in· 
nulton to rro .. lul't tlifTrrt-nl ap.uk frc­
quruf'il-:& frttln a ••unrt~ of currt'fll •ilh· 
out thr rmrlo.vm•·nt uf inh.·nuptcra. 

.\U11Iiary an•l ollwr ohjrdA of th~ iD· 

\f•llluon ••II ·'l'f••r lu:rtinaflu. 

u the 'I'('Ualua at the l•o alaliou.a i1 
itl('nlu·al, an ilhu.lr~tliuo 1'1( Ute •J•Jlaratus 
at one ia 1unicit.ut for tit(' puq~ of 

1.h~ rip I iun. 
llclt · rrw~ lo Jo'i~t. I, a dalion rompriet:a 

lllf'fllltn;: 1f1J'IH11Ua /\, ri"Ct:i win.! l(ll'afltUI 

II, lite uaual anl.A.:nna.: or w..-ial win: C, a.nd 
••· itd1i n,.;: ntcJna IJ, fur conm"Cling either 
lhe ,.c:ntlm•: ur the n~i,·i nt; appanl\1..4 
to U11.: anlt·n n:r at will. 

The .,.ntllll;: app:aratua C'Ompriac. a 
..OU"'C 1 of 1ltrrualing: CUntol, OM l.t'r• 

IY~ 
-· J--·--D!'An,,m~\~·1''''~ - -~ --.,; r-r ,---,-=:. -~ 

l I --,=Ill~ 

[~~-~l::f!· lS~~~~ij~·t~r_ I 
i 

I 
I 

-~· 

, ·:~ .• ~ ... ·.,·:.·:1:.· .... :,',1',','\'N. 1'.\. fll ~~J C::ru' LJJ __ J !' .. """""'~'"'- rfiiTC(' L ...• :· J I 'l 
' ) "0<10" jc . ..-1 

" : ) ! ' ' - ~ ... ,, 
'~ ~: 8~ ---- - . -·~ 

~-;-:- _}-!.... 

~ - ·--
1 -A,.,.••-'\• •'b t'tu•""',"'"• ... , U~L St.t.t~o.,;-Mu,.o.te S\aTY.• o• \o\",at:Lt.- T .. a.a.u••'"•' 

In lht acro1np&I\J'•n.: t.lra .. tncs, which 
tllu .. uatc lhc an•cullon, 

l'ig. 1 is • tl•a,;ram sl•u•· •n~; the •rr•· 
ratu• o( OOt .t.lloD tfltl tftt tonnoclicH1 
1h1·tro!. 

r.g. 2 u • Jet•il of 10 amrrond tmrcr· 
r...-t ronUcl,. tad 

tf,lfrn Ll f" t4 h lr~ C"ntflld)""l 10 J'hN.• ,,f 
~~ J ,,, an .l J.,h .. r t i1C" wt'll · \no •n ){<)r""-· 

•nLI-1•• Th• .. •• a.~,, m.,IUIII•~l lt~ uu....m:: 
,.LtT .. ,..ot ,,..,~ fJr' frt-qutDf'IM at lh«" )l('n1l· 

11~ o~looon o<.>!l\ · ol <>ldo n~ 10 lht doiT••rtnl 
t-on. anJ U IC" tf: rr ... tUt*OCI" are p""'-lut~ I 
r... a p!wral •ty CJ( IDll'rrupl<'l"', any ooe 
..1 ,.tu~l• ma~ bt 1ncluJC""I at wdl ID tht f•J: . :l •• a tharam ahow•a;-&: aD tm· 
arnnl or I .... hUI.A' or dll,'\'t CUfftnl Thi, prou·d arnn(Cmtat of l"t'C'tl"Dg •ppan.· 

f!IIICSOI or p!">fU C' IOg aptrlr..J Of tht detif't'd hU, 

r...qu.rDCiat hlJ. d • udla.Ala.l;ca~ a.moc~ The trtnlmfftiOD of & me.•tt" pre--

e\te h ma~ be mtohont.""l ltiOo< which l.l't: anr~ .. Ole (lillt:Dt"C of two alat.Joo•, 

•rU loo .. a t.o b.r att.taJaat upon the rup- ooe wndiog ud the ot.hu rtt<iwLD«, bat 

tn11ul u( • hu·h ,. ronnt'f"lt'o.l to a t.l'r· 

n11ual o( tlu· (HUnary o( tlu• tranaronut"r 

2 . The olhcr luttunal of llie primary 

•• C"'Oiw-t1f'tl tn our "'''I o( an llltluct.anre 

3, •n•l ai!O to onr trrn1hlll ola oormat11 
.orw:n twitch or "ey -t, the olhcr t.cnnioal 
ol lh• ow itch king t>nn«l<xl to . lbt oth<r 
lf',..tioal of Ote allunAting-<:urnnlaoaroc . 
Olhu keya, :;, 6 and 7, aimiler t.o the 

hJ 4, '"' olso ronooct.cd lo lhe lut. 
mealionr.l lf'nnlntl of lh(' eoun't' 1, and 
lo lAps lokto !rom diff•rtnl poiola ol th• 
indudanf'C J. JO IJtal by ciOolin&' u.e 

:\ pag-e from The "Electrical "'oriel" Dec. 2, l!l05 with an 
artkle h~· Father 1\lurgas definin~ the 1\'lurgas System of 
\\'ireTess Telegraphy. 

".dreless station of Father 1\Jurg-as huilt on tlif' 

point in the city of Scranton, PcJH1s~·Jvania . 
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JOSEPH ~MURGAS 
THE NEGLECTED WIRELESS PIONEER 

· Michael Novrocki and Scott Stefanides• 

----------------~~~--------------------------------------~ 
On April 27, 1905, a~man -·in · Wilkes-Barre, level of recognition. Forgotten, that is, except by 

PA. using primitive -~home-built wireless a few dedicated groups who have kept the story 
equipment, sue~ sends ine.ssages to a alive over the years. 
similai station in Scmnton, PA. ·32 km to the In 1988 two juniors at the Wyoming Valley 
north. . And on November 23, 1905, a public West High Sdwol in Plymouth.; 1'A, entered the 
demonstration attended by govcnmmt and 1988 National History Day Competition -
media representatives is also sucassful. · What "Frontiers in History: P~ople, .Places and Ideas"_ 
was unusual about tiJUe tests .ir that the operator - with. a media presentation entiiled "'Why Can't 
was able to send test traffic succiSsfully at 50 They Hear the Truth.?," the story .. of Father 
WPM through heavy atmospherics, Oller land, Murgas and his wireless aperiments. · The 
compared to the aisting Marconi capability of project, by Michael Novrocki and · Scott 
15 WPM, in the absence of thunderstonn . Stefanides, astounded the judges, who were 
interference. over water . . . The man was Father .·· . amazed to learn of the accomplishments of the 
Joseph Murgas, the "Radio PrUst, • pastor at,the ·. "radio priest. • After winning at both local and 
Sacred Heart · Slovak Church in Wllkes-Barre, siate levels, the entry took first place on June 16, 
who Juu1., according to the official report of U. s: 1988, in the national cont~st at College Park, 
Navy representative Lt. Cmdr. Samuel Robinson, MD, achieving a near-perfect score. In ApriL 
the best wireless system then in v:istcncc.. , ' , : 1989, members of the . A WA. · attending tlzt:~ 

H-7zile the Murgas system ~-as protected by regioriaf'meet at Tranquility, NJ. werepri-.·iieged 
basic U. S. patents, tlie fates decreed that he to meet the two authors and their teachers, and 
wouic be aimrw forgotten by histof)~ while . to see the slide-presentation ponion of .the 
Marconi and Fessenden would rise to the highest project. -Ed 

Joseph Murgas (pronounced •Muhr-gosh") 
'IA.'as born in Tajovo, Slovakia. on February 17, 
1864. While still a young boy he showed remark­
ablt! promise; as he grew, he de-.·eloped interests 
in both the physical and the. biological sciences as 
well as demonstrating gifts as a painter. A" a 
young man he attended numerous ~hools. in-
cluding the Electrical College of Vienna. where 

. he pursued a strong interest in electriciry. 
· physics. ani.l mathell)atics. He began experi­

menting with win~less. dabbling with mathernati­
cal equations. 

However, he was destined for the priesthood. 
In due course~ he was ordained in Slovakia as a 
priest in the Rol""an Catholic church. Unfortu­
nately. hi~ predilection for accuracy anJ truthful­
ness led to his exile from Slo••akid when. as a 
recognized artist, he was asked to comment on 

/ and rendered an unfavorable opinion of an offi­
.X: cial historical painting sponsored hy the Hun­

garian Magyar government 
He emigrated to the United States. arriving in 

April. 1896, and shortly thereafter became the 
pastor of the Saaed Heart Slovak Catholic 
Church in Wilkes-Barre. PA Over the years he 
Krvcd his church with distinction. but his appar­
ently insatiable curiosity Jed br. t0 pursue.- hi." 
other interests. both a~ a naturalist and as an c:x­
penmenter in the ne-.o.· dtscipiinc oi ""·ireies.\ . • 
He _a!~ worked a ~ an artis: . ~:!tnt: pamttnp tC' 

raise funds for his wireless experiments. In the 
spirit of the times. he built much of~:.:; app~:-:!­
tus. 

After an unsuccessful demonstration by Mar­
coni to the U. S. Navy, Murgas. who had already 
done much of the basic investigation, began war~ 
i'n earnest in 190:!. After a year ~f intensive ~·ork 
with early mornings and late night\. the only ti.n1r.: 
available to him. he had perfected his Tone Sys­
tem. an apparatus rt!portedly capabk of. tram­
mitring signals for 70 miles over land anJ 7()0 
miles over water . He applied for and rcrcivt.:d C. 
S . Patents Nos. 75Y.8::?.5 and 759,826, issueJ on· 
Mav 10, 1904. In all he was to receive 17 patents. 

• Commercial interests were attracted. and on 
Novcmhcr ~S . 19~. the lJniversa! Acthcr Tc!e · 
graph Co. was forme~ at Washington. DC to 

promote the "Murgas System of Rapid Wirde.s.s 
Telegraphy" with an eye to competing with the 
l:mdline telegraph companies.. Two large an­
tenna towers were erected on a rise at the rear of 
the church, and an equa.Uy prominent str~cture 
was built in Scranton, some 19 miles to the north. 
A successful private demon~tration of the -rune 
Sy~tem· was given on April 27, 1905. and an 
equally successful puhlic demonstration on 
Novc:mher 23. 1905. when the first W<lrth sen: 
were •Glory be to God." · 

Marconi. the: acknowlc:dged expert anJ Jeadc::­
ir. wireiess. wa~ having difficuily in transmiuine: 

It-o 
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\"" signals over land, and on a trip to the United from 19l4 ·-to 1916. Th~.:~~iuaJ· decision of 
States asked Thomas Edison for advice. Edison Judge Julius Mayer, recorded in The Federal 
referred him to Father Murgas. Ove_r the next Reporter on January 7, 1916, was that neither 
several years Marconi made several visits to .. the Fessenden nor Marconi invented ·what they 
Wilkes-Barre area to meet with · ~e . wireless- claimed, but that Murgas was the true inventor of l16....... 
priest and study his system. ~urg3S,' who was the Tone System and should be given sole credit. -~ -. 
older not in the best of health, and with little or Unfortunately, it was too late for Murgas: 
no fuancial backing. eventually ·decided that the time had passed him by. While the lawsuits were 
interests of wireless could be serVed better by in the courts (Murgas was never directly involved 
Marconi The patent rights were transferred to in them in any way) Marconi was selling his sys-
him -· . -· ' tern in Europe. Likewise, both Marconi and Fes-

.Murgas _~~~-·f~~-t~~discontmue his . . senden systems were being sold in the United 
· work for a ·number -of reasons.·· The Scranton ·· ··StatCs: with. the U._" S. Navy' adopting the latter. 
- towers were .. destr(:;yed in_~ 'gate in late 1907 and While Murga3 was eventually ·recognized as · the 

J ftinds to .. replice them were not a"vailable. Shortly . . ·original inventor, he became the. forgotten man . 
thereafter,. two of the. principal backers died and who realized noth.i.Dg from his work. . . 
the remaining investors were reluctant to .eommit ·. _. Murgas }lad many_:h9n_~~- bestowed o~ him 
further. Murgas ~opped experimenting around . :· . .during his lifetime. He was reportedly named bv 
1912. Finally, iri ~ber. _1916,_ the Unive~ · · President Calvin Coolidge to chair a feder;l 
AetherTelegraph . eo:-~isbanded, a Victim . of . :.. "Commission on radio in 1925, but declined due to 
competition, · politics. . and ·Jack -of capital ... . :· 'ill health. He died at age 66, on May 11. 1929. 
Eventually, at the start of WW I, the gove~ment But the Reverend Murgas was not totally forgot-
ordered the Wilkt!S·Barre towers taken dowri. · ten. and other recognition followed even after his 

After Murgas ceased his investigat~ons, Mar-. . · death. In 1939 the only radio station in Slovakia 
coni introduced · a wireless apparatus named the · · was named after him, ~nd also in 1939 a com-
Sonorous System, which embodied the basic el- memorative Slovakian stamp was issued, recog-
ements of the Murgas Tone System. Almost si- nizing his wireless acromplishments. Another in-
multaneously, Professor Reginald A. Fessenden teresting honor: In 1944 President Franklin 
introduced his Tuned System. Ironically, Roosevelt named a Liberty shio the Father 
Fessenden began suing any wireless interest Joseph Murgas. · 
which infringed . his system, despite ·having Joseph Murgas was a truly gifted man. and his 

~ __ borrowed from _ Murgas . . In __ ~.!Y _court_ ~s~. ___ jn.genious ~s _are a recorded part _of an impor-
Fessenden lost because the Murgas Tone System . . tant frontier in the -history- of oommunicaticins 
patents were brought up as an issue. He then . ... ~edu1ology. Perhaps some day he will receive the 
sued Marconi, and the court cases dragged on recognition he most certa.Wy deserves. ·· 

· · (Conrinucd on r :1: 

Dra'll.in~ from Pate.'l: 111!~.10:>. ftleJ i.."I !C/05. L"-"uec Arril e. JQO!l. shov.in~ tht- Mur~a~ iJrraratu~ 
m il" ia:e:- an~ peric:c1ec term ( ~-= .Ji.<..; Ejec-.. r~Cti WoriJ. Dec.:.. Jl}{):'i 1 
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The rec~iving instrument, disassembled 

HONORED BY HIS 
NATIVE LAND 

One :0£ · Two Postage 
St~mps : Issued By The 
In~epJrictcnt Slovak Re· 
prihlicr ·Tn l!l~!l llnnorin~ 
Fa1tlu: r1 l ~illrj!. :U Fur llis 

,:A<hie~~ment, In Wireless 
~~~:~·m1~ ;sc.ur.ce; ;.· 
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tion of Postal Telegraph, the Western Union. ~d 
Some further notes on Father Murgas and his the Canadian telegraph companies, aD of which 

inventions may be of interest. were well established Thus his market was ship-
1. The double tapered wooden towers built to ' to-shore and transoceanic business. 

support the antennas were unique, measuring 4 .. Marconi had. a practice of purchasing~ 
eight meters square at the base. They were patent nghts .to potent~ useful inventions, as a-...,~-. 
spaced about 12 meters apart, and were joined by defense agamst compehtors . like Fessenden. 
a crossbridge at the ~meter .leveL Wooden Thus he bought rights to some marginally useful 
poles were attached at the 46-nietei- points. The patents from Thomas Edison in 1903 (3]. The 

I

I overall height of each tower was 61 meters (200 Universal Aether Tel. Co. held legal rights to the 
feet). The tops of the poleS were joined by steel Murgas patents, so it is reasonable to assume 
catenary _e:ables from which ten insulated copper that they were indeed sold to Marconi. 
wires were ·suspended to form the radiating sys- . _: . 5. · J?Mly_ wireless ~~~c:m.S• _were tied to par-
tern (per D. -K. deNeuQ. · :·~ ·.: · . , · · · ticular· types of detector: -· -Marcon~ the coherer 

-- ~ . 2. The 1904 Murgas patent _-wawings show .a · and th~~ magnetic .detector; Fessenden, the elec-
basic spark _transmitter. The primary winding of . --~Jyti~ Murgas-·lisea: an· imperfect-contact type 

a spark ·coil-iSfed battery current through -either : .. : ~v<>:ly~g ~~ ag~-~:9_rbon,. with a slight DC e~~ilr.l~ 
<?f two ClectroJytic interrupters ·of ~.different -_~_::::_bJas .flln:~nt_fro"! a l~ battery [4]. This was 
operatin~ frequencies: _ The operato~s key ··· -~-the ~sic .design u~ by__ Popov and ~ Massie 
selected between them. .The r~L was two -- - (the Oscillaphone )(5]. - ·Murgas' verswn used 
tones, a high tone for the Morse.<:ode -doi, 'aild a ___ · _several carbon-tO-steel contacts in parallel, v.'ith a 
low tone for the l\forse dash, produced with great .. · · ·steel needle slowly re\iolving against the carbons . 

.r~~C.iflti!3. rapidity. The superior speed of the Murgas . 6 . . As a part of their_ award-winning presenta- .,. 
system over that of Marconi was due. in large tJon: the authors have prepared an annotated 
pan to the code pulses. differing-in pitch and not bibliogn.phy on Fr. Murgas. Copies are available 
in length of time. The higher pitChed signals . to OTB readers on ·request to the editor. . 
were '!Jso much easier to read through at- 7. Murgas deserves recognition for devising a 

. mospheric interference, compared to a t~ree-state predecessor of frequency-shift keying: 
! conventional spark signal of the day; they high tone, low tone, no tone. It is not far 

· ' .: sounded less like static. The use of high-pitched ·technically from there to a pure high-tone/low-
; _spark transmitters for plain on-off Morse . tone syste~ as·developed by Edwin Annstrong in a.;,~_. 
· _ (Marconi's "disc discharger• of 1907. the 500-Hz · · · !he Twenues [6J .and used he:1vily since the 
~ quenched gap. etc.) later bec<ime common. Forties for radio teleprinter transmission. 
I 3. A comment on the ~U~-of the Murgas -- ·8. The a<:companying pbot~ are taken from . 

system over land is in order. A key part of his in- S~ephen J. Palickar. ·- En:. ~ Mur~as: 
stallation was the ground system. six buried steel ~ ~ in Wireiess Telemph,· and 
containers filled with ~<Her. One source re- Radro - A .~ Biogr:mhv (Wilkes-Barre. 
viewed stated that during the ftrst public e:ocperi- PA: Murgas Memorial Foundation. 1953). · -

· ment in 1905 Murgas successfuDy forwarded 9. Finally ••. this is not _a new story. ·For 
, messages not only between Wilkes-Barre and example, an excellent article by Alice Brannigar. 
: Scranton (32 km) but also to Brooklyn (164 km). can be found in •popular Communications• for 

In realism, it is necessary to mention that June, 1985. Unfortunately. a key source. Gordon 
Wilkes-Barre and Scranton were connected bv a Shook, WJSZ., Oile of Father Mun~as' las: 
railroad with its usual telegraph A!'Jd signal m;es, surviving students, became a Silc=nt Ke:--in 1957. 

~ 
and by a major AT&T telephone toll line. -Ed. 
Propagation over this path could be expected to 
be unusually ~ despite the high earth REfERE.-..;CES 
resisri\iry in eastern Penns)'h'ania.~- -:._-~~ (No PI A c. Lesc:aboun. &W.2 ~~ lN<w Yod: Sci-

- - ~ Ameria.A~Ca. tt=l. PP- .(_~ • 
refl~ion on Fr. ~u~ but pbc:jng wirdess_ __ Pf H. _G. J. Ailkea. ~~-~·1M 2riiW 2f B.t: 
suttons near tdegiaph lines v.-as used by -411 - .. ~ (Pnnc:ctosa. NJ: -~~Plea. I5!SS}. pp. 2::!.6 

unscrupulous promoter in Europe to improve a ...s 234· 

d . f . a1 "IIJ_}_ Pl M.J~~-ti~~Yort: emonstratton o a margm system . - _ :___-:_~·:- ~Hill. J9S9).pp. l8l-lla . - -· ·- _ _- . 

At the s.:une time. M~n:oni's commeroaJ 141 lh£ !:f.!!Im. ~ !![ ~ ~ 
nc:-eds were for improved tDnsrniss.~ ~Liy, {nuladc:lpltil: llaiYcnai Actlwr TeJquarlt Co~ Jfli[W). pp 

· · '- la d T- th B · · · 1 N-:1 . (~brccunesvolbm~- - · not pa rtJcuJ.ar,_:.- over n . .u; e nusn ~es. f.'q L Ulndtil. ~ oa"caor: OTB.. Vol:, }>iQ. 
4 
~ 

th~ Pos: Office held a legal mmopoly O\'~!' aU t9S:). pn !5-lo. 

bnJ tekp-aphy [:] Jr. ~orth A:nericl.. M:1r .. ··-..:mi toi E. H. ~ ioict~ or .R~ LA.: E."~ (;;. 

v. au ld have: haJ to be-:: the:- d~tt:::r.m~d opposi· A::nosphC'TlC Du:urt)ancc._ • Pro.: IRE. \"t>< 16 Pi<' ! 
lhn..ar.- l~q~' - 15-:.0 
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Father Murgas: 
Radio's Forgotten 

Genius 
Somehow, The co·ntributlons To Early 
Wireless By Rev. Joseph Murgas Have 
Gotten Lost In The Shuffle. He May Well 
Deserve More Credit Than Marcon!! 

BY ALICE BRANNIGAN 

T11e picture postcard tl1ot ran lost December 
,, ror·coMM actually shows th~ towers in 

rlf 1:ntinll~· completf'd :stat~ Th(' tope; hod nnl 

yet been added 

I 11 the D.!u•rnt~r issue of POP'C'OMM. 
Ibn,• i1J1J1l'Mt!O " V('fY old pktur.- poc;tc:i'Hd 
tw,umg the C.:l\ption. 'Tl'tlu~r Muryas Win• 
Ic-c;-; T elegr.,ph St.,tion _ .. In f(>~tnching lh(' 
r Mel. W\' dwc kt•d tht' U'iUlll data sourn•s <111d 

d11"A' t'l lot • .,! hl..,nk 

Y~!. tlwr~ w~s no doubt ltbout the fell I 
II 1M thf' !lf.,tion- ciid 4-'Xi"'l. thow two IMy.• 
WIH•Iesc; tow4!rs ( ouldn't l~ J~ni~d Hut 
u:lwr~ u.·,,<; ltw o;tltlion. what w.,, lhf' 'ifl'lllrHI. 
l'lnd \A:ho Wi'ls f atlwr Murgl'lsJ TI1.?\t's whl'lt 
u.·o· ll\~1·d 11111 H'tldt'l'> to lt'tlu, wl..·n Wt' 11'111 

R"nders told us; did ttwy evt.'r !l>llus1 Even 
though we hadn't been able to locale lnfor· 
matlon on Father Murgas In~ huge st~ck of 
refl'rence books on early wireless, we came 
to l~arn that the station on the postcard was 
most histork and the man who designed 
and built It was a brtlllant inventor whose 
many llccomplishments are. today. little 
~mtWu m4ttf4t• ~ W•lK.t-"'"'"", P~fHltyl· 
vanla. 

From our vantage point here at the tail 
end of the 20th century, and after all of the 
many advances In the field of telecommuni­
Ci'ltions. we tend to overlook all hut a few of 
the very highest profile wireless pioneers 
whose efforts were directly linked to the suc­
C('c;<;ful commercial development of com· 
municatlons, men such as M.1rconi and 
DeForest . 

But in th~:? orwn;ng years of the century. 
there were other e>·perimenters whose ef­
forts Wl're no l~:?ss outstanding than those 
whose names fill the hi<itory books . Rev. 
,J, ''~~'Ph Mury''"· f, >r '""-'. dtt•w tht• ~Y('S of 
the communications world to W11kes· Barre. 
where he served for almost 35,years (until 
his death In 1929) a!; pasflH of S.icred Heart 
Slovc'tk Churt h 

Beginnings 
Murgi'ls u.·"c; horn FebruMy 17. 1R64. In 

Tajov (Jabfiknva) . Zvolen County. Slov~kia. 
1\rthe MJl' of 1 H he decided to study for the 
pri~sthood ~no entered the ~min~ry lit 
Ar~lislllv~. Two y('IH'i l11ter. In 18M. he 
tr,mc;fl'rTI'd In tlw semin.uy at o~trihom 
u.·h,•JI'. in 1ldd1tion to Ill'> lht•ologicdlstudi~s. 
ht> b~g<'ln his first electrical ~nd wireless ex· 
rwrinwnlc; In ,,ddltlon to thew effor1s. he 
Wi'IS ~lc,o stud).'iny henc.:h. German, ad· 
\.'rmc+'d phy-.ic-; , ftlld C\slronnmy Further· 
more. he w~ts enrolled ~tl the celebrated 
/\1 tldt•my of 1\rt, In Munkh 

OrJi'lined in lHHH. Murq"c; cnntinued 

'. 

This Is th«! way th«! compl«!ted towers looked 11'/pmtcor<J 
/_~;. 1 / 



\~;·¥~ ·~ \ 
with hi':> l\r1 studies \n Munich illld lntl'r yr cHI · 

t lli'lh'd wit'' honor·. end t~wnrch <"!'. an i'l r . 

! II I •d p .. 1,,, .. r l h• contltau>u with hie; 
( (1111\l <; l\ u ~ . u 

. c-1~~ trkr~lt~nd wireless experiment~ nn 'L'V('" 

"mol\qd nl the Electrlce\ College of Vhmna 

"" i'll i'ldvenced s1udent . 
- ~1uryl\oo; &l~o hed e number of wry s\rony 

po\lticlll opinions, end h• wes "" nrd,•nl 
pntrlot end stud•nt of the lives of the meny 
Slovnk figures who fought for freedom from 
th(' clutches of Hun~fary for elmost 1.000 
vc•n" 1 hi' topic wa~ the focu~ of mnny of his 
mo~t fnmous pi'llntlngs. 

lkr;liiW of his wtd" u•c-ognltlon In th{' 
11rt~ . Murgas wes asked by the Hunger\nn 
yovnnm.,nt to t've\uate e contempouuy 
ralntlng which was to be disphsyed In the 
llunqnri."' Pnrllnment. This pnlntlng dt>· 
ptct.;d th~ cxcupt~tlon of ancient Slovi'lklll by 
till' M.,yyars "' tht' year 907, obviously a 
S'H'' p<;lnt with the lnten5('1y netlontsllstlc 
t·1uru"s - t te felt thtst the pninhng ftslled to de· 
plrt the event with honesty and promptly 
chi'lri'lc'tl'tiLed the scene as e "tragic mlsrep· 
H!~~n!i'ltion," further denouncing It es un· 
·- ~ ·qrthy ol ert. 

It wM not whet the Hung~rhm govern· 
ml.'nt wa11ted to hear. He wns charged with 
dl~lovnlty nnd 1\lso of having proven hlrnst'lf 
M hnving anti-government tendencle~ . 
Under Hungarian law, he was obligated to 
IPnv<' the country, end thereupon depa11ed 
for tiH• Unlt"d Stnt~s. arriving Aprl\6. 1R96 

It wasn't tong befOfe he was assigned to a 
church in Wllkes·Bllne. whkh wns newly 
romtruct('d . He beceme the dr\vlng force In 
expnnding th<' Influence and serv\ces of this 
rfi!W·f#, ~t..tM-Jtf.ffi4Jtf f.tfvtft'Rt Stt-;vairkAmC'rt­
um organlulhons. end 51111 found time for 
p~inting. fishing. collecting butterflies and 
moths. botany, end. of course, his experl· 
mf'ntc; with w\reless. 

Wireless Experiments 
In 1898 MurgBs built e small laboratory In 

tlw pMish house and developed a system of 
communication based upon two high-fre· 
quency tonE.'s (tones of diHerE.>nt pitch). one 
trme r\'presentlng (and In common with) the 
f-.1uts<' code "dot" and thE.' oth{'r the "di'lsh." 

'
~ 

1 
This

1 
~r1mltted fester tra~s1mlssion speeds 

1 ''""I te .~ mconl system . .. urgi'ts lr<msmit · 
tPd hi~ sign;,ls v\ft rotary spark, with the sig­
r,-i'tls fl'd mto a single pole antenn;, with a dis­
tributing arm at the top. from which wires 
extl'nded . 
' In 1904 Murgas hed obtained U.S. Patent 
'7S9.825 ("Wireless Telegraphy Appcna ­
tu~" ) lind •759,826 ("Method of Commu­
nic a ling lntelltgence by Wireless") . Th~se 
pr~tents were sotd to the Universal Aether 
Curnpany of Philadelphia. 

1 he Murga~ Tone Sys!em Wl\S eventur~lly 
rm•Prf'd by no less then 17 plltents . The Unl­
vers<'ll /'1 f'ther Company was actually a 
sroup of flnenclen who wanted to mi'lrket 

·1hr. Murgas Invention. This syndical{) ~pC'nl 
;)b0ut $25.000 for 200-foot transmission 
towers In Not1h Wilkes-Bane and ones 19 
miles away In Scranton . Nothing like these 
tO',.I..'<'r5 ht~d ever before been comtructed . 

Th{' towers were first tested on April 27 of 

( 

· h ;:s ( .· ··· .. · ~. 
Lt Crndr Si'lrmwl S . Robinson. US N . 

witn;·~~d tlw h >-.h i'lnd u•port<'d tlwm " most 
S.l\l.,(.u-tnry .'" notiiiCj th.,t Mw~·'~. h ,u\ tlu • 
best system of wireh.'sS transr~lss_lon - mw 
which threateneu to rcvolutlolltle world· 

communkf\tinns 
Tlw probl'-'m here w.1s tiM! our ~IIVI'tt l 

m'•nt h&d a\really ~ntert>d Into contra( h 

with MMconl (l\S did other govern~ents) 
lind ht~d purch<'~S4•d million~ of dollius worth 

of M.\Tconi ,,qulpment . 
Adoption ol tlw Murgds system would 

cau~'' a lot of money spl'nt on Marco~~i ap 
p.uf\tu.:, to he• cntl';irt''"'" il'\ "wi\c;ll•d :Ill' 
qul'stion was would intcrnatlmMllln~nclcrs 
allow this to take place . The UruverS<'II 
A~thet people felt that they could do battle 
with those forces only If they could match 
th~ir wealth. That was a major obstacle. 

In the meantime. Murgi'ls journeyed to 
New York to meet with other wireless pio · 
necrs. This included M<1rconi and his associ ­
ale. Fessenden. Marconi was so impressed 
with Murgas' inventions thi'lt he went to 
Wilkes -Barre to see them. 

Th~ Sacr~d Hearl Church in Wilkes- Barre 
(Photo by Ed Shedlock) 

In front of the Sacred 1-/earl Church is a 
plaque dedicated to Fat.'1er Murgas. The 
plaque read<;. in part, .. in the earl~· days 
n/ radio communication . II•• created and de­
veloped to practical use 1 major aduance- i 
"wnt in tlw nir tlral opf•nrd tlrl' wa~· to im· · 
prou£>d and dPpendob/1· rodin transmission 

o11er great di~tnnces . .. 
~ 

1905 Several prominent community lead· 
ers. as well as a repre!'('nti'ltive of the u.-s . 
Navy. were present . The first official test and 
public demonstration was offered on No · 
\.'l?mhE.'r 23. 1905. It was an event that re ­
ceived nillional rnedii'l coverage because It 
attracted member'> of the scientific commu­
nity . the government. and many rt•sidents of 
the arei'l 

The results were stunning . For one thing, 
they proved the pract\callty of wireless trans­
mission at long distanc"s over land: they 
al~o introducl'd Murg<'ls· superior method of 
teleqraphy . The tests went v .. ithout a hitch 
lind MurgM was i'lhlp" to SEnd his traffic at SO 
u:pm (the Marconi syc;tem ri'ln at 15 wpm) 

Gordon Shook. of Wilkes-Barre. recalls 
that he was 16 years old at the time and had 
become interested in wireless. He was aiS<) 
curious about the Murgas station. so he paid 
the Inventor e visit . Murgas Invited him In 
and asked Shook to describe his own sta· 
tlon. He then took young Gordon on a tour 
of the station and explained the Importance 
of his ground system (It consisted of six 
buried steel containers filled w\th water con­
nected to his wireless apparetus). "' 

Murgas also took Gordon Into an und~t­
ground labofetory ne had built ln order to 
conduct en experiment for General Electtic. 
This experiment was to develop an auto-

Model of Father~ radio towers which 
stands near th~ site of the original station . 

(Photo by Ed Shedlock) 
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One ilf . the more unique events .In the ca.lendar of. activities of 
the County Bicentennial Comrruuion Is now bemg planned. 
Under the leadeuhir of t~e Murgu ~mateur Radio .Club, a re­
~tJrient of OM o the f1rst transnussion and recetpt .of mes­
sage, by wireless communica- transmission and reception 
tloa overland will be held center wiiJ be set up In Scran-
5\Jnday, Nov. 23, 1975. ton at the Sheraton Hotel. 

The reen11ctment will be Stanley Grit'!evlcz, cochainnan 
held at Sacred Heart Chu~h. of the Cornmemorativ~ Com-
601 North Main Street, mittee, will man the Scranton 
Wilkes-Barre. As the original station. The Sherllton Hotel 
event, it will be held at 2 p.m. ill located on the former sit(' 
In the school auditorium. or a radio tower used in the 

This will mark the 70th· 1905 event. 
anniversary of the Initial Following the m e s s a g e 
transmis~lon by Father Joseph transmission and the p~sen­
Murgas, a pioneer in the field tation of several rommemora­
of wireless communication.! .. tive plaques, and address will 
A3 outlined by the Murgas be given by Commander 
Commemorat'ive C o m m i t- Jerald A Copple, USN, t'ep­
tee under the direction of resenting the Chief of N~val 
David Watkins, the Nov. 23 Operalions (who wa~ present 
~vent will faith(uiJy duplicate at the original tran.smis~ion). ~ 
the actual event by including A aocial hour Will conclude 
message. transmission by the the event at the Sacred Heart 
m!yon of Wilkes-Bure and School. 
Scranton, the pastor of S~tcred The coordinator of this 
Heart -church and the Bishop event for the County Biren­
o( Scranton, as well a~ other tenniaJ COmmiuion is Mis~ 
local and national dfgni'taries. Mary Barrett, Chairman of 
The me.,sages transmitted will Heritage 76 Committee. She 
be sent In English, Slovak, hilS been assisted by Watkins 
Poli~h and Latin u were the Gritsevicz, and Rever,. n d 
ongmal Muq~.1s me~sages. Charre, J. Hooker Jr. ~s-

A.s a faithful duplication of fdent of the Murga.s ~3teur 
the 1905 event, a se arate Radio Club. · 

. . . • r •sslvt.>l recrt.>ated d~ning tile' T3in•rlfc•n J, I 'Jlt, , Mluqa:;· c·wf~, trur~sllllss,ons wuc lm~ ~ y , . . 
· nia/ celebratrons. 

_ ... 

t. ·w,·t<·llJJHI system for tr.lirlfl illld street 111·1 )( s .\ . .. 
(,lfs c1nd consic;h•d of a IMye y~rwr;ltnr run· 
nin~ ,,bout 1 ()() liyht bulbs . . 

(;or don H'<illl-; th,1tlhe Ill! XI J,,y Ma_rconl 
.,,,, J\l.'l'd IIJl f, '' hi-; visit illld Mury.ls mtrr) · 
I , I ('c,r•I<Jn <15 his "2nd hand Secolldc1ry c tH . , . t , , · I. 
f. . .. "1tr<·oll.l told MurP,1S th,ll 115 ~x-: nqllll'l:c'r tV • ~ · 1 
r··;illH'I\I<; in Lurorw \A.'I'T(' <;\I((I'Sc;ful WI! 1 

. ~ >lilY dcrr>o.;s wall~r but thc1t he wac; llh'"~·'U''~ . ' h 1 i'lgation nul very succpc;sful wit signc1 prop 
l I "1llf•' 1'\ <;t'l'lllo'd dtrrnbfnurHII!J OVI'T <"ll< I' \' j,j 

"Ill<,, hv h.uln•> pr()blt'mc; '' ',,II \Vtlh "''IIC n~ 
siqllcll'i 1)\II'T land c\lld IMd hi..'L'll communi· 
t .~fill~! thh Wr\V fnr 1111 mthc;l . 
. MoHCIIIli \lol',/l'd ol fi".IJ do~y.;, ctlld lfll!ll T~ 
ltJTJII'd fo l"\I!IIJII' . 

. I . I ,., Ill v.- ts 11,1,• In tnlllllllllll· ( H Ht till ... s c..! I I . ' . 

tl I: .. tlwr MurcJ·li· st.,tinn. ,\lld tlwlr ("c\h' WI 1 " · "J> ·• 
I I. " ' ,, "I< Ill I'XP•llldc•d wfll:'n op Ill' WOfK "" ' 

f South Wilke-;· Barre g<)t on tiH• Stenger rom . 
1 . Pop and his son erected two p01Ps wit J 

:::·antenna wire strung across .md bl:!cc1r·"'' 
active on the air. The government had Ill~ 
stilllt!d a curbon -arc transmi~er at Murgc1'i 
station and experiments conttnued . 

Problems 
The o'riginal problem of making all of this 

a marketable product still loomed over Mur · 
s and the UniverSlSI A>.?ther people. By 

9<'~ l 1 1 0 ·peech 1907. Muryas had been ao e o sen s 
owr his sli\llon hy modifkc1llon of hi~ torw 

·t·h "Xperlments w~u~ witnessc•d syst~m. ~·c;e ~ lJ 
h ., numh~r of people . Unfortun~ttely, nl · 

. V . I Aethl'r did not have the resourn·s 
Vl:c'rsa . lS Ill 

·t II lo fin<mce <'lny exten<.tor 
<1Vi'1

1
•
1 1 

'-' was al · 
speech transmission . The comp8ny __ ...,..,. . 't~.:~i 

:§t:;i} 
A'.l: 



Tht> Mur!los Amofeur Radio Club honnrs 
tl1~ rncrnory of th~ ch~rlshed priest. s<"icll· 

tl~t. ond lnuentor . 

"'"•"-; di~o;olutlon~d by tht? domin<lllon of 
M1111 flni't; vnttJrprl~s In lhto fivld of wlrel<·~s . 

f" 1'111:' ~I so pnrtlclpated in the matt {.ITS at 
h•md 1 h,. Scrnnton st~tion was d\?stroy<•d 
bv, storm. Not only that. two of the most 
m1pnrt"nt ~k~rs of Univer~l Aetht'r sud­
dt>11ly di\!d. Tlwse factors contribut\!d In Un­
iversi'll Aether's abandonment of Murgas . 

M.1rcnnl 11nd Fessenden, of cour~. hild 
lm·>wn of Murg,s and his experiments be­
In:~-? tlu•y cnme to America . In fact. M<~rconi 
f;"tH' up with whllt h" called "Improve· 
rw•nt-;"to Murglls methods and termed it the 
"S{Ifl0UT1>S Syst(>m." Fesc;enden's V('rsion 
w..,c; rall(>d "The Tuned Sys.tem." 

Mury<l-;, for his part. continu('d his dforts 
I iliff IWidi tt"r"tlftfd if; lit~ 

L_, Hlg ;,fter Murgas original work on the 
h:gh frequencies required for producing the 
t()ne effects. both Marconi and Fessenden 
enterE>d the cornmerlcal market ~th their re­
c;pcrllvl' Sy'stems. Thereupon followed a 
complf'x cnaln of lawsuits between Marconi 
n'ld Fl!ssenden over who had invented the 
!orw rnr>tt_,od b,t,sed upon high-spMk fre­
qtll'nn· 1 he usual case was for Fess(•nden 
,,, '>·.1e Marconi end the cases bounced h~ck 
'
1 "d for!h through many courts for a number 
nf Y''.lr ~ F.ventuelly the U.S District Court 
(t.;ou!h~rn District of New York) ruled th~t 
neithn one of the two had invented the 
ln9h <;p;,r k · frequ~ncy required in tone tr ;,ns­
rni<.(lon Murgt~s wes nllm"'d • . ., Ill . . . 

,., <n E.' Ofi!:JIIli11r)f 

of tilt' invention. which was being claimed 
h.•l-..th 

J ·, .... r!J(•r Mury,s died on May 11. 1929. f fis 
I Iff' i'!nd work did not go without recognltit Hl 

_lr: 1939. on the tenth anniversary of his 
denrh. thE' Independent SloVI'Ik Republic 
narnl'd its only broadcasting station after 
tum .md 1'1150 !~sued two postage stamps in 
his hnnor . Thf' stemps depleted his Wilkcs­
B<'Irre r.-,dio tow('rs and called him a pioneer 
Ill Wlfelec;c; science . During WWII an Ameri 
CJn Lih•·rty ship was named afl('r him Even 

. . ~4f, ''('.his death he was not forgotten; Presi . 
d,:,,t (oqlidge appointed ~1urgi'ls as a mem ­
lw~ n( the Ni'ltional Rad io Cnmmisc;lon 

l od,,y . he Is !till remem!Jl•red fondlv hv 
til(' peorle of WilkE>s -BarrE' Tlw ~1u~q,:,~ 
Amil!l'tH Radio Club (established in 1 y7r,) 

t'Xlsh in Will~, . ., ltu H' H• 1h Ny~JH.'Il of thl' 
club advises th<'t during the 197h Bict•'llt•n · 
nilll C"h•hr~tion , rm·mlwr~ of tlw group T\' · 

n•·.,h'd ttw fanwd \lX)~l ('XP('rimt•nl 
A pi<HtU'' i\IHI morHtnu•nl (ronsbti11g of~ 

mini~turt• reproduC'Iion of Fi'lther t--1urgas' 
5ti'\tlon) stnnds nt>ar tilt' origini\1 slh• of tlw 
Wilk"' . Rllne towers . f-urth(>rmort'. Kin~·s 
Coll''9'' in Wilkt•s · BllrH• 1nalntalns 11 C'Onsl,l 
er~1bl"' amount of Fi'lttll'r Mur~JilS mt-rnor<'l · 

bllia and the lnstiluliun also offers The 
R('verend .Joseph Murgas Progr<'\m In Corn 
rnunki\llons Studlt>s . 

In Retrospect 
H(>re. In 19HS. Fi\ther Murg,,s'inwt~tinn-; 

... 

i'\re still regMdt'd as brilli;mt and ahl:'ild of ~ 
tht>ir tim\! . It was a peculiar ~t of circum - II* .fa 
!ti'lnces th11t prevented the Universal Aether 
Compnny from evolving Into RCA or !\ T & T 

Anrl what contrihuted to the eventual oh 
scurity of Muryas himself outside of his .... 
llrlopted hometown? f-ate? Misfortun{>? Mis­
adventur{'? Certainly his work. <'\Swell ,..,thl' 
m.1n hims.·lf. rlt>~erv{'s a prominent piCKe in · 
t\!l{.'cornmunications history . 

Ttw author wistH•s to sinn•rely th;mk th" 
following JWrsons for tlwir infornl.Jii r 111 .111d 
advice in the preparation of this remem­
brance of Father Murgas: Ed Shedlock. 
Wilkes n.,rrl.', PI\; Gmd()n Shook, WJSZ, 
Wilkes· Barre, PA; Fath(>r Tom Carten 
K lPZU. King's Colleg~". Wilkes·A;ure. PA: 
l"o K<1linosky. KB:~SK. Pt . Mntilda. PA; 
Roh Ny~lrt'n. WA~YON. Wilkt•s-Rarre. PA . 

\ 
\ 



·: Some further notes on Father Murgas and his 
·inventions may be of interest. 

1. The double tapered wooden towers built to 
support the antennas were unique, measuring 
eight meters square at the base. They were 
spaced about 12 meters apart, and were joined by 
a crossbridge at the 30-meter level. Wooden 
poles were attached at the 46-meter points. The 
overall height of each tower was 61 meters (200 
feet). The tops of the poles were joined by steel 
Catenary cables from which ten insulated copper 
wires were suspended to form the radiating sys­
tem (per D. K. deNeuf). 

2. The 1904 Murgas patent drawings show a 
basic spark transmitter. The primary winding of 
a spark coil is fed battery current through either 
of two electrolytic interrupters of different 
operating frequencies. The operator's key 
selected between them. The result was two 
tones, a high tone for the Morse-code dot, and a 
low tone for the Morse dash, produced with great 
rapidity. The superior speed of the Murgas 
system over that of Marconi was due in large 
part to the code pulses, differing in pitch and not 
in length of time. The higher pitched signals 
were also much easier to read through at­
mospheric interference, compared to a 
conventional spark signal of the day; they 
sounded less like static. The use of high-pitched 
spark transmitters for plain on-off Morse 
(Marconi's •disc discharger- of 1907, the 500-Hz 
quenched gap, etc.) later became common. 

3. A comment on the success of the Murgas 
system over land is in order. A key part of his in­
stallation was the ground system. six buried steel 
containers filled with water. One source re­
viewed stated that during the first public experi­
ment in 1905 Murgas suc:cessfuDy forwarded 
messages not only between Wilkes-Barre and 
Scranton (32 km) but also to Brooklyn (164 km). 

In realism, it is necessary to mention that 
Wilkes-Barre and Scranton were connected bv a 
railroad with its usual telegraph and signal m;es, 
and by a major AT&T tcJcphooe toD line. 
Propagation over this path mold be cxpc:cted to 
be unusually good. despite · the high earth 
resistivity in eastern Pennsyh;ania. (No 
reflection on Fr. Murps. but placing wireless 
stations near telegraph lines was used by an 
unscrupulo~ promoter in Europe to improve a 
demonstration of a m.a.rpna1 system [1].) 

·At the s:1me time. ~rconts commc=rci.ll 
necds were for impr'O'-ed tr.msmission ~erally. 

no! particubrh.· 0\'C l:mJ. Jn ~ British Isles. I the Post Off~ hd.! ;;t kpl mon..,poly ewer all 
j land tckgraphy [:; lr. :-;ort.'i Amcno. ~brconi 
j wo:.J ::i h:!ve h:.tJ _1 0 iJo.- th~: dt!tCT.li:JeJ opposi-

/~ I 

•· 

tion of Pos~ Telegraph, the Western Union, and 
the Canadian telegraph companies, all of which 
were well established. Thus his market was ship-
to-shore and transoceanic business. • 

4. . Marconi ha~ a practice of purchasing 
patent nghts to potent1ally useful inventions as a 
defense against competitors like Fesse~den. 
Thus he bought rights to some marginally useful 
pat~nts from Thomas Edison in 1903 (3]. The 
Umversal Aether Tel. Co. held legal rights to the 
Murgas patents, so it is reasonable to assume 
that they were indeed sold to Marconi 
. S. Early wireless •systems• were tied to par­

ticular types of detector: Marcon~ the coherer 
and ~e magnetic detector; Fessenden, the elec-

1 
~rolytJ~ Murgas ~ an imperfect-contact type 
~volvmg steel agamst carbon, with a slight DC 
bias current from a local battery f4J. This was 
the basic design used by Popov and by Massie 
(the "'scillaphone•)[5]. Murgas' version used 
several carbon-to-steel contacts in paralleL with a 
steel needle slowly revolving against the carbons. 
. 6. As a part of their award-winning presenta­

tion, the authors have p_·epared an annotated 
bibliography on Fr. Murgll!:. Copies are available 
to OTB readers on request to the editor. 

7. Murgas deserves recognition for devising a 
~-state predecessor of frequency-shift keying: 
htgn tone, low tone, no tone. lt is not far 
technically from there to a pure high-tone/low­
tone syste~ as developed by Edwin Armstrong in 
the Twenties [6] and used heavily since the 
Forties for radio teleprinter transmission. 

8. The accompanying photos are taken from 
S~ephen J. Palickar. &Y. :W_mh ~: 
~ ~ _in ~ IeJegraphj• .an.Q 
Rru;fiQ - A fi!2.W1 B10craphy (Wilkes-Barre, 
PA: Mur~ Memorial Foundation. 1953). 

9. Fina.Dy ... this is not a new story. For 
example, an ~ent article by Alice Brannigan 
can be found m "Popular Olmmunications• for 
June, 1985. Unfomn1ately. a key source, Gordon 
~~ VI3SZ. one of Father Murgas' last 
SUJYivmg students. became ~ Silent Key in 1987. 
-Ed. i 
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IlL- ELECTRIC WAVE 
'fELEGRAPHY 

CHAPTER VII 

THE E VOLUTION OF ELECTRIC WA VE TELEGRAPH Y 

1. Early Ideas and· Experiments.-The reader who desires to study 
the earlier attempts to conduct practical telegraphy without connect­
ing wires must consult books more especially devoted to the historical 
side of the subject.1 __ 

From the earliest days of electric telegraphy, inventors had their .~;"'~ 
attention directed to ~he problem of dispensing in part or entirely t.~ 
with continuous interconnecting wires. In 1838, Steinheil of Munich, ~#' . ~ / .. _ -. ~ 
acting on a suggestion made by Gauss, demonstrated that the earth ~-,{53?;~~-~~;~ 
could perform the function of a. return for a te!egr~phic circuit, ~nd .~;1-~\.,.. · .,....,.~ 
thus made one of the most Important contnbutwns to practical '-'~' ~ 1~ ~'\~ · ~;· ~ 
telegraphy. . ·· ( -,~ ~\ .. ' 

He seems, moreover, to have anticipated that in time improve- ~, . 'l'r· ..1~·~ ·~ ·­
ments might be effected by which the necessity for any metallic ~ ·, , , \:.. · ... ,/ ·, 
circuit at all would be removed.2 From the date of that suggestion "t , .... ~.... //. (. '-
the notion of telegraphy without wires may be said to have been ever r. 
present to the minds of telegraphic engineers. 

The necessity for finding some solution of the problem of wireless 
telegraphy increased as the art· of electric telegraphy itself extended, 
even if it were only to enable telegraphists to bridge over some short 
break or interval in a metallic circuit. Suffice it here to say that if 
we exclude the method depending on the employment of electro­
magnetic waves, the processes which had been previously found 
feasible or had been suggested were based upon-

(i.) The conduction of electric currents through the moist earth or 
the water of rivers, lakes, or seas. This method particularly engaged 

1 We may particularly refer the reader to the excellent work by Mr. J. J. Fahie, 
"A History of Wireless. Telegraphy" (Blackwood & Sons, London .and Edinburgh). 

1 See Fahie's "History oi Wireless Telegraphy, 1838-1899," 1899, p. 4. (Black­
wood & Co.); also Fahie's "History of Electric Telegraphy to the Year 1837," 
pp. 343-348, for the history of the earth return in telegraphy. 

Although Stenheil was not the first to employ or suggest the use of an earth 
return for completing ·an electric circuit, he was the first to apply it in practical 
telegraphy, and to realize its importance. · 

See also Steinheil, "Ueber Telegraphie, insbesondere durch galva.nische Kriifte." 
Munich, 1838. ,_ ~--;;~· • ,. ..rJ 

\ \, i · rl' 
.""'- . ' , _ "'. 



. In many cases suggestions were put forward which were based 
upon obviously erroneous ideas, and even embodied in patent specifi­
cations without being subjected to critical trial. Nevertheless, the 
best of the methods above classified had only enabled comparatively 
short distances to be covered. Even the most effective of them, viz. 
the method involving both conduction through the soil or water and · 
electromagnetic induction between parallel wires, was extremely 
~mited in its'· applicability by reason of the necessity for employing 
two pa~el metallic wire circuits almost as long as the distance to 

· ··be· bridged. . · · ! 
,_;::. ·. A new era. _dawned when the scientific investigations commenced 
.-y{hich ''fuially placed us in possession of the principal facts connected 
\ivi.th the'··generation and detection of electromagnetic waves, or as 
. ~1?-ey a:r;~ .. ~ore __ ~~ortly · called, elec~c waves. . 
·.:-. .~::~ .. Maxwell's .profound speculat10ns and mathematical researches 
~ reshltea~ '_as ::we __ h.a.ve seen, in the enunciation in 1865 of his famous 

_:~electrom~etic ·:tl;leory of light. This theory, owing to its abstract ~"~~lltJ 
. ;; .. ·~JP-~~~~'~i~~:~9.t, ~at .. first !ully appreciated. Her~z's discov~ries and 
1 JJI! ... -;!.~mvesttgat_i~i:ul, ··p·ublished m 1888, cast a flood of light upon 1ts mean-

.... ·-- ::~WS~.:~n~ ~~~p~t- .opening up a wide and promising field f~r experi­
:IJ~~t~~~fMii~ {~~~t&.l :~V:~~tion., gave such enforce:nent to Maxwells theory 

~~t it -~~ _pii~-~mmanded g~neral. atte:r;twn. . . lll("a •• ~~'".wo 
··~_:; , _ The ·matter, however, which chiefly Interested phys1msts wore ihe 



_, ~~lS)~·~C:.W 

properties of the long wa.ves generated in the rether by Hertzian ~f!AllJlE 
.~ ~· methods, and the similarity between the effects connected with them 

-;As;: an:d familiar optical phenomena. Hence a rapidly accumulated mass 
·~.~ . .L.J~· ; of experimental evidence was obtained, tending to show that luminous 
~\radiation is electromagnetic in nature. These electro-optic phenomena 

, _ ·.~were sedulously studied, and. physical optics became, as it were, a 
, ~department of electromagnetism. 
· When any new field of discovery or invention is thus laid open, 

it invites the attention of two classes of minds. There are those who 
are chiefly drawn to . i.ts cultivation by a desire to increase purely 
scientific knowleqg~, and to explore the mysteries involved, regardless 
of any particular ~~.~cjiJcal utility they may possess. On the other 
hand, there are oth'~is'·~o whom this pursuit of novel facts or effects, 
or the unravelling· ·6f::complicated phenomena, or the construction of 

.., ~_ . · ... -.~t.. new .the?ries, does not appeal. They a~e imp.elled. t~ look at once for 
~ 4 .1~ .. . \ .-'·.~ apphcatwns of the new knowledge whiCh Will minister to the con-
V. '- _ ~~~·· ···;;,;'1!i venie.nce or mitigate the tr~mbles. of mankind. Pro~ably in neither . 

1 
~rj 

~;,_......,.t ·~,!2~· .. ~ , case IS a mo:·e personal motive e~t1rely absent, but whilst som.e I?Inds . \!._ ~ · 
"" t• v ~~ /regard the discovery of new physical facts or laws as an end In Itself, . :/ l ' 

, ; .. 7"\~·~ others .regard them only as a means to an ~nd,, and inyent rather ~·',,X~~~.~=::-··~ 
~~ n . ... \ ... . '~~~than discover or explore. T.he general non-SCientific public a~e, ~ow- ~· . i - . ;;J...,..', )!-.:';_ 
(' .·" \r'- .. l ~ ever, prone to attach more Importance to the so-called apphcatwns ~, "t;.·'l. ~~: · i~ 

~ ~;..~· than to the discoveries out of which they have grown. Hence the ~~- . ~~j. -,~ ~ 
_....~ ............ ". y_, practical inventor or applier of scientific knowledge generally occupies ·: f ,., '~-~ ~~ · ~ 

in the public mind a more prominent position than the purely ~ · •l .jf · ,J ~ ?·~ · J 
scientific investiga~or. U ~less the latter has ~he go~d fortune. to ~p ' ,:.~ \:1: /!)· ....:. 
make some sensatwnal discovery capable of Immediate technical 1.- t .. 
application, such as the Rontgen radiation, his work will seldom 
attract notice outside of a limited circle of experts. So it was in the 
case of the field of investigation laid open by Hertz. Between 1888 
and 1895 a host of scientific workers in various lands gathered in a 
rich harvest of scientific knowledge concerning the properties and 
powers of electromagnetic waves. The non-scientific public concerned 
itself but little with these results. 

In 1892 Nikola Tesla captured the attention of the whole scien­
tific world by his fascinating experiments on high frequency electric 
currents. He stimulated the s.cientific imagination of others as well 
as displayed his own, and created a widespread interest in his brilliant 
demonstrations. . 

Amongst those who witnessed these things no one ~as more able 
to appreciate their inner meaning than Sir William Crookes. More 
than twenty years previously he had explored with wonderful skill 
and insight the phenomena of electrical discharge in high vacua, and 
had produced the instrument which subsequently produced the ,.:.~~,~~. 
Rontgen rays. He allowed a trained scientific imagination to busy 
itself with the recent discoveries, and be wrote a now well-known 

. • article " On some Possibilities of Electricl.ty " in the Fortnightly ~MIL"S~•tl 
. ·.;J. · · Review for February, 1892 (p. 173), in which he endeavoured to fore­

~--_,·.,~-... cast some of the applicaljions of high frequency electric currents and 
·· ·· of Hertzian waves. 

In this outlook into the future he clearly discerned the coming of 
a new form of wireless telegraphy based on an application of Hertz's 

--·- .»61"' M.li1U:i~ : 



. .: ~ 
discoveries to the communication of intelligence from place to place. ~"-•~ 

r ........ ~""'~- --'·'- In the course of the paper Sir William Crookes made a cryptic refer­
::).s~ f~ .• ence to experiments in this direction he had witnessed " some years 
~iJ~i':~ ago,'' which were subsequently explained to refer to unpublished 
'· · ~ in:vestigations by the late Professor D: E. Hughes, ~n wh.ich signals . _ ·-(~A were sent." a few hundred yards," without connecting Wlres, by the 
, ~ ... aid of a telephone. No details of the experiments were given, or any 
' . · hint of bow the result was obtained. For the purposes of patent 

litigation this notable essay has been put forward as an anticipation of OJi--~~ 
subsequent practical work. It is necessary, however, to keep clearly 
in mind the true meaning of "invention." Invention does not con- \ 
sist in displaying a few brilliant and original ideas. Neither does it 
consist in outlining a certain set of requirements and broadly defining 

, the means by which certain ends may be attained. Invention con-
\ · .. "'( · sists in overcoming the practical difficulties of the new advance, not _ .... 

; .. :J~ " , , . ·.~~....., merely talking or writing about the new thing, but in doing it, and ~·' l.'~ ' 
v;, ~~~:.:., doing it so that those who come after have had real obstacles cleared l• ·~ • -~ 
~·~ .-.t ~f;~ ·""': . out of their way, and have a process or appliance at their disposal,.,. ·\!_ "'~ 
~ - ~ ~ \ ~~~~ /! which was not there before the inventor entered the field. In most ·"' t. · 
, . · .;. .. ;-x:,.1. ,_, cases, ~owever, the removal of the obstacles w~ich block the way is "":t-'., }tw~~~u..::- ·. 

" ·~~· .- ( ·• .. ~ -y~ not e_ntrrely the work of one person. The f~rt rs captured only after~~~_ :T(·, -.,. 
. ' • ~ ·· \ ,..~ k ~·: a senes of attacks, each conducted under a different leader. In these ~~~ . ' 't;:\ .' .,~ 

' 1 ~~-~._:cases the inventor who breaks down the last obstruction or leads the .. . ...... ~ '1 
1)td-~;t~~~ · 'i final assault is more particularly associated in the public mind with · j;. 

the victory than are his predecessors, though his intrinsic contribution ·•i! 
may not be actually of greater importance. Pp '.,:., . 

There are other cases, however, in which, prior to the work of 
one man, we can find no actual achievement, although the end to be 
attained, and to some extent the character of the means to be used,· "-N_.., 
are clearly recognized. 

In the article to which reference is made we find much remarkable 
prognostication, but not a description of actual inventions. 

It emphasized, in fact, how much at that date (1892) yet remained 
to be done. Speaking of electromagnetic waves and their properties, 
Sir William Crookes says (loc. cit.):-

"Here is unfolded to us a new and astonishing world, one which it is hard to z:o~...,.. 
conceive should contain no possibilities of transmitting and receiving intelligence. 

"Rays of light will not pierce· through a wall, nor, as we know only too well, 
through a London fog. But the electrical vibrations of a yard , or more in wave 
length of which I have spoken will easily pierce such mediums, which to them 
will be transparent. Here, then, is revealed the bewildering possibility of tele­
graphy without wires, posts, cables, or any of our present costly appliances. 
Granted a few reasonable postulates, the whole thing comes well within the 
realms of possible fulfilment. At the pr8sent time experimentalists are able to 
generate electrical waves of any desired wave-length from a few feet upwards, and ..,.l''ll'.l,..,.,. 

to keep up a succession of such waves radiating into space in all directions. It is 
possible, too, with some of these rays, if not with all, to refrn.ct them through 
suitably shaped bodies acting as lenses, and so direct a sheaf of rays in any given _ .. _..__...__ ..... 
direction; enormous lens-shaped masses of pitch and similar bodies have been 
used for this purpose. Also an experimentalist at a distance can receive some, if 
not all, of these rays on a properly constituted instrument, and by concerted 

·' signals messages in the Morse code can thus pass from one operator to another. 
~1~.,~ ..... .,.-Jif'tl."ll.;:::::"~-!l~r : What, therefore, remains to be discovered is-firstly, simpler and more certain 

means of generating electrical rays of any desired wave-length, from the shortest, ~~l!H 
• · • • .. ll . --1..: .. 1.. ~;n MQilv nR.~~ t.hroug:h buildings and fogs, to 



~~~~th~. o~s~e long;;ves whose lengths are measured by tens, hundred~,~~~~!~~~~ 
.. of miles; secondly, more delicate receivers which will respond 
··i(S~ r~ -.between certain defined limits and be silent to all others; thirdly, 

~ ~ . ~~7 -..· ing the sheaf of rays in any desired direction, .whether by lei:i~s O,!,. 
"~~ the help of which the sensitiveness of the receiver (apparEJntly the . . . .. , ....... . 

·l' ~~ of the problems to be solved) would not need to be so delicate as,_ ~h~ri ~h~~~a.ys 
· - · -,.,._'P- be picked up are simply radi111ting into space in a.ll directio~; &t14 -~~g ~W.~Y-
~.... a· t th 1 f . . ~ ,- .... ·.' ··.- .... ~~-:-.{ r..r·.; .. , ..... ,·~ '1 .,. . accor mg o e aw o mverse sq_ua.rm~. . · "o<·· /,,_,:-" !,S~\~:~~i.;.;t~'~:~:..·:t -,l.1 

' . "I assume here that the progress of discovery would give l~strume;tts . ~p~p!~ ·· · 
of adjustment by turning a screw or altering the length of a Wlre, so a.s. to peoome 
receptive of wave-lengths of any preconcerted length. Thus, when a.~juated ·to . ~--·-~~ 
50 yards, the transmitter might emit, and the receiver respond to, ..r&ys varying 
betwe<rn 45 to 55 yards, and be silent to all others. Considering that there . w~uld , 
be thQ whole range of waves to choose from, varying from a.· few feet to several · 
thousand miles, there· wqu1d be sufficient secrecy, for curiosity the most inveterate 

· \, ·. · ., would surely recoil from · th~ task of passing in review all the millions of possible 
i ., ' wave-lengths on the remote chance of ultimately hitting on the particular wttve- . · · 
,. ·, -... ·"p.. length employed by his friends whose correspondence he wished to tap. By . 
Ju*· , . \ .'-)N~"f. ....,.. 'coding' the message even this remote chance of surreptitious straying could be ,':: 

~~' . ~~">· .·~~ . obv!~i,h~~ is no mere dream of a visionary philosopher. All the requisites needed~~ · ~~v-
~·· i•t.·~ .. ,~·' -.....~~· · /. to bring it within the grasp of daily life are .well within the possibilities.of dis- 1 ~ 

• • . T, v , · , covery, and are so reasonable and so clearly m the path of research~s wh1ch are _....,___ t. 
· ' ; •• 1 _' : • now being actively prosecuted in every capital of Europe that we. nla.! any day~~\ ~~c-='· ~ , . 'n l .. · '~-\,_,,expect to hear that they h~ve emerged froiD: the :ealms o~ sp~cula.tl~n mt~ t~ose 3t' ~ :"';?!J'r~-~~ ~~~ 

1;..._ \rt. ~\ \ ~-· \ ~;.~ of so?er fact .. Even now, mdeed, telegraphmg without wues IS po~sible Within !1. .~1 'l-~J\--. '.,:,... ~ 
' ·. · ~ ~ . ..:~ restncted radms of a few hundred yards, and some years ago I assiSted at expen- , "-'' 'J< 'Ti\ .· :~ 

\ • .-: ments where messages were transmitted from one part of a house to another ~~~"!.tj. '~ ~~ ~ 
~~ .......... ' ' 'i without an intervening wire by almost the identical means here described." ·; i 1 . .,/~~- _ -' • 

. The above vague _reference to experiments on ~eleg:aphy without J[ , ,7 ( '/r:__:/~ 
wires over a short distance was at a later data 1llum1nated by the 'J; ' .., · ~ .... . /.-
account given by Professor D. E. Hughes himself, of the ·precise t 

,_____........_ nature of these hitherto undescribed experiments.3 In the course of 
,~~---his work on the microphone, Professor D. E. Hughes had occasion 

to notice the wonderful sensitiveness of a " microphonic " or loose 
joint between conductors, and its variation of resistance under impacts, 
such as those of sound waves. He included such an "imperfect con­
tact " in series with a voltaic cell and a telephone, and found that the 
resistance of certain kinds of contact was effect/3d by electric sparks 
at a distance. U ~fng a contact between carbon and steel, he no doubt ~..a..~-;~a 
constructed some ·'}~rm of self-restoring coherer, and made the im- •::..···r.r ......... 

portant discovery-·that the discharge of a Leyden jar at a distance ~.,.,.,. 
caused a sudderi :~·variation in its electrical resistance, and hence a 
sound in the telephone included in its circuit. i . 

Professor D. E. Hughes stated in a letter addressed to Mr. Fahie, 
on April 29, 1899 (lor. cit.), that he showed these experiments in 
December, 1879, to Sir W. H. Preece, Sir William Crookes, Sir W. 
Roberts-Austen, Professor W. G. Adams, ·and Mr. W. Grove; also in 
February, 1880, to Mr. Spottiswoode, then president of the Royal ~~AI4!,#JIP · 
Society, and to Professor Huxley, and Sir George Gabriel Stokes, the 
secretaries. In a~ition, he exhibited them to Bir James Dewar and 

. :' ·. J\fr. Lennox. He was apparently discouraged from publishing the 
1 '/?;,_'-.. results at the t~me y finding that ~i~ Geor~e Stoke~ con.sider~d they 

.... · . . :> were due to ordinary electromagnetic 1nductwn. It IS, however, clear 
~'A~lil.l-..ll~tl"'t·w~...::~r:,., from the statements of Professor Hughes himself in 1899 that he had 

3 See a letter by Prof. D. E. Hughes in The Elect1··ician, Ma.y 5, 1899, vol. 43 .... r .. -• ... • 
p . 40. 



.:JT.-. .:.1 

. discovered (but not an~ounced) in 1879 a number of facts afterwards 
1 rediscovered by Professor E. Branly in Paris ·in 1891, and he h~d, 

in fact, been using a self-restoring carbon-iron coherer in series w1th 
a telephone which was affected up to a distance o£ a few hundred 
yards by the electromagnetic waves created by an electric spark. If 
at the time he had publicly placed these observations on record, he 
would undoubtedly have anticipated some at least of Branly's work, 
but much remained to be done, which was subsequently done by 
Hertz and by Marconi, before electric wave wireless telegraphy~ in ~-B.'~ 
any true sense of the word, could be translated from dream to fact. 

Four years ' pas~ea. by, however, without any fulfilment of Crookes's 
scientific prophe~y,- ·although the most eminent physicists continued 
to work at the ·s~bject: 

On ·January --1, 1894, the scientific world heard with profound 
regret of the death of Hertz. 

(:";, On Friday, June 1, 1894, Sir Oliver Lodge delivered a memorial ( /. _:_,fi4-
~" "*"'• · lecture on "The Work by Hertz," in the Royal Institution, London. -~ v,· \"-: 
"-· ~··\ ~.- ·, This lecture was remarkable in many ways. It gave many 1t'1 . - t.~ 

m' ' ;.. I . I",.•· persons the opportu.nity of Se~ing, for the first time, striking experi. ,_, 'trA;. -..::'· 
\ · \t:· ... 

1 
\ •• · •. , , ~.. ments. ~erformed ;v1th Hm;tz1a-r; waves. The lecturer made us~ of J-1.' ~ _ !}...,... -

1., \ '- !'' ~b.___ ~-:. a modified Branly s metallic fihngs tube, and also of a loose or liD· J·~, ·. ·'J ~ • . '1 v~ .. ~\perfect m~tallic contact of his own invention! as a means of detecting . ' ~.t:$ 
-..~ ........ ' : · · 'i the electnc waves, and he gave to these deviCes the name coherer, by ~ · 

.. which they have since been known. r .;) 
The tube was a glass tube loosely filled with iron borings and . , ,:. 

closed at the ends with metal plugs or caps. It is represented about r ~ 
one-third of full size in Fig. 3 of Chapter VI. The other form of 

.................... ....,.. coherer was a loose or microphonic contact between two pieces of 
'1I&JIII~ ........... metal, the pressure of which could be adjusted so that the junction 

offered too great a resistance to pass the current from a single cell, 
but cohered when electric waves fell upon it. In both cases the tapping 
back or decoherence was effected by hand after each experiment. 

Experiments on the reflection, refraction, and polarization of these 
electric waves :were shown, and their passage through stone walls 
from room to roqin .. . . Yet, although replete with interest, the lecture, ,..~.A;::]'JE•rd 
as originally delivered, contain~d not even a hint of a possible applica­
tions of these electromagnetic waves to telegraphy. The lecturer 
throughout fixed the attention of the au.dience on the similarity . 
between the effects obtainable with these waves and those better known 
effects produced by raysof light. 

It was, in fact, an experimental demonstra.tion of the. undulatory 
character of the electromagnetic radiation from an oscillator, and of 
the electromagnetic nature of ordinary light. 

Subsequently the lecture was published as a book, the first 
edition of which bore the title, " The Work of Hertz and some of his 
Successors."-' 

These experiments and soEvariations of them were repeated at 
the meeting of the British ssociation at Oxford in the following 
autumn, but here again no men · of the application of these waves 
to telegraphy was made, the object of the experiments being to 



~~ -~ ....... 
illustrate an. electrical theory of vision, and to expo~,~ 
of the electnc waves. 15 · ·;;_-.;);'~.:v,~ .,._. -..--c_., .... .. __ . .,.,..,. ..... ,, 

It is highly probable that these articles an.d -~f.e~~~ :·.. . . 
home so forcibly the power of an electric spark --~ -~affe~_t . 0.~ .. _ 
deflection of a galvanometer at a distant place, must ·pa.~~ ~ei!. -t~~ 
thoughts of many ingenious persons to its utilization'' as" a ~means -~f . 

.......... L- · ·· sending telegraphic signals. Subsequently we were informed .that 
the matter had begun to occupy t~e minds of Dr. A. · Muirhead,--...-~~ 
Admiral Sir 13:. B. Jackson (then Captain in the Royal ·/Na.vy); ·a.nd.. .u~~~,. 
Professor R. Threlfall, and perhaps many more. · · · · · · -:. 

Amongst others, Professor A. S. Popoff, Professor in the Imperial 
· < 1 Torpedo School in Cronstadt, Russia, directed his attention to the 
. .,, , subject, attracted to it by Lodge's lecture, and desirous, as he says, 
'.?~~ "' . . of repeating the experiments both for lecture purposes, and for regis-
V':, \. tering electrical perturbations taking place in the atmosphere. His ·-

11.\l;./ . · apparatus and wave detector have already been described (see Chap. {f'~ 
~ f."' '"' .. ~VI. § 3), as well as the publication of his description of them, and !.~ 

rl ..;. .. I . ,.,,_ experiments COnducted With them in January, 1896, in the Journal of ( ·' :"\.~~ .. ;..-:: ·.~ 
\t': .~. ~ ·, . 1, -v.. the Physico-Chemical Society of St. Petersburg. · Tf: ~ _ ,~.--,~~~ 

...... I ~ .. ,\ • ~ ~·:-. It is beyond question, however, that the use he made of his r~, ~ .. ~ ~ri·-· . ~~ 
r;-~· -~~,apparatus was not the communication of intellig~nce to a. distance, ~~· ~~~. \\ ; ~ 

. .,......_ ..... _' : 'I ·1but for studyin~ at~ospheric electricity. The observations were ;· ,.··~ ..... ~-- ~\ -·~ -~ 
~~made at the Institute of Forestry, St. Petersburg. Popoff says- r · .,J :.;~ ~ ·. 

I '\:'t' '',; I ' ' 

"Upon the building of the Institute, amongst other arrangements made for \' ... ,,... /! (" .._ 
observing the direction and force of the wind, there was a sma.ll wooden ma.st t · · 
about 4 sajen (28 feet) higher than the rods carrying the anemometers and wea.ther­

~ ... ~lllf'' cocks, and which was furnished at the top with an ordinary lightning point a.nd 
,_._.,_.__._ ..... rod. This lightning rod, by means of a wire carried first on 'the wood of the ma.st, 

and further stretched across the yard on insulators into the meteorologica.l obser- · 
vatory, was connected with the apparatus at the point A (Fig. 2), whilst the point 
B was connected to a wire which served as an earth conductor or connection for 
the other meteorological apparatus, and was connected. to the water-supply pipes. 
The registering arrangements consisted of an electromagnet, to the IU"!Iiature. of 
which there was attached a Richard pen writing on a. Richard recording cylinder, 
making one revolution per week. It was found that the apparatus responded by 
n. ring of the bell to every closing of an electric circuit which was recor$1ing "'~'-<TIIt:l.-. 
observations of the direction and force of the wind, since electric oscilla.tions were 
then set up in the conductors connected with the apparatus by the coxlunon con- . 
ductor leadjng to the earth plate. In order to distinguish these marks from the . ' 
others made by atmospheric electricity, the observers, who produced the ringing, ' 
made a note each time on the cylinder. This action upon the apparatus was, 
however, useful for the purpose of being sure that it continued in good order." . 

That this primary object was not telegraphy is shown by the 
paragraph with which he concludes his paper (loc. cit.). He says- ..-:. )/.&l4\,..... . 

" In conclusion, I may express the hope that my apparatus, with further im­
provements, may be adapted to the transmission of signals to a. distance by the 
aid of quick electric vibrations as soon as a means for producing such vibrations 
possessing sufficient energy is found." 

We are left, then, with this unquestionable fact that at the begin­
ning of 1896, although the most eminent physicists--had been occupi~d 
for nine years in labouring in the field of discovery laid open by ~ittlll 

5 See The Electrician, August 17, 1894, vel. 33, p . 458. For pictures of ~he 
T,nngA anna.ratus exhibited at Oxford, see The Electridan, vol. 89, p. 687. 



r.-~~--J -'... Hertz; and although the notion of using these Hertzian waves for 
.-: ; ·~ · r. teleg~aphy. had ~een clearly sug?ested, no o?~. ha~ overc?me the . ~<~~·~ pract1c~l ~t.fficult:es, o~ actually given an~ exhib1t10n 1n pub~1c of the 
,.JF"'~ transmiSSIOn of Intelligence by alphabet1c or telegraphiC signals by 

. I' this means. The appliances in a certain elementary form existed, 
· ~~the advantages and possibilities of electric wave telegraphy had been 
~ · .,. ~ pointed out, but no one had yet conquered the real practical difficulties, 

and exhibited the process in actual operation. 
2. Marconi's Work, 1895-1898.-Meanwhile, a young investi£ tiiiJMIIM_,.~ 

gator had been busy in Italy. Guglielmo Marconi was born at 
Bologna . on April, 25, _187 4, and very early displayed an original and · 
inventive mind. ~-~{3, ,~studied physics under Professor Rosa of the .. 

. ·.. Leghorn Technicat:~cbo9l, and made himself acquainted with the ; · . ~ 
\ ' . .,,.; published writings 'of Pt6fessor Righi of the University of Bologna, - · 

-~~4· i r-- . ~whose va.lu~ble work on electromagnetic radiation was :vell known. ..... ~ 
,.. r \. •}-..:..' ; .. . ~•._ ~ When httle more than twenty years of age, :1'Iarcon1 had not only _,a.!, fl4i = «.· ' . ~~..... . acquired much knowledge of Hertzian wave research, but he had ;,;... \ /. ., ~v· 
~~l....'\;.~~i~t~,~ .... ~· · · clearly for~ed the intention of devoting himself to its utilization for~~ \!_ t.~ 

~ ,-.: \ '. . effecting Wireless telegraphy. ~ _,~· . / _ _ _ - = 

~ H~' ,·._ .' . . '~~-) On his father's estate at the Villa Griffone, near Bologna, he~·~~~~ ·~ 
\r~ '\ ~ · · ··~>began experimenting in June, 1895, with Hertzian waves, using an .~,- . ;l'\.. . _ ·" ' , •: ,.:4 ~-~ ordinary spark induction coil, and making for hirnself experimental , ~·\11 ' .,. 

\ 1 ,..._, .. : coherers or various forms of the Branly tube. Before long he .. ~ · · · · 
1
.; • 

...,., ... _....._ · ' 1 origin~ted an important improvement. Instead of en1ploying tho t..'d ~. y~ 
~ert~Ian fo:~ of ra~iator,. he connected one terminal. of the secondary ~~~-! , ,.' 
mrcu1t of his Inductwn cml to a metal plate or net laid on the ground, ~ '·, 
and the other by a wire to a metal can or cylincler, placed on the 
summit of a pole. The spark balls were kept at such a distance ~--.. 
than on closing the primary circuit of the coil an oscillatory spark 
passed between them. At the receiving end he similarly connected 
a metallic filings sensitive tube between an earth plate and an 
insulated conductor o·r capacity. He then began systematically to 
examine the relation between the distance at which the spark could 
affect his coherer and the elevation of his cans or cylinders above 
the ground. This brought him speedily to the discovery that the IMI'-''~~1....-. 
higher the cans the greater the distance over which he could work. -

Thus in 1895 he was using cubes of tin about 1 foot in the side 
as elevated conductors or capacities, and found that when placed on 

. the tops of poles 2 ms. high he could receive sig:rr-als at 30 ms. 
distance, and when placed on poles 4 ms. high at 100 ms., and at 
8 ms. high at 400 ms. With larger cubes of 100 ems. side fixed at 
a height of 8 ms. Morse signals could be transmitted 2400 metres, 
or 1 ~ miles all round. 

Before this time, however, he had improved the Branly metallic 
filings tube, and lu;~ced his own nickel-silver filings sensitive tube 
already described (see Chap. VI. Fig. 4). He had combined this 

<~ J ·. ~ sensitive and regularly acting improved coherer with an electric- a1~~lll 
·. ';?;, tapping arrangement, but with more e;areful insight into the condi­

, ... . :~ tions to be fulfilled and a greater range of adjustment than previous 
/ k 

"&..l< .... ,~..,.,.lla.;,;::..:.:~1.- · , wor ers. "' 
aii.:~DI He added also to the filings tube a pair of inductances or choking J.~a'Vl!41111 

~~!1~ !-L---.:l .. .:J L" ~----- .. ~L Lt.." "l .... L-! .. ,,_ , .,!li .. L!"-~ .,..,., ...... ;....,,.... +-h~"'nrrh thtl 



. - .. , 
'j.~ ... iMII -circuit in parn.llel with the tube, and compel them·.: to~.~~~ip'~'11'!i 

,~~~m~~~-~~ 1. energy on the tube itself. He placed in series with .~he~tq.b~~· a:_ ... ; ·~-- · ~1.$-voltaic cell and a sensitive relay, and employed th~ re~ay _;to~,~ct~~ a_ 
-~~A-'~._, ~1orse printing instrument worked by a sep~t~_:: s~~ ·.q~_ ;. 9~~~-~~i)Jn,· 
~~-addition, he placed shunt circuits ~cross the tap. ·per.· ::b~.e .. ~k ... ,:~-~.- ? .. t .. :~.~ts ·1. 

. · .~ and relay .contacts to prevent sparkmg, and ther~-~~r~_ ~,~t~~~B~"'~'~ - ~r~ 
~J the sensitive tube by locn.l effects. ·'::·•tL:;··_.:r;_;;~'"5~::;·,:;;;~~A(?·e:)-~~·,\ 

~ 1 
.... • Finally, he mounted the whole receiving arrangeinent;~h' a· board 

and. en dosed the tl.1be, tapper, and relay in a metallic -·~x ·to ·shield 
them from the direct action o£ electric sparks ma_de in their vicinity. · .. _ 

In the primary circuit of the induction coil at the transmitting _~ M ..... .,.~ 
. end he placed a Morse sending key, and he connected the secondary~ , 
terminals to the en.rth and to an elevated conductor as described. At · 

. . the receiving end he connected, in the en.rly experiments, one end of'-
< 1 

:" "' . the coherer tube to an earth plate, and the opposite terminal to an ; · · 
;~.J~ .. " ( .. . '\...~ "(.. elevated capacity. Lastly, he made s~ch adjust~ents of the tapping . . , 
<r. · \. · ... 1 -.::)~~~-"'arrange1nents that when a short sertes of oscillatory sparks were ,:·l · ' 
~'~'.A · . ~~~ . rn~de at t.he ~nduction coil by just depre~sin.g the Morse ~e~ in its;~·~ j-~ 
~~:~ £~·~~~ ' ~ pr~mary Circuit for one moment, the combinatiOn at the recetvmg end~ {f:v 

t.- , ..... ~·. 1~ pnnted a dot on the Morse tap, and when the key was depressed for . l.~ 
':1' . H;' (' 1 

. · \ ', •· , . a longer time it printed a tlash. In tills manner the two .signals --::;( -'. ~t·; :....:: · ;, \r~ ;) . · ~ · · ~2 required for forming· an alphabet ~n the Morse code were obta~n_ed, tj!~: ~ _ . :;'(·.~ · · 
• ~and letters and words could be pr1nted on tbe tape at the recmvmg ,.,.,~~' "t:~'J .. ' 

•: end by properly handling the key at the transmitting end. "'~· . "!J'! 

't He employed at first the ball discharger of Professor Righi, which . ~ - ,.. '~ 
consisted of four soli~ brass b~lls, the two larger _central ones being ~ - •i1r ~ (;. ~ 
se.pn.rated by a certain small Interval, and the space between filled ~1 ~ ' \'· ... \."' 
w1th vaseline oil kept in position by a non-conducting jacket or "' 
membrane. · 

In some experiments Marconi placed the discharge balls in the 
focn.l line of a cylindrical parabolic mirror, and the receiver in t~e 
focus of another similar mirror, using, for the purpose of collecting 
the wave energy, two metal strips or rods, attached to the extremities 
of the coherer tube. 

In 1896 he came to England with this apparatus, and orf June 2, 
18~6, he applied for a British patent, No. 12,039, for the invention, 
wluch was duly granted. The complete specification was filed-.J··~-

. March 2, 1897.6 

In July, 1896, he introduced his invention and new method of 
telegraphy to the notice of Sir William Preece, then engineer-in-chief 
t? the British Government Telegraph Service, who hh.d for the pre­
VIous twelve years interested himself in the developm'ent of wireless 
telegraphy by the inductive-conductive method. . 

~n June 4, 1897, Sir W. H. Preece ga-ve a lecture to a large 
audience. at the ~oyal Institution i~ Lon~o~. o_n '.' · through 

ce Without Wires." 7 ~~~ .. r, ~ · 
. (~~ - .. 
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T HOl\1SON'S ExPERIMENTs.-In 187) Professor Elihu 
Thomso~· .· (98), while conducting a course of lectures 
at the C~ntral High School, Philadelphia, discovered 

experimental~y''the' long electro-magnetic waves first announced 
in the mathematical theory of Clerk Maxwell in 1864. Pro­
fessor Monroe~:· B>~Snyder, writing in the " General Electric UOL .... - -

Review" of lVIarch ·1920 (vol. XXIII., No. 3), gives some 
interesting detail~_ o~ the discovery. 



It 

· The pursuance of other studies appears to have diverted 
.. ._ ... " .... ~Professor Thomson from the further examination of these 

ether waves, so that what would have been an epoch-making 
discovery remained in obscurity, and it was left" to I-Iertz to lll!t2'!~·6 

redis~_over ~hem; and through his brilliant researches and un­
tiring ·investigation of their properties his name· · has justly 
been associated _yvith them and so handed down to posterity. 

. . . - . . 

MAXWELL7S-,}PREDICTI6Ns:-As far back as r864, Clerk 
Maxwell, in '·his -, paper · on " The dynamical theory of the 
electro-magnetic field," -:.assuming the existence of the ether,""-· 
deduced mathematically the e~istence of electro-magnetic · 
waves therein. --

Sir. Oliver Lodge, in the Sylvanus P. Thompson lVIemorial 
Lecture, delivered at the Finsbury Technical College, February 
1st, 1923, summarised the work of Maxwell as follows : -

( r) MaXwell said that if electric waves could ever be ~-~· 
ge~erated they would travtl at the velocity of light. 



THE FIRST ATTEMPTs AT .WIRELEss · CoMMUNICATION 
\ 

I N the year 1872 .(four years after the introduction of the 
high bicycle) 3:n. American dentist named Mahlon Loomis 
took out a patent. He spoke of his discovery as a means 

of turning natural electricity to account for_ " establishing an 
electrical current for telegraphic or other purposes \vithout 
the aid of wires, batteries, or cables" (4a), and he hoped by 

. this method Jo telegraph from one continent to another. 
He ran up.-h~/o ;kites. ·on adjacent mountain tops, using wi.res 

instead of string, .and succeeded in signalling from one to 
the other by discharging electricity collected from the atmos­
phere to earth at the transmitter. Nothing further seems to 
have come of this scheme, although it is interesting to note 
that Loomis was, · in all probability, the first to employ 
elevated vertical conductors or antennae for the transmission 

· of signals to a distance. 



\ ,.. 

. ma~hine. · A main spark gap was connected between the ~eri~l . 
and earth, and across this main gap he arranged a ctrc~It . 
consisting of a Morse key having its contacts submerg~~ tn 
oil, a· tank containing distilled water, and a small auxthary 

. spark gap. 

TO lf'IORD-£LLl7RI( 

11A(HIN( 

-- ' ' 

E 

FIG. %1. l\1. Child'll High-tension Key. 

As long as the contacts of the key are closed a steady l~akage 
of electricity takes place from the aerial through the water 

-· and across the a~#~iary gap to earth. (The sparks seen at the _ 
latter are red in appearance and of a non-oscillatory charact~r .) 
This leakage keeps the potential of the aerial frQm rising to a 
voltage sufficient ·to overcome the resistance 'of the main _ 
~park ~ap. When, howeve_r, the key is depr~ssed the. oil 
InsulatiOn stops the leakage, and the voltage Instantly nses · 
until the aerial discharges across the main spark gap. . 

-;EARTH CURRENT SIGNALLING.-ln t88o Professor ·John 
Trowbridge (4a, 4b and 4d) read a paper entitled " The Earth _ 
as 'a Conductor of Electricity" before the American Academy 
of Arts and Sciences, in which he gave the results of researches 
he had carried out in the detection of earth currents by means 
of a tel hone . . · 



I (\ 

·· The Observatory at Harvard used to transmit time signals ~ 
"'~nl~ along a line wire to a distance of about four miles, using. an. ~ ... 

earth return, and he ·was able to pick up these signals at a 
distance of a mile from the observatory and well out of the 

:.,~.~h.~· direction of the line wire. His receiver was a telephone, 
which he connected . between the'. gas pipes in one building 
and the water .pipes· of another only so feet distant. · · · 
Trowbridge ~~ .c.alrried out many other experiments of a 

similar nature, · qne of his suggestions being a method of ••~ ........ 
wireless commtiri.icatio"n ·'between ships by means of earth 
leakages. Another 9f his proposals was the employment of 
an electro-magnetic _ induction method for communication 
between ships, which . is of particular interest as it may be 
described as the forerunner of direction finding between ships 
at sea. His suggestion was that a wire might be stretched , 
between the yardarms of a steamer's foremast, and connected 
at its ends either with a powerful battery fitted with an 
interrupter when used for transmission or across the terminals ~~'2lr, 

..... ~.,.. of a telephone if used for reception. 
. . If one of the ships is listening while the other is transmitting, 

... , ~~when they are within range of one another and the coils of wire 
...... ~~:·'']I~ on the two ships a:e. parall.el, the interrupted cu~rents will be 

. ;;~./ ... · ,, .. , heard by the rece1v1ng sh1p. If one of the sh1ps, however, 
~ ... ~ - ~ :. is turned round so as to place its coils at right-angles to those 
•}.. : :~on the other vessel, as it turns the signals will gradually get 

.!~I:_~ weaker until no sounds are heard. \, t:... If, therefore, the coils of the receiving ship be movable, the 
listener can quickly find the direction of the transmitting ship . 

... - ...... .. .,.. ·1, ~Trowbridge realised that this method was impracticable ' 
'- ~·:.;~owing to the limitation of range. He computed that in order · 

.· !:'.' to signal half a mile a coil of ten turns would require a radius , · 
~-.;, of 8oo feet. · 

Between 1882 and tgoo Sir William Preece (4a), :(4b), (g), 
..... Engineer-in-Chief of the British Post Office, conducted a 
< · very thorough investigation of wireless telegraphy. His 

~~ .. ~~· experiments included signalling by earth currents or leakages, 
on the lines of Morse, Lindsay, and others, by electro-static -·--·~-, 
induction, and also by electro-magnetic induction. His 
greatest successes took place in the Bristol Channel, where he 
successfully telegraphed from Lavernock Point near Cardiff; 
to the island of Flatholm, 3 ·3 miles distant, by means of a ~~~ ~­
system in which he made use of bot~ induced ~nd. leakage ~~ ..... ~';..fr_~:;, 
currents. For some years telegraphic commumcat10n was~~~: . . 

~II'Ulllll:il • •. ~~"!! • o • y,•-.. ..., ' • A 

., , .. 1 ~, •• :1T;: 



~- - ' .. -·-:i \. 
maintained by this system," Evershed "relays being added to 
actuate a call bell. Communication was also established . 
between Rathlin Island and the Irish coast, a distance of\~ 

f!J~(t~ four miles. · 
In 189'4 Enrich Rathenau (4a), (4b ), of Ber]in, with the 

assi~tance of Rubens and W. Rathenau, repeated the experi- .. _ ... ...,f!r 
ments of Preece, Stevenson, and others, and succeeded about 
equally well, the '··distance they achieved being three miles 
on the Wannsee Lake, near Potsdam. An account of their -.r.l'l_,,.. 
work, abstracted from the " Elektro-Technische Zeitschrift " 
of Berlin, appeared in the " Scientific American Supplement " 

. of January 26th, I 89 5. 
In I 887 Willoughby Smith (4a) suggested a method whereby 

communication might be maintained between Crookhaven 
in Ireland and the Fastnet Rock Lighthouse by employing 
leakage currents. This lighthouse i~ situated off the extreme 
S.\V. corner of Ireland, in a very exposed position ; conse­
quently, every · time a submarine cable was laid it was 
quickly chafed against the r?cks by the rough seas and broken. 
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TELEGRAPHY AND TELEPHONY. 

534· Hert::ian Telegraphy. E. Ducretet. (Comptes Rendus, 
127. pp. 713-716, 1898.)-T'he author describes the "coherer" 
system of telegraphy in use since last October between the Eiffel 
'fower and the Paris Pantheon-a distance of 4 krn. rl'he trans­
n1itter is the usual forn1 of oscillator, excited by an induction­
coj} giving a z 5 cn1. spark. T'his sparking-distance is din1inished 
considerably \Vhen the exploring-wire is connected to the apparatus; 
the author attributes the din1inution to the great capacity of the 
exploring-wire-the wire is not very far from the n1etal-work of 
the tO\Ver. rfhe rec·ei ver is COntained in a portable box at the 
.Panth0on, and 1neans are provided for registering the signals. It 
is worth noting that although this systeJn \Vorks perfectly arranged 
in this \ray, it fails when the attempt is made to interchange the 
sending and receiving apparatus at the two stations, i.t.'., it fails 
\vhen the · I~iffel 'fower is n1ade the receiving station for signals 
sent from the Pantheon. T'he case is an extrenH~ one, owing to 
the large masses of iron and other conducting rnaterial in -the 
vicinity. R. I\. 

· TELEGRAPHY • . TELEPHONY AND ·SIGNALS. .. . 

~-, 
~./ . 

-
. j . ., . . -· . ·- . . • ~..;, . . 

I Vireless Teleph~ny.~C~L~INS . .:.:_An illustrated ·ar.tic.le .on his sys~ . t_. · 
tern of wireless, .telep~on.Y~ ·-~ :He,··tl!?!!S .long electric~-: .. w~~es, ·produced 
by tneans of · tow~freqtiency;· . high-potential currents .. . The primary 
of his sending induct~ion -coil i~· in'scries ·with. the transmitter, battery, 
Ya ria tor ·and' ·key·; thc'·t~rniinals ':of 'the transformer ··are: connected' to . _ 
the ·earth·· and:to a_· _c.qmpcnsatirig. ·capacity; bridged actoss · the ter­
Ininals of the .. 'sccondary 4is .. a· Leyden jar condenser; the· ·receiver is 
forn1ed a·f a clc)sed :circul'r, -,vhich has the telephone~ a single dry cell~ . 

~~l.d ~~e .. ~~condary or .. :~·; ..t;r~~(~forn1er, in series;. the primary of the. 

.. ~ 

/ 

~-

. f: , . 
, trans {o;mer ·is carth<!d'}as.-in···tlie 'case· of ·the· tra.nsmitting .. secondary 
of the .-ind\lction coil~:'_· ... :I-re~_- · ;st1.~ce·c;ded · ·in ·n=ans~}tting . , speech :·over 

"' th rcc 111i!cs, the arti4,tta,tion .• b~ing clear and loud 'eOough for cOm- . ~". 
tnercial ·purposes. Jie ·nr.oposes to equip ,~essels \vith his system \ 
for con1nntn~tion \vi .tl~f ~~e .shore .. -Elec. Rev.1 November 29.
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-. .:.::~·::~::~>-·Wi rel es s.: ~T e.l e graph y· ;! ~ n -.Elect ros t ~tic E ff ec~ ?. ~-~~ ··~- ::· 

.-· ~~~;~ffi~;.~::T~S-t~:r:~~~~:~t~~~~~.~~~~~: ,;~;'~,.;~.:;:,~s-f;i± I 

.:[0\URING the ·:sum.n1cr: _oL r96o"~ P.r~L:~.W .. C. ~ .A.· ·-~amme_l _and the.~· .. 
\' .'l - -~~;:~H -~er ·-~-ide :-~o~c:·-~· .. ;:;p _e:r~~-e-ilts)Ve~ative 10-a systcm ·a_r sig.;·~:: . ]; 
·• .. 'J ~};~~:if.t~~na} i n·g·. to' a'n ~.fro m31}9~: j ~~g) rains, ;.W.~-~n 'the. q U CS tio_n :a~ OS e; ':· , 
· !Ho'v/Jar. 'c~outd :'~ :\vire .. _.th~:rrength .; 6r~l".ca·rJhe"ptaced · ·rrolf\~a ·tete- · 

I ·'-•. ~itlli\t~{~j]~~~~~--~I.Ittlfh~~!~ilt~:h· ~tt 
:;r~:~(';·Altho\tgh ·'(my .. mtcrest ·,.was <arous~u j,;ts.:: t<;>._,. t _ e ·: n~t.u.r~ ·.;: o.~ '.t .. 
,, ~~~ , • •- •,_,.<.'-.•~r') 4 ., \.', " .' ,. , ·, . ..., •· ,, .,._ rr; .. ......... • •.t.,.·.· '.'•{ . , -·'\·.: 1 . .- •• . ,. ,~ , , : 1--·• , •·. ~ • . s 

-·~cffec't'~ ";~vari.ous ;·other .• interests.~: prcv.etjtcd.' fu'rther e~peri'me~~i.ng 
... 1-itil:~_::ih~ ~~pa.'st ' .s.essi6~, wheri i::l:. •t dir~¢t'eC! ')hc ''' attcntio_n ;'o(:~o.me<o_f).­

···y ;.Gt>'o·~ ·at<:>.ry . students to ~-_the '-probtcm: ·;!: sa·me :·_of ·.tl1dr~)~e·s'u!ts; ; 
··:w t1i~-h · i .-h ~~ve ·sine: e ·' v cr i fi ed: '.'ffia:Vihc:-o{·s u ffi Ci en t\.) n t er'es ~- :t-0"-, 1{0i c·:. · 

. . . .. . . . •in:'J'6fUU1ns>{ \: i'?~.i:f~f!Sl' ~~.':;<); "';t;;:V . . · "~-, .. : :.:·.·...-,.¥ 

~;;ftr:J!!. ,~~;r~;;~:i:f:~;~~~i~¥~~~~~~~;K~:~•~ ;:~~~~~;r~·i~r·~~:~~,:, ~ 
_: mdu~_tt9n .:;·;c.olL <: :~ -'J~ue ·. pr~~.aut_tqn :~was.:: taken ·to .be assure~ that . 

. • . . 'k..~~·"'.J>: • ':'/·· .~.A .~ r""'·i~~ · ,. •· ., ··"''!~:~trY",. .... ~~''- ·'"'~·· ·-· · · .. -, .. ..... ·'· . · . , . . - ~·- . .- . ~: - ·. -: . -· ~;. . 

. the effects',\v'ere ~riot lhe rcsulf.cif:bther•'than· the causes' mentioned. ' 

... 

!tt;·~-ra~_(en'W~~~\;~~~J)f~~~4·1:q¥tt'~~I~:~9'~[~\e.I)r ·::'a.t .:~_ig'ht~:a:~'gle.s':ict the ··. 
··· circi.iiC:TTi1~~~:coit~Fct\v'a·~~'effc'Ctfv·et?foi>cratcci :,up8·il~,)makin·g :·and 
~:;.br~~~.i'n¥\:t~~~.'/~-i~21.iit.--~he~~h:~%~,a'f~~;~~n~:~·9·r~.',<i'~t~~·na :·if6J·c'l1ed ·the 'i 

. · ·circ·uit; .~·\vhch 'the :·end ~ O'£Jai1t<!'i1sni''~as·Ynear .~ or :,·somc'~~dis .tance ·. 
:-bey~n·d .·:th ~'fci~~~ it;· .. w h~)i1_th~{}'~W£.~t=;'i1~1~*~-~ ·~~ a~u b 1 ed a r'om1'd the 

• ~ . ' _• .· . ·f, . ;;, . . · . , . :-..:~:::;,f!.' &ij" .. :-t1":·~~-' . .. ......... . :.,., Jo ~ ... . , f • 

. , c~rc.mt _. br ' : dou~led_ ,bac~ =-~9~I}.X~;-~£.H,:J~!lq .:\ ~~-e .. ~e~d "co~rie~ted _with . . the 
: cohere'r.';: L{~l!c ~·ef!_est _is g·r~it~ftW,).i~fi)~\:helix: 'ha:ving ;a .'.:sonductor ·. 
for its ' · ax.~s';' '_ is :c\)nnccicd, t{f}'h~~~a61~'i{~a:t:~ -i~hef. end, : 'thc 'middle. or _ 
both .e.nds.·ofhelix being ·2on'h'ect'e'd ;'t~ftJ1e:;antcnria> : · ';-'~-~)i·-~\.·: ~_; .. ··. ·_ · 

·. · . '· -~~-~~ti{W\\. . , I· i wh~~~~n~lJJt:Lke.~~:~v~j¥~\(::~i~~~~~~~[~; ~f:: ~~~~~:f octi~: 
I . ' ~::~~~t:~1~~t!!J;:,·r:: t~i~~!4.~r~~10.~;:r.w·:~~;:a~~h~bc~~oe~~ 

. ~~o;~~-e\;~~~~~;i\~·;::tL~;;;}JJ~i:;jr.~+ti;~t~Jf.f.i~~;~~~{b::{;t~~\~~~m·~-~ --~-~l~ ·~· /:~-h;t 
. operat~s - the cohercr. whcn·.:~-~n'.~j~~sotitite'~t~~;~ducior', ·_ .near the cncl 
of the ~ntcnna' has · its pote'<'ntiaf's~dde·~~f.Y.·'·ch.ange'd-:-;-nam~ly, elcc- I 

· trostatic, ~2.9.u~ction. . ': ;;;~;::'X)0.:·.:·: ::.:·.'~/{>t· ~:,·::·.·-:. ".-.: · · • . · . . 
"\It may' be' •i' hasty, though it .. sc·cms a lcgitiri1ate in fercncc from the 
rxperimet1ts; that long-~li::;t-~n-~c - wi·r~I~ss tclcgr:1phy is an elcctro-
qatic, · rather than :1 1fcri;.:at1:~:wa\;c ·.-~rrcct~· ·. · .. · 

' l 

. " 
· .. :,.~i- An -~oscillatory · eleCtrostatic ·:: .·str.css. ;'-:~ etween.. the · conductor 
--~ <eartl1Y~ affected :eth}er.; a:nci 'the .free·~ --' ~tlier'··-~bove · the earth, woutd 

.... 

. 'pr9d~ce '\vaves :"t_ha't \vo~id \ be·· .- p~opag'ate~c( ... ~~o~nd ·.the earth. The t' 
-/bettef )he ·.eart~ '}c·o~du-ctor/ .the . ·greaTer~~th<t=~·electros.tatic eff;ct; ~:··. ~,·. ( ... 
f 2)~~:- .·~m'~othe~ )he--~ ~!-l ·rr~~e. ·· ?,( tl!f e~~t~~:(~c'7i~s~ :· tht?-~w~yes . ·.woul~·-': . 

. :Lc .distorted and deflected. ·.These are ·condlttons wh1ch are found . 
· ... :J~~or~ble' ··ro.r )'rin~ri1issio'n'· o( y;irclest·t-~1~-gr.~phiC-··signals. . . ~ ') 
~·~:~;~1::¥;:~ ;;.~¥~:: it-L;· ~'!!. . ~~.~- f.::,~ : '.:·.~::~; -~ L ·. . ' ··: ·>/~i~~}c;rG~~ ;·:;.;,: ~~; ·._>/~ ,~ • " \J . . ~ ~· . ··_;:.~". ·.(. ·,; ~~··\~h I "" .e;' 
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USE OF A MID AIR TELEPHONE WIRE 
KITES. 

BY WILLUM A. EDDY." 

0 N December 5, 1896, I sent aloft s. pilot kite at 4:30 p. m., 
arrangements having been made with Dr. William H. 

Mitchell, an electrical experimenter of Bayonne, N. J., where . 
my telegraph and telephone experiments with kites were car­
ried out, to begin the work as soon after dinner as possible, 
abouf 7 p. m. I found the wind extremely weak, probably 
not over 5 miles a.n hour at the earth, and for that reason I 
sent up a very light tailless kite covered with very thin ma­
nilla paper, and having very light sticks. It was a tailless 
kite, known throughout the world as the Eddy kite, devised 
In 1891, and presented to the public free of patent in 1892. It 
is the kite which I introduced at Blue Hill Observatory, ten 

' miles south of Boston, in 1894, with which, using nine kites 
....................... _ in tand~m. I reached an altitude with my top kite at Bayonne 

of 5,595 feet on November 5, 1893. With seven of these kites, 
assisted near the base of the line with two Hargrave kiteS, an 
altitude above sea level of 9,385 feet was reached at Blue Hill 
Observatory on October 8, 1896, which is undoubtedly the 
highest kite altitude ever reached in the world. This great 

~__,.....,...,_-~_ 

. .C~ICTAJGU J:irtU.Irll .. trT. 

A~D LANTERN'. 

ascension was managed by Claytpu, Fergusson and Sweat-
land. ' 

With a number of these kites fiown one abo•e another on 
the main line I have long been at work at Bayonne, from 1890 
to 1891 with tail kites, and from 1892 to 1896 with tallless 
kites, lifting many different kinds of experimental apparatus, 
such as small aeroplanes, lanterns, ftags, silvered reflectors, 
and electric wire and tinfoin collectors, collectors in the 
sense that an open frame with netting was coated with tinfoil 
and sent up into the air where It collected atmospheric elec­
tricity. I was preceded in this atmospheric electric experi­
ment by Benjamin Franklin in 1752 and Alexander McAdle 
at Blue Hill Observatory In 1885, both of whom used tail 
kites. · 

During my atmospheric electric e."tperiments I found that 
in dry weather it was necessary to send my collector to a 
helgher point in the air than in moist weather. I proved this 



FIG. 2.-RUN:iiNG THE KITE TELEPHONE LINE. 

~li:J1.~116.."11~ stopped the wire reel and at the same time paid out the kites 
upward and a way !rom me, then the lantern would rise in the 
air as the kites receded. 

This is what really hapi>eneqliter, •but on this first trial the 
friction o! the wire against the harness rings through which 
it ran was so great that t:Pe lantern would not descend, and 
the wire broke, dashing the plummet lantern to pieces. I fin­
ally found an old pulley, which had been used for another 
purpose, about 3 inches in diameter, and this started otf well, 

• 'but the wire jammed in behind the wheel arid again broke, 
·: causing the plummet lantern to !all about 400 feet upon a hard 

"'' 
7
: stone pavement in front of the residence of Col. C. W. Fuller. 

· · The lantern globe was smashed to atoms. However, I soon 
I ·.. 1 · had another lantern in the air and this time succeeded. The 

· wire with the plummet lantern, C, at the end of it reached 
the ground about 1,000 feet away, and Dr. Mitchell immediately 

... grounded it with a brass grounding rod. He then came back 
·~·'({;'J to the base ot the kite Hne where Henry L. Allen and I were 
• 1 • , managing the reels. He then ran a connecting bare wire !rom 

... an iron pin driven into the earth through the two terminals of 
a small hand telephone without a bell attacl'ment, to the wire 
which had been carried up the kite string and grounded at 

J the other end. At the end where the kites were held the wire 
was not detached !rom the wire reel. Dr. Mitchell then told 
me to listen continuously at the telephone. I did so to~ so;me 
time, and heard nothing. I was about to give it up when 1 
beard a faint clicking sound, which was the a.djustmen't o! 
the wires to the two poles ot the telephone at the other end. 

~
• Finally the first kite telephone message in the world came a over the wire, sharp and clear: "Do you get me?'' I answered. 

1 "Yes. Good." After a tew more words I looked at my watch 
· and found It was 9:35p.m. 

""' l.i'' • - .- ,. . ~ ..... l, • ,. ;· .. ·, . ·, 4. : • 
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·. ~k/ll.Yt . 
~ J1- : ~5oo~. T;ansp;~ency to Hertzian Waves. . G. Le Bon 

(Revue Scientif. I I. pp. 5 I3-526, I899.)-The shortest Hertzia~ 
waves yet. produced are of 5 mm. wave-length. In Hertz's 
work the difficulty was to produce waves which could be detected. 
Nowc;days t?~ difficu~ty is not. ·in producing Hertzian waves, 

. . ~ut m avmdmg thetr productwn. Even to touch anything 
IS enough to produce these · waves. ·when an induction coil 

, is. used, the spark must be:,.~ery short ; the frequency is then 
high, ~he colour of t~e spark is different, and one pole of 
the ~~Il c_an be touched without pain. The variations of con­
ductiVIty m a · coherer are only an exaggeration of what must 

'.(• 

· occ~r in ev~ry circuit-wire ~laJ?ped in by binding screws, upon · · ·· l. 
the I?roductwn of any spark m Its neighbourhood. This can be ·· · 

· ~eadily .shown by meas~ri~g the resistance of a pile of discs of · < :· . • . ·, : : , . , r .. ,. .... :. t . _ • 
1 

· .. 
' rron, . bismuth, or. alummmm, before and after passing a spark · <>.r round ·tt? . ,_I 2 .. ~m. of Por~~an? cement , are _partially opaql?-e, 
n~r It. If the discs be of different metals, shocks will bring the 30 em. wholly -sp .. ·. · Dry ~d. -1s alm~st completely transparent, 
re~tstance up to 3o,ooo ohms, and a spark will suddenly reduce wet sand· muc.h less ·so. Frees~one ·IS · much less opaque than 
this to 3 ohms. Copper wire does not produce this effect. if cement; but_ It becomes more ·so when wet: These 'bodies· are 
iron wire h~d been more gen~rally used, Ohm's law might ~ot far more transp~rent for Hertzian waves than for light, but the ~ 
have been discovered, for rnakmg and breaking the circuit itself tr~nsparez:cy vanes from. one body to another, decreases as the 
makes sparks sufficient to produce the disturbing effect referred thickness mcreases, and mcreases when the bodies are wet. The · 

4 

to: And ~ore than this, the .neighbourhood of copper seems to waves therefore come round, not thr~ugh, 3: hill .. 
prevent thts effect, so that a ptle of alternate discs of copper and · If we put together : (I) a z 5 em. mduct10n cml ; ( 2) a spark­
aluminium obeys Ohm's la.w. . gap and two Leyden jars; (3) a solenoid coil connecting the two 

Metals are apparently not nearly as opaque to Hertzian waves Ley?en jars; (4) a large coil of copper wire ; (5) two wires 
as was at first thought; but if the enclosure be perfect the waves do leadmg f~om the ends of the sole~oid (j), one to the lowest point . 

' not .get through . . The apparent transparency is due to the waves o~ the cml (4), the other. to a p~~nnt of the same to be found by 
gettmg through chinks or round the metal· but if there be ·no tnal and error; (6) a wue leadmg from the top of (4), and with 
chinks, a thickness of ~0 mm. is as effecti;ely opaque as one of a free ~ip ;_then on s:tting (I) _in action, sparks pass in (2), and 
z mm., and · forms a perfect screen, so that waves cannot even an osctllatmg curren~ m (3), which current is partly taken through 
travel down. a ~etalliq rod into the ~te~or of a perft;;ctly closed -~4), and there affec~ed by self-induct~on, so that a large ~' brus~" > 
box .. . A chmk 1s much . ~ore e~ecttve m ~owing rays to pass Is forme~ at the t:p .of ( 6), an? tht~ br;tsh traverses dtele~tncs 
throug.h than a. much:_~gre considerable senes of_apertur~s; ~nd freely wit~out deviatiOn. (therem diffenng from the ordma~y 
metallic gauze 1s very.;nearly as opaque as a .plate .. ·· .. ,·' - i :· .- .: .. : ... electrostatic brus~), and I.n the dark can be seen to do so. This 

· ·. The · length ·of :the. :waves makes them turn round obstacies · bombardment rums a Geissler tube as if it had been riddled with 
'wi~? gr~t facility:~ ' -~~l;lch accounts for)lie appareJ?.t partia) trans: small holes; but the explanation of the phenomenon is still to be 
pare;tce o(J;lletalhc-mll'rorS. :· . , : .: .. .. :. :;;- :: ·-: .. .. , ,": _ . . .. ·. . . foun~. The p~oto-plate shows that the phenomenon extends to a 

.. : ~ ~on-:metallic sub's~ces have bee~~consider~d - to be perf~ctly.· · considerable ~Istance bey~nd the visibl: glow of the brush. At 

. trans~ent. ·-.'But ao ~· the ·:Hert~an :w~tes~c.Qme _through a ::hill two metres distance a Geissler tube Wlll glow up. The whole 
-~ . -, ~ ' ~ · fiel~ of the brus~ s.eem.s to becon:e .a ~apidly oscillating electro- . 

· -. ... statl~ field: A dt.stnbutwn-table Withm It at some distance, ·when ~ 
•. ~ the mduction coil had a so em. spark actuated by a r ro volt ' 

. : current, was covered with sparks; the wires fused and short- \ 
circuited, and a conflagration was started. If this brush could , ·~ 
be co~cen_trated upon a warship, it would be caught up by the 
electnc wues and would cover them with sparks which would · 
soon cause an explos:on. The same effect could no doubt be ~ 
produced upon ammunition stores, and even the contents of. .· 
soldiers' cartridge belts. A. D. ~ ,. 

II6j. Absorptioll of Electric Wmres. E. Branly and G. Le f". ~ 
Bon. (Comptes Rendus, 128. pp. 879-882, 1899.)- The . '; · 
authors. recently proved that a metallic enclosure, hermetically 
sealed, :s an absolute protection against the influence of electro~ 

- ma~netrc wav~s .. They have since investigated the screening 
action of certam msulators or feeble conductors such as are met "\. • 
w~th in the practical work of wireless telegraphy. They operated ., 
With hollow blocks of cement, building stone, and sand. In each . \ 
of the blocks a small cubical chamber was left free, to contain the . · 
c~herer. It \Vas closed by a thick iron door, through which the ~ - ' . 
wtres were conducted. The ringing of a bell indicated the impact r' -~· · 
of waves ·upon the coherer. \.Yithout a screen, the coherer ~.I 
responded to the exciter at a distance of 40 m. and more. It was 
found th~t the opacity of the substances tested depended much ~ 
upon the1r nature, condition, and thickness. Sand and stone are 
very transparent, especially in the dry state. Portland cement is I 
very opaque, wet sand almost equally so. To quote a few figures : . · ~·-
Block_ of cement, with walls ro em. thick; the bell ceases to sound . ' 
at a distance of 7 m.. A~ter drying, the distance becomes r 2 m. } 
The same, 30 em. thick, 1s absolutely opaque while wet. Block ,. ~ 
of stone transparent. \Vhen wetted for several days the reaction ' · 

I h 
,... t. 

ceases at 2 5 m. n t e case of a block of stone, transparent when , • : 
dry, the bell becomes silent at z 5 m. if the stone is wetted for '" 

1 y· · 
several days. E. E. F. f· ' · · 
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~ I , I ' ELEd~CAL 

. . . El~ct~O-S~~tic ~Ex~~rit#ents 
_ [: .li! By Ffe1erick von Uch~er~w 

· l · ·Ill i :P_ART II (Conclualon) :! l j 
I I j, : ! ~ I 

S EV years ago I happened upon' I emjlloyed in these: experiments two cry· 
the instructive and intcrestin~ littlt:' tinc:ly made:' static Leyden jars of one bint 
work _etltitlc:d, "Simr.le Expenments' size each ini connection with the alwaysfdc­
in Static Electricity,' by Percival GJ1: pendaLle pttte "Electro" Wimshun~ static 
Bull. Experiment No.9, Chapter rv I machine. ,.According to the Look in refer­

of this book, aealing with spectacular conHI ence the jars are to Le placed one at each 
denser discharges,jimprc:st me very much ;1. end of the paper and connected with *their 
in fact, to the extent that 1 couldn't hetr.·· inner coatings to the respective pold cif j the 
but\ give it the due tryout. The "Lronze 'j: , machine. 1 have placed them in vario~s posi­
or lmetal" paper referred to and needed im tions, these · latter depending on the Jpark 
the j experiment seems, as 1 faintly remem-1; effect desired, as well as necessitated by· the 
ber, to be an uncertain article on the local ': nature of the paper itself. l , j 
market. There is iomcthing entirc:ly wron~:: The following illustrations and shprt .de­
with it. Either the demand for it is so:· . scriptions : give the results of my tJ:sts 
brisk that stocks are early exhausted, .or

1

.: (Fig. 1) .. : ' I 

I 
I 

I 
I 

iltcly) li8htcJ room. The papers. may be 
ph1c~ in triple or quadruple laycrs, thu:~ 
msunng a better imul;t&tion for the Leyda1 

I , ' 

I 

It 
il 

thete is no call for it at. all! and, co~· e~ .f Characteristic of this papt:r is that i the 
quently, nobody bothers w1th 1t. :1 was _r l· sparks always show a strong tc:ndt:ncy 
a time inclined to think the latter ·. - , ! · toward tJranching out over its surface, 
until finally, after a prolonged and frnitle s ~ . whether the distance between the jars 
search among the various stationery stores,

1
i ~~ a. few inch_es or a fo?t, or e~en mo,re. 

I was shown ·at some small place what ' 1 he1r color 1s a Lc:autlf ul Lhu::.h·whate. 
looked to be the remnant of a once glorious ! · \Vith the :jars separated Ly only a few 
pile. Whether I purchased the real, honest- j inches, and up to ~ix inches or so, the dis­
to-goodness "metal" paper or not has bec:11 1 charge rri~nifests itself in thousands j of 
an open question with me to thisi day, sine~ I bright little stars han~ing together by .slliny 
it was not sold to me under that' somewhat · threads. These Hry striking effects .ate 
mysterious .sounding name. At any rate, it I due to the relati\'dy high conducting 'qual-

{/ 

works. . ity of the metal parllcles covering this paper. 
I mention this little incident only as an ' The paper · illustrated in Fig_ 2, offering a 

· ~ . j : ;; I 
I ! . 

Cop .5170~10 .s.;u~r~ty to.:.: _-· ·. .. j 

thee/~clrvscope ; _ >#l,_: j 

~.: 
UtjdenJtJrs 

Sp~c~acul.u Conde~aer Olachargea Can J 
Bo Arranged With Metallzed Paper, ' ; 
Pair of Leyden Jara and a Small 3" Statl~. 
Machine. Thla Ia a "Sliver Paper" Ex·/ 

. perlment. 

ll·~: :~.~f ~-.~1£/otpopet{~e;:• :ffli~.?~®~»co~.' I 

jars; it; addition to which au uilduth CuVl'i-; 
mg on the: table may Lc advi):.~Lic:. Ca f 
must Le .taken that the disrhargc: Lalls )JJ 
the macl11nc are f1r:.t to be separated b.·vvlr::. 
~parking Ji:.t;mcc: whik charging the -j;~-t:: 
and not ::.ct ··a few inchc:s apart," a:. pl'Lc 
sc;iLed by the: t.cxt book, which llla)'ur:.t 
mtsut~dt:r::.tood, Slllcc: the small \Vim::.h~s a 
maclll~le I used in the:.e test~. ddivc•lthy 
three_-t_nch spark alone, when m a hea·Kcr 

...._ con~Jtson, n.ot tu sycak o.f the many ~~~,l{ly 
statiC machmcs wuh thc1r _corr~spo~duyrs 

-;'~ •. J '."· 

;::: ~::;=.-? ___ ~·~: . ~ .:~ ---->::;--)-··)~ - - ).__ ;=-=:::;:=~r: 
·· ·--- -· 

,;,,~iiii~IIIIIIIIIIIJIIII""'il'""ll""::m!JJJJJJII~III~IIIIunn::;i:"mlllOOm~~~~~~~~~gJfJ 
A Nov~l and out-of-the-ordinary Static Experiment Which the Author Discovered. The 
lnaulated Electroscope Responded to the Unipolar Oscillatory Wavea Set Up by a Silent 

Oliicharge In the Spark Gap, Owing to Ita Ball Being In Line With Thou on the Spark G-.p. 

example of the handicaps, which ·at times 
confront the experimt:nter even in big cities, 
and which arc: only too frequently re­
~ponsiLie fur the fact that many otherwise 
hi~o;hly instructive and fascinating experi­
ments are left untried. Needless to s~y, I 
have had several real disappointments of 
tl1is nature since, not only "close calls" 
like the above . 

My aim in this article is to put down the 
r.:::.ults obtained with, and various spark 
c:fTccts noted on, three ditTerc:nt grades of 
"LruJILe" or '"mt:tal" paper-the only num· 
Lcr I was able to secure-which are not 
given in the afuremt:ntionc:d Look. Follow­
iug in the order of their rdative resistance 
rap;1rity tl~~y are "":.ilver" pa.t,lc:r, the ''cop.: 
per-!.roulc t•aper and the Lrass-Lronze 
J•;q.cr, the latter !.ciu g- the poure:.t conductor 
of tlte three. They mca:.ure c:ach, as cut Ly 
me, l'J~ inches in length (the uriKinal width 
"f the paper) Ly 8~ incbes wide, an ample 
:.i1e fur tlte accon)modatiun of evcn the 
largt:.t Leyden jars ordinarily used. 

. : I 
somewhat higher resistance to the condenser 

, discharge than the former, limits the dis­
! tance between the jars to ~ of a foot. !At 
! or near that distance the sparks are very 
pronounced and appear concentrated in :the 

' form of miniature lightning bolts of a clear 
' white color. They hit around in curves and 

are accompanied by a loud report. If the 
jars are approached to within 4 inches 1 or 
lc:ss, as indicated in "b," the sparks will dart 
in spray fashion across the inte·rvening 
space, li~hting up in a vivid emerald green. 

(Fig. 3.) As 1 have stated before, this 
papa is a poor conductor, and, consequently, 
permits only a separation of a few inches 
between the Leyden jars. Set at that dis­
tance, the spark effect is very similar to the 
one noticed on the "copper-bronze" paper, 
Fi~. 2-b; however, it is not quite so dis­
tinct. The color shade of the sparks runs 
more into a dull yellowish green, not unlike 
that or oxidizt:d brass_ i 

The above spark-and -color effects are 
those as o! .. ·ern:d in an artificially ( moder-

~·~~ ··•1!: ~·~r~~,:~~\1~.-~~~~\~~· 
~~ .. :r~~ .JrA *......_ · -~-~,~ . ~;,.,-W-~~!1\ .fl::ilrl~ 
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INSTITUTION OF ELECTRICAL ENGINEERS. 

.JEtheric Telegraphy. 
BY W. H. PREECE, C.B., F.R.S. (PAST-PRESIDENT). 

I have never submitted t~ the Insti.tution of Electrical • . ~ . 
Engineers any record of my long and continuous researches · 
on signalling through space. My reports have been made 
fr~ year to year to Section A of the British Association. 
Some of them not having been printed, it is not to be 
wondere~ at that all my work is not known, and so much 
of it is occasionally reproduced by others. I will confine 
my remarks in this paper to retheric telegraphy, and to its : 
electromagnetic form alone. 

In 1884* disturbances-that is, stray currents producing 
extraneous noises on the telephone-were detected on the : 

~---• circuits erected over the house-tups, produced by currents 
iu telegraph wires buried in iron pipes in the streets . 
.Messag~s sent on tbe telegraph wire were actually read on 
the telephone circuit, though the wires were nowhere in 
contact. Exhaustive experiments were made to prove that 

,. 
' 

Wires and Wires," B.A. report, 

·J. . 

these results were due to induction and not conduction. 
This was done by making the circuits metallic. ·They were 
separated from each other by a. span of 80ft. 

Many preliminary laboratory experiments were made 
,__~ ......... with coils of many turns, but in 1885 square coils of 

~ . 

insulated single wire, each side being of 440 yards length, 
were laid horizontally on the ground in the ne1gh bourhood 

,· of Newcastle, and conversation by telephone was effected 
from one to the other through a space of one-quarter 

·of & mile. Disturbances between these squares were 
appreciable at 3,000ft., and even at a distance of lOl 
miles between parallel lines of telegraph connecting · 
Durham and Darlington. In 1886* experiments were carried 
out across the Severn for a length of 14 miles between 
Bristol and Gloucester, the parallel wires being separated 
by a mean distance of 4·5 miles. Primary currents of . 
0·449 ampere were rapidly made and broken by mechanical ' 
means, producing on the telephone a continuous note which 
could be conveniently broken up by a Morse key into dots 
and dashes, as in Cardew's vibrator. Disturbances were 
observed in the secondary circuit. The circuits were metallic 
and of many miles in length, that on the Gloucester side 
being completed through Stroud, and that on the Welsh side 
through Monmouth. Here we had just reached the limit 
of disturbance with the means at our disposal. It afforded 
a convenient measure of the range of audibility. The 
unexpected fact was ahown that, whether the circuits were 

. metallic or earthed at the ends of ,the parallels, the results 
were the same. . This was confirmed subsequently by 
innumerable experiments, especially by some results obtained 
betweenArranandKintyre in 1894. All our experience since 
has shown that a coil of one single turn of thick copper wire, 
and of the largest possible diameter, gives the best. result, and 
signals to the greatest distance. Moreover, it will be shown 
that the greater portion of this coil may be made up by the 
earth. In a single turn thus formed we have the full 
beneficial effect of electromagnetic as well as of electro­
static induction, we have the advantage of earth conduc-

' tion, and we reduce capacity and inductance to their 
·minimum. In closed coils of many turns we have only · 
electromagnetic induction, and we make inductance a 

•-' \ 

maximum. In the autumn of the same year (1886) the ;-
vast expanse of sand at Porthcaw], in South Wales, was 
used to further develop the law determining these effects 
Two horizontal squares of 300 yards per side were placed , 
300 yards apart, and subsequently one of them was . 
suspended on scaffold poles 15ft. above the other, which ~ 
was covered with water at high tide. No difference was ! 
detected in the strength o( signals, whether the space were · . 
air or water, or a combination of air and water. Subsequent 
experiment (1893) showed that through 15ft. the effect in 
air was distinctly better t~an {~~J~ter: l ' 
. ·\ . "~~ ·. ~~~l/J·. 
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t1r.-: ,. )0.-Atigusto Righi's Experiments with the Hertzian Waves. 
-\"""3r .. 

. :eV OR ~orne time the. discove:ies of HertZ had tx:en t~e 
~~j[' _ subJect of expenment m many lJ.boratones m 
~~~- .'· different parts of the world, and soon further aJdi-
i~- tions to our know ledge were made. Hertz's wa Yes, for 

nee, were many metres in length, ~I;ld it doe) not 
that he ever worked .with wa\·es of less than 30 

r]~f.:eril:im.etrcs. It was not long before shorter \\·a,·es \\"ere 
~tlrO<ju<:ed and also improved methods of propagating and 

g the waves. 
~~-~vUJ_,~ of the most important developments at this time 

_made by Augusto Righi, Professor o'f Physics at 
~s.QlJ)grta University. Righi, who was a native of 
W.4'.Q!~QJn:ta, was born on August 27th, r8so, and died on 

, I 920. He was a scientist of some distinction 
s we shall see later, aroused a great interest in the 

,,.1r'r711 <ln waves in one ·of his 
pils-Marconi. Soon 

~::"-~-~.tz had announced the 
of the electro-mag­

~f,...,_,_. ~ ........ ,,~ Righi commenced 
~w~ve~;ti~:ate them, paying par­

tion to their optical 
In 1897 · he _· em-­

s results in a treatise, . 
published in English, 
" D_ptice Elcttrica. " . 

using exciters with very 
spheres, Righi ·was able 

K~~~:J)h::>P~Lgate ·waves of 2.5 
He found that the 

1iitf~-"~ut:I" -the spheres, the shorter 
·e . waves. By · usirig 
, spheres of platinum, 

Chunder Boze, of Cal­
- ... K.~·-· Was able tO produce 

was found to carbonise quickly . Righi further imp rm·ed 
on this suggestion by pbcing the metal balls in an ebonite 
frame and' filling the spark-gap with vaseline-oil, thick­
ened by the addition of ordinary yaseline and contained 
in a parchment envelope filling the spark-gap. 

Righi found that this '' liquid cushion " seemed to 
have a heightening effect on the electric potential, and 
also that it had a regularising effect making the produc­
tion of the wayes more uniform. He also found oxidisa­
tion very materially reduced, and e\·en after working for 
a long time, when the vaseline had become black and the 
surfaces of the balls was cm·ered with a deposit of car­
bonised va·seline, the apparatus continued to perform 
satisfactorily. · · 

Before tht Hertzian waves could be turned to practical 
use for wireless communication, 
hmYever, and before any sys­
tem of \vireless ·· telegraphy 
could become commercially 
possible, it was evident that 
some · more delicate apparatus 
than Hertz's somewhat crude 
resonator spark ·gap was neces­
sary for the detection of the 
,\·aves in space. .ft.s we ha\'e 
seen, such an. apparatus was 
subsequently forthcoming, and 
in its final form was given to 
the world by Edward Branly, 
of France, ·whose pioneer \vork 
in this connection has already 
been fully dealt with. 

.~f only 6 mm., and thus 
.... ,.~""'""'::.- ·carried the matter to' its 
~i!i~1em~~. ·and imagined the ulti­

:. atom to be used, '"'e 
Au~t:sto Rl~hl. 

At the time Righi was at 
work on the subject, ·however·, 
the coherer principle had not 
been developed. Little was 
known of its action beyond the 
fact that in 185o Guitard had 
noticed that when dusty air 
WJ.~ electrified from a point, 
the dust particles tended to 

d ·. get wa'/es the iength o-f which correspond 
,~~ .. ,nn.-'-·,·--ately to light waves. 

also effected a considerable imprm·ement in 
" exciter,·: by replacing the hollow spheres with 
al balls, \\'hich enabled the wa,·es to Le trans­

(.fr]~t1ted_ to nearly double the distance. 
had four..d that the spheres quickly oxidised, 

· roughened surfaces caused the action to become 
This necessitated that the spheres should be 

~d~lJ.Icn_ tly cleaned and their surfaces polished. To over­
this difficultv E. Sarasin and L. de la Rh·e, of 
, immersed. the spheres in olive oil. The sparks 

·then found to be greatly strengthened but the oil 

Pioneers of Wi!eless.-
quicksilver, as used for mirrors, rendered discontinuous 
by cross-lines lightly traced with a diamond. 

Righi died in I 920 and thus lived not only to sec the 
full development resulting from his pioneer work, but 
also to witness the: complete . triumph of his one-time 
pupil, G M:uconi-a triumph th3t must h::tve been a con­
tinu::tl source of pleasure and pride to ihe one whose 
enthusiasm for Hertz and his work had undoubtedly 
directed the young man 's attention to the subject in which 
he met with such conspicuous success. 

Ri_ghi resembled Hertz, and other modest workers, in 

cohere into strings or flakes-a long-forgotten obsen·a­
tion that seems to ha.,·e been re-discovered ·in r 866 bv 
S. A. Varley, who ma!de the first practical application o'f 
the principle of cohesion hy embodying it in the construe- . 
tion of hi' lightning -protector for telegraphic apparatus. 

Other forms of detectors-based on physiological, 
chemical, electrical and mechanical principles-were at 
thic:; time under exreriment, when Righi introduced what 
he ·considered to be an improved form of detector. 
Hertz's " rectifier " had consisted of simp\y a wire bent 
in the form of a circle, cut in one pbce and the ends 
terminating in small metal knobs, bet\Yeen which the 
sparks appeared. Righi's de:tector consisted of bands of 

his dislike of publicity. "Righi's friends," wrote his 
friend Augustus Trowbridge, 'j appe:u to have ber·n 
jealous lest he should fail to receive proper credit fvr 
his part in making wireless communic.1tion possible. 
But not so Righi himself-he cared little for popular 
applause , and actually enjoyed a fuller me::tsure of it in :_ 
his own country th::tn ordinarily falls to the lot of a pure_ 
·scientist.'' , 
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Fan-shaped antenna at Poldhu, England, transmitted 
the first transatlantic wireless message in 1901. 
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"" By the mid-1890s a variety of experimentation in induction teleg-

-

I 
I 

. raphy and telephony was in evidence. However, the concept of modu­
.... 

lating a high frequency carrier wave with voice perhaps can be as­

cribed to John Stone Stone who, in 1892, utilized both induction coils 
' ' and alternating current generators in experiments designed by AT&T 

VOICE MODULATED 
\ to communicate by telephone with ships at sea. Although the inspira- · 

. tion for this series of invest~gations came from the work of Hertz 
and Tesla, and preceded Marconi by several years;· Stone fell short 
of "inventing" ra.pio partly by reason of the aforementioned confusion 
of induction with radiation, and partly by lack of appreciation of the 
need for such appliances as antennas and modulation detcctors. 20 

. - J\.f .. I f!IIW'tl\:\.' . ~1m."\.. I . II 1 .---

•. SIGNALS 
':-~ : .. ~.:·.~ .: ' 

1\ ~ . 
At the turn of the century, another development occurrcJ which 

proved crucial for the growth of experimental bwadcasting. 1l1is · w;r, 

the application of the high frequency arc to wireless. TI1c oscilbtin~ 
arc was basically a circuit arrangement that inclut.kd two ctrb1lfl 

electrodes activated by high voltage and shunted by suitable inJucLiflL:c 
and capacitance. Investigated by Elihu Thomson in I 889, it was n11t 
until further work after 1900 by William Duddcll in EnglanJ and . · 
Valdemar Poulsen in Denmark that frequencies hi~h enough f,,r r:tdiP 
transmission could be realized. Although the arc did produc~ .. C!lll­

tinuous waves" and was a favorite of other experimenters, Fl·-;scrHkn 
felt uncomfortable with it because of its high distort.ion kvt:l and in­
stability.22 As a result, he asked Charles Steinmetz of !.he GencLd 

mWJII~ Electric Company to construct a 10,000 cycle alternatPr for him 
that would have some capability for modulatit)n with voice or music 
information. Tests with this machine were m::1dc at the \\'ac:.hington. 
D. C. laboratory of the newly formed National Electric Signalling 
Company in 1905. Results were encouraging em)ugh to construct a -.) 

higher frequency machine for the use at NESCO's Brant Rock, ]'...1as-
; sachusetts installation. The engineering team at Schenectady was 
• headed by E. F. W. Alexanderson, a talentcJ young Swedi"h electri­

cal engineer. An alternator was delivered to Fessenden in 1906, and 
after many technical difficulties made ready for its debut. On Nov 
21, 1906, a variety of scientific , dignitaries, including Greenleaf W. 

Pickard and Elihu Thomson, witnessed tests in which speech was 
successfully transmitted 11 miles· between Brant Rock and Plymouth, 
Mass. 23 A phonograph was on hand and was used to transmit music 

· over the airwaves. On Christmas Eve, 1906, Fessenden and his group 
at Brant Rock presented a program of varied content for the holiJdy 

_,......,. __ occasion; this was advertised to ship operators of the United Eruit Co . 

three days in advance. A similar schedule was presented on New 
Year's Eve. Ship reports of reception carne from pqints as far J\',:ay 

as Norfolk and the West Indies. The programming was described by 
Fessenden: .,.. . 

...... 
First a short speeeh by me saying what we were _guing to Jo, then 
some phonograph music ... the music on the ph11nl)grarh being 
Handel's "Largo." Then came a violin solo by me, heing a composition ·. 
by Gounod called "0, Holy Night," anu ending up with the worJ.'i ' 
"Adore aod be still .. which I sang one verse of, in adJition to playing 
the violin. though the singing, of course, was not very good. Then . ~ .;. 

came the ~ible text...::..Giory to'!~ i~e big::' •:d o~ earth ~ \ J{! ,._ '< . f: _ . ... 
to men of good will," and we finally wound up by wishing them a . -~ 

. .. Merry Christmas and then saying that we proposed to broadcast again · (-
New Year's Eve. ~ 
The BroaJcast on New Year's Eve was the same as before, except ·\ 

~-- that the music was changed and I got someone else to sing. I had not l 
picked myself to do the singing, but on Christmas Eve I could not r I 

get any of the others to either talk, sing or play and consequently had J ' ' ~ 

to do it all myself. On New Year's Eve one man - I think it wa3 . 
. I ..... 

Stein - agrceJ to sing anJ Jid sing, but none of the others either sang~ ~ ' 
or talkcJ . H 
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~ NESCO continued experimental work on the radiotelephone in July, 
~ 1907, and obtained distances up to 180 miles. The following excerpt 
) from the log of wireless enthusiast Francis Hart shows the description 

·.. of the transmission as received in the New York harbor area on Feb. 
11, 1908, at. f: 16 p.m.: 

Wireless phone at Jamaica and other must be at Brant Rock, Mass. 
Phone very clear except for a rasping noise that mingles with the 
voice ... I managed to get the following and could probably have 
obtained more except for "9" and etc. 
"How's that now" "open up a little more" 
"You came in louder than that yesterday" 

Could hear music as clear as voice from weaker station but couldn't 
make out words from other. station although they came in fair. 2a 

Although NESCO's wireless telephone activities continued for a 
time, the company ran into economic and administrative difficulties. 
The Bell System was quite impressed with Fessenden's wireless tele­
phone, but AT&T suffered a major reorganization following the 

.. ~ 

... 

· .,. financial panic of 1907 and interest cooled. Fessenden and his financial 
backers also were on poor terms for several years, and the inventor 
was forced to leave the company in 1911. The following year NESCO 
went into receivership, though the organization continued in research 

-· 

and development activities until its purchase by Westinghouse in 1921. 
The alternator, for all its wizardry in wireless telephony, was too ; 

cumbersome a machine and the engineering fraternity preferred to::;. -
endure the higher distortion level in the more portable Poulsen arc. 
The alternator's significance in radiotelegraphy would overshadow llc.rwN~ 
other usc, as would its political effect in the battle over control of the 
early radio industry in the period during World War I and there­
after. 

' .. 
, . 

West Coast Radiotelephony 

The critical role of the high frequency arc and alternator in the . . 
growth of radiotelephony has been stressed. These devices were "con­
tinuous wave" generators, and were only reliable tools for voice 

, modulation techniques prior to development of the vacuum tube os- ~­
cillator. However, Marconi-type "damped wave" transmitters didn't · 
necessarily preclude telephony if distortion caused by the spark ir- ., ··. 
regularity and low spark frequency could be minimiz.t!J. ln prJctic~ · 

r, · 

this was difficult to do, though Fessenden, as we have inJicJteJ, maJe 

some efforts in this direction. 
... 
'~, 

•, 

In 1902, an amateur operator from San Francisco, Francis Mc-

Carty, began to experiment in spark telephony with a view tu\vdfd 
development of a commercial sys.tem. Th~ Hcnshaw brother~. in tluen- .._ 
tial bankers of Oakland, California, were pasuaJeJ to invt.:'>l ~'-'lilt.: 

capital in the new venture. However, McCarty was fatally injureJ 
in a motorcycle accident in 1906, :·anJ the project W;Js lt:lll!h>Lir dy 

interrupted pending the search for new engineering advice ·and k~JL·r­
ship. In 1908, Cyril Elwell, an ekctrical engineering stu<.knt at St:111· 

ford, was persuaded to join the McCarty \Vireless Tckphon...: Co . ;1:-. 

a consultant. 3:! He proceeded to set up experimental broJt.kJ\lillg wiLh 
.f· a phonograph supplying the program content. Elwell rcalizcJ that tllt.: 

McCarty system worked best when the transmitter sp0.rk gap was so . 
narrow that the system operated as a quasi-arc, providing ncMly . 

" continuous waves. Experiments were 'continued from the Comp;.1ny·~ "\ 
Palo Alto laboratory unt~l early 1909. At that time, Elwdl JJvi:-.cJ · 

' the management that it would .be useless to play arounJ further with . · 
spark gaps, and that the Poulsen arc held the real future fur wirek:--.-. 
engineering . 
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In the meantime, however, the arc technology 
·· spread to other experimenters. San Jose's Charles Herrold was the 

principal West Coast exponent of wireless entertainment in the pre­
. 1920 era.33 In Seattle, Washington, William Dubilier performed a 

variety of "broadcasts" in 1911-1912 using modulated sparks and 
' arcs. Back in the East, A. Frederick Collins of Philadelphia, under the 
, auspices of the Collins Wireless Telephone Co., marketed equipment 

· ~ of short range capability, but including spark and arc osciUators. In 
~ New York City, Alfred Goldsmith, Professor of Electrical Engineering 

at CCNY, operated a broadcasting station at the College in the i 912-
14 period under •.ill letters 2XN.34 

The above description of arc/spark events prior to 1914 indicate 
that quite a bit of activity was taking place apart from the work of 
Fessenden or DeForest, though these two personalities were still the 
most prominent on the wireless telephone scene. Between 1912 and 
1915 there were some critical advances in electronic engineering, in­
cluding the audio frequency amplifier (DeForest), regenerative ampli­
fier and feedback osciUator (DeForest and E. H. Armstrong), and 
vastly improved high-vacuum triode radio tubes (Bt!ll Laboratories 
and General Electric). 

~ ~~~~~u 

~- I 

A typical transmitter would be a vacuum tube 

~- ' 

oscillator (or a Poulsen arc, if one could stand the noise) with neces­
sary speech modulation equipment. ·The home listener could usc a ~ 
simple crystal set or perhaps one of the single-tube receivers then ~ · 
available to amateur radio operators . 
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A
I rcYic,~· the eYents of my past J~fe 

I realize how subtle are the tn­
fluences that shape our destinies. 
An incident of my youth may serve 
to illustrate. One winter's day I 

managed to climb a steep mountain, in com­
pany with other boys. The snow was quite 
deep and a warm southerly wind made it jmt 
suitable for our purpose. \\'e amused our­
seh·es by throwing- balls which would roll 
down a certain distann•, 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 nlley 
below with a force that 

This Photograph Shows 
the Famous Testa Tower 
Erected at Shoreham, 
L 1., N. Y. The Tower 
Was Dismantled at the 
Outbreak of the War. It 
Was 187 Feet High. 
The Spherical Top Was 
68 Feet In Diameter. 

made the ground tremble. looked on spdl-
bound, incapable of understanding what had 
happened. For weeks afterward the picture 
·of the avalanche was before my eyes and I 
wondered how anything so small could grow 
to such an immense size. Ever since that 
time the magnification of feeble actions fas­
cinated me, and when, years later, 1 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 early powerful 
_impression, I might not haYe followed 
up th.c little spark I ohtained with my· 
coil and never deYCioped my 
best im·ention, the tnte history 
of which I will tell here for the 
first time. 

. Serllppinr the World'• Enr!nn. 

"Lion hunters" h a,. e' o £ten 
a5kcd me which of mr dis­
~o'"erics I prize most. This depends on the point of Yie\\'. 
a few technical men, 

I 

. . ·.~ ) .:. ·~.~; ':·-:<'i·. 
and altho con~iclerabl<.' re~istance ': h:ui :· to ~ · 
o\·ercome and opposin~: interc:Sts-~recoi1dled, 
·as· usu:tl, the commercial introdt;ttion could 

· not he long delayed. Now, compare this situ­
·. aticm with that con f ron tin~ m)· 'l'ur·t,ine, £or 

. example. One shoul!l think . th~t ·so .simple 
·. :iiid lteautiful ari inn~ntion. posse~sing ·many 
· £<.-atnre~ of an hkal motor. shottld he adoptcrl 

·. at once :uid. undottlttcdly, it ,,.oJ1d .t.inrter s·imi­
·-. Jar condition~. Dtw the prospcctin · effect of 

the rotatitH! fidd was 110t to render \\~orthless 
exist inc machinery; on the cont~rr." it wa!'> 

,. :·· Note th.e Huge Size of 
· · the Structure by Com· 
:~:- p;:~rlng the Two. story 
· Power Plant In the Rear. 

., The Tower Which Was 
· ~ to be Used by Tesla In 

His "World Wireless," 
Was Never · Finished. 
Illustration Opposite 
~·; Shows It Completed. 

to gi\'e it additional 
,-aluc. The system lent 
it~el f to new entcrpri ... ~ 
as wrll ~s ·to improve­
ment of the old . . ~(y 
turLine is an .adYance of 
a characte'r entirely dif­
f errut. 1 t . is ·a radica 1 
departure . in the sense 

:,· that its success would mean the ahandonmcnt 
·Of .the antiquat<'d types of prime mo\'ers on 

which J,iJlions of dollars hne '. i~een spcnt. 
Cndl'r . such circumstances the progress must 

·.c needs he slow and perhaps the j!rcatt·st im­
.· pl'dimeitt is ~ncnuntered in ·." the . prejudici:tl 

opii1ion-s created in the mi~ci~· of experb 
1,~: ~,qiani~ed opposi.tion. · .Oni)· . . ·the .other 
da~· I !tad a -dishc:trtcriin~; . ex·p~rl.ence wh~·u 

~ I met tm· friend · and 'foriii't.;r' . as~ist:un. 
.Charles F. Scott. now ' professor_ of Elec. 

trical En~inccrinJ:r at Yale. ' .: l had not 
· ~ecn him for a Jon!: time ·a~~d "as J.:lad 

to h:i,·e an l;pportunitr f~r·l · iittlc ch:~t 
at m.r ofiice. Our· COn\'er5:ltion 
·naturallY enough . cfrifterj 011 111\' 

turl,ine ·and · I f,e~:u'nc . h<'ltcd t~ 
a hidt dc~;n.·e. · .';Scl;u;· .1 e~­
claimcd, carried · .. ~ n:a)• l~y tlw 
'isiun 0 r a glorious. fmim:-. ··my 
turhinc will sc-rap all the JH.·at· 

• • : :· ~::· .. :;--·, . . ent!i11es in the wcirld... Scott 
~ot . ·stroked his chin and !Pok<.'t! aw:ty thott~htfully. as t~o·u~h· mak-

~. .. . inJ:: :1 tnl·i1t:lt calcul;l­
nry ahle in their spe­
cial dep;~rtments, but 
oominated by a pe­
dantic spirit and ncar­
~ighte<l, have as~erted 

,th:Jt excepting- the in-

I MAGIJYF. a man n centur~· ago, bold ~~nugt~ to 'tlcsipt nrriuctunll~· build a lrutzc• tmn•r 
tt'ith u·/,ic-lr to tr•m .~mit tlrf' human t·oic~, nuuic. pirturf!!, pr<'$.• nPII'!I ami f>n•n pmn•r. 

tlrru tlu.> earth to any di.dance tdratf't'f'r rcitl.out rrir<'.,! lit• l'rol,a[J[~· trouM /rrrt·P lrcC'n 
/run!! nr l111rnt at tlr<' 5take. So tdum T~la built Iris /nmou.• tnrc•er on /.on!! 1~/tt~rtl/rl' tt·ru 
a lrundrrrl rr·nr.• nh('ac/ of hi.• time. And fooli.•lr rirli('u!e l,). C1ur lnlfc·r tf,~· arm-<"hair 
".,nl'rmt.•," an<'.• nnt in tllf? lea!lt mar Tl'~la·J pN!tne!IJ. 

Tile titanic brain of T .. _,[n bas Turrdl)' produced n morP rtmn:in .c 11''""/r·r tl11rn tlri• 
"mnt!ni/)·in;: trrm.writtrr." Contrary to popular bf'lieflri.• tn11·rr 11 n3 ""' (,ilt !•1 rrulintP 
11 t>rt:inn u·at·f!~ into tire ('tlH•r. T p_,fn'$ ~., .. ,tf!m Jt'mf., out tfwrt,mul, tl/ lwr~rr•uu · rr t!.ru. 
tire t>nrtlr-hc Ira$ .•/rou·n f'xperimcntnlly lrolt' pmrtr cn11 be ~<'Ill u:itlmut u·irr~ nn·r di.~· 
tanr<'.• /rnm n CPntrnl poirrt. 1Vnr i.~ tlrerf' an.,· m~·$tl'r~· af,nut it lww !It' urcum,li .•lr~.• tlrr 
rf'.wlt. Hi., lri..rnric V. S. nntf'nt.~ anrl articlt'~ de~crif,,. tilt' nrrtlrod u.,<'rl. Tt·~la'J .tlar· 

tion. ''Tha·t ¥-·ill tn:tk~· 
quite a pile ·of scrar:· 
he said. ; and lcft 
w i t h o 11 t) n o t h l' r 
Wtlrt)! .· ; ··. 

duction motor I have 
g-inn to the world 
little of practical me. 
Thi!' is a gricvo11s 
mistake. A nc-v idea 
mn~t n0t lJC jndgt'd 
h~· its immrdiate re-
sults. :My alt~rmt -

nih·ing Trnn .•mitter is truly a modf'rn l~mp of Aladdin. 
1:f){TOR. 

"Aladdin;• Lamp". 

Tlte~r ·:;n;l· nth~·r in­
Yrtnion~ ·. of in in t', 
hoWl'\~Cr, h\l'rt' nnth­
iuJ.! mo.re.~ thau ~H·p~ 
fnrw~~i d.~·" · ~<.'rtain 
dirrcti,\n~ :;, ln 1'\oh·-

ing !!ystem of power tr:tnsmi .~~ion c-:11nc at a p~ycholo~ical mo­
mrnt, :as a lon!;-~ought amwer to prcssinJ! industrial Qltestinn~ . 

in).! th.<"m ·r ~imply fol­
in~tinn Ill imprn\'<' thr pr•~cnt device~ witlwut 

(('nutiurt,•,/ fHt fno.: l~X) . , . 

. 11/ 
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any special thought of our far more impera­
tive neces~ities. · The "~lagnifying Trans­
mitter" was the product of labors extend­
ing through ,-ears, h:n·ing for their chief 
obicct the sofution of problems which are 
intmitcly more important to mankind than 
mere indu~trial de,·elotJment. · ,, · , 

showered upon me, and journeyed to my 
home where I passed throug-h a most pain­
ful o.rdeal and illness. Upon regaining my 
health I be~an to formulate plans for the 
resumption of work in America. Up to that 
time I ne\'cr realized that I possesscu any 
particular gift 'of disco\'ery but Lord Ray-
leigh. 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 
son~e big idea. · 

. Natu;e'a TrirJer • . 

One day, as I was roaming in the moun­
tains, I sought shelter from an approach­
ing storm. The sky became O\'erhung with 
hea\)' clouds but somehow the · rain was 
delayed until, all of a sudden, therl! was a 
lightning fiasti and a few moments after 
a deluge. This olJseryation set me think­
ing. It was manifest that the two ph~:­
uomena were closely related, as cause and 
effect, and a little: n:flt:ction lc:d me to the 
conclusion that the electrical euergy in­
volved in the precipitation of the water 
was inconsiderable, the function of light­
ning being much like that of a sensitive trig­
ger. Here- was a stupendous possihilitr of If my memory scn·es me right, it was in 

~ovembcr, 1890, that I performed a lahora­
.tciry experiment which was one of the most 
extraordinary and spectacular enr recorded 
in the annals of science • .. In investigating 
.the llcha\'iour of high frequcnc,· current-; 
I ' had satisfied myself that an electric tield· 

' achierement. If we could produce electric 
.,.) effects of the required quality, this whole · 

') planet and the conditions of existent!! on 

: of sufticicnt. intensity · could be prodtiCl'd in 
a ·room to. light up ·elcctroddess vacuum 
.tubes. -; Accordingh·, a trans former was 

: Luilt to test the theory _ and the 11rst trial 
. pro\'ed a m'ar\'elous success. It is difficult 

to appreCiate what those strange phenomena 
meant at that time. · \\'e cra,·e for new sen-
5ations but soon become indifferent to them. 
The ·wonders of yesterday are today com- .._ 
mon occurrences. · \\'hen my tulJCS were r 
first publicly exhibited they were Yicwed 
with · amazement · impossible to describe. 
From all parts of the world I receh·ed 
urg-ent im·itations and munerous honors 

· and other lhttc-rin~ indHcc-mc-nts were of­
f cred to me, which I declined. 

In Farada:r'• Chair . 

But in 1892 the demands became irresis­
tihle and I went to_ London where I dc­
li,·ercd :1 kctme before the Institution of 
Electrical Endneers. It had been my in­
tention to lea,·e immt'tliateh- for Paris in 
compliance . with a similar "obligation. but 
Sir James Dewar insi~ted on mr ap­
lH~aring before the Royal In~titntion. I 
was a man of firm resoh·e but succumhed 
casih- ·to the forceful argnment~ of the 
J.!reai Scotchman. He ptished me ·into a 
chair and poured otl,t half a glass of a won­
rlerful brown fluid which sparkled in all 
l'orts of iridescent col0rs and tasted like 
nectar. '':\ow," -said he, ''you are sittint: 
in Faraday's chair and ~·ou are cnjoyin!-!' 
whiskey he u-:ed to drink.· In both aspects 
it was an cm·iahle expcril'nce. The next 
c\·ening- I gaye a demnmtratioH before that 
Imtitution, at the . termination of which 
Lord Rayleigh addressed the :l\ldicnce and 
his ~encrou:~ words ga,·e me tl1e first start 

.· in these endeavors. ·-~ I fled f rorn London 
a net bter fr'mn · Pari~ ' to escape {:\\'on 

(Ct~~rl.iuurd ~~~ /'(1!11' li3) 

it ·could lJe transformed. The sun rabes 
the water of the oceans and winds drin= 
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 wher­
ev~r desired, this mi~hty li£1!-sustainin_g­
stream could be at \nil controlled. · \\ e 

I could irrigate arid deserts, create lakes and 
rivers and pro\'ide motive power in un­

\ limited amounts. This would be the most 

~ 
efficient way of harucssin~ the sun to the 

-
'
. uses of man. The consummation depended 

011 our ability to develop electric forces of 
the order of those in 11ature. It seemed a 
hopeless undertaking, but 1 mad!! up my 
miud to trr it and immediately on my rc:­
turn to the United States, in the summer 
of 1H92. work was lJc:~un which was .to me 
all . the mo're attractive, because a. ml!ans 
of . the same kind was neccssar)~ for the 
successful transmission of t>nergy without 
wires. · · 

'Four ' Million Volta. 

,_.The first ~ratrfying- ~esuh was obtained 
in the spring- of the suc~ccdin~ year when 
I reached teusious of af,out 1,000.000 volts 
with 1i1y conical coil. That was not llllll'll 
in the light of the present art, but it was 
th~:n consickred a fc:at. Stt:arl_,. progrc:~:; 
was tr.arlc umil the destruction of my lal,or­
atory . lJy fire in 1::195, as ma~· be j mlgcd 
irom :\11 article hy T. C. ~lartlll which. ap­
pe-ared in the April number of the C.·ulury 
.liugt~:illt'. This calamity set me back in 
many ways and mo~t o fl that year had to 
be de\·otcd to plauninJ! and n•construction. 
Howe,·cr, as soon a:. circu111stann·., pl'r­
mittcd, I returm:d to the task. Althuu).!h 
I knew that higher elcctro-moti,·c: forces 
were attainable with apparatu~ uf br;.:l·r 
dimen:-;ions. I had an instincti,·e perception 
that the object could lJc: arcomplish"·d Lr 
the prCJpcr desi~u of a: comparati\'ely small 
and compact transformer. In carn·in;.! on 
lt:StS With a SN011c/.rr_v ill tfr.• fur;ll of Ll 
flat .tf'ira/, as illustrated in my lJatt:lltS, the 
absence of stre-amers surprist:tl me-, and it 
was not long before I disco,·ered that this 
was rlue to thl· position oi the turus and 
the-ir mutual action. · Pro1i1ing from this 
ohsen·ation .I re:-orted to. the USl' of a hi~lt 
tcusion conductor with turns of considl'r­
ahle diamc:tc:r sutlicic:utly sc:parated to kt•t:p 
down the distrihutc:d capacity, while at the: 

(C.IIltinlll'd &JII pag.· 176) 

\ \ 

- \ \' ' 

' '1: 



win·l~·s~ transmission of eneq~y. Dist~ucc 
is then absolutely eliminated, there Ltinl! 

same time :. ·tir~~:enting und"ue ~(cumulation uo dimimrliou iu th,· iHit'IUity of the• lrllu.r-
o£ the chan~e at any 'point. The applica- wilh·d impulus. It is c\·en possible to make 
tio·n of this principle t"nnhled me to p:u- the actions illa,•uu u·ilh thc· diJ·twt,·,· from 
duce prt"ssures of 4,000:000 "'?Its, which the plcpJt according to an exact mathemati-
was a!Jottt the limit ol.t::una!Jic Ill my n~:w cal law • 

( 
"<7) The establishmt-nt of a '\\'odd-~)·st~m· oi 

musical di~trihutiun, etc.; 
"(8J The universal rrRi8tration of time: h• 

cheap clocks indicatin~r the hour with a~tronomieal 
pr~,~i9~on Tah"ed w:~11ji~~~~~?s,i~~e"ot/ot"yp;;a~;vh~~d . 
"·ritten char:tctt-n, letters. eht-cks, ~tc.; 

"( 10) Tht- establi~hment of :a univ~rsal muine 
lf'rviee ~nahling the nAvi~r.~tora of all !lhipi to ate~r 

J:c'd,i~~: h:~~u:~d ~~~~d~s,to10pr~~~~;;n~~jli!foense~:an~ 
.lahuralory at Houston Street: as the du- ··' Tht's t'n•·entt'ott \Vas cne of" "ttmt.er com-
rhaq;cs ext-t:noed throu~h a dtstance of IG ..... • .. ,., f u . l · 
feet. A . photograph ~! :t~is tran~mitte~ ·~ . prised in my "World-System' o wtre ess 
was pnhlished in the Ef,·ctru·aT Rn·u·uo ol ' transmission which I undertook to commer-
1\o,·emht"r, 1898. ' In unler to adn~ce fur- ·' · cialize on my return to ~ew York in 1900. 
ther along this line I had to go tnto ~he ~· As to'the immediate purposes of my enter-

di5.lstcn, etc.: . · . 
" (II) Th~ in:aururation o( a systtm of world-

printing on Jant.l and Sell: ···, , ... · 

op<.·n, and in the .. sprin~ of H:!99, ~avm~ . prise, they were clearly ont,lined in a te~h-
cumplt·ted preparattons for the ercctwn of nical statement of that penod from wluch 
a win· less plant, I went tu Colorado wh~.:re I quote: · 
I remained for more than one year. Here ''The . '\Vorld-System' has resulted from a com-
1 •111 tro·'uced other · impro,;cm.ents and re- ' bination nf 6C'Vc:ral ori"inal discoveries made by 

u 11 . the in\·entor in the courae of lon~r continued . re· fin~ments which made It JlOS~I 1 e to Kl'lll'r- 1earc:h :nul experimentation, It ma~es pc;>ss•ble 
ate currl'nts of any ten~ion that ~ay. be not · only the 1nsrauraneous a~d prec•:sc w•rcleu 
desired . . Those who are il'lterested will lm.d trausmission of any kind of s•gnal~. messatees or 

r d th character,;, to all puts of t~e. world, but al.w the :-ume in I ormation in re~.ar to .e ex,pl·rr- inter-connection of the c:xutu•te telegraph, tcle-
ment~ I conductt"d there m my artJcle. J~e phone, and other si~r~~~l sratiun~ withput any chantee 
Prohlcm of fncreasing Human Ener~ tn m their present equ•pu~t·nt. By ns means. for 

. tJte C"llfllr_\' .lfll.f/U=ill( of ) ttne,, 190(), to in$tancc, a telephone: SUIJKribc:r here may call Up 
' and Jalk to any other aubKriber on the Glouc:. An "h ich 1 h:\\'e ref t'rred on a pre\'IOtiS occa- inexp~naive receiver, not bi~11er than a watch, 

sion. will enable: him to liaten anywhere, on land or sea, 
,. tu a speech delivered or music played in some , The Marnlfyfnl' Tranemlttn. 

~ -t 

I ha,·e lJce;t a~ked IJ)~ the EtrcnncAL Ex­
I'ERt~l E~TER to Le quite explicit on this sub­
ject so that my 'youryg fri.ends amun~ the 
readers of the mal!azme w1ll clearly under­
stand the construction and operation oi mr 
''~lagnifying Transmitter'' : and !he pur­
poses for which it is intended. \\ell, th"·n. ' 
in the first place, it is 3: rrso1!aut trausfnr• 
mrr with a secondary m whtch the parts. 
charged to a high potential: are of con­
sideraLle area and arranged m space alon~ 
ideal cnnlopin~ surfaces of nry large radrf 
of curvature, and at p·ropt:_r distances from 
one another th~.:reby insurtng a small tfu­
lric .rurfaa d,·,t.rity n:ayu:Ttat so that ".v 
h·ak ca1~ occur C":.'CIJ if the coudrrrtnr 1s 
barf!·. It is suitahle for anr frequency, from 
a few · to many thousands of cycks per sec­
ond, and can he used in the production of 
currents of tremeudous Yolume and moder­
ate pressure. or o£ smaller amperag-e an~ 
immense electro-motive force. The maxt­
mum electric to1sion is mrrrl~· dC'ft('lrd~nl 
011 tlrt• Cllr<·atltr~· of tlu surfaus on whtch 
the charged element~ are situated and the 
area of the lat~er. 

tOO Million Volta Poulble. 

other lllace, however distant. The:sc ex.;ut~p_lc;• are 
cited· lllt'rely to Jl.ivc: an idu of. the po<~.sJbiliiJt'S ~f 
this rrcat acienflllc advance, whtch annth1lates dis­
ranee and makes that per teet natural conductor, 
the Earth ii\'ailablc: for all the innumerable pur­
poses which human ingenuity bcs found for a 
line-wire. One: far·reachin~e result of this is that 
any device capable of being operated th~u one or 
more wirc:s (at a distance obviously restnctedJ can 
lil.:~wi~e be actuated. without artificial conductors 
and with the s.uoe facility a11d accuracy, at <lis· 
tar1ces to ll·hich there arc no limits other than 
those in!_POs~d by the physical. dimension~ of the 
(.;lobe. Thus, not only w1ll entirely new hdJs for 
comnllrcial exploitation be opened up bx this ideal 
metho,J of tnuumiuiou but the oiJ ones vastly 
C~l~tu.l.-d. · 

"The '\\'orld-S)'Item' i• based on the: applica· 
tion of the followinlf imvortant inventions and 
di~..:overies: 

.. ). The' 'Tufa Tra11.s{orma.' This apparatus 
ia in th~ production of clc:ctrical vibrations as 
r ... volutionary .u eunpowder was in wariare. Cur· 
rents many times stronl{cr than any ever if<"neratcd 
in the usual ways, and spark:1 OHr one ~unJrcd 
~ei~h ~'!tn~~~:':~;~e~~:f rhi~d'ki~. by the anvemor 

"2. Th1 'J.lug11i/yinq Tra111mitter.' This is 
Te~la's best invention-a peculiar transformer 'PC· 
cially aJ.apted to excite rhc Earth, whu:h is i11 the 
transmiuion of electrical energy wh;~t the tele-

~0~hi~1 ~:!r~!~:~~0d~~i~e01Jh~nh•;!u 1~re~J 1~t u~~ 
electrical lllO\'t'mcnla of greater intensitt than r~o~e 
of lightnini anti pas:Kd a current, sutficu:nt to light 
more than two huudre<.l incanJc::.cent lam!J"· aruunu 
the I,.;Jollc:. · · · · 

"3. · Tl11 'Tula U'irrless Systrm.' This system 
c:oniprises a nmnlk-r of improvements and is the 
only means knoiVn fo.r transmiuing economically 
electrical ent-r(ly to a dutance without ~ares .. Care· 

· ful testa and me;asurements in connection w1th an J ttdging from my past expencnce, as experimental sution of (lrrat activity, l'rectc:d by 
milCh aS lQO,OQO.QOO \'OltS a·re perfect!)' the invemor in ('olor;~do, hiiYC dcmonstratecl that 
practicable. On the other hand currents power in any dcSJred amount can be com·ey,·J, 
0 £ man,. thotl~ands of amperes may be oh- cl.-ar acros- the Clobe if nc:cenary, with a lou 

aot e;r;cc:ediu~r a few ~r cent. · ! 
tained (n the antenna. A plant of but Yery "4. TJu '.1rt of JuJit·idu .. Ji::lltiou.' This in-
moderate dimensions is required for StiCh vcntion of Thla ill to primitive 'tuuin"' ~hat rr:· 
Performances. Theoretically, a termm_al. of nno:tl lanl(u:~~:e is to unarci.:ulatc:d .-xs•reu1on. 1t 

• .l.: m•kes possiLic: the tr;~nsiniMion of sil(nals or mc:s· le~~ than 90 feet in diameter IS SUmCitnt W~tcs au~lurdr -.cerci an•l exduaiv<.: Luth in thr: 
to develop an electro-moth·e force of th:lt acr•vc: :anu p:!:hlve up ... ct, that is, nun·inrrrfcriu~: .u 

d h ., r t rrents of wdl as uon·interferaule. Each Signal IS hl.e an 
magnitu e w 1 e or an enna Ctt inJividual uf unmi!i>t<t.kaulc idc:ntity and there " 
from 2.000--t.OOO amperes at the usual f re- · \'irtually no limit to the numuc:r of stauuns or 
(jt!encies it neetl not be larger than 30 feet instrument• which can Lc aimultancuusly opeutcd 
in diameter. , · .: .. . . . , . . · • without the ali,htut mutual <liaturhaJII:e. 

Ill a n10rc restricted mcamn~ thts Wire- . . .. .s. r Tlu Urrrsti.! StaliOliiiTJ IVoJt•u." Thi' 
H wonderful dis.:ovc-ry, popul;arly ~xr!:uncd~ mean~ 

less transmitter is nne in which the . e:tz · thoit the Earth is telivonuv~ tu electncal v&hrauunr; 
waye r:tdiation is an entirely neglri:thle of derinire ~Jitch ju~t a~ a t~ni1111 furl.; to ccn;.•n 

0 nnantit)' as comt.Jan·d w.it.h the whok . wavc:J of sound. Thuc parucul:u electncal y•hr;,. 
'I d h .1 tions, UJ1ablc- of P?Wcrfully CXCIIIIII( the (,J.,_hc, ~neq::-y, under whtch .con ttlon t e uamp- lt"nrl thcm-.clvu to mnumcrallle u~es of "re<~t uu-
in~ factor is extrcmdy 5matl · and an enor- portancc commrr,·iallr oau•l iu m:.ny uthcr respc:cu. · 
mous charg-e is ~ton·d in the ele\'ah·d c~pa- "The: tint 'World·Systrm' powe-r plaut can be 

· · h be t I put in opcr.uiun in nine muntlu. With thi~ a~vwcr 
dty. Such a Ctrc\llt mar I en eXCI ~·(. plant it will Lc IJracti,·ablc tu "'""'" clcctnc;:tl ac-
\\·ith impulses of any k111d, _cycn. of lo\\ ti,·itic:a up to ten mtlhun hurM'I"""·r and u u Jc· 
frennenn.· and it ''.·ill yie.ld 5111ti~Otdal aml si"ncJ to tervc fur ;u many kdHHcJI .ldHcvcmnats 

·r 1 k h { ae are pouible without due t'Xpnue. Amuu.: the:.c: conlimtOIIS oscillations 1 e: t ose 0 an the follpwina may be mcrui.,ucd: 
alternator. . . . f 1 "(l) · ThC' inter·.:onne,·tiun of the: exi.otinK tclc· 

Taken in the narrowest sigmf.cance O ~rrapb cichan.:es ur urlices all ove-r the wurlJ; 
the h'rm. hnwen•r. it is :t re~on~nt trans- "(..?) The est:~blidiment of a ac:cret and non· 
r ~rnt"'r \vht'l·lt, l•ec;ides posse!SIIlg -these interfcrahlc· "uvc:rnmcnt tclc:~:raph :Kr\'icc; 
'' ' c. .. (J) The inter·connc:ctic>n of all the prucnt 

flUalities. is' accurately proportioned to nt • telephone cx.:han.:cs or otli.:a:s ou the: Cluue; 
the J::lolre and it~ electrica,l const.ants. anci "(4) The univerl<ll •li~rrihutinn of J:l'nu:~l 
properties. hr \'irtne of whrch de~J~Il. 1t be- ~hcw':Pr7aat;elci[U1Jh or tclephuua:, i~ connection with 

i coml"S hilo!h ly etlicil'nt and efT CCti\'C 11\ the . "( 5) · The ea~;oulishmc:nt of such a 'W nrld·Sys· 
tcm' of intdli11rn.:e trauamihion for ..:xclu~ive pri · 
var.- U:<t'; 

"( 6) The inr~r·c•mne<'tion an•l operation of all 
\ •"' atock tickcu o{ th~ worlol: 

"LJ. 

"( 12) The •·nrlt.l reprodaetmn ol photoRr:aphic 
pictures :tnd all kinds of dr:awin(s or records.' 

· · I all'o proposed to make demonstrations in 
the wireless transmission of power on a 
small ~cale but sufficient to carry convic­
tion. Be-sides 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 transmis­
sion of virtually any amount of energy. 

·Originally only from 200 to 300 K.W. were 
provided but I intended .to employ later 

J
1 4 se\·eral thousand honepower. The trans­
' mitter was to. emit a wave-<:. omplex of spe­

: I cia I . chuacteristics and I had devised a I' unique method of telephonic· control of any 
amount of energy. .. ; · .. ' . ·· . · · 

The tower was destroyed two years ago 
but my prCljects are being 'developed and 
another one, improved in ·some features, 
will be constructed. On this occasion I 
would contradict the widely· circulated re­
port that the structure was demolished by 
the Government which owing to ·war con­
ditions, might have created prejudice in the 1 
minds of those who may not know that the 

' papers, which thirty years ::ago conferred 
upon me thl" honor of American citizen­
ship, are always kept in· a safe. while my 
orders, diplomas, degree!, gold medals and 
other distinctions are packed away in old 
trunks. If this report had ii foundation I 
would ha\'e been refunded t large sum of 
money which I expended in ' the construc­
tion of the tower. On the tontrarv it was 
in the interest of the Government' to pre­
serve it, particularly as it would have made 
possible-to mention just one valuable re­
sult-the location of a ~ubmarine in anv 
part of the world. My plant. services, and 
all my improvements have always been at 

1 the disposal of the officials and ever since 
.~ the outbreak of the European conflict I 

have been working at a sacrifice on several 
1 im·entions of mine relating to aerial na,·iga­
' tion, ship propulsion and wireless transmis­

sion which are of the greatest importance 
to the country. Those who are well in­
formed know that my ideas ha\·e revolu­
tionized the industries of the ·United States 
and I am not aware that there .lives an in­
ventor who has been, in this respect. as 
fortunate as myself especially as regards 
the use of his improvements in the war. I 
haYe refrained from publicly expre~sing 
myself on this subject before as it seemed 

: improper to dwell on personal matters 

I while all the world was in dire trouble. I 

I. would add further, in · view of v.arious 

I 
rumors which have reached me, that :0.! r . ). 
Pierp0nt ~lor~an did not interest himself 
with me in a bu~iness wav but in the s:tme 

· large ~pirit in which he !i:u a~sisted manY 
' other pioneer!!. H t' carried out hi!! gencr-
ou~ promise to the letter and it would have 
het'll most tmreasCln<iblc to e:>tpect from him 
anythin~ more. He had the highest reg"ard 
fnr my attainments and gave me e\'~r' 
e,·idcnct' oi his complete faith in m)' ability 
to ultimately achit'\'e what I had s«:t out Jo 
de. I am unwilling- to accord tv sumc 
small-minded and j(·alous indi,·iduals the 
satisfaction of haYing th\\'artcd my efforts. 
Tht'se men arc to me nothing more than 
micrClbes of a nasty dise:tse. ~h· project 
w;~s retanit'd bv laws of natu~ . The world 
was not prl'pa.red for it. It was too far 
aheaci of time. nut the same laws will pre-
Yail in the end and m:tke it a triumphal 
~\IC'Ce~s . 
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ro u/1 ll'hfJIII it lllfi!J ('(JJ/.('L'/'1/..' is tll.ilizetl fol' l'l'eeirill;.! plli'(>O~es. Fig. 5 de· ·:._ 
Bo it known that I, OJ.l\' EI:.JosEI'll I.oll(iJ-:, pids the uwre pr·orniuent. fPRLnres ot a long· 1 

n. suhjcct. of i laP <~liL'ell of n t'l'at Bl'i tai 11, re- d i~t a nee an·ang-crnen t, lioth sending and re· · 
siding at Lh·c·t·pool, in the enllltly of Laneas- et'i\"ing-... Figs. 1:.! an•l 1:; illustrnte altema· 5 

s tor, England, ha\'l' iu\·l'iltt'd <'PI'Iaiu tlcwau•l tinl for·rns of c!Otltleclion of apparatus in a 
u~cfnl J 111 Jli'«I\'PIIIl'llt s i 11 EIPet ric~ Tc•legraphy, syut on it! t'<'t·<.d vinJ..{·<·i t't~\1 i L with appendages, 
or which the· followilt;.! is a spe<~ilil'atioJI. and Fig. 11 is a 'letail \'icw hereinafter more 

The ol>j('l't of III,Y ill\'elltion is to <'liable all partit:ulal'ly l'l.'ft•J'I'e<l to. 
ope rn tor, b r 111 ~~a 11 s of what is uow k no\\' 11 a!'i Li k c lett t•rs a 11 cl figures of ref ere nee indicate 6t 

•1 10 "Jlertziau·'ra \'I' I dPgraphy,"lo t rausud I Jnc.·s· si 111 i Ia r parts t_h I'OIIgltott t tho drawings. 1 
::'\ AA~es af•ro~..; ~Jia<·t• to any otu• or lllol'll of a · .\ t'lllllpll!le installation of Ilcrtzian-wave 

numucr of clill'•·r•·Jal. indidduals in ,·ari•Pts tt!!Pgraph,\'t:on~·dsts,in itssimpleRtform,ofthe 
localities, (' :l,·la of whom i;.; pro\'idt•d with a arra11gerueut dt~}lii'IPd in Fi~. 1, wherein A 
tmitalJly-ar 'lltJg<·d J'l'('<'ir<·t·, a11d to dT,:c·t. tho l'l'lll't~sents tla•· <~ntittillg apparatus, and B the 6 

15 ancillary iu .pr"'.''Jll<'tJts 1 II·~ uat Ill'<! of\\ llic·h rc,~•~irill~ appat·altrs . 
nrc hcrc:iuafl«·r tu,r•· part.it·ttlnrly dt:!'·wrill•·cl In the (!Jllitt<:r illustratcJ in }1'ig. 1 elcc· 
UJl(l elai Ill(.:<,. tri <d I y from a suit a lJ I•! sou rl'o,Rueh M a Ruh m-

Tho Jlletl~tJd of iutcon·IIJitlltlllli<·aliou <~oil· korfT c·oil tt, is supplied to a pnir o! conrlno 
Kishi, uceordi11g to tny iun~ntiou, in utiliziug tor~ wldel& tli~wharg<! into each other from 7 

zo certain procl's:-.c·s aud apparatw; for the pur- kuobs /, a11<l ': nllcl .thu .'i excite o~iJJatfon8, 
·· poHcoC J))·oduc·iugaud dc~tcditJ).!asullidc·ully- wllkll c>111it oue ut· two wa\'e.~ before .thcyaro · 

prolougcd li(•ri•·~ of l';qdd <'lt~dl'ic! osei II at io11~ cla111 peel 011 t. · 
nn<l iu 1-40 arraJI;.!illg tltc~u• that. the 1'.\eitatioll Tlte n·e•~i\'ill;.!·('in·uit t•oru~i~t.s, cMcnUally, 
of ll paJ·t it~lJ Jar fn·q 11(!111')' or 01'\t:i II at ioll at tlH~ or n (•()ll(!('t or d, n l'oltt•ret· t, 1\ battery I or 7 

25 fH!UUiii~·Htat.ioll lliH)' <'all~t· a {C')t'grapJJie ill· ot!Jer !'illilallJc ~WIII'C'P. o( ('IP<:trical energy, an<l 
Ktrnment. to n·spo11d at. a di~laut :-.tatio11 by a lt•lt•grnpltit! rcc!ei\'illJ.! in~trumcut g, all Jn · 
reason of twill;.! as~oeiated, tllroll~h a n .day e:ectril'al t•ounet·liou, as slii>Wn. 
or otherwi~ .. , with a suhsi•lial'." cireuit c·apa- . lr1 c·at-ryin~olltllly in\·(·ntion,and referring 
l1lO o! clect:·i,· o:-.t·illat.ions of that sauu• par·· now to llu! l'llllls<'qiiPilt fiJ..{llroH ol the draw· 

. ) JO ticulnr freqllt'III'~'Ol'of ~I)JII(~ lllllltiple Ol'~llh· ill~"', I ll!il! a dcfiuite radiatorconslstlng or" 
Jnnltipln or Jta I fn~qliCIH'j'. ,\not IH•t' d btatl t con <I IH.'l<lt' OJ' pa it· of eontlllcto~ h. h' ot large 
Mtntfon will ~itnilarlr IJl' utade to t'eecin! tlle!'i- capacity, arr:~ug-etl (.•ither ns a Leyden jar or 
Hngc~ by OX•.'i l.i 11~ at tlt<' ~c·nd i 11~-:;tat ions al- prefemhly spr·ca<l 1111 t separately in spncoJ 
tcrnntions of ad i If ere 11 t. frcq ttctuoy, an•l so on, one of l hclll l>ei 11~ t hu l'ar·t.h when desired. 1 

r, JS nnu thu~ inlli\'hlnal IJI(':O,Sa~es can he tl'aiiS· juiu to It nnd ,,., respceth·e1y, whi<.'h I .'de-
1 mittod to in ·I i \' i•lua 1st a lions without d istu 1'11- Horn i nat.e "en pad ty areas," a pair ot polbhed 
' ing tho rocl hin).! appl ianecs at otlJcr· stat iow; knob~ Jt'l h', prot cetccl hy g18.88 frorqt..Sitra· 

which aro tun eel or· t i llll!d OJ' srulouizccl to a \'iol~ ligla t, whil!la form the a<lju&&'abl$..ftpark 
ditrcrent !rcq ueuc·y. Ea,·h st.;~t ion wi II usu· gap. Het ween citlwa· capnci~.area imd its 

40 nlly bo pro\'idcd with IH>tll st>ucling and r·e- kuoh I place a :-oynlouizin~· selt- 1J9t&nce . 
ccl\'lng apparat11~ . (~oil-that is, a <!oil uf wi1·c or · · iibbon ' 

In tho nc<.•orupauyiu~ drawiug~, wlaieh ar·u It', pr·efcmulyiusulatcd with · idotjrdd .·, 
uingrauuunt ic l'('l'I'CS(.'IIlations, FiJ..{lii'C l :-,how:; i ll~tlla tor, as .in Fig. :!, Ol' i.n r, of ~pG'Sq,ij. 

· tho simplest lU'I'angeJliCilt of cmittet· nrul r·c- a hie to at tam gTeatcst m<lu~t.aee ·with 
·-IS ceivor heretofore in usl'. Figs.:?, ·1, ti, 7, 8, !J, gi\'en amountof resistllnce-tbeoo.141K.:11CJII·lill 

an(] 10 show altel'uat i \'C arrangcmen ts to uu coil hoi 11~ lo prolong- the clcctrlc 08jOlftA1itO:Ill 
IU}Op~d at tdgnaJing·statiOJI!'- OJ' nppen<lagcs OCr~Urring in the rnuiatOJ', sq.'..-e~·tcr'C01)at1l~.te . 
.WD"Jw· ~ ·1u.:corlluuc~ ~1y iu v~u t.iou. iL radiator.,, ih:•IMerl:1d .. llill 

d!tion to showiJ1g an emitter, bt.a~- ~ · a ·w~•IOD 

~~~~~~.~~~~~~~{e~~~~~~~~:~n~dMm~ea~n~~~~~~~~==~il~ 
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r ~po•· .. . · on the fact that the total when supplied by wires in tho usti~r'way. ~-·: 

nu · · · · · tions in a suitably-arranged Moreover, the capacity areas of a radlat<rr a~ 
elrcalt la . ...-Jrrcat, so that a very feeble im- more conveniently employed as the capacity . 
pulse Ia gradually strcngt1wnccl hy cnmnla· a1·ca~ of a rccci\'Cl' without. ucru of <liscon- io 

5 tlve action until it ,·a usc~ a pcrecptiulc cfTcct ncction. 
on t_be well-known principle of ~ympathctic 'l'hc arran~cment tlcse~ribt•e1 with reference 
resonance. to Fi~. 4 illnstt·atc!i most completely tho 

I HUpply the elc,•tJ·it·it,\' to the J':HliatoJ' fi'Om I mcth()(l of cha1·~in~ the (•apa<·it.y 1\rcas h h' 
" Rnhmkorff or· fro111 a '1\·sla coil o1· ft·om a with au impulsh·c rush. Tht~ adion is as fol- 1 

o Wim~hu~t. or otln•r known or snitahlc lli~h- lows: The Hullllll\:orfl' tna<·hineaehnrgcs tho 
tension nmC'hine ,, in on<' of th1·cc ways, :w- jars j, who~c outPJ' eoats :ll't! eonncct.ed, nnd 
cording to circulllstatH~(:s. lli:·-H~ha1·~es thnm at. the sta1·ting-~ap h 10

• 'rhis 
The first way is l1y h•aclin~ win•s from the Hpark precipitates a cliselt:tr~·~ at the supply­

machine n to the two knob~ /t"! It\ whieh is ~ap~ J,•;J,~ancl stHlcl<'lllY:'IIJlpliPs t.ho cn.pacit.y 
5 the customary plan and gin•s a tlisc·h:n~o at·pas h h' with plc•e·tl'ic· e~harg<'s, whieh then 
. which followt-s upon fairly stt>ady Plcdl'ie sill';,!{! through the ('OIIIIC'c'ting-c·oil h' (diviclccl 

atruin. into two part.s in this fi~ttrc•) ancl Hpnrk into 
'fhe secon'l way c·1 '''~bt :-;, as sltowu iu Fig. P:t<'h ot he•r at 1 hc> cl isc~ha r~<'-~a p bet ween tho 

3, iu ha\'in~ n supplt·JIII'Jttary pair of ~park- knol1s J."! /, :. 'J'ltis la~t cli:·whargP i~ tho chief g, 
~c gapK h1 h7, (whieh I c·:dl the~ "sllpply-!!aps,'') age·nt. in stat·ting 1111' w-willati.,n:-~ which aro 

ono knob of t•ac·h (c·allc·d thP "n'<'l'i\'ing- th<' e·aii~Pof tlw PtllittPd wa\·C's; hut it iH per­
knou")lwin~nttlll'lll'd to the~ lllilldlc~ ()J' otht•r IJlissillll' ill tltP arr:lltge•JIIC'Ills nf Fi~~. a and 
con\'enicnt poiut. of c·:wh c·apa<·ity arc·a ;, It', .J to t'lo~P this last gap whc•tt dc·~irt'<l nrttl HO 

And tho other knol1 of l';ll'lt pair (t·alle•d tltn lPaYc> the• osc·illatiolt~ to lu· ~tart<.•cl br tho 9r 
~ S "HU pply-k nohH '') }IC• i 11~ C'IIIIJtt•t•l I'd by w i n•s },"' spark~ at. t lw s11 ppl,\· ·gap:-; only. w ho~f· k 110 h~ 

totheHuhmkul'fTt•t,ilancllll'l'll~ltltnc"l'•ratPl)' lltll~t. in that. c·a~•· 1"· ptdi~ltc·cl :1111l , prol(!<'f.f'cl 
Jl('.l\r tho flr!4t, !"O that wltPn the> e·oil i~ in ae~- frn111 tlllra-YiolPt. li;.:ltt, so :ts ''' ~11pply t.lw 
tlon tho cnpaeity arc·a~ :--hall J'l'('pi\·c· t hPit· t•}pc·t rit• c·lt:ll'g" in a~ stJddt·ll a rii:IIIIH'I'I\~ )'OH· 

p<miti\·o atul ttP~ati\'t• c·ltargP ''·'· ac•rial clis- ~iblt•. 
JO rnption-lhat it', in a ~uddc•tt llt:tJIIrt•J' ··-I'al hPJ' As t·h:ll').!'t'd !'illl'f:H't'"' "'' •·:tps\(·ily arcn~ 

thnn by tlw ,;}owt·r pnwc·~s of IJIC'Iallit• c•oJJ- spllt'n·s "":-.quart· pl:atc·~ "":til)' otht!l' lll('tnl 
duclion, ancl ~hnll tlll'll l~t• }l'ft. to di~c·ltargo ~nrfac·c·~ 111:t)' 1"~ c'lll)'l"yc·d: ),,,, I prrfe!r, for 
into each otlwr thrc,ugh tltc> t'llllllc•c·tillg·<'oil tit<· pnrpt~sc·of ''''"tl1i11ittg 111W rc·~ist.an<·cwith 
h'audn\!roAAthc~ltlll'l ~parl\·;.!:t}lllc·t.wc·c·JJIIII' gn·all'lc·t·trll~l:tlil· c•aJ':wity, t'tliH·~ Ot' trian- tr 

JS ·knobs h'l /,J. Thc· IIC'~I wid tIt of' t Ids gap dP- gil'~ oi· ;11·111'1' s tit' It d i \ c·r;...:i n;...: ~ttrf:we!4 with tho 
pcndM upun (•in•tJiltstanc·l'~, 1111tl it Jll:l,\' lu• ,·c·rti.t•t•s adjoining aJtd tlll'ir larJ,:Pr nrf'ns 
clotK.ad altogct her w i tlt111tl st "PI'i 11~ t ltc> :wt i1111. sprc·ad i ng oil t i 11 to :o-JIItt't'; o1· a !'4i IIJ.:IQ i nHll­
'rhc_ JCAP betWCi'll t IIC' k no! 1s }, : }, 1 uwy I"' 11p- Ia t c·d ~~~ rfat'l' IIIH,\' lu• II~C'd i 11 c·1 111j nnction with 
tionally clot~(!d by a ~hunt /, ·•. · till' t·artlt, tit(' e•arth or t'olldllt'lol''4CIIlhctlcl<-d t• 

Ju the thir,lplan, a~ illdil·atc·tl in Fig. I, I in tltc• t>:trth c•on~tittJI;II;.! tit" otlll'r oppo­
interput\C In CIL(:II of t he• wi ,.,.~ ],~ lc·ud i 11~ l'ro111 si lc•fy-c·lta I').!'Pcl s11 rfac·c·. 
tho HuhmkorfT <:oil u to tit .. supply-knol,s a Hadiatiott fr11111 1111 o~c·illat"r eon~i!"41inJ,: of 
Loy<.lon jar orotltt'l'~llitalllt• t'lllldt·ll~•·t· . i aldt• a pair of c·apac·it,r an·a~ i~ ,:.!I'P.I\tt!r in tho 
to KtJ\rt<.ll\ hiJ:h pt~lc-lllial, ~~~that tlw knol1s ~''l'llltnrial tlt:tll ill tit .. :t\ial tlirP<"tion, 1\IHl 1 

45 1\l'e Hllppli<'d fro111 !Itt• ntlkt'--tltnt. is,lltt~ 1111- ael·onli11gly "ltt•JI :--c·ndin;: in all clirt!ctiollH 
lruHJ}I\t.Cd-i'Ollt of t•:tc•h j:tr, wJti}t• Ju•t \\I'C'II is ciP!-·drt•d it j~ \\c•ll to :ll'l':tllgl' 1}1< 1 UXi~ o( lht! 
tlH• inrH.'r t•oat!"4 ,,,. c·t~il-ftonninals I aJTClllgt• a c•mit lt!t' \'1'1'1 ic·al. ~l~~r·t•o\'1'1', rndiali•lll polar­
thit'(l Hpad.:-J,:ap, (t·:dt .. d tltP ":--tartin_:.! ·;.!:t p,") izt·d in a ltol'izonlal plant•--tlaa ' i1o1, \\ith it.H 
nl:-\) com~i!il in~ or ~\IiI il 1 dl· k nul IS,,, .. " 11 • Tit I' t'lt•c·l ric osci lla I it~ns \'t•J'I ic·:t 1- i~ :~.·~'4 1 ikoly to l 

so outer coats or t111' jars IIIII~! lllll I)(• insllliltt'cl ho ali~Orl)('d tlurin~ its }1:\S~;I~t· ()';(!I' (llU'tinlly­
fl'llJ\ ~llch otlll't', and (IJSII:tlt,\' joill \ht'lll lJy ('OIItllll'\ill;..!' c•ar\h OJ' WalCI'. ;\pair o( ill~ll-
1\ll \uihu:tion-eoil ol' f'airlr tltin win~!.-. so as latPd t•ap:wity an·a~ arrall~l'd for Jong-cli~­
topermit thorough c·hat·;..:i;lg. \\'ht•n the• eli~- IHIII'l! :-;i!!naling b shown o11 tho ldt-han1l 
cl•ar~teoccnr24,this\\irc·:wt~asan altL•ruati\·e~ sidP of Fi~. ;·,, Fig. li show~ a single imm- J 

55 path Or U)'-pRH~, but. does lllll }ll'l'\'I'Jit tltl' }alc>cl <'ll}'Heit.y lll'l'il /1 with the! earth aetingo 
spArks at the ~upply-~ap. a~ t lw ot hc1' ~urfac·t· :tntl h·adinJ,: up to tho 

lly both of the~ lltt·aus tlt·sl'l'ilu~d with n~f- sp:ll·k-knoh~ J,"! h' J,.r a trian~ular sheet or 
eronce to Fi~H. :Janel ·l I •~har~·· the! two ea- l'ollt' /t',~oas toaiTord ~~~·ul <·outluctanceoven 
paclty areaH It It' (which, togt•th,·t· with the to t·apitlly-altcruatilli-!' t'IIITL'JJt:-o. 'l'howiroh" 

6o luductancc-coillll'tw"''ll tlte111, c•oJtstit.utc tht~ in t}Ji~ l~ase ll'ads ''' 11110 terminal of t-ho 
ra<liKtor) ·uy aol'inl disruption oJ' itii(IIJlsh·e! JtuhlllkoJ·IT eoil, thP otltc•J' t<•t·tniual o( which 

.. l'U8h. 'J'he advantage! ol this i:-4 that c:har~c:; i~ taken to earth. ThP t•apal'ity area h is 
. ._; .10.0,01'0 ted aro left to oecillat,e free from im~ulated, as indieated 1\t hu. . 

- due to maint.aineU..conaec- · In caaes where it is required thatth~ 
~~~-~~---~~urco ol olectrlclty, and there- rat us shall offer less re1:1istance to wann1·SIII• 

and more ~ply t_han arrange,ment _may be such as that Wclat1rJIII•jl 



J!~ 1,, . !,. ~,~; • . 

-
;·, ~~··. , ' .. :··~·. ·: .. ;. 600,154 r-~. ·~t~·0r·. ·-

~ . ........... -.. .. I ..... • .' ""· 'j'~'(J" t \ •-' .• 

~ ~ • In F1g.7, ·wbero instead of being vertical, as tio!l., so that thewholeorany~c{~h · . 
Iiiii.. T shown in Fig. G, the capacity area his slant- of th~ inductance available DU\t..be used·· tn-

J.o.g or horizontal. accordance with the correspondhiaf7-uttd1Md 
In Fig. 7 the Ryntoni;dng-·coil h~ is shown recei\·er al the particular station t.o whtch it 

5 as sur~undiug- a lar·gc telegraph-in1;ulator· y, is <lesirc1l to !o)ignal. . . . 
which insulntm· divides the upper from tho Fig. !) shows t.wo hnn<l-ln\·c·~ ·"~ ' ,'l'l hlrtged, ~ 
lower part of tho ro<l eal'l'yin~ the <lischarge- r·cspcetin~ly, to thu l'oil at,,:. 8 8• The har ~f ' 

~ knob h'. 'l'ltc spiral h 1 hl'i<lges over the gap eaeh levet· is ma<le of II Ictal, while the lmnt.lle · 
~ thus cause<l, uuiting the rocl above nn(l be- is of insulat.ing material. .\1 s" are movable 75 
(0 low tho insulatot· aucl so affording au eat·th metallicspring-clipseonnecteutothesaidcoil 

connection. ./ and adapted to grip the lo\·ers when they n~ 
Fig. 8 Mhows an insulate1l metal surfaee in clPpt'<!ssell, !'\o a~ to make goou contact. 'flJUi 

the form or D roof of a shed ot·lmilding which c:wh h!Vet· . when presse<l clown shuts out nll 
f may be used as a rapacity ar<'a, wit.h suitahlo t.hn spirc•s of t.he eoil betwl•en the two cnd!i ot So 

tS connection nnd appar·at.us (not shown) insi1lc stH·h le\'<!1'., 'l'ltis atTallgt'lllent may oo tl~"'!d 
the littlo hous1· /. t•itltet· in lieu of ot· in c·<)mbination with intcrl 

The solC-iud ul'lane·<• eoi I r·eprcst'll t <'<1 at. It 1 c·ha ngPal,Je ind uctance-eoi Is, such ns showA 
· iu all atppltl'ahlP ligures is a <:oi 1 of highly- in Fig. 111, au1l in tho lattet· case they are u.ie· 

. oonductiug wil'l~ ot· ril,hon, well insulat .. cl by ful fot· eot'l'l'ding slight c~r·t·ors in tuning for Rs 
'0 air or by HOillt' otltet· llll'diulll, as alrl'ady d<~- any o1w statimt. T!11~ one I call an "a<ljtHt· 

Hcribcd, or clsl' <'on'recl to a sullic•i(•JJt. tltic~k- ahl1•" <·oil and tl11~othct· I <·all "replaceabl·}'. 
neKS with imwlat iug- matcl'ial of Sill' It shape or "irtt(•t'<·hang-cal,lc ·· eoil~, and l>oth, sfuce 
1\Ji to havo maxilltlllll ~clf.iu<llll'l:tn<·o for a tltPyt<~nd ton liko('nel :uHl beha\·csimilarly, 

" gi\'cn rcsiMtatJC'I', ;tnt! it rnny bt~ <.•itla<'r a flat may IH~ ine·llldPd by tlH~ tPrm "\'arinhly·nct- 90 
25 coil inclosin~ a c'lllt~ide•miJio plarlc! an·a or it. ing-~· eoil. 

mny he a cyli nd ri1·al c·oi I wo1111d 11 pon :t li ne·ly-. • \ rc•,·•·h·1·r or J'f'sortat or l'onsistg of a ~lin i­
Hubdividod iron 1'111'1', aM !-iliown at. 111 in Fig-. Jar pairof <·apa,·it.yarc·asl~onnectcu byaMirnl· 
!J, the J<!or·o I 11·i ng j Pi t.lter· ri ng-!-ilta ped ot· U- Ia rly- slt;q ll'd <~or tel rwt or or H41l- tnd uctance 
Mhapcll or litraigiJt. <·oil, tlt1! wholl' (•nnstitutill;..:' nn ab!orber nr· 95 

JO Ttw d i,.wha rg .. · k ""''" }, 1 }, ·! 111 ay I,. a rra 11 ~··d ra 11 :.!"d !'-II as to Ita',. J~~'~'''is,. ly the Mme nat· 
nt one cn•l of ~lll'lr c·oil, a."i ~!town in Fig~.!..!, ural fn·qu•·tH',\' of •·le•(•t rie·al vibrAtion M tho 
:J, 7, 1\n<l U, or thPI'oilllla)' lm in two hah·<·s radiator intJsPat tlre·•·orn•sJHHHJinl{cmltting· 
with tho knob~ iatsPrte·d in tho tuid•IIP, at station,sothntit.c·art:wc:llllllllatotho received 

·. plCRI\UI-c. (~ .. "Fig-;. ·I arrd ;,). S<•\'l'r·al stJe·h · itnpul~l'~-tltat iM to !"ll)', C1Ul nc-t cnmnlA- 1 
JS coils lt' !t•)(, },' · .. ,with th<·ir knol1!-~h ·1 , }, ·:.-,and th·c·h·; Inti illllll~lllol ha\'OIIHpark-~np,Rncll 

],'~<'\ mny, as_ :-.llowu in Fig-. 111, l11• arrang-,~d :t!-1 },'.!.J,'', or if it Iran~ a sp:\l'k·J,tap the AAmo 
(or IIHU with a :--.itrg-1•• p:tit· of •·ap:wity ar·•·as, 11111."'t l"''':tl'dtlll.\·e~losc~d or~hunteuorhridged 
nud nuy Oil<' of tlrl'lll 111:ay l11• hro11glrt. into a•·r11ss ),,.a ;.!"od sl1nrt. •·onductor-for oxam-· 

<. action hy n. ~ . llitaiJle switc·lr, ~·• that. thn d1•· piP, like: Fig. II - },.•fon•tiJC! arrnn~omentr1U1 10 
40 Kirml rroqll(! lll')' of Yilli'ILt.ioll Ill' synloll,\' with IH· pr11JH•rly ll~l'd as ll ('llllllllntivo re<-einr. 

a pnrticulnrdi ... tant ~tatiou isattainccll•y rc- lde•nti«"ally th" !":tlltn <':tpaf'itynrCJ\.~ and"e·r­
plncinJ.(ortl'('oill•yar•nthe·r, fortltc•fn·•ptPIIC',\' incltwt:trtc·p l'oil e·an l11~ tts<•cl nt will either~oq 
can hu mlju:-.tc·d t•itltl'l' lJ,\' \':trying- the• e·a· e·rnitte·t· or:ts n·t·Pi\·c·r-that i!-4, cithPI'lUtnuli-

.; I pacity or tlte ('lllllll'trS('J' ()J' jar Ol' ot lt(•J' 1!011· a tor Ill' :Is J'I•SIIII:t tIll' (~t'(! Fi~. lJ)-i! i~ 001.1 I 

•S duetor oruploy•·d ot· thl! <·hargeclluJcly o11 the~ •·ort\'c•ttil'nt t•• dfl ""• on ('OJHlition thl\t tho 
ono huud or by raryitt~ tho Jlllllther aud po- "dis<·ltarg-"" :-.p:q·J\ .g-ap J,! It'' o( tho rndiator 
rsition o( coil."i i11' ot Ill' I' pori io11 of tIt<~ dis- is }H'I'ft•c·t Jy •·l"s•·d wh<!IIC\'Cl' aP.ting 1\8 re­
charge·clrcui lo11 tIll! ot.ltcr. Thai ·li~dta rg-•·t· e•l'i n~r. 

'·' itt in action wh11~e !-ip:u·k-g-ap is allowC'tl to •·p- Tlttls n·f•·rri11g to Fig.=~ it will be seen thnt 11 
so cr~tte, and n ~wit1·h A' n· c · (';til dPtPrllta.H! thai. diagt·atn illustratP~ a eoml>incd emittinJt 

which o( n Rt!l of dilfPI'Oill. eoi)~ :-;hall be! Ill il- a11cl l'I!('C~i\·ill;,! :tpp:tr:ttlts. \Yhen in \180 1\Sa 
i~od Cor a gi \'ull d i~ta 111 stat iou. Fig-. I I i lltts· racl iat or, the gap hPt Wl'<'ll the <l i:wharge-knobs · 
tralo!S the fol'lll of switc·lt iudieatc•cl in Fig-. 1!1, ;,~ /, :1 iM le•fl opc·n. "'la•u utilized 1\8" :cso-

·~ / ln Fi~. 11 tlw llltiiii'J'al 1 dcsig-n:ti<!S a 1111~ - nalut·, tlw :-;aid ~ap is c·losed hy thA shunth', 12 
SS tJ\llic union-piP<~c. :.! is its handlt•,of insu- {thel't! sltppo!-'l'd to lw like Fig. 11,) andt.ho. 

lu.t.ing matcl'ial, nnd :J is a suita\Jll' i11sulat- eohei'('J' e, bat II'I'Y f, aud t.clograpbic roci-iv; 
lng·l>Me. Tlte urliott-pit-•:c 1 clips iut.o 111er- i11g iustt'tllliCIII.!Jareeolllll'cted throughatJ1in 
cury-cups 4 and !i, with wltieh tlte leads (j. wire x from cneh end of the coil h~-that is, 

1 nnd 7 nrc coilru·<·ted. · ~ from caelt of tlw t'apaeity ·areas. r 2 

, => A plnn altPI'Ilat.i\'o to that. cl('~·wl'ilwd with If the HuhmkuriT mne!ltine a h.a.8 been he· 
reforence to Fig-. 1 <J i~ to <~<>ltlle<·l tlw ea pac·i t.y I t ual Jy eonuectccl to the <1lpncity areaa h h', 

,. ..A.. areas through ou~ pait· or knob~ arul a si11glu _!_n Fig. !.?, then it mu~t be~~?-..,~~--'!... .. ~ 
~ ..01111 •• l.:u-gecoUofacomHdorabteuumbero!turns,aa ·lstffuted bythecoherer-circut 

-

..• • ahown In Flg. u, au<l to have keys or plugs or is want6(l; but 1! ·the ehliUII~-
.,~ · •' an<l "'\whereby ~me of the 1pires thrtaJrn..;Ail.Pt)lY'-IDlfJI 

·~ .· ~ ~~he coil OJUt boahnnt~. out.of. ~~. 4.(~ 

~ ~ .. i ; ~ . ~ ;.• . ' . ~ ~~~ 
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kq._.._.QMona can be left unaltered, ns the' cl~ly to tl~e· capacit; ~reas or ~~~gar-··~ 

ator is then in no way af· rangement whereby it is to bo stimulated. ·, ~ 
~lways that the ooil is not 'Vhat I claim, and desire to soo·~"tet. ~ 

. acUvity while the t•ccei\'iug-circnit te1·s Patent of the Unitc.d State~, is- " 
.coonaat.ed up. l. In a ~ysl ~Ill of.Hm·tz~a.n-wa ve tel~graphy, 
A coherer ('OI.Isist:; or 1111)' al'l'illlgeiiH'Ill thceolllhiiJ:LtJoll,Wlth a pall' of capacltyareas, 

·which drops iu rcsistam:c on receipt. of an of a sc·lf-indtH..'Iancc c~oil inserted between 
electric impulse and rises to its oltl J'<•sist:uu:t~ them c>ll•<·tdcally for tho }ltll'l'ose of prolong­
on being subje<'fed to a l!H'<'llallical i111pttlst>, iug any electrical osdllatious excited in the 

torauoh as aL tremor· or· a tap. system and constituting stH·h :a Rystem a ra-
A coh('rer-cireuit is any kllo\\'Jl al'l'allgc-1 diatol' or definite frt'll'WIIt'Y 01' pitch. 

mont tor obscrYillg or rl'eonl i ng <.•ITt!els d ttl' :!. I 11 a syst e111 of llt•rt zian-wa \ o telegraphy, 
to fluctuationM i 11 t ht> t>h•l'lrit•a 1 n•sist all<.'P of tIll' <'o111l ,j na I io11, with a pair of •·apacity areas, 
a coherer. of a s!'lf-indul'tatll'l' <·oil insPt'te<.l botweon 

15' As cohorcr I liSP ('i lltL•r a I igh I. si llgltt·poi 11 t t IH·m (•)(•<·I rit·a lly for l.lw purpo~ e of prolong-
: contact or Hrauly's arrallgPIIIPJJt of a pai1· of ing any ('lc·c·t J'ic·al os•·illal ions e ,·cited in the 
L'Qnductont emlwddc·d i 11 111et all i<· gr·a ius ot· syst.t•Jn, t h 11s ,., 111st it uti 11:.! tIt<~ s: ·~tern a reSfl­
powtler or fllin~s; but I }II'Pft•J' Sl'lt•t•lt'd iron· ll:t!ol' or allsorlH!r or tlt.ofiuitP treqoency 01' 
llUngK or unifol'lll sizl' Sl':Jic·d ll}' ill a good pilc·h. allcl a clislalll racliatol' of t•orreHpondin~ 

20 VllCUUtn 1\llU With thP t'llllllllllllit•atillg :-<llr- pc•ricul t•:tp:tbll' of :wtillg' I'IIIIIIJ!Hth·<!ly. 
fntOII or clcclrocll•s J'l'd uc·l'cl 1 o poi 11 t s Ill' 1 IIi 11 I ::. J 11 as.'."'"''' of' ll .. t·t zin 11-wa \'I! telP.grnphy, 
platinum wires fusttd i111o tlw glass a11cl with tl~"''"lltl'!llali""'"'ilh a p:.tirofc·:.pndtyarcaH, 
Lhclr end~ cloH<' tog-Pibc•l'; or J tlla\· ttsl' :Ill\' cd c·l•·•·lrll'al t11c·ans banu;: a ~pnrk-J,!ap in­
ot.hlr suitnblo npparal ""with :111 :q;propriat~·l "'''"'"cllll'l "'"''" thc•111 111~cl s.'•r\'ill~ tnsyntoni1.c 

ac thnice !or tnppi11~ ltac·k. l11 s11111P c·H~"" J thc•111 allciiiiPall~rot·hrtd~lllg"or~huntln~tho 
Jin<l UuH acolwrPr rc·~r.,,. ..... it~•·lf ~utlic·ic•1111y !"!l:trl.: g-:~p."· Jwrc·lty tbc•:tJ'I':II':tiiJs i~n<laptablo 
without ttpoclnlly-arrall;.!•·d ln•rJJor· 1t11d that flll'll~···:al \\illc·ithc·ra"'a r:lflialflrorrc~onl\tor. 
in lhOHC CAKOMn ll'lt•p!J••IIt' j._ llrf' qllic·J\t•-.1 1'1'· I. fll:l",\'·"l••lllllfff,.rl;.i:tii·\\:1\I'IP}eg'rnphy, 
"l>OJH)or that Cl\11 l1" u .. ,..J. tlr•·•·•lllllliii:Jii""· wirlra pairofc·ap:wityl\reM, 

JO .A.Kcohcror-cirl'llilltr-.JJ:dlyarrall;..:" t!tc·c·o- of :t Jrllllrl"'r"f .. ,.Jriudllf'l:tll'''' c·oils hnvin~· 
heror in Mimplo :;c•rit•"' \\ ith a 11:&111'1',\' (\·oltaif• diiTt•J't•JII :llllllllllls of :-<PJf·illcllldiott each of 
or thorumJ) and a ;..:al\·;llaflllll'lc·r, lc•lc·ph"IIP, wllic·h i:-. •·:1p:lld•· of .J,"i" .:..:' s•\it•·hcd In or ont 
or other lndi<·nlor, "" :1 rc·c·ordf'l' of IIIJPIII· of Pirc·uil, s1·ni11.:..:' '" ~yut••llizco nuy ,.uch ra· 
allons ofcurroul, a11d I lh••IJ t'cllllll'l'l the• tPr- clialor I•' a c·e~rn·"Jt"lldill:..:' rc ·~nuntor or \•lc~o 
mlualM or this l'\f•ric·~ of :u~ll'llllll'lil~ ,,, thc• \t'l'.';a,\\lll'l'l'lty :-.i:,.:'ll:tlitr:,.:' Ill;),\' ,)1, CITt!d<'tl ho­
capaclty Ar~ or t Ill• rc·c·c·i ... ,.,. ,.,.,,... .. I f) i I"' sc•l ,._ I \\'('I'll :Ill.\' I\\" I II' 111111'1' I'IIITI'"JHIIJI) i u~ly-nt­
lnuuct.ancocnil, 1'\othal llri" 1'\:llllc• •·oil of wire• llllll'd .o.;lation~ witlrorrl t)j,.lurlliug- oth••r djf. 
eoruplotceAn<l fot'lll~ a II ··~--··Ill in IJIIII'I or I hi' 1'0· fp l'l'lltl,r- :a I 11111('1 I :-;I a I j,,, ·~· 
horcr-clrcult.. TJJ .. t·ol~t·t · •·r is I I an~ ull'c•t•l ncl I 1)' :,, Inn ~Y"~I Pill ol' IIPrl ;.ia 11·\\':t' o teiPg'rl\phy, 

fO 6 ery olcctrlealtliMtllrllalwt· '"'''lll'rill~ i11 tho IIH•P•JIIrltill.alioll, "itlra J•air•,fc·apn<'ftyatMl', 
ronnootinJ:-coil Ol' ill it:-. c•:tp:IC'ily 111'1'll'\ llllcl ofn \'llrialli,\' ·IJI'Iitr;.:s··lf.iJJdiiC·IarJCCCOIJ,!Wrv­
by &lei Of lho Ulll h•ry al Ollt'l'l'll:lll)c•~ 1111' lc•Jp. i11g to S_\'llf~tllil.l' ~~~~·!1 :t r:tdi:lf•)r or reMOlla· 
JZrHphfo or U'lop!Jolli<· iii,...II'IIIIIC'III loupprt•f•j. lor lo :111.\· ollll'r ~1J• · I1 I'I'SIIII:IIIII' or rac]intor, 
Ato nnd lndicnl<~ t "" si;.!ll:J 1~. · Tlti~ pln11 i~ whc•rt·ll.)' :-<i;,!nalill:..:' tll:t,\' '"' c·fT•·c~te'l LctW<'Cll 

45 Bhown In FIW"J. :laud 1:!. It is :til iiiiJll'o\·f'· anyl.woorJIIorc·•·•,rn•s)"'""in~l.r-nttun(.'()Ata-
m e D t.. 0 n lltl y • t JOel t• 0 f I . II IIIII • (. t i C) II t )J a t II :t • ' l i fill ~ \\' i I h I Ill I d i .... I II I'), i " ~ ol II l' I' d i tT e re II t I \'." t . 

· r.rcvionHiyheon po!-!~ibl" "ithout t.l11· (~olllll'et- t1111ed ~tali"''"· _ • 
; og-coil. 1:. I11 c·otn!,inati"n, a pair of •~npncity arcn.-. 
·, In some C~UiC8 I Jlla,\', as show11 ill Fig. t:l, :•oJJtll~l'IPd by /ll'oil of wir•· :-<1'1'\' n~ EL'4 thorn-

so surround tho tt.)'lll11:Jizi llg-t·oi I of l l1<• l't'~lllllllor d ia 1111' i 11 a syslt~lll of I I •·1·1 zia r.-wa \'C telog-
/ with another or l"«'I'OIIcla ry eoi I 11 ( <'onsl i I ttl i 11g r·a plly, lllt'a 11s for sy ntnn i1.i 11~ suc•h racl iator, 

a apecl&~ or trnu~fol'lllt'l') a11cl 111ake I )Ji~ lat- a11d llll':tlls for <"hargill~ il l1y aerinl di~rup­
tercofl part or the I'O!JI'J't!l'·l'ii'I~Uit, SO thai. it tioll Ill' iiiiJIIIbi\·p l'll._JJ. 

ab'll W asocorul.LI·i ly a ll'el't ed by t.hn nIt eJ·nat.- 7. J tt a ~y:-;t Pill of I I PI'( zian- ''a\ c tolegraphy, 
55 InK currents cxt·itcd :" lht! c·oJidtJetoJ' of tho tla! <'otullillalion of a pair of «'hpncity nroa.~ 

roeonntor, anu thus the t•uhpn•r I IC :; ti muln.tetl !illl' h as "I ".' lllt':l liS r. II' .sy Ill Oil i 7.i llg' 8 uch ca­
bi the current in this S<!eolldaJ'Y coal t·atlwt· paci t.y areas, a J'Pt'l'h·i ug-l'i reu it completed 
than primarily Uj' the Ctli'I'CIIlli ill tho S)'lllO· through Oil<! Ol' hotiJ of such <':tparity areas, 
n.lzlng-coll Itself, the idea bei 11~ th llli to lea Yo allll utea llli for l;rid;..:i ng O\'t'J' tho dischargc-

6o t.Aere.onatorfreel' to viumte elcctl'ically with- gap between s11ch t·ap:tl'i'Y an·as when thoy 
t, dlaturbance froiJJ attached wil·es. 1\l'C to be USPil ns a rct'<dn•r·, whereby such 

UcaM~~ U, itt pcrwissiule an<l Momoti mm~ capacity areas are rcu•lcrctl ada ptnble !or u~ 
~Rtl!'f.llaUnt the ':Oils of the telegraphic at ·will either as a radiator or rosonator. ~ 

...,.,.,~_..,.. ... fill ot a resi!tanoe or a ca-- 8. In combinAtion, in a sysoorn..ot A)'nt.onio • 
at w 111..1:"!:. 13, ln. order tO· llertzian-wave telegraphy. a pa.U of ~ap&Ok.Y . · 

III.Wl~r .. mo~-,. .etfecUv~lJ' aud ~reA!~! a aelJ~lnduot&Dce coil and~ 
. l. • ... 

<· eoir surrounding saiu self -inuuctnnce coil, 
• . which secontlary coil forms part of tho co-
.. l1ercr-circuit substantially as and for. tho pur­

pose set forth. 
s · 9. 'rho combination, in the rcceiving-cir­
i\ cuit ol n system or IIortzian-wave telegraphy: 

ot1\ variably-acting sclf-in<luctanco coil, con- I 
~ecting the capacity areas, a coherer. a bat-

across the coils thereof substantially ns and 1c 

for the p~trpose ~ct fertl1. . .. - · .. 
In tcstinwny whereof thnve hereunto sub­

scribed my namo. 

OLIVER .JOSEPH LODGE. 
'Vitncsscs: 

A. F. SPOO::\ER. 
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UNITED STATES PATENT OFFICE. 

HARRY SHOE~IAKER, OF PHILADELPHIA, PENNSYLVANIA, ASSIGNOR OF 
ONE-HALF TO :MARIE V. GEHRING, OF SA~1E PLACE. 

WIRELESS-TELEGRAPH SYSTEM. 

SPECIFICATION formi.n'g part of Letters Patent No. 671,403, dated April 2, 1901. 

Application filed November 26, 1900. Serial No. 37,821. CNo model.) 

~· To all ·whouu it n~rty concern: on the conducting-posts 18 10, which are also so 
Be it known that I, IL-\.RRY SHOK\'LA.KER, a fixed in and extend throngh sai<l top plate 

citizen of the United States, residing at Phila- 7 and connected to the terminals of a con­
delphia, in the county of Philadelphia and denser comprising interleaved an<l alter-

S State of Pennsylvania, have invented certain nately-arranged conductor-plates ~0 ::n, which 
new and useful Impro\ements in Wireless are inclosed within a non-conducting casing 55 
Telegraph Systems; and I do declare the fol- 2~, fixed to the said top plate 7 and filled wit.h 
lowing to be a full, clear, and exact descrip- any suitable liq nid dielectric, such as a hea\y 
tion of the invention, such as will enable oth- oil or the like, an<l supported on the stand :33. 

ro ers skilled in the art to which it appertains to From the binding-post G of the oscillator 
make and use the same. a conducto1· :3-l: extends to one binding-post 6o 

l\Iy invention relates to certain novel im- terminal2±' of the" secondary" of the Rnhm­
provements in wireless- telegraph systems; ·korff coil 25, and from the opposite terminal 
and the objects are to simplify the construe- 26 a conductor :!.7 extends to the ground-wire 

·rs tion, improve the operation, and increase the 1±. A condenser 100 is brid!red across the 
efficiency of the apparatus. interrupter- terminals to prev~en t sparking. 65 

To these ends the no\eltv and invention 28 designates the transmitting-battery, which 
consist in the construction, cyombination, and is in circuit with the ''primary" of said in­
arrangement of the several elements of the clnction-coil through the medium of the con-

2o device, as will be hereinafter more fully de- cl uctors 2D 30, anl1 31 designates the usual 
scribed, an<l particularly pointed out in the "Morse" signaling- key interpose<l in sai<l 70 
claims. primary-coil circuit, the operation bein~ such 

In the accompanying drawings the same that when the usual dots and dashes consti­
reference characters indicate the same parts tuting the Morse alphabet are transmitted 

25 of the invention. bythekey31 corresponding induced impulses 
Figure 1 is a side elevation, partly in sec- are created in the secondary and by means 7 5 

tion, of the tra.nsmitting apparatus. Fig. 2 of the wires 2-l: are conducted to the oscUla-
is a similar view of the receiving apparatus. tor, where they are amplified an<l converted 
Fig. 3 is a top plan 1liew of the air-plate shown into etheric waves or oscillations, which are 

30 in Fig. 1. Fig. 4 is a similar view of the air- dissipated through the medium of the air- · 
plate shown in the receiving apparatus. plate 1 and ground-plate 15. So 

A denotes the transmitting and B the re- 32 designates the air-plate of the recei \·-
ceiving apparatus. ing· apparatus, and it consists of a series of 

1 designates the air-plate, which is support- vertical parallel semicylindrical conductor-
35 ed at a suitable elevation, and it .consists of plates 33 33, arranged concentrically and 

a series of parallel horizontal metallic disks mounted on a conductor-stan<l 3-!:, supported Ss 
2 2, supported on a vertical conducting-rod in any suitable manner, and from this stand 
3, mounted on a conducting- stand 4, from a cond u~tor 35 extends to the conductor-wire 
which a conductor 5leads to the binding-po8t 36 of the "coherer" 37, which consists of a 

40 6, fixed on an insulating-plate 7, which forms hermetically-sealed glass tube from which the 
the top of the" oscillator," and this binding- air has been exhausted and which is mounted 90 
post 6 is electrically connected to the post 8, within the solenoid 38. The upper end of the 
which supports a large conducting-sphere 9, conductor 36 is connected to a contact-plu!! 
and counter-post sphere 10 being mounted 39, which is beveled on its upper end, as 

45 on a similar post 12, fixed on the opposite shown, and 40 denotes a reversely-arranged 
side of the top plate 7 and in electrical con- and counter-post plug separated from the 95 
nection with the binding-post 13, from which former by a non-conducting strip 41, and 
a conductor 1± extends to the ground-plate 15. from the plug 40 a conductor ±2 extends to 

~16 17 designate :Jar =ller s:res ~~~onn:ate ~ ~ ~ 



~ ~-.,....- V'" v-- ~ 
~ ~'~2 ~ .-";·~ -· ' ' · ' a7t;40s / ~ 
~ ~ 44, designates a non-conducting ping pro- battery 53 and energizes sounder 55. At ~ vided with an axial orifice 45 and fixed with- same time solenoid 38 is energized by deri 

in the coherer, and 46 represents a soft-iron current from battery 53 and the ring-arma 
split ring supported by the said plug 44 and ture 46 attracts the iron-filings, causing the 

5 within the inductive influence of the solenoid latter to decohere, thereby interrupting the . 
38, which is formed about a longitudinally- current from battery 101, opening the relay~ . 
split soft-iron core 38'. circuit, and restoring the mechanism to nor-

47 denotes a small quantity of annealed iron- mal condition to be acted upon by a succeed­
filings which normally rest by gravity in the ing impulse from the transmitting-station. 

10 pocket formed by the beveled ends of the con- In the accompanying drawings I have 
tact-plugs 39 4:0 and which close the circuit shown my apparatus in the best form now 
between said plugs at this point. known to me; but very many changes in the 

The conductors 36 4:2 extend to the relay details may be made within the skill of an 
48 and constitute the relay-circuit, high-re- electrician without departing from the prin-

IS sistance bridges 49 50 being interposed in said ciple of my invention. 
circuit to protect the coherer and the relay Having thus fully de::;cribed my invention, 
48, respectively, from the effect of heavy cur- what I claim as new and useful, and desire to 
rents of induction or from extraneous sources. secure by Letters Patent of the United States, 
The reb\ local circuit commences at the ar· is-

20 mature 51, from which a conductor 5~ e:s:- 1. In a wireless-telegraph system, a trans-
tends to one pole of the local battery 53, and mitting apparatus comprising a signaling-cir­
from the opposite pole a conductor· 5± ex- cuit embracing the primary of an induction­
tends to one binding-post of the local sounder coil, an oscillator provided with an aerial and 
55, and a conductor 56 extends from the con- a grounded conductor in the secondary of 

2s ductor 5± to the solenoid 38, from whence a said coil, said aerial conductor comprising a 
conductor 57 extends to the stationary con- series of parallel conductor-plates and a con­
tact-point 58, fixed in the path of the relay- ductor-rod supporting the same. 
armature 51, and from the said conductor 57 2. In a wireless-telegraph system, an aerial 
a branch conductor 50 extends to the remain- conJuctor comprising a series of parallel cou-

.I 

30 ing binding-post of the sounder 55, and 60 61 ductor-plates, and a condu~tor-supporting 95 
designate high-resistance bridges interposed rod, common to all the plates, subRtantially 
between the conductors 5~ 57 and conductors as and for the purpose set forth. 
54: and 50 to protect the apparatus from high- 3. In a wireless-telegraph system, a trans­
tension jerk of current generated when the mitter comprising an oscillator consisting of 

35 circuit is broken at the relay. a pair of conductor-spheres included in the 
The particular ad vantages of the parallel transmitter- circuit, a second pair of con­

arrangement of the air-plates reside in the ductor-spheres arranged in juxtaposition to 
fact that they afford a large capacity area and said first-mentioned spheres to provide air­
an increased radiating-surface, thereby pro- gaps between all of said spheres and a con-

40 ducing oscillations of increased regularity denser bridged between said second · set of 
and intensity. Furthermore, this arrange- spheres. 
ment obviates the necessity of employjng tall 4. In a wireless-telegraph system~ a trans­
masts to support the aerial conductors, as I mitter comprising an oscillator, consisting of 
have found that relatively short metallic sup- a pair of parallel insulated conductor-rods, a 

4S .ports carrying the parallel plates are more series of interleaved, alternating conductor­
efficient than the old form of towering masts plates carried by said rods, a liquid dielec­
with single radiating-plates. The respective tric encompassing said plates, conductor­
types illustrated are adapted to be used. in- spheres fixed to the exposed ends of said rods, 
terchangeably, ann both the transmitting and a pair of conductor-spheres arranged in the 

so receiving stations may be equipped with the same plane wi!th the said spheres first noted 
same type of aerial conductor. and embraced in the transmitter-circuit, sub-

The operation of the system above de- stantially as and for the purpose set forth. 
scribed is as follows: On depressing the key 5. In a wireless- telegraph system, a re-
31 to make, for example, a dash the induced ceiver comprising main circuit, a coherer lo-

SS currents set up in the secondary of the in- cated in said circuit, an electromagnetic ring 
duction-coil spark across the spark-gaps of mounted in the coherer, a solenoid encom­
the oscillator and generate surges or im- passing said coherer- ring and embraced 
pulses which radiate into space from the within the local circuit, substantially as and 
aerial conductor 1. Some of the impulses or for the purpose set forth. 

6o oscillations strike the aerial conductor 32 at 6. In a wireless- telegraph system, a re-
sta.tion Band are carried by wire 35 to ground ceiver comprising an aerial conductor con­
through the detector 37, causing the iron-fil- sisting of a series of semicylindrical concen­
ings therein to cohere, allowing the local bat- tric conductor-plates, a conductor-stand com­
tery 101 to act and close the relay 48. The mon to all the plates, a ground-plate, and a 

6s armature 58 of said relay closes the circuit of coherer interposed between said air and earth 

100 

ros 

110 

120 

125 

130 

i. 

i. 
l 
~ 

, substantially as and for the purpose my hand in presence of two subscribing wit-

.fol~h~ systern of wireless telegraphy, an nesses. HARRY SHOE1IAKER.-~~~~ 
conductor comprising a series of semi-

ndrical concentric conductor-plates and a I Witnesses: 
pp.orting-conductor common to said plates. GUSTAYE P. GEHRI~G, 
In testimony whereof I have hereunto set JosEPH S. HAGA .... ~. 

~I ~I ~~ ~~-~~ ~~ ~~ ~~ 
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GUGLIETJMO MARCONI, OF LONDON, ENGLAND, ASSIGNOR TO :MARCONI'S 
WIREIJESS TELEGRAPII COMPANY, IJI~IITED, OF SAl\IE PLACE . 

.. ?PARATUS FOR WIRELESS TELEGRAPHY. 

SPECIFICATION forming part of Letters.Pa.tent No. 6i6,332~ dated June 11, 1901. . 

.. Applica.tlon filed Feb1uary 23,1~01. Serial No. 48,44.7. <No model.) 

l\~ 
·~ 

. ~ J 
To aii wi~om it n'llay concern;. · I be greatly facilitated by the employment at -·~ 

Be it known that I, GUGLIELMO liARCO~I, each station of two aerial conductors insu- / 
a. citizen of the Kingdom of Italy, r~siding at latcd from each other .and to which may be 
18 .~.,in~h Lane, Threadneedle street., in the j' connected conductors leading directly or 55 

5 city of IJondon, England, (and having a post- thr·ough a tran~former-circuit to a spark-pro­
office address at 18 Finch Lane aforesaid;) ducer or other source of electrical oscillations 
have invented certain new and. useful Im- or to a coherer or other instrument influenced 
provements in Apparatus for '\Vireless Teleg- by said oscillations. 
raphy, (for which I hav0 applied for a patent · I have further discovered that ach.,anta- 6o 

IO in Great Britain, dated l\Iarch 21, 1900, No. geous results are attained by the inclusion in 
. 5,387,) of ·which the following is a specifica- the aerial circuits at boLh the trnnsmitting 
tio.n. · · · and receiving stations of inductances pref-

l'Iy invention relates to impro\;ements in ·erably employing (espP.cially at the tra.nsmit­
apparatusforcommunicatingsignalsand tele- ting-stri.tion) induotnnce-coilscapable of wide 65 

t5 graphing electrically without wires,.-employ-. ,~ariations of self-induction, whereby the res­
ing at a transmitting-station, a producer of onance of the inductances at the transmit­
IIertz oscillations controlled by a ·signaling · ting and receiving stations can be harmo­
instrument, ·and, at a receiving-station; a-co-- nized and the receivin.g·appm·atus caused to 

. herer.or other imperfect contact for control- readily _respond .to· the oscillations sent .from 70 
to ling a sounder, relay, or other(levice; arid the·· the transmitting-station.. . . 

objects of myinvention are to increase the effi- The aerial coudnctoi·s at both stations may 
ciency of t~e ·syste_m and to provi~e a ~eans be di_sposed .in aJ:ly suita~le way, care be~ng 
whereby oscillatioii~3from a transmitting-sta- ta.ken, however, to thoroughly insulate them . 
tion may be localized when desired at any se- from .each other. As sho\vn in Figs. 1 and 3, ; 5 

25 lected receiving.station or stations.-·· · . they l)lay. consist of inner and outer conduc-
In my "former patents, especially Nos. tors, (insulated from each other,) and they 

586,193, 024;516, 650,109, and 650,110, I have may be of any desi~ed shape. The inner con­
described means for communicatingbetw:een- ductor may be simple or compound-such as 
two stations situated at ·a great distance and a metallic tube b, Fig. 1, or a cable or rod b', So 

go :t>etw~en which obstacles _may intervene. · .. · Fig. 3~and the second conductor a n1ay be 
Referring to th.e accompanying drawings, disposed ·concentrically around the first 

which sho\V diagrammatically. three embodi- named: u~ing preferably insulated there­
ments .of my new improvements, Figure 1 frcra.-for instance, by an applied coating X, 
shows one embodiment of the system where-. Fig. R,".of india-rubber, gutta-percba, or other 85 

35 in the two conductors at each station are a1~- h'!.~.ulent-and the conductors beingseparate<l 
ranged concentrically and ~'ted inducta-!Ace- by a surrounding air-space. The conductor 
coils are employed at .each si~t!0n. . :Fig. 2 a may be a metallic tube, as show·n in Figs. 
shows a modification having the conductors 1 and 3, or a. con~entric Gable, spiral band, 
arranged side by side, and Fig. 3 shows a sys- or wire, or even a metal-foil cov~ring. In- 90 

40 tem ha.vingn variable inductance at the trans- stead, howeYer, of being arranged concen­
mitting-station and a fixed inductance at a trically the two conductors a and b (orb') 
receiving-station. may be separated iu nny suitable. way. As 

I have discovered means for greatly in- shown in Fig. 2, they are two pn.rallel vcr­
creasingtheefficiencyoftheapparn.tusntt.he tically-e«tending rolls, wires, or· strips in- 95 

43 receiving and transmitting stations of thesys- sulated from one another by the air alone or 
.tern. .· . . . . . by an applied coating. .At the trn.nsmitting-

Hqretofore, so far as I am aware, each sta- station I erect one of these double conductors 
- ~ tion h~ been provided with a single aerial and at the receiving-st~tion a similar one or 

·fi --~·\ ·conductor for receiving o .. · -:ransmitting elec- se\·eral of these. .At the transmitting-station 1oo 
.o,r\i !'li.ill.... · · ~o trical oscillations. I have, however, discov- I preferably connect one of the conductors-
>~ l~ . · eril:l that the communi<Jat!on o~ signals mny for lnstanco, b.,-to ono tormlnnl or nn intlt.tc· 

~~· ........a...._.,;:L,· ..... .uu··--. A ~ A .A-~ ~ ~ ~ 
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tion- coil capable of gtvmg electric sparks tor posed. · sis the batter·y, and k the key. 
and also connect that terminal to earth. Tho A Tesla coil may be u~cd to produce the oscilla.­
otber terminal of the induction-coil is prefer- tion. At H. nn irHlnction-coil or transformer 7o 
ably connected to the other conductor. In c, similar to those de~cribcd in my preV"ious 

5 set·ics either with the one oi~ tho other of t.he patents and applicatior!s, is used and is in­
two conductors, at both .stati0~s, I place an serted between t.he two concentric cylinders 

· inductanc~- coil, preferably of variable in- b a along wit.h an inductance-coil i'. 'l'he in­
ductance.; 'Yhen the two conductors ~ro in I unction-coil or transformer cis _connected to 75 
concentrtr form, I prefer to connect the Inner · a coherer or detector c'l of elcctnc waves ~nd 

ro one to earL'·. At the receh·ing end I provide a suitable recei\·er-such, for example, as is 
nn inducta11, ·coil in series with eitbet· of the describecl in United States I.. .. ettcrs Patent No. 
two conductors, and preferably with a similar 5SG, 1!J3J gr·ante<l to mo-t he connection and 
enrt.l1 connection to one of them, and I con- other details bein~, fot· cleat·ness, omitted. So 
nect a suitable form of sensitive tuhe, co- The internal cylinders b arc connected to 

15 herer, or other Hert·· wnxe-receiving de\·ice earth e or to a large cap:wity which mn.y bo 
between the two eotH.lnctors and t.he associ- used in place of earth. · 
atetl inductance-coil. I may nlso add to the Fig. 2 shows a modification in whic\ t\vo 
receiving device a telegt·aphic relay or other acljacent conductors a nnd b arc u~cc1 i nsteacl 85. 
receiving device, as a sounder or printing in- of the concentric cylindcr·s. 

zo stnunent, for receiving or recording messages Referring especially to Fig-. :3, the im1 net-
or otherwise making the rece.ived oscillations ancc-coil ·i at T jg shown as bei!l;! capable of 
manifest., in nccordance with nrJ'angement.s val'iation ·in power. For this vu:·pose tho 
descl'ibed hy me in my earlier patent~. I switch Y or other e'cct.rical dcdcc adapted 90 
usually also inser·t between the coherer or to increase or decr·eage the n n m be!' of tm·ns 

25 other receiving device and the termination of the inductance-coil in circuit mn.y be em-
of the pair of coud11cfo1·s an induction-coil ploycd. I do not wish to be nnuerstood, how-
m· transformer of a kind suitable for the I ever, as confining my invention ton. system 
transfot·mation of ver·y- rapidly- alternating employing a variable-inductance coil at th(.l 95 
cnrrents, such ns are described in patents transmitting-station and fixed in<luctancc-

30 heretofore issued .to me. · ' coils at the receidng-stations. If desired, 
In employing my invention to localize the the inductnilce at the tr·nnsmitter may be 

. transmission of intelli~enc9-.to one of several fixed and the induc.tance at the recei ving-sta­
receiving-stations I proceed as follows: ·At tion may be ntriable. In said figure I haYe 
tbe .transmitting end tlfe indnct.ance .- c:oil also sho,-rn wires Z Z, connect~d to the co-

35 which I preferably employ is one that fnay herer cl and lending to a. deYic~ which may 
lu\ve its self-induction varied over wide lim- contt·ol the operation of a sounde1·, printing 
its. At each of the I:eceiving-stations I em- deYicc, or a clecohering- mechanism. 
ploy an inductance-coil of fixed inductance, I am aware of United States J_,etters Patent 
suitably selected. I find that if the induct- :No. 60D,15-!, uated Augnst lG, lS!JS, to J_,odge, 

40 ance-coil at the tt·ansmitting-station has its of Bt·itish Letters Patent No. 14,4±!), of 180!), 
. inductance varied until the electrical s.rs- to Bt'own, and of German I ... ettcrs Pa.tent No. 
tern composed of the aerial conductor or.con- 11,578, dated October 14,1808, to Braun; but 
ductors and the associnted inductance-coil is none of these contain the distincth·e features 
in rt:><;onance with that of one of the rcceiv- of my invention. \Vhile Lodge shows two 

45 b . .:. · f~tems, that one alone of all the receiv-, H1.rgeoscillation-producingconductorsand au 
ing .. .fstems responds, provided that the dis- inductance device connected between them, 
tanc~ between the transmitter and recei\?er yet in none of these patents is it proposed to 
is not too s·mall. In this manner hy system- use a plurality of aerial oscillation-produc­
atic trials I can adjust each receiving instru-· ing conductors insulated from en,ch other by 

so ment to respond to the transmitter when the 

1 

the air or some other insulating substance and 
inductance of that transmitter bas a value in combination tbet·ewith to ar:ange induct­
corresponding to the particular recci ving in- ances in what I call tho "oscillation-circuits~' 
strnment which is to be affect.ed. at the transmitting appnr:1.tus-that is, the 

Figs. 1 and 2 are diagrams of transmitting circuit which extends from one oscillation-
55 and receiving apparatus arranged as above producing conductor to the other-by cor:­

describetl. T indicntes the transmitting sys- necting it in series with the conductors anrl 
tern, and R the recei\·ing. . with the oscillation-producer; nor is it there-

In Fig. 1, a b indicnto conccntJ·ic metnl cyl- in pt·oposctlnt tho rccoh•ing apparatus to in­
iu<lers. I ha\"e used with success outer cyl- cl udo an inductance in what I t.!r.ll a" recei~:-

6o inders three feet iu diameter and inner cyt-.1 ing-circuit" by inserting it in series with two 
inder~ one foot six inches in diameter, both aerial conductors n.u<l so locating the cohere!' 
twenty feet high. For higher cylinders it is or detector a•; to bo influenced by the oscilla­
de~irable to inct·ease the annnl:u· space be- I tions in the circuit so formed. In practice! 
tween tho onter and inner cylinders. !I in- bn.ve found tbnt the best result will ho ·S<!­
dicate:3 tht\ spark-gap of an induction-coil ot· cured by dissymmet.rically including the in­
trn.usfot·mot• c, which·.: .. connectr.tl to tho cyl- dttctnnco tn tho o~clllRtlon And l'eetlh•inA' c!l'· 
Jndot'R lJ nncl a, nn tnt1~1ctnnec·coill befn~ tn- rnlt~· 'l'n ohtnfn tho ht'st rt'~PH.~ in lnw: 
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distance wireless telegraphy, it .is essential 2. In apparatus for communicating -elec: 
to give to the ·electrical oscillations. a differ- trical signals, the combination, at a transmit- 45 

·· ence in phase, and this is secured by the dis- ting-station, of two aerial oscillation-prodnc­
symmetrical inclusion of the inductance in. ing conductors; an inductanc~ connected in 

5 series with the oscillation-producer and with series with said conductors; a producer of 
the oscillation-producing conductors at the electrical oscillations; asignaling instrument 
transmitting apparatus and by the dissym- controlling the oscillation-producer,anrl a con- so 
metrical inclusion of the inductance in the nection from one of the oscillation-producing 
receiving-circuit, with the coherer or det.ector conductors to earth. 

to so arranged as to l" readily influenced there- 3.- In apparatus for communicating elec-
by. 'Vhere the inu . Jtance is not used in the trical signals, the combination, at a transmit­
receiving-circuit, the result will be that both ting-station, of two aerial oscillation-prodnc- 55 
terminals of the cohorer \vill be electrified ing.conductors insulated from each other; an 
positiYely or negatively simultaneously and inductance connected in series with saiu con-

IS current will not flow thert.in. Dy my pre- doctors; a producer of electrical oscillations; 
ferred arrangement the including of the in- a signaling instrument controlling the oscil­
ductance in the receiving-circuit in such po- lation-producer, and a connection from one 6o 
sitionthat the receiYed oscillations will read- of the osci11ation- producing conductors to · 
ily pass through the coherer and affect there- earth. · 

2c lay will secure the desired result. 1\'Ioreover, 4. In apparatus. for communicating e1ec;.. 
not:?-e of the said patents show the com bina- tricalsignals, the combination;at a receiving~ 
tiona t a station of two aerial conductors with station, or two aerial9scillation.:.recei ving con- 6 s· 
an inductance connected in serie·s between· ductors insulated· from each ot1ier; an indu·ct­
them and with a connection from· one of said a.nce connected iii series with said conductors; 

25 ·conductors to the earth, which arrangement·· and an im-perrectelectricalcotitactordetector 
I have found to be highly advantageous in influenced py the received oscillations. · 
operation. · ·. · · 5.: In apparatus for com.municating elec~ jo 

· ·. While I have herein shown and described trical signals; the combination; at a receiving­
embodiments of my invention which I have station;oftwo aerialoscillation-receiv:ingcon-

jo found to· be practicalt ·yet I do .not desire to ductorsinsulated from.each other; ·an induct.; 
be. understood·as limiting 'my' claims thereto. ance connected in series with said conductors; 
Obviously modificat.ions thereof will readily nn imperfect electrical contact ·or·detcctor in- 7 5 
suggest thein·seh .. es to electricians an.d to. per- flt1enced by the received oscillations; and a 
sons.skilled· in·wireless telegraphy.' connection from one of the oscillation~receiv-

35 · .,Vhat I claim is- · ing conductors to earth. 
-1. In apparatus for communicating elec~· · . .Jn testimony whereof I haye hereunto set 

trical signals, the combination, at a transmit-··. my hand in presence of two subscribing wit- So 
ting-station, of two aerial oscillation-produc- } nesses. · 

. ing conductors insulated from each other; an; 

'\Yitnesses: 
GUGLIELl\10 l\IARCOt;I. 

I 4o· inductance ~onnected in series with said con-~ 
ductors; a producer of electrical oscillatio.ns· 
and· a signaling instrum·ent cont-rolling the 
oscillation-producer. · 

'\VILLIS UTLEY, 
HARRY WARD. 
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SPEQIFICATION forming part of Letters Patent No. 706,735, dated August 12,1902. 

Application fled December 151 1899. Serfal No. 740,429. I.N'o modet.l 

To ull n·lunn it 71l.tt1J rnnt•ern: illustrnling mollifications or the receiving ap-
lle it known that 1: RF.GIXALI> A. FR~SI<~N- paratus. Fig. 4 is a side elevation of the ap­

DEN, a citizen of the United States, residing paratus shown in Fig. 3, and li'ig. 5 is a fur- 55 
at Allegheny, in the county of Allegheny al1d thar iuodilication of the receiving apparatus. 

5 State of Pennsylvania, have invented or dis- The apparatus employed at the sending-
covered certain new and useful Improvements station may be similar to that now in use for 
in 'Virel~ss Teleg.raphy, of which improve- the generation of electromagnetic waves and 
ments the following is a specification. consists of an induction- coil 1, having its 6o 

The invention described hereir1 relates to primnry coil in circuit with a generator 2, 
ro certain improvements in the electrical tl'ans- said ~ircuit hnvirtg a make-and-break mach­

mission of signals from one MlnLion to another an ism ;J inclnc.lecl therein. One of tho dis­
without.theuseofcontluctorsconnectin~~mch char,ging knobs OJ' terminals .J: is counectecl 
stations. with tho vertical sending-conductor 5, whilo 65 

In the methorls heretofo1·e employed the the othe1· knob o1· terminal i~ grounded. I 
rs electromagnetic waves gener~\ted at the re- have found that by placing a capacity formed · 

ceiving-stntion produce \'oltages in the re- by a hocly a:' of conducting material having 
ceiving- circuit. These YoltageM pn.sHing a comparatively large ractiating-surface the 
through a suitable material no•·mally non- wan·es generatetl at the sending-station have 70 
conductive rerule•· tho Hsune conclucth·t', nntl n very much higher energy, thereby corre-

20 thereby permit the pasMa~e or a cur1·ent spondingly increasin~ the effect or energy ot 
through a circuit in which f'ni<l mn.terinl, tho current produced in the receiying·con· 
usual_ly termed u. "cohet·er," is inc I uded. AC- d uct01·. 
ter the cessation of tho voltnJ,re~ produced by '!'he terms "sencling-conductor" and "~e- 75 
each serim~ or clect•·omagnctic waves gene1·- ceiving-condnctor" are employed herein as 

:zs atcd at the sending-st.ution tho coluwe1· must inclicatingnllofthecircuitsatthesendingan<l 
be opernted on in Home wny to reHtoro it to receh·in~ station~ Crom top to ground, if 
normal or non-conducth·o condition. ~-trounded, or if not ~-tronmled from one ex-
. 1,he object of the p•·esent· invention is to t•·eme end to the other extreme end, including So 

provifle for the generation by currents pro- all apparatus in series with the circuits, while 
30 duccd by E'lectrom~gnetic ''"aves of currents the term "radiating portion" indicatE's all of 

ln R second element o•· circuit 1\n<l by the re- the t'Cnding-conductor from top or extreme 
action of the current in this second element encl of snme to point or junction with the ap-
or circuit on the field formed·or produced by paratus for effectiqg the oscillatory charging 85 
the currf\nts in the receiving-wire to produce andcli8char;.dngth~reof,suchassparkingter-

3S motion which iM dh·ectly or indh·ectly observ- minal~, 1 ransformer-coils,armature:windings. 
ablE'. · &c. By the term "electromagnetic waves" 

In general term~ the invention conMists in asnsedherein is meantwavesofawa\'elongth 
the generation ·by elcct.ronutJ,rnetic wnves of long in comparison \Vith the wave length of 90 
a cnrrentdirectly or indirectly in coils at the what are commonly called "heat-waves" or 

40 receiving-stat.ion, the cul'rent in :;aid coils in- "radiant heat." By"groundedconductor"is 
ducing n. current in anotho1· <.'lement or· cil·- meant a conductor grounded either directly 
cult which i:i nrrangml in such relation to tho throu~ha capacity, an inductance, ora resist-

. coils that tho currnnt irulnccd therein rcn.ctM Rnco, ~o that tho currents in the conductor 95 
with tha fielllJH'oclucecl hy t-he coils, thc•·ouy flow from tho conductor to ground, nnd·vico 

45 producing motiou. vm·sa, when electromagnetic waves are beir1~ 
'rhe invention is hc•·einaft.ct· mot'<!' fully <le- I ~cnerated. Tho terms" t.nned" and "reso-

scrihed and claimed. . nant" arc UHefl herein as one including tho 
In tho accompanying ,ll·awin~:i, fot·min.:,r a I other. By the term" curl'cnt-operated wave- 1oo 

part or tlli~ Rpecill<!atinn, Fit:n•·c 1 1:-~ n. dia- rel'lpon:o~iYl' cle,·icc" nl'l usccl herein nnd by mo 
50 J,trnmmatin \'iCW Shnwin~ tho 1\l'rllii~OIIl<!'llt~ J!CIICI'n.lly is 11101\llt WJLVO-rcMpOIISiVO UOVice~ 

omployccl nt. t.ho Rctuling 1\lttl rl•cciving Mia- haviuJ,r thcil· contnetM :,rood contact~'f and op-

~' lions. l•'igH. 2 1~1 :lno·:ingrn~nnt.ie ~"'" ~mleol ~~· "ll'r~L• tn·:nceolloy clelltromn~ Iii 
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~ netlo waves. 'l'bey nrc hence to be tlistin·1 full inlcn11ity it may still in most cnsc11 bo ~ 

gulshed frorn wave. responsive devices de· read and not missed entirely, which fs of 
pending for operation upon \"arying contact Yalne in sending code-messages. 70 
resistance. In the eonstructiou shown in Fig. 5 the cir-

5 At the receiving-st,ntion the receiving-con- cuit of the generato1· is divided, one branch 
cluctor is f.orrno'l by a wire or wires G, project- including a coil 1G and connected to a micro­
lug 111, vertlc"lly or at an lnclhultion t.o a suit- IJhonic contact 1-P, while the other branch or 
Bble hehcht, which are Bltto srronnclecl. A coil the circuit includes a re\'ei-sely-wi>untl coil 75 
or coils 7 are ILrran~ted In f.bo circuit or thoro- Hi:a and is connected to n micro phonic con-

to ceiving-conductor G, and an element or coil tact 14". These contacts are arranged on op-
or wireS, forming a closed <.•ircuit, is support- posito sides of the ring 8 and nre so adjusted 

-ed with a freedom of movement in such rela- t.hnt the ring will,normally rest equal on both 
t.ion to the coil or coils 7 that the cur·r·ent pro- blocks, so that an equal cm·rent will flow 8o 
duced by the electromagnetic waves will in- through both of the coils 16 1G:&, thereby 

rs duce a current in the elemeut 8. The {\!ement maintninin~ a ma~netic ha1· 1 i, suspended 
8 is supported, preferably, in such mannflt' between t.he coils in equilibrium with rein-
that a. plane at right angles to its nxis wi 11 tion to the coils. Adjustable resistances may 
for·m un an:!le or approximately fortr· ti ,.e U~-'· be phlcPd in the circuits of the coils, thereby 85 
grees, ( 45° ,) with a plane at •·ight angles to tl10 avoitlinf! the ueces~dty of delicate adjnst-

20 axis of the coils 7,-so thnt the re;Lction of tho ments of tho car·bon blockM. \Vhen the coiiM 
current induced in said element with tho fieltl and the ring 01~ element 8 ar·e energi1.ed, the 
produced by the coils 7 will cause the Plerneu t pressure or the Jnttt'r on one contact is in-
S to move with refer!'nce to the coils 7. Thi~ C!reasecl and that on the other decreased, go 
motion of the element may. he observable hy thereby correspondingly changing the resist-

25 meuns of a miJTor 0, attached the1·eto, reflect· ances in the two lu·anches. The increased 
ing ~ be1"n of light on a scale, or saiu element flow of current through one coil and decreased 
may form a part of the circuit of n •·ocorclin~- flow through the other coil, clue to the change 
Hi phon, &c. in re~istsuwes, will produce B greater move- 9; 
A~ shown in Fig. 2, the coil~ i mny bo con- m!'nt of the mugnetic bar 17 than if only a 

30 necte<l to the secondary coil 11 of n tran!-'- single coil wer·o usetl. The movement or the 
former whose pl'imary coil 12 is connected in bar 1 i Cl\ll be rendered ob~e•·vable in many 
series with the receiving-wire. ways known in the electric-si:!nalin~ art-as, 

A cleMirnblo rnonnH for l.r'tUJHfm·mlug tlw fur· oxtunpiC!, hy Mocur·iug n rnlr•ror thereon. roo 
eloctrornngnetic wnveH into recordn.ble motiou .As sho\vn in Fig. 1, a condenser l!J may be 

35 is shown in lt''igR. :J nncl 4. The c•Iomnnt. 8 i~ c!un•wctecl in shunt with t.he field coil or coils 
balanced on supporting-rOflM or· knife-ouge!i i for the purpose or obtaining as large a cnr-
13, one ot which iH forrnt:d of a ~oou eJecta·ical J'ent as pos~ible in tho field-coil 7, as this in· 
conductor, as sih·er, th~ element S beiu~ cren.!-10 in curront will give a gr·t'ater torque to ros 

. preferably formed by a sih·er ring. A car·· the •·ing S. \Vhen no condenser is employe,], 
40 bon block 14 Is so nrranged that n. por·t.iou oC this largo current must flow in the vertical 

the rinJ! between the supportin'-!· rods will \vire, n1ul there would be gr·ent los.~ of energy 
normaJJy r~Mt lightly the1·eun. ThiH micro- on account of the resistance of wire G, nnd, 
phonic contnct, t.he conducting ph·otal snp- . fm·ther, without the ~orHlenser· n.large amount rro 
por·t, and tho po1·tion of the riug bet weou I of energy will ue required to ~in~ the statical 

4j them form parts of an electric circuit, which charge to the receh·ing-conductor·. lienee on 
also includes a geuern.tor 15 and a •·ecordin~ 

1 

nccount of the smnll euer·gy fu1·nished by the 
instrument 1G as a telegraphic sounder or· the wave a large current canuot he obtained in 
recei\'er of n. telephone. ''tht'n a cUI·rent i~ lieltl coil or coils 7 !without the condenser. us 
generated, ns aho\·e de~criuetl, in tho coil 7', I By employing a comlensf:\r of the pr·oper size 

so the element orrin~ Swill be cau~ed to pr·e~i cm·reut in wh·e H may be madf:\ to h;wen value 
on the carbon hloek, thereby increasing iH ec1ual to the difference bot ween the current in 
conductivity. \\~hen m;iug a tolephone-n•· the ti~lu coil o1· coils and the current in tho 
ceiver as a rt!cording instrument, the gencr·- corulenser. Either· of these cnr·r·ents may J?n 

ator 15 iM prefer·auly of a chamcter· capablo I therefor·e be ltt.rge and either· or· both may be 
SS or p1·0<lucing lUI nlrernatin~ cur·r·ent, ali :;ucla tiMed to JH'Olluce rnot.ion, while tho current in 

current CI\U!ie!i n coustnnt \'ibr·ation of tho 

1 

wir·e lj may be kepts'> small that there is prac­
diaphragm, tho vibration~ increasing in iu- tit•nlly no loss of eum·~y un account of its ro­
teusity with an increased flow or current iu : ::sistance or· of the statical ch~u·•ringof th<- re- 125 

the cir·cuit. 'rhi:i iucr·ea:o~o in intonsir.y of ac· I coh·er, arulnll the cner~y may Gc used in pro-
6o tio~ U:ith incr:east"d lluw of ct.rl'rent is charac- 1

1 

clucin~ 1~10t ion.. \\pit!wn t t l~o c·on~lenset· tho 
terasttc of tin~ form of rccer,·cr and nlso of , cur·r·ent m the hcltl coli or· culls i wtll be p•·ac-
the form shown in Fi:.r. 1. In thiM it is shar·pl,\· i tically a CJllar·tcr··phasc hl•himl tho \'olta;.:e on 
ditierentiatcu from such devices ns the co· 1 accouut of tho self-inclucth·c lag in tho fiehl- IJO 

hercr, which either· gh·B a :itrong imlicu.tiun ; coil. If the condenser· Wflt'H substituted for· 
65 or do uot gh•e nny. Thi:i chm·nctet·iHtic i:i I' tlw fioltl-cuil, tlll'J'e woultl uc IL cur1·cnt in it 

Rd VI\ II tiLgOOUH I U that I( tho Hfg'Uill Hl!U t-:my IWU "' ;; 1\ (l'lSLI'tOI'·plrmiO iII ac} \'lUI CO of tlto VOJt-

1& tlnt-bo too wonk li> l!i vo "" acl.i "" nr Llw n;;n •b•. ~he c:t~"i ty I~ I. \\'hem hol.lo U ~ 
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flel<l-coil and tho condenser are introllucocl r~qnlrou to obttlin effects with the Nortbt•up 
__ one In shunt with tho other, there will be n. apparatus at a clistnnco of one hundred miles. 
, current in the field coli or coils lagging ninety 'l'he construction of Northrup's receivin~t 
· degreet~ (00°) and In the condenser a cun·ent instrument Is not suitable for the purposes or 70 

5 le"dlng ninety tlegrees, (D0°.) 'l'ho sum of . wireless telegraphy, as the movable member 
··two curre-nts one hundred and eighty degrees consists of a disk or thlck-rimrned annulus, 

apart In phase lA equal to the difference be- whereas- the movable member of the receiv­
tween their values. lienee tl there Is a eur- ing mechaulsm for wireless telegraphy should 
rent In tbe field coil or coils of one n.mpere and be a ring formed of thin wire (indicated at 8 75 

ro In the condenser a current of nine-tenths in the drawings) having a ratio of internal 
(1"6) of an ampere the current In the receiving· and ('Xternal diameters equal or approxi­
wire G will be one-tenth (-fo-) of an ampere. mately equal to unity. If a disk or thick­

By the employment of a condenser in shunt rimmed annulus should be used as the mov­
with the coil or coils 7 the current in the re- able member of the receiving mechanism for So 

rs celving-wire is reduced without reducing the wireless telegraphy, the efficiency of such 
current In the coil or coils 7, so that the re- mechanism would be so greatly reduced as to 
sistance drop, which is at times sufliciently render it inoperative, for the reason that the 
great to affect the operation of the system, is currents induced in the disk or thick-rimmed 
eliminated or so reduced as not to have any annulus tend to get as near as possible to the 85 

zo material effect. ceo ter of such parts, and thereby weaken the 
It is preferred to place 1\ shunt-circuit con- reactive effect between the fixed and mov­

taining a condenser across the terminals of able parts and to exert small torque, and, 
the induction-coil :\t the sending-station for further, as the disk and thick-rimmed anon­
the purpose of maintaining sustained radia- Ins have Jow self-induction the currents in- 90 

25 tion. This shunt-circuit must be tuned to duced iti them tend to get out of phase with 
the reaeiving-conductor; otherwise the oscil- the cur1·ents in the fixed coil or coils, and 
lations produced by it will have no action hence the torque is weakened. :l\Ioreover, 
upon the wave-responsive device at the re- the period of oscillation of a disk or thick­
ceiving-station. This shunt-circuit by virtue rimmed annulus fot· a given restoring force 95 

30 of its capacity stores up an additional amount is so long that extremely-powerful restoring 
of energy, and when a spark passes act·oss the forces must be used to enable a mechanism 
gap, since the sending-conductor can radiate having such a movable member to record sig­
energy at a given rate, it mnMt continue to nals at commercially- J)ractical speeds, and 
radiate for a longer time in order to dissipate since tho force varies as the square of the 100 

35 this additional Htoretl-up en<•rgy. Hpno·d llefloctiug forces many thousands of 
I am aware that apparatus cor1.~isting of a t.imes greater must be employee.! than is re­

fixed primary and a movahlo sccon<lnry cir- qui red in tho receiving mechanism clescribed 
cuit has been used for detecting oscillatot·y herein. In other words, the thin light ring 
currents. This apparatus was a. modified 8 will work with hut a fraction of the energy 105 •o lorm of an earlier alternntirtg voltmeter, a required to operate a disk or thick-rimmed 
silver disk or thiek-rimmed annulus being n.unulnR. By tho employmP.ntof a thin rio~: 
substituted for the wire coil used in the volt- of ~ood conducting material and a fixed coil 
meter and delicately suspended so as to have 1 of row turns, as shown in the drawings, tho 
a long period of swing. "fhis apparatus was j electrical forces between fixed and movable 110 

•s used not tor the purpose of detecting electro- members of the recei\·ing mechanism are ren­
magnetlc waves emitted and received by nn- c.lered more eflicient, and hence the force nee­
closed circuits, but for detecting the mag- essnry for commercially-practical Migualing 
netic inducth·e effects which one closed cia·- is ~reatly lessened. : 
cuit (having rapidly-oscillating currents pro- The inapplicability of the Northrup appn.- 115 

so duced in it by a transformer, Hertz oscillator·, rntus is further shO\vn by the fact that tho 
or other suitable means) produced on anothe1· coils of the fixed member of his apparahlH 
closed circuit. 'fhe eJ!ectft to be obtained by consist of a large number of turns of wire, so 
such an apparatus were therefore ditrcront that tho rcsistn.nce in such coils is high, 
in kind from those Hought in wh·cless teleg- whereas a commercially-practical>le instru- 120 

55 raphy and the method of producing them ment for wireless telegraphy should have its 
were different from thnt described heroin. fixed coil or coils !ormod by a few turns or 
'l'his Northrup apparatus waH use<l to c.letect wire, nnd consequently or low resiMt:mco .. Hy 
magnetic induction of!ect~ to n distance of the employment in the receiving instr·um~ut 
upproximatelyone hundred yard~. Although nf a fixetl coil 01· coilli of few tlll'JIS and n 1 :zs 

6o distances somewhat longer could tlou btlo8s movable mom bur Cormec.l by a thin light ring 
have been attained with such appa1·atus, tho or highly-conducting wh·o high resonance of­
method ernployec.l by Northrup is not uvnil- focts combinoll with n rapid natural period of 
nble for cornmArcial wirelosM sigru\ling, as j t.ho moving par·t nml n. maximum enicieucy 
magnetic induction eftoct.~ Cnll olr nM tho cnho are attained nnd tho ntl\'antageous use or 130 

65 ot the c.li~tnuce, and approximately ten thon- t•·nnsfot·mer·l-4, as in ft'ig. ~, ili romlcred poli-

~ MhdM O( mllJiOII~IIOH = Clltl: WOll~IU H~n, ~ ' ~ ~ ~ 



•• ~ ~ ~ ~-~?"" ~ ~ ~ •• ' ~ 
ItlscbnrncterlsUc or the meLhod shown Lhnt olocLromnl(noLic wnl·os, whore by ono pnrt ot. ·)~ 

tho receiving mochanhnns are nctuntou by tho 1'ocolvlng mochaultnn I~ caused to rno\·e .·~ 
currents producotl by olcctromnunotlc \VI\\'ct4 rolnth·e to the other tuu•t,, substautlnlly as sot 70 ·~ 

.- nnd not by voltages, as In tho case or the co- Corth. := 

5 herer. lienee when tho rccoh·lug mochnn- •i. Ali nn impa·ovomont in tho nrt ol trans- ·, 
lsmH closcrlued herein Kro URcclln connection mltting oloct•·lcal eno1·gy by oloctr·omngnetic 
with a seoontlary circuit aalcl circnlt is con· WJWcs tho methOll heroin l1escribe<1, \\'hich 
trolled by tho currents gonern.te<l by electro- consisl'l in maintaining n secondary circuit in 75 
magnetic wavo!4 Knd not by voltagoH. It h1 anoucrglzodconditlou n.ndcontrolllngtbeon-

IO also characteriat.ic that when a secondary cir· ergyofsaid circuit bycnrrenteffectsproducotl 
cult Is used In connection l\'ith the typl' or by electromagnetic \'fH.\'CS nowing through n. 
wave-responsive device shown in Figs. :1, 4, current- operated wa,·e responsh·o do,·ico 
nn<l 6 a portion of the secondary circuit is Corming n p01·tion or the secondary circuit. So 
traversed and controlled by current~ pro- G. As an impr·o,·ement in tho art of trans-

IS doced by electromagnetic wa\·es. It is fur- mitting electrical energy by electromagnetic 
t.hor characteristic of my impro\•ccl system waves the method hcr·oin cloae~·ibed, which 
that the indications proclncecl by the receh,.. consists in prolonging the oscillationt'l of an 
ing mechanism herein llescrihecl nrc c.lopend- ene1·gy-ra<linting conductor· by energy from n Ss 
cnt upon .the total amount or energy emittf'c1 source external to tho radiating- conductor 

20 to Corm the signal and are not, ns in the cnso nne] tnnf'd t.o the pel'iod or the radiating-con­
or the coherer, dependent upon tho rnnximuu: ductor, substantinlly us set rm·th. 
of the voltage. i. As an improvement in tho nrt of trans-

1 claim herein as my hn·ontion- mittiug o1oct1·icn.l energy by elect.romngoetic 90 
I. As an improvement in the at·t of tram~- wa\·os tho method hm·ein described, which 

25 mittingsignalso}ectricaiJylJyoloctl·ornngnAtic COilZ"iZ"t~ in the gener·ation or elcctromagnet.ic 
waves the method ht'rein descrihoc1, which wa n~s at one station nml transC01·ming the en­
consists in the generation of eloctt·omngnctic er·~y or tho cnnent..., generated by such waves 
WA.\'es at one station and t.1·ansforming tho at the I'Cceiving-stntion into tho en erg)· of mo- 9S 
energy of the cur·r·ents ~euo1·atecl by such t.ion, \·;u·ying tho motion thus produced by 

30 waves at tho receiving-station into the ener~y varying tho amount of energy deliverecl at 
or motion, thnt is without tho noct'ssary in- tho t·ocei\•ing-station without the necessary 
terposition or n. secondary or auxiliary gen- interposition of a socondaa·y or auxiliary gen­
erator (or tho production or such motion, HUb· orator for tho purpose or :iUCh motion, sub- 100 
stnntinlly aM sot rorth. stantia.lly n~ sot rot·th. · 

35 2. AH n.u improvement in tho na·t, of tr·,ws- ~. Ali an imp1·ovomon tin tho ur·t or signaling 
mitting aignnlK between Htntions by olectr·o- by electromagnetic waves the method herein 
mngnetic wnvoH, tho mothocl horcin tlt!SCJ'ihml Clcscl'ibcd, which conliishi in generating olec­
which consists in causing tho radiation or trornagnetic wn.\·es in a g1·ounded conductor ros 
elt,ctromagnotic waves fr·om n. gr·omulocl con· at. tho MorHling-station, receiving such wnves 

40 <1 uctor, generating voltn~es by such waves in at tho l'ercivin~-station :mel tr·n.nsforming the 
acomluctor·nt tho rcceivin~·stntion nncl tr·aus- ouer·~y of clcctrornn~netic wn.ves so received 
forming the energy of each of sai'l voltnges into tho energy or motion hy means or n re-
In to the energy or rnotion,linbstautinllylut!-lct cci\·ing in!-(f·l·umont lu\ving a low resilitance, 11.o 

(orth. substantially US HOt fo1·th. 
45 3. As an impro\·ement in t.he n.rt or tr·amt- !J. AR an improvement in tho U.l't of trans-

mitting slgnnls eloctl'ically bt'tween r-~tationH mitting electr·ical ene1·gy, tho met.hocl heroin 
by olcctr·omngnotic waves, tho mot.hou herein lleHcribml, which consi~ts in ,.,uying tho con­
described which con~ists in produchig an elec- (lucth·ity of n socon<hu-y ch·cn it at tho receiv- r 15 
tromagnotic field in n. re-ceiviug mcchauhun ing-station by motion prmluce<l by currents 

so consisting or r.clativoly lixe<l nncl movnhlo generated by electromagnetic wa \·cs, su bstan­
memboa·H arr·1mged in opt'rativo relation to tiaiJy R:i Met forth. : 
"nch othor· by the generation of olect1·ornag- l 0. As an impr·o,~orncn tin tho ;nt of trans-
netic waves n.t tho Rencling·Mtntiou, thorohy mit.ting elcct,z·ical ono1·gy, tho mothocl het·ein 12c 

cnuHing a movement of onE\ of tho JHU'ts of tloseri bed, which consist.:-~ in tho geno1·at.ion of 
SS tho t•oceiving mcchnnilim, substantially llli set olect1·orhagnetic wa.\'eli at ono station, trans-

forth. fo1·ming the euoa·~y of tho cm·r·cn l!-1 gmtot·ntocl 
-1. Ali an lmpr·o\·oment in tho nr·t of trauH- hy Hllch wa\'CH at tho l'<.·c~iving-stntion into 

mitting si~nals eloctl'ically bctwe('ll jo;fatiouM .encr~y of motion, var·ying tho cuz·r·onts in two 125 

hy electromngnotic waves, fto mot.holl herein or mo1·u local ciJ·ctlits by :mch ene~·gy of mo-
Go described which consist.li in tho gencr·ation or I t.ion arul ta·ausfm·min~ tho enmlD' of such cur­

a current or currents in a portion of n r·ecch·· rents into the crw1·gy of motion, snhstantially 
lng mechnnilim consistin~ of relath·oly fixccl I a~ H•t fol'th. 
nnd rno\·ablo mcmberH hy the ~onorntion of 11. Ali nn imp•·o,·t.•nwnt in tho ar·t of tt·ans· 130 

oloctromngnotic WIWOM at the seucliru~·Htntion m it~ting clcct.l'i<.•al t•zwr·gy, tho mothocl herehy 
6s and thou producing a cunent m· cur1·cnt.s in c.lcscriuccl, which conliist.s in 1-{oncrating elec­

tho other lJOrtion of tho rocei\·inJ.: nwchanism tr·omagnctic wavcH nt 0110 Rtat.iou, tl'nnMfOI'Ill· 
by tho CUI'l'OIIt 01' Clll'rOIIL"' gonea·att•cl < tlw I in~ thu l'll<~J';.~.r or C!lli'I'Piltli ;.{OIICI'atecl hy Milch 

waves lnt.o the energy or motion, \'nrylug tho l rn testimony whoreor I Ju\\·e hereunto set 
cnrrenta In two or moro locnl or soconclary cir- my hand. 

~ 
cnlta by such ent~r~tyor motion, trn.nsrorming , , , ..... , ~ 
the energy or tho vnrlotl currents Into tho on- I lU~GINALD A. I• I~!S!SF .. ~ Db:N. ~ 

5 ergy of u1otlon ntul cnualng the energies of l \Vitnesscs: ~ 
· tnotlon ao produced to opera to in the snme tli- DARWI~ S. 'VoL<'O'f'l', ~ 

• rootloo, HUhstnntfn.JJy ns.sot forth. F. }4~. nAJ'J'HJ.:H. r • 
.................. ..-..... ____ ~ ~ .A ~-~ ""'- ........... 
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To ail whom .. it u~ay concern: conductor is so constructed that its capacity 
De it known that 1, REGIXALD A. FEs:o;Ex- or self-induction, or both, aro large, as com­

DE~, n citizan of tho United States, residing- parcel wit.h the value of tho aerial wire com- 55 
at Allegheny, in the county of Allegheny and monhr used in the art and distrihuted·with 

5 State of l,ennsylvania, ha\·e invented or dis- practical uniformityalongtheconductorfrom 
covered certain new and useful Imp•·ov·ements or near its top to a point at or :•ear the instru­
in 'Vireless 'felegraphy, of which imp1·ovo- mont. By thus increasing the capacity and 
ments the following is a specification. selC-iud uction of either of them the frequency 6o 

The invention described herein relates to of tho electl'ic o~cilla.tions in the conductorM, 
ro certain improvements in tr·ansmission of en- and consf'qttently of the waves generated, 

ergy by electromagnetic waves, and has for will be sufficiently low to produce utilizahlo 
its object the production of more efficieu t motion in the instrument. By "low fre-
sending or generating conductors. quency" is meant 10\v relative to the fre-· 65 

It is a further object of the invention to qneucy hitherto used in wireless telegraphy. 
15 prO\'ide for the production of mechanical rrhe tel'lllS "sending-conductor" and "re-

movements by the direct interaction of cut·- ceiving-conductor 1
' as hereinafter employed 

rents induced· in the receiving-conductor by inuicate all of the circuits of the Rending anu 
electromagnetic waves and constant o1· var·y- receiving stations from top to ground, if 70 
in~r magnetic fields. gt·omu.led, ot·, if not groundeu, from one ex-

20 The invention is h01·einaftct·more (ully de- treme end to the other extreme enu, includ-
scribe<l and claimed. ing all appnrntus in series with the circuits, 

In the accompanying drawin~s, forming a while tho term" radiating portion" indicates 
part of this specification, Figure 1 is a din.- substn.ntially n.ll of the sending-conductor 75 
grammatic view illustrating a form of appa- f1·om top or extz·eme end of same to a point 

25 ratus for the practice of my invention. Fig. at o1· ncar junction with the apparatus for 
2 is a similar view illu~trating a modification efTectin~ the oscillatory charging and diR­
of the 81Jparatus 1\t .the receiving- station. charJ!ing thereof, such as sparking terminals, 
l.,ig. 3 is a sectional ele\•ation of one for·m of transformer-coils, armature-\vindings, &c. So 
conductor. Fig. 4 is a top plan view of the The self-induction ofthesenuing-conductot· 

30 same, and Fig. 5 is an elen~tion of a motlifi- can he regulated hy increasing or decreasin~ 
cation of the conduct01·. the turns in the coil g, formed in the \Vire con-

In the experiments heretofore rnadA in wire- necting the radiating portion 1 with the gen­
less transmission of energy, as in telegraphy, erator :3. 'fho capaci.ty of the sending-con- 85 
relatively high frpquencies-e. y., of the ot·- dnctor can bo regttla.ted in se\~cra.l ways-as, 

35 der of two million (2,1100,000) per·iods or mor·e for example, by changing the superficial m·ea 
per second-have been used. It is impossi- of tho radiating portion 1-by the employ­
hie to produco or utilize mechanical move- ment of a metliurn as llescl'ibcd in applica­
monts directly by the intm·action of n. con- tion Xo. fi~,:30:3, fileu l\lay :!!J, l!JOJ, or re<luc- 90 
Htnnt or intlepem1ently-v:uying magnetic field ing tho heh:ht of tho radiating portion with-

40 n:nu n current inc1ucetl by electt·omagnetic out retlucin~ its supel'ficial a1·ea. A con­
wav(ls or such high pel'iodicities, for tlu.' rea- d uctm· of lar~o capacity may bo constructed, 
Ron t.hat eithet· tho element to lm move'l (a~ a!i shown in Fig. 3, Ju\\'inl! its radiating pot·­
t.he diaphr·ngm of a teh.,phone) is incapable tion 1 in tho form of a eylindrical cage, co1i- 95 
of such rapid \•ibrations or tho vibrations aro siHting of a num be1· of para.llel wil·el:! 4, so-

45 too rapid to bo utilized. In m·uer to utilize ctirccl at theirentls to supportin~-rings 5, pm­
directly tho intez·action between currents iu-1 vhlctl with hub~ or centt·al sockets li for the 
unced by elect-rC',nngnctic waves and a con- reception of suppm·ting-rods 7, formetl of 
Rtant Ol' indepondont.ly- varyin~ magnetic bam boo or other I ight non-conllucting mate- 10:. 

1ield to produce motion in one of" two mem- rial. For eonveuitmco it is IH'ofen·ed to form 
so hers of n receiving inst.rumont., one member the cylillllric•al cage in sections, which cn.n uo 

thereof consistin~ of a eonstant or indopontl- mechanically and oloctz·icn.Ily connected l>y 

~' ently-varying ~gnct~lielcl,~o sct~ng- ~10 su:m·ting~iugs, ~ shown. 'l'his w~ 



~ ~ ~ ~~~ ~ ~~--------

~JJ :go or cylitHlm· c11n bu cunncctml in ~t'UII~t~lo,,;~~th, hadn;: tl11•''' •·lc•·trical con•i11nis •nitl\ ~ 
in nny suitnbl~ manner, A!i hy the win• ~. in ably JH'oJHII'I ionC'cl """ tltat tltc• scattliiiJ.:·<·on-
which coill'l or turns mny ho fo•·nwcl to aclju:-;t · cludur ha-. a natural JtPrincl ieh•ntit·nl with 70 
tho Helt'-irHlU<!tion of tho ·~wutliu:,:-condut•lot· .. that. of tltP elyuamu. Tlti:-4 oh\'iou!'(Jy rc•n-

5 AR Mhown in Fi:,r. 5, tho r·adiatin:.r po1·tionmay, dc•t·s tltt• m:u·ltirtl' lllllt'h f'lu•aJWI' to luliltl 
ho f orlllt.!tl hy a cy Ji wl er !J, h;w in:.: con t i 11 tiO 11"' I an cl 11111 c• h Pa.s il' r· to 111 a 11 i Jill Ia t u fm· Hi ~IIIL 1-
rnctnl walht. I :.r t•mploymcut of sPneli IIJ!·c~oll· i 11~ Jllii'Jlfl:-\t'S than a cJ rnn mo or· dynamo anti 
tluctors ha\·in:.r lar·gt' capacity tlistl'ih11tc•tl i trau~for·nH•t· h11ilt to ~h·o orw hlllllh·ocl thou- 75 
with npproximato uuiformity nr· l'~gularit,r: .snntl Yo)t.s clir·pc·tl,r. :-\c•cortt!, tho nr·mnturn 

10 over n. large pt•t·tion of il:-4 len:,!th tlw hL•i:,!ht. I 11111!-it h .. of low inll•t·ual t't'si:o~tancP, hoea11~o if 
thereof may he l'<'clut•('el withuut aiTcctiug tlat'l of a hi~h •·l'sistanco tht• o~l·illatinns will bn 
elliciont tr·an~l o" the Pl .. c·truma~uetic~ wa\'Ps , clamlH'IIPcl and high r~~orraneu vnlta~P:-4 can­
t·adin.t(_)d therefrom. \\"hen low frequpue·.r I uot hf' pr·ocluc•PtJ. Third, it mu:-;tlw WC'JI nm- So 
is obtairwtl hy incr·pa~in:.r Llw capac·ity alouc•, tilatecl, ht•c•aJI.sc• clt11·iu:,! lhl' pc•t·iocl of seudin~ 

1 s m· by increasing hot. Ia ea1mci ty ancl st•lf · i 11· a !'\ign al the c IIITI' 11 t. may r·11 11 11 p t q h 11 rr d r·etls ot· 
dnction, the f'lln·e of rl'SOJU\rH..'e is lm~ad••r 1'\.1'11 thou~and.s of alll(lt'l'l'S. Fciiii'Lh, tho 
than is ohtaiuecl hy inc~rea~in~ tho .spJf.in· h•ll;.!lh of wire- in thP armaturn must boas 
ductaneo alone, though in tlw for11wa· ea~··:-o .small as po.ssihlt• c•olllJiar·l·cl with the ll'll~th 85 
tho amount of en<'r·gy racliatetl for· a gh·t·ll of tlw .seuclin;.:-coucluctor·, ftH' otherwiso the 

20 voltnge ancl length of scuclirtg·coueluetot· i~ ; I'IPc:t de~ at constarr ts of lilt' :-;onelin:.r- con­
more tharr is obtainable wilh a shor·t l'l'~n·! tllletot·-i. , .. ,of t-he• t'ir uit from tho top of 
unnce CIII'\'P. llerrce to ohtain thC' lu•st ..... , the• conductc>l' to tlw ~r·o11ncl inclucling tlw 
!'mltM it i:-4 pt·eferrl'cl to u:-;n the two foa·m··r arruatur·~-will lm cll'fl'l'lllined too lal'g't'ly hy 90 
mothod!i ILIHI to cnujoin with thorn at tla" 1'•'- that pal'l of tlat• '~ir,!tlit hl•t.ween the ai'IIUltut·o 

25 coiving-stcltion means fot· incn•a.sing th .. !"1'- lf'rutiuals ;lllcl thl' amount of •·ncliation f1·om 
lect.ive efTm·t of tltl' I'<'C(!i\·ing- collclu,·tur·, the• ;.!i\'PH voltage! o11 thu st•nclillg-conductot· 
which moanM ar·o deserihecl arul elnirtrefl i11 would he muc·h h• . ..:s than woulcl bo the case 
appli<mtion Ko. li:?,:JO:J, filecl )lny :!!), l!Hll. if th" at·utat.ur·~ ltatl r·elath·cJy lcs:-;or len!!t.h 95 

By increasing the ca.paeity ancl self-inclue·-j of win•. In other· wo!'d:-;, t.Jw sclf-intluet.ion 
30 tion, Ol' either of them, the statetl ad \'an ta;.:c•.s a11d eapad 1 y of the m·matut·o must bo n:-4 

of a lo\v fr·equency of oscillation~ in the ('Oil- :-;mall a fnlcliort as po:-;sihiP of tho self-induc-
t) uctor and n. shot·tet· r·atliating po1·t.ion are olt- l io11 a11d ca padt.y of the sPncli 11:,!-cond nctor. 
tained, au<l in ac..hlit.ion thc1·cto it. is possihll' \VhPII tltl' clynatrto is saicl to lu• ill l'OSOIHUICO 100 

with frequencies of one humlr·l~cl t.ltonsaud with t hu seneling-<•oncluc:t.or, it is meant that 
35 (100,000) or less to substitute for· thu inclnt·- tho naltll·al JIPI'iod of tlll' whole co1u.luctor, 

t.ion·coil, connected in the mannor· now in 1 fro111 the top of tlw c.~o1ulnetor to the gr·ouncl 
vogue, a source ofalterna.ting voltageastlw ilwluelin.!..!' thf' ar·rnatllt'(', is thn l"a.rne as t.lro 
exciting-genera.tor-as,forexarnpl(',t.ho exeit- per-iodieity of tlw dynamo. Fifth, it is also 105 

ing- generator may be a dynamo, a trans- PSSPil t ial that all i 1'011 mag-netically in rluoncctl 
40 formerconnectec.l to a dynamo, or an iiHlnction- hy Clll'l'PII ls i 11 t.lw eortd ll<..'ttH' shon lcl ho so 

coil p1·oducing low-fr·eqneucy oscillations irt }II'OpoJ·tiorwcl and distdhutPcl as not to effect 
a pr·irmu·y circuit, the secontlat·ycircuitfo•·m· tho sha1,e of thu t'tll'\'e of \'oltage m· to causo 
i ng the source of alternati ug \·olta~e and hns- loss of powe1· hy hystcn•si:-;, as in such caso I 10 

ing one ter·minal c:ounected to tlw radiatiug. the1·e woulcl he too much dampcnirrg. For 
43 portion an<l the othm· te1·minal to the ~ruund. I t.lH~se rea~on:; the dynamo may Jw eonstr·uct­

In or·der that a. tlyna.mtJ may b~ usecl to p1·o- ! Pel with a fixed at·mat.wr·e containing no iron, 
<luce such a high per·ioc.licity which, thougla ! ha\·iu;.: tlw ait··gap

1 
as long aoo; possible con­

low H.!i compar·ed with pol'iouicitil•s lwr·eto·! sistcnl with a high magrwtie flux clensity, 115 
fore used in wit·eless transmission of energy, i ro\·ol vi ng pole-piPet's so ~Ita peel as to pro( I uco 

so as in telegraphy, is Yer-y high as cumpat·c·d : .sin•!- wa\·es as <"losely as possil>lt', ancl tho 
with those genc1·ate(l IJ.r dynamos t·ornmouly i r·c•voh·ing p:nts f,H.IIH!tl of magnetic matc1·inl 
use<l in electl'ical engineerin~, it 111 nst. posse!''-' · of It i;.:h tcusilP str·t·ngt It, stJCdt as nickel-steel. 
several distinct char·actet·istics. Fir~t, i:. A clynanw wit.h the l'e\·olving par·t h:n-iu~ 120 

should g~ne•·ate pnl'(~ sine- w;n·e.s, hecaus .... a hi~h pol'iphcml spee(l of one-half milo pet· 
55 as is well known, this is the only form of jminlltt• haM gi\·('n ten titlltl:-\illlll per·iocls per· 

curve which gh·es Jwr·fect resonarH'e. \Vitia: set•oncl, and with a r·u,·ol\·ing parr. ftll'llll'cl of 
a dynamo :,!h·ing such a Clll'\'e fonniug a pal't . uickl.'l-.stc•t•l a pc~l'iplat•r·al ~pt•Pd of fi\·p milt•s 
of a. suit.ahly-con!:4ti'IJCtcel sellflillg·l'Oilduc.:tor per ruinllll' can be saft•l.r rnailltailll'cl, gh·ing 125 
it is possible to wiu<l tlw dynamo so as 111; thereby otw htlltclr·ecl tltousallcl IH'I"iocls ppr· 

6o generate, fur· example, onty a tlwusanc1 \"olts i seeond. !"illeh JH•r·iphPr·al .spc~pc) f•an hn oh­
on open cirenit, awl yet. by means of r·eso-; tairJt~cl by the c•uaploymPilt of sii'Hill·ltrr·hillf'. 

· nance eiTc' ts to obtain a \'Oltage of a httn- IL will ht• c~\·idPrtt. t.o tho~p skilll'cl in Lite• 
dt·etl thonsanc.l volts on the sendiu;.:-cou- art. that irt:-;t .. ad of 11:-ing a dynamo ~h·iu;.: a 130 
uuctor. It is pm;.siulc to obtain l'L'SOill\ll<~c·: tlaou:-oaucl \'olts a dynamo gh·ill:,! a huucln•d 

65 effects by use of a dynamo of low iutental: \'olts may h(• used with a trausfunnet· step-
~ rcsiMtance, "" n pottion of a sen eli 11 ;t- l!on·J pin ;t 11 pi o a 1 Ito 11 san • I vo Its: h 11 t in s11 ch """" ~ 
~ cl11ctor of largo CaJlaCity Ill' scJ(.inclnctiuu, uc• I he• lt·c= u( =· ill~<' '<'l'llllti:Lt',\' of t~ 

A A .A ~-~ 



•J ItlaeltaractorlatlcoClhomoLholhhown Lhat oloctromngncLic wn\·cs, whereby one pnrt o~· )~ 
tho recolvlng mochanhnns are nctuntcll by tho rocclvlng mochnnhnn I~ caused to mo\·e .'~ 
currents proilucotl by oJcctromnJtnotlc wnvcs rolnth·e to the other pnl't,, substautlnlly M set 70 ·. ~ 
nrul not by voltages, ns ln tho cnse of the co· Corth. .: 

5 herer. Jlenco when tho rccch·lug moclmn· ;;, Ali nn impl'O\'cmont in tho nrt of trans· ._.; 
hnnH closcrlbed horeln aro uMctl In connection mltUng olcct•·lcal ene•·gy by cloctromngnetic 
with" aooomlary circuit antcl olrcnlt is con· WI\\'C:.J the methotl heroin described, "'hich 
trolled by tho currents generntetl by elel'tro· consist.'l in mnintnining n secondary circuit in 75 
rnngnetlc waves 1\IHl not by voltagoH. It It:~ nn energized conditlonnnd controlling the en· 

ao also characterlst.ic that when a (lecoucl ary ci r· orgy or snid circuit by en rren t effects prod ucotl 
cult Is used lu connection \\'ith the tYP" of hy electromngnotic wa\'es flowing through a 
wave-responsive device shown in Figs. a, 4, current- operntetl w1n•e re8ponsivo do\·lco 
and 6 a portion of the secondary cit·cuit is forming n portion of the secondary circuit. So 
traversed and controlled by currl'nts pro· G. As an impt·o,·ement in the art of trnns-

•s duced by electromagnetic wa\"es. It is fur- mitting electrical energy by electromagnetic 
thor characteristic of my improved Rystem wa,·es the method he1·oin uose~·ibed, \vhich 
thnt the inuicationM proclncetl by the receh·· consist8 in prolonging th~ oscillationR of an 
log mechanism herein described nro uepend· enet·gy-radinting conductot· by energy from A 85 
cnt upon .the totalamonnt or oner~y omittecl source external to the radiating- conductor 

20 to form the signal and are not, ns in the cnso and tnnf'd t.o the pet·iod or the radiating-con­
or the coherer, depenclent upon tho maximnu: ductor, suustnntinll.r ns set fot·th. 
of the voltage. i . .A:i an impro\·t'mont in tho art of trans-

1 claim herein as my invention- mittin.:.r oloctricn.l energy by elect.romagnetic 90 
1. As an impt·ovcment in the art of tt·ans- waves the method hm·ein described, which 

25 mittingsignnlselectricallyuyoloctz·ornagnAtic con:-\i:-•ts in the gene•·ation of electromngnet.ic 
waves the method ht'roin desCJ·ibo<l, which wan:•.sat one station nrul trnnsror·miug the en· 
consists in the generation or electromagnetic er·~y of tho cm·rents gl'nm·ated by such wnves 
waves nt one s"tation and t.t"EUlsforming tho nt tho receiving-station into tho enet·gy of mo- 95 
energy of the cm·rents ~011(\l't\tecl uy such t.ion, \'al·ying tho motion thus produced uy 

30 waves nt tho receiving-station into the ener!!Y varying the amount of energy delivered at 
ot motion, that is without tho necessary in- the t·eceh·ing-station without tho necessary 
terposition of a Recomlnry o•· auxiliary gen- interposition or a seconda1·y or auxiliary gen­
erator for tho procluction of such motion, Mtlu- crator for the pm·poso or such motion, sub- roo 
Htnntin.lly ns sot forth. Htantially aH sot forth. 

35 2. AH tul improvement in tho ILI't, or ll'HIIK- :;, .Asau impr·ovemoratin thonr'tofsignnling 
mitting sigrmlK between stnt.ion!i by olcl'tr·o- by eloctromagnetic waves the method herein 
mnguetic wnvoH, tho method hor·cin clnscrihml ilm;cl'ibcd, which consiHtM in generating clec· 
which consists in causing tho radiation of tromngnNic wnseM in a gr·ounde(l conductor ros 
elt,ctrornagnotie wavoK fl'fHII n. gt·otuulocl con- at. tho HOIHling-stntion, receiving such wnves 

40 tl uctor, generating voltn.~e~ by Huch wn.vcs in at tho t·ercivin~·stntion aml t1·n.nsforming the 
nconductorntthereccivin~-stn.lionancl tr·aus- ouer·~y of el~ctromagnctic waves so receivotl 
forming the energy of each of saicl voltn~es into the energy of motion hy means of a re-
fnto tho energy or motion, suu!itantinlly n.s !'let ceh·in~ in~f.l"ument hiwing a low resi~tance, 11_0 
forth. snbstn.ntially ns Hct fot·th. 

45 3. As nn impro\·ement in t.he n.rt, or tl':lllH- !J. As an improvement in tho n.rt of trans-
mitting signals electa·ically ut'tween ~tations mitting electrical energy, tho met.hocl heroin 
lJy olcctt·omngnetic \\'1\\'e!'J, tho mot.ho<l heroin c.le!o)Cl'ihel), which eonsist:i in \'<ll'ying tho COil· 
described whichconsists inprocluciliganelec· clucth·ity of a secomlm-y circuitatthorecoiv- 115 
trornagnotic field in n. r·llceivinJ:.! mcchanhnn ing-stn.tion by motion IH'O(luced by currents 

50 Consisting of r.elatively lixe<l n.ncl movable ~encrated by olcctl'Oillagnctic Wi\ Yes, SU \Jstan­
lllOillbOI'K nr•·nngml in opt'rative relation to tiatly ali Met forth. r 
f'ach other by tho generation of olcctroma~- 10. AH an impt"O\'Ornont in tho art or trans-
netic waves nt the Rencling-Mtatiou, therohy mit.ting elcct,rical onea·gy, tho method herein 12c 
cauMing a movement of one or tho parts of deserihed, which consist.H in the generat-ion of 

55 tho receiving mcchn.nilim, snbstantinlly ns set olectt·ottJa~netic \VU\'CH at ono station, trans-
forth. f01·ming tho enor·gy of tho cuncntsgenol·atocl 

... Ali an impr'O\'UIIlent in tho ILI't or tr·auH- hy Hllch WIL\'CR at tho l"l'Cei\·iug-station into 
tnitting RignnJH electrically botWU<'Il statioriH .Cilel'~Y of motion, Vaa·ying tho Ctli'J'CtltS in two 125 
hy clectromiL~netic waves, t:10 mot.ho<l herein ot· mor·o local cil'cnitH hy such ener·gy or mo-

6o tlescril>otl which COllHist.s in tho genet·ation or I Lion ancl tJ'llllRfm·ming tho OllOI'gy or such cur­
l\ current or currents in a portion of n. receiv- rents into the etw1·1u· of motion, snhstantinlly 
ing mechnuhuu com;isting of rclntivoly fix~tl I nH l"et fm·th. 
nnd ruo\·able members hy tho ~enorn.tion of 11. .A~ an irnpro\·t•uwnt in thoar·t of t1·ans- 130 

olo,·tromngnetic waveH nt the serJClint:-Mtntinn mit.ting clcct.r·ieal t'llet·g-y,"'the mothocl horehy 
65 anti thou pr·oducing a cnrl'ent or cuncnts in descl"iuecl, which conHist.s in generating clee­

tho other llortion of tho receiviu~ mc!chaniHill tt·omagnetic waveH at ouo Rtat.ion, t•·nmifot·m­
uy tho CUI"l"CilL 01' Ctll"rollt-4 gont•r·att•cl < tho I iug tho l'IIC'I·gy ofCIII"I'I'JI(sgoncl':ltecl hy Hllch 

waves Into the energy or motion, \'nrylng tho I In testimony ''"borcor I hn,·o hereunto set 
cnrrenta In two or more locnl or secondary cir· my hnnd. 

~ 
anita by auoh en(~r~yor motion, transforming • , , .. , , .. ~ 

· the energy of tho vnrlcd currents Into the en-1· HEGINATJD A. I• bS:SF .. ~ D~N. ~ 
.S ergy of hlotlon Rl~fl cnuslug the enol'gic~ of l \Yitnosses: · ~ 

1notfon ao procluced to opernto in th~ Hnmc tli- DARWIS S. 'YoL<'OTT, ~ ~ 
• rootlon, HUhstnnt~Jiy ns~t Corn:_ -- - F. }4~. <fAI'J'HJo:H. r ~ 
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706,737 

• 

to the length of the whole conductor, includ- the gt·omal. As tho frequencies of the wave~ 
ingthesecondaryofthetransformcr,asstated whic•h induce currents in t.hc conductor 10 70 
in reference to a dynamo gh·in~ a thousa.tHl aro low, the diaphragm of tho telephone will 

s volts. respond thereto, atHl tho vibrations of the 
The best results are obtaincu when the fro- diaphragm will produce aucliblo notes. 

•1nency of the source of alternating voltage, In Fig. 2 is shown another form of receiv-
ns a dynamo, is equal ot· approximately ec1ual I ing apparat.nM. A portion of the grounu con- 75 
to t.he natural frequency of tho rauiating sys- nec.tiou of tho receh·ing- conunctor 10 is 

to tem. The adjustment of frequencies can lJe fot·mctl by a piece of fino wire 1:!, held in ten­
effected by changin~ the speed of tho dyna- sion between the poles of a magnet 13. By 
mo. The reason why the: best results arc ob- the interaction betwc\tn the currents passing 
tained when tho frequency ot the dynamo ot· along the wire 1~ anc.l the magnetic lield the So 

. its eqni\·nlent (us a tt·ansformer connected to wire is eansecl to vibrate aud make and 
15 a dynamo) is equal ot· approximately equal to break contact with the mict·ophonic contact-

that of the natural fr·equency of the ra<liat- point 1-l, which i~ so adjusted as to be nor-
ing circuit is that when the frcc1uency of tho rually out of contact with the wire 1:]. A cir­
dynamo is less than this tho chief effects H.J'O cnit, inclmlin~ a batto1·y 15 and relay 16 or Ss 
electrostatic and magnetic in their· natuJ'O other translating (le\·ice, is fonned in part by 

20 and there is practically no electromagnetic tho contact 1-~ and the wiJ·o 1 :!, so that when­
radiation. Under these circumstances l':'ig- ever the secondary circuit is c ,mpleted by 
nals cannot be transmitted to any great dis- tho vih1·ation of the wil·e the relay will be en­
tance, as the electrostatic ant.l magnetic of- 1 er:.rized. 
fects fall off as a high power of tho distance. 1 If the r·a(lialing portion be made, as shown 

25 As the frequency of the dynamo is increased in Fi~. 5,. with var·ying superficial dimen­
the effects of electrostatic and magnetic in- sions-e. y., with aswellorenlargement17-
<luction continuo to pr·edominate until the the electromagnetic wa\·es generated ft·om its 
frequency of the dynamo approaches that of diftereut sut·faces will ha\·e different perio- 95 
the sending-conductor. 'Vhen this point is uicities, as tho perio<licity of electroma~netic 

30 reached, if the radiating portion of the send- wa\'cs depends, in pat·t at least., on the capac­
ing-conductor J1as a length which is a large ity of the r:uliatint~ pm·tion at the sending­
fraction of the total length Of the circuit H. station, n. sit.nilarly- COllRtructecl conunctor 
large amount of energy can be radiated in nu1.y be usetl at the receh·ing-station, or two 1oo 
the form of electromagnetic w~wes and si~- simple receiving-conductors suitably tunetl 

35 nals be transmitted a. long distance. The may be used. 
reason why the length of t.ho rau iating portion By the use of a sending·conc.l uctor of lar·go 
of the sending-conductor should be a largo capacity and haYing that capacity uniformly 
fraction of the total length of the cit·cuit is distl'ilmtetl ecr·taiu specific advantages are 105 
that if otherwise the circuit would be a poor obt.ainetl which cannot bo obtained by any 

40 radiator. If, for example, the length of the other· style of conductot·. \\'hen tho capacity 
radiating portion of the sentlin:.r-cmH.luctor is is not (liRtriuutec.l with subst.a.ntial unifoml-
five feet and the length of the wire in the ar- ity, it is impossible to obt.ain a sine fonn of 
mature is th·e miles, tho amount of <mea·;;y electromagnetic wave, antl this fot·m of wave 110 

radiated would be very small compared to g-h·es ver·y much better result~ in t.hat it per·-
45 what it would be if the length of wire in the mits of the Yoltag-e bein~ increased by reso­

armature were only five hundred feet and tlw nance to any extent, c.lcpeiHling only on the 
radiating portion of the sending-conductor resistance lu:o;ses. for· example, if the resist-
five feet. A furthct· atlnmtagc incident t.o auco be low it i~ pos~ilJlo with an imnresse<l 115 

the employment of low ft·eclucncics i~ the voltag~ of, say, fi \'e to rt•ach a rcson1\nt vol-
so fact that thcro i~.' as I ha\·o cliliCO\'CJ'lHl, less I ta~o or two huruln•d or lllOJ'O with a capacity 

abs01·ption of the electromagnetic fot·c:e as tlistrilmtetluniformly-i. e., withasino-wave, 
tho waves tt'a\·el along tho g'r·omul than when 1 while if the capacity be clistrilmte(l, so as to 
tho wave~ have high frcc1ueneie~. · ~ivc a pm·abolic wave with a voltage of ti \'O, 120 

In the form of appat·atus lihown in Fig. 1 it. is uot pos:-;ihle to obtain lJy resonance a 
SS the generator 3 (in this cnso a (lyuamo) has higher voltago than twenty-fl\·e, since when 

one pole connected to g'rotuul and tho other· tho eapacity is larg'o tho resistaucc is a)~,; 
pole connected by a wire havin~ an iuduc- low ou account or the fact that the cmTents 
tn.nco 2 to thomdiating tJOrtion 1. Tlwserul- with tht•so hi;!h ft·cqnerwiesflowovca·thosur- 125 

ing-conductor· which may ha\·l· its radiating faee or thn serllliug-<·on•luctot· it follows that 
6o portion of any :mitablo for·m, hut ru·oforahl.r . with a ~cucliug--conclllctor or )argo (!1\paeit.y 

that shown in either Figs.;) <Lllll 5, has its ca- I unifunuly dist.t·ihutecl it is possil.Jlo to get a. 
pacityorself-intllJ..;tion or bot.h acljnstetl in j ~iuo-wa\·o arttl a low rPsistance-i. t·., cou-
t.he. manner <le~cl'ibed! that the elcctroma~- i clitio!1s uc.ce!isar·y at11l fa \·orahle fot· tho pm- IJo 
netic W<\Ves radiated wtll haxe lc,w fr·equcncy. duct1ou of Jar·:.re r·esonaut \'oltages fl'om small 

65 At the receiving-station the r·ccciviug-con- impr·es:;e<l volta~es, ar11l ht•Hc·e corHlition~ 
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large capacity not nnifot·mlydistl'ibute<l or· of groundetl at uno cni.l depend upon the quari­
small capacity uniformly distributed. By tities of tho conductor which make it a good 
the term "large capacit.y'' as herein used is oscillator·, and this is measured by the amount 70 
meant a capacity lar~e as compared with the that the resistance is loss than the squaro 

s capacities of wh·tls her·ct(>foro commonly used root of foul' timeH tho ituluctanco di\·idod by 
in the art: and by tho tcr·m "uniformly dis- tho capacity-that is, tho amount or R 2 is less 
tributed" is meant distributed with subst.an- than ~-~~; bnt in such a contluctur· the best 
tial uniformity over the radiating portion. v 7 s 

The effect of locally increasing tho super·- (•ontlitions of resonant oscillation ro•1uire 
ro ficial area of tho sending-condnctot· or· of lo- that the length of conductor· be one-fourth 

cally increasiug the capacity by any other tho length of tho fnndamcn tal wn.vo oscillat­
suitable means ts to pr·oduce two m· mor·e st•ts iu~ thon~in. It i!i evitlent then that if tho 
Of Wa\"CS Of different periodicities, tho peri- COtuluc•f.or ho a plain wiro of Ol'Uinary si~o 8o 
odicity of tho first being dependent upon tho and tho capacity ancl inductance employed 

r S electrical constants of tho sendin~·conductor fur· tuning- ho small the wave length thnrein 
ns a whole and the perioui~ity of tho other will be substantially tho length in tho other 
depending upon the position and am on n t of of a wan~ of the Hame fr·ectnoncy, which for 
localized increase of capacity in the same a ft·ectuency of ninety thousau<l is two miles, 85 
way as l>y attaching a weight ot· spl'inf! to a arH1 tlw resi~tancc whid1 acts to cut, •lown 

20 piano-wire between its extremities additional oscillation would. uo t~mt of eitdrt miles of. 
vibrations in thA wire arc created. wit·e fo1· each complete ,nwo or· oscillation, so 

By the term "electromagnetic wn.,·e:·;' as that t.he tenth wa\·e or· oscillation, fot· ex­
used hereinismennt wa,·esof awa,·e length ample, would ha,·e been subject to tho re- go 
long in com pari!;on with the wa.Ye length of sistauco losses of eighty m ilcs of wire. 'Vhere, 

2 S what at•e com monh· ca.llec.l "heat-waves" or howe,·et·, the inductance ancl capacity nro 
"radiant heat." J)y "grounded conductor'' larg<', the length of tbe sending-conductor· 
is meant a conductor· grounded either directly and its su bscqueut resistaucc clet.rimontal to 
or through a capacity, an indnctance, or· a r·e- oscillation may bn gt·catly tlc(·t·eased, for the 95 
sistance, so that tho curt'ent in the conduc- fr·equencyof the funtlamental wa,·e-thatis, 

30 tor flows through the contluctor to grountl, the natur·,,l period of such n condn<'tor-
and vice versa, when electromagnetic \-raves varies inYersely as the sc1uare r·oot of theca-
are generated. The terms "tnnod" and pacity multiplied by the square root of the 
"resonant" are u~ed herein as one includin~ inductance-that is, inversely us th~ quan- 1oo 
the other. tity or· value v L c. Now since the condi-

35 ~his i.n_vcn tion in ,·ol.'·e~ t.h~ disco\"f'!'Y of t.h.e tio.n of resonance is that C L 'V2= 1 it is evi-
destrabthty and p~act~ealHhty of ustng r·:ulr- dent that in:-; teal! of inct·casing J., and C in 
nnt electromagnetiC WH.\'es of a fr·cquc.uey Cl!Ual PI'O{HH'tiOil:i to get a hu·ge total v-J.J () 
lower .t!ran ha~ h~ret.ofor·e been Tecogru~e<~ nece!'J:-;:u·y fm· a good. oscillator one of these I os 
n~ .d~~u able 0•1 l>~·t.ct.ICahle and 11•1 the. 1?. factor·s may l>e increased, while the other re-

40 VISt?., ?f a constdetable. nun~ber of ' 01 ~ maiusconstautot·isclecreasocl. J..n.rgeinduct­
merttorrous featnres combmed Ill an appar·a- anec howeVl'l' would in\·olvc larne resistance 
tus or system whereby the e~crg.r. of such· whieir i:-; h;ul, ~Ls shown, while ir7crease of ca~ 
'~~\·es mar }10 successfull~· radmtetl In quan- pacity in accordance with my invent.ion is 110 

tt.ttes sutlwrent for pr·actlcal use over· long I atlnt.ntageous in many ways, a.:; willl>e point-
45 t.ltstan<'es. . . . ou out. I therefm·o mako tho capacity lar"e 

In ~onstructrng a~ apparatus that wrll gl ve and tho ind uctiou, cor·r·cspumli 1wly sm·1.li 
practical rc!inlt!'J wrth such low- ~l'e(l ucncy thor·eby makirr" tho '<tuan tity v J U Iar•re ~tHi 
wavesuovelfeatureshavobcendovtscd,some . ~ . • . c 115 
o( which arc of freneral UtiJit.y in (rcner·atincr COI'I'CSponcllllgly shul'Lelll~g my SCnl~lll~-C!On-

50 and radiating w~ves of the highe; atu1 mur~ th~~tur :uul gl'eatly. reduc~ug .my r·ests~an?e. 
usual freq uoncies, and these ar·o he rei naftcr· J he large c;.t.pacrty I tl1str·1 bntc. nr!tform ly 
claimed in terms which will covet· tho u~o on.•r· sub~tantrally all of tho rall1atm~ por­
tboreof in other than the specific connection !iou.of the cor.l~luctol',,thor·ehy fut·.thet·reduc- 12c 
for which they are primarily intended. tug Ill:ilcacl or tncrea!itrl~ tlw re:-;1stanco ancl 

55 The a moun tof rac.l iation possible fonL gi n•n at t~w .samo time pr?;·itli n:; a lal'go eiTecti vo 
system is dependent amon"' other· thin"s r:ulmttng-sur·face. J he fur·ther· reason why 
upon the fre•1uenc\' :'uHl otl~er thincrs l>ci~~~ t.lw capacity is thus tlistl'ihntecl is that with 

"' ' l" ~ I . . '1 • .,. I c<1ual, lho amount is less for· the lower fre- any ot:er· atT:Lil;tcment rt Is ulf!l?U t to got a 12 _s 
(1uencie:;. In order·, therefore, to ratliate }Jili'O Hille form ~f clectt·omagnctl~ wa,·e, bc-

6o largo amounts of ener~y by Iow·fl'eqHen•!Y causo any local tnct·ease of capactty tcn~ls to 
waves I t•ke aclvanta,re of the rise uf vol- procluce t.wo ot· uwr·e :o;ets of W;lSe!i of cllfTet·­
ta!!C u'ue to r~sun:mco ~!Teets brou~h t a Lout t!ll t. pel'iod i<:i tit·s. 
by a proper proportioning of inductance ancl In or·clm· that I 111ay t·atliatc lar·go amounts IJO 
capacity, liO that the phase~ of t.ho imJu·ess<.'d of enm·~y, I mako the r·atliating-contluetot· · 

lis clectromuti\·o fol'C~e :uHl the current coineille <n·ct· which the c·apaeity is tlbtl'ihutctl a. _. 
~'- in timo. lat·go ft·actiun ~f lho total lon;;th H( tho sou<l- ll!:iiilll 
~

1 
Hosonnuc" ciT~cls in a ~c•·li,•nl ""'"lncl<u· in;;-eondtlt'lm·. '~us p=ls another :ulnu,.. ~ 
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tagO Of ro}afi\·ely ancl ahso(Uf~Jy )at·~p <':t-, t>h•droltl:lt-!llf'tieW:\\"~SOf :lll C'llt'l'g)'SUfliCi~llt 
pacity ami correspontlin:,! inclnctancP, fot· 1111- fot· pm<•t ic·ally continuous t•ll'ccts at. tho l'<!-

,. less I was :tble to ;.:n~atly ~hor·ten the set11l- c·l'h'ill.:!-station. En•n in tho case where the 
ing-coutlnctor, as I tlo hy their use, it. wonltl :-;Pts of oseillation:-; tlo not quito ovol'lap in 70 

5 be tlifliculttoeon!'itrttc·ta low-l't·ecltwtu•y r:uli- tilltL' it is o\'itll.'nl that tlw intt•t·\·als of inac­
atin~-conductor· whil·h wonlcl ho so lar:,!t\ a t i\·ity at·t~ th•ct·paspcl hy tho inPt'ea:-;o of the 
fraction of tlw hlllt!lh of tlw whoh~ Sl!tlllin;.:- timo of a tmin to ten time:-; what it would 
conductot'. lw with a ft't''lucncy of one million. This is 

From the aho\'c it. will ht.• :-;t•en that by my a .trrcat nch·auta.~n in ca:-;es where the receiver 7S 
xo invention the internal curt·eut los:ies cl11c to is t.llll<'ll to tlw pe1·iml of tho transmitter, for 

ohmic resi!'itanco are largely decreasccl by the rt~~ulal'ily, continuity, an<l ~rent energy 
using lar~e total capacity aml small irulnl't- of tl~t• wa\·es imp1'o\·o t.he rc!sonance inn uum­
nnce for the tunia~g, thet·ehy shortenint-! the llt'l' t.hat. hy use of proper· tlc\'ice.s at there­
length of semlin~-t·orHlnctot· necessary fot· a <!ei\"iu~-stat.ion more than compensatt!s for So 

IS ~iven fr·equeucy or fot· a gh·en wan~ len~t.h in the l'ilther hroad cur·,·e of resonance invoh·od 
the ether. 'fhe !'ihortening of tile smu1 ing-eon- in any 1.1:-::e of large eapacity for tuning pur­
ductor also facilitate:.; the use of a nuliatiu~- poses. 
conductor which is a lar~e fmction of the ln practict> it is fountl t.hat substantial uni-
wave length. The clistt·iuution of the ca- formity of clistril.mtion of capacit.y mn.y be 85 

20 pacity makes pos~iule a !Jetter fonn of wan•, ohtainecl hy makin~the conclnctor uniform in 
tleet·eases the re!'iistancl' of that part of the figure fi'Om tlw topton. point at or near tho 
sen<ling-con<luctot·, antl furthe1· iHcrt•asps the bottom, a:-; is imlicatetl in ·'ig. :l, It has been 
radiating-surface. held hy ~ome that the capacity of tho uppm· 

\Vith this system, whPreby large amo11n ts portion of a \'ct·tical contl uctor of uniform oo 
25 of ener~y may be radia.tecl at a low ft·ettllency, t'l'o:-;s-sect ion is mueh smaller than that of the 

I am aule to :o\UU!:'titute for tho intluct.ion-coil midclle 01' lo\\'(.\1' portions by reason of its 
and spark-gap now in use a dynamo or simi- ;.:reate1· distau<·('! f1·om g1·nun<l; hut I ha\·o 
ln1· sourco of alternatin~ \'Olta~e. found by actu.tl measurement that this is 

If the dynamo be used without the :-;park- pral'tically not the case, the upper portions 95 
30 gap, I :unable at once to prOllttce a contiuu- lun·iu~ pmctically the same capacity as the 

ous train of racliant wan•s of substantially lowt•1' portions. The capacity of a conductor 
uniform stren~th, as distinguished from the wit.h respl'c:t. to ~ruuntl is mainly dependent 
well-known :;ystems whet·c~in the :-;pat·k-tlis- upon its size and shape a.nll not upon its dis­
charge starts a tr·ain of w~n-es of rapidly-eli- tauec from tho ;!1'oun<1 when the distance be-

JS minishing power followPtl by rtolath·ely lon~ t wet•n the concluctor antl grou 1ul is not small. 
intervals of no racliation. Furthermore, I cln.im he1·ein as my in\·ention- · 
where tho spark tlisch:u·ge is usecl I am ahh•, 1 . ..:\ fo\c.t'-1iug- conductor for electroma~-
by reason of the persistent oscillation cou pletl uctic~ waves, ha dng a lar:.re capacity <listrib­
with the low frecptencr, to ~reatly lliminish ut<~tl with substantial uniformity over its ra-

40 ancl, in<leed, to completely hritl~e o\·m· the diatin~ portion, substantially as set forth. 
inter\·als of no radia.tinu, for with ten thou- :! .. .:\ send in~- coucluctor for electromag­
san<.l sparks per s~conrl C'Xeitin~ a sending- net.ie \\'a,·es, having its capacity so adjustecl 
conductor of a periotlicityof ninety thousan•l that the waves racliated thereft·om have a low 
it is evident that if C'ach :-;p;tt·k gives only ten frC'queney, !-illh:itantially as ~et forth. 

45 OSCillatiOIIH hef'OI'l~ beiug dam peel Sllflieient}y :J . ...\ sending· Cl,>lldUCt01' fot· electl'01llel.g'-
to stop ratliation, c\·ery tenth os<~illation will 

1 
noti~ waves, havin'~ its capacity anu inunct­

coiucit.le with tho fi1·st o~eillation pt·oclucecl auee so :Ltljustet.l that the waves ra<liated 
hy the next succ<~e<lin~ spark. Thus the ra- t.hen•from lul\·e a low frl'eLnency, sul.Jstan­
<liation will he pt·a.ct.i<·ally contintwu:-;, ancl t ially as set forth. 

so the total ener~y or thn fi 1·st oscillation pi'O- ·I. In a systt!lll fo1· transmission of ene1·gy hy 
<lucctl. by the srmrk will be c1i\·hlctl bPtWL'l'll elc~c·t1·onta~nclic wa\·es, tiw comhin<ttion of a 
only nine electromagnetic w:.n-es. X ow if sour·ce of alter·uating \·oltagA antl a. couclucto1· 
the ft·ccluency we1·e one milliem :mel the in s<~rit~:i thet·e,,·ith fo1·min~ a senc.lin~-con­
sr~at·ks ten thousaucl {ICl' SCt'Orttl it wuultl he clucton:ahl ~Cllll i ng-t•owl ll<!tOl' hei 11~ aclaptetl 

55 necessary to ha ,.can oseilln.tor capable• of on I' to rac1iat e elect 1'oma;,!netie wa Yes a111l h:l\'i 11~ 
lmnclre<l useful oscillation~ of a }lOW1~1' sulli- its •·adiatin;; pm·tion of a leu~t.h whieh is a 
dent to pro<itll!P useful t'at1iations in orcle1· lat·~n fr·ac!t ion of the quat'll'1'·\\'a\·e lcu~th pro-
to maintain practically cCJntinuous l':ltliation. cltH~I!Il by the altenutt.in~ :-;out·ee of the ralli­
The ener;.ry of a sin~le :-op:u·k in that. c~asc~ I at.ing portion in tho mec1ium surt·onrHling 

6o \voultl he divi1lell bet.wel•n nne hurHll'ecl J';t· tlw racliatin~ portion, substantially as set 
tliant. clc!ct.t·oma~n..tie wan•s ancl woulcl lH· forth. 
too small fot· practical nso n\'er cotllllll'l'c..:ial ;i, In a ~yst Pill for trans111 issionof energy by 
distances. ll'}edl'onH\;_!llet ic \\':1.\"es, lht• COm hi nation Of a 

From tht! abo\·c it wi II be~ sef"n that hy ke'l'P· sou rc'l! o[ all ornati n~ ,·ol ta~o a1t<l a cnnductol' 
ing H.:! small m11l tho frequew~.r low I aru ablo I in serit~s tltet'I!With fot·min~ a seneliug-con­
to ratliato p1·aeticnlly c•ont.innnus strf'am~ of l clul'!nr:-oaicl :-;c~n•1in::-c·nll•lllct.nt· hr•in~ar1apf.Pcl 
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to rauiato electromagnetic w~n~s havin~ its J <'tll'l'ents protlucctl by :o:aitl wan•s, suhstnu­
radiating portion of n leu~th whieh is a lar~P tially as set fm·t h. 
fraction of the len~th of tho senllin~-con-: t:;, .\ :-:t•ntlill;!·contlurtoJ' fo1· elcclJ'oma~­
uuctor, substantia11y as set forth. ~ netie wan~=-- of a lt>ngth much le~s than a 

5 G. Inasystcmfortr·ansmissionofcnPI';!YlJY · 'tnarte•· of tlw len~th of an etlH'l' wa,·e, ha\·- 70 
electronia~netic wa,·cs, the combination of a : iu~ a l'r·Pqlll'llcy e«tnal to the natut·al pel'iml 
SOUrCe (I( nltet•nating \'Oltago ~eneratill).! :of ::mid Sl'lldillJ!·COIHlllclOl', atlll ha\·ing l\ 1':\· 

groups of impulses of )ow fl'PC[lWllC)' and a ; tliatin~ port ion which is a larg-e fraction of 
conuuctor in S£'l'ies thPrt"With forming a ~entl- I its total ll'll;.!th. 

10 ing-con<luctor said !'leml il:;!·con<l uctor bei ug : 1-l. A !-'eruli ng-(•oJHluct m· for elect romag- 7 5 
adapted nud propor·tionetl to r·a«liatl• electro- . netic wan~s having a natural period of vi­
magnetic waves, and being tune<l to the . hration mueh lowc.:>J' than tho pel'iou of nn 
source of alternr.ting\·(>lta;!e, substantially as : Pthet·-wa,·e four time:-; its lcn~th, whet·eby its 
set forth. : l'illliating portion may he n. relatively large 

7. Inasystem fOI·thetransmissionofenL·r·;.:',\· ; fml'lion of the total length of sai1.l ~muling- So 
by electromagnetic waves, the combination of enntl uetot·. 
an alternating-current dynamo and a con- 1 J.i. A seJHlin~·CotHluctor for e1Pctroma~­
ductor in series therewith fot·ming a senlling- i net ie w:wes tuned to a desired low frequency 
conductorsaiu sendin~-conl1 nctod>eing tmwd . hy Jat·ge <·ap:wi ty arul small inu uctanco. 

20 to the dynamo and :ulapte<.l to ra<l iate elE.>«'- 1 fi. A ~elltli ng-c01ul uctor fot· clectromag- 85 
tromagnetic wa,·es an<l tune«l to the <lynamn, : netic wa,·es ha,·ing small intluctance antl 
substantially ns set forth. . : tuned to a cle~it·etl )0\' frequency hy a snit-

S. In a system forthetr·ansmission of enct·~y i ably-proport.ionc<l hHge capacity. 
by elect.romagnet ic wases, the com hi nat.ionof : 17 . ...:\ scmli ug-contl nctor fot· C"lect romag-

25 a sending-conclnctorso proportionecl as to ra- ! netic wa\·es having- low resistance, small self- 90 
diate waves of low frequency and an alt<•t·· : in,l11ction and great capacity, substantially 
nating-curt·ent uynamo having its terminals I as :mel for the purpose S(~t fOt·th. 
connect.~d respectively to the radiating por- · 1~ . ..:\ sending-conductor for electromn:;!­
tion of the sending-conductor and to :,rroun«l, 1 netic \\'aYes having low resistnnce, small self-

30 the dynamo being so adjusted that it~ veri· 1 intluction an<l great capacity so correlated as 95 
odicity is the same or approximately thP ~ to snppor·t persistent oscillation of n fre­
same ns the natural period of the sending- : «tllency much less than that of an ether-wavo 
conductor, substantially as set for·th. of a length four times that of said sending-
. 9 . .A senuing-conductor forelectroma~IIOI i<! ('OilllUCtOI'. 

35 waves, formed by an alternat.in~-cnrrent dy- l!l. A system fot· transrnissiorr of energy 
namo and a conductor in series thcr·ewit.h, by eleett·omagnetic wa\·es in combination 
one polo of the uynamo heing gr·oun<led, tho with a r:\lliating-corHlll<~toJ' atul a source of 
~ending-conuuctorthus formed beinJ.! so p1·o- alteruating electrical ener·~y or· potential, 
portioned as to ra«liate wases of low fr«·· sai«lr·mliatiug-eotHluetm·awl source beingco-

40 quency, substantially as st:>t forth. ol'llinated an•l t't!lath·c'IY a«ljustecl to J'a.lliato 
10. A sendiug-conuuctor for elcctromag- a substantially coutiuuoll:i stl'l'am of electro­

netic wa ,·es so proportioneu as to ratliate magnetic wa n~s. 
wa ,-es of low fre«111ency in combination with I :!II. A system of t t·ausm iss ion of eucr~y by 
a source of altcruating voltage havin~ its tel'- · <'leetroma~net ic waves i nchul in~ in com bina-

45 minals CiJnnected respecth·ely to the t·mliat· ~ t ion a ratliating-con«ln<"tol' an«l a sour·ce of 
ing portion of the semling-conunctot· antlto altcnwtiug elect1·ical energy or potential, 
ground, tho voltage-~eneratot· lJei ng so ad- :.;ai•lt·a•liatin~-corHl netor and source being co­
justed that its perio<licity is the same ot· ap- i or·dinatetl antlrelath·ely adjusted to gt~nerato 
proximately the same as the natut·al per·iotl , aiHlnuliate a sn hstan tially con tin nons stream 

so of the system when so conneeted, snbstan- : of Pll•etromagnetic wa\·e::;. 
tially as set forth. :! 1 . .A system fot· trausmis~ion of energy by 

11. A sending-conductot· fm· clt:>ctr·omag- t>ll'ct•·oma~uetic wases, inclu•lin~ in corilbina­
netic waves, fol'lned by a source fur co11tinu- . t.ion a r:uliating-comluctor anll a source of 
ously generating alteruating \"Oltage arHl a · altl•t·natin:,r electrical cner:!.r or potential, 

SS conductor in series thcr·ewith, one pole of tlu~ . sai«lm•liating-contluctm· aHtl ~our,·e bein~ co­
sourc~ofalteruatill~\·oltagebeiuggl·ouu«led,: onlinaletl i\Jlllrelatin~ly aujusteu to r·mliate 
the sencling-conuuctor thus foruw«l being so I a suhstautiall\· continuous stream of electro-

.. pro port ioneu as to ratliate wa \'N~ of low fr·t·· ; ma~nctic wa \·es of substantially un ifonn 
quency, subiit:mtially as ~et forth. 1 streugth. 

6o 12 . .A.system fot· sigualin;; by elect l'OIIIa~- In test.imol!y whereof I ha\·t~ hC"reunto set 
netic waves h:win~ in c:omlJiiiation a co11- · my ha111l. 
uuct.ot• atlapted to l'acliate w:n·es of low fn·­
quency, a .Hl a receh·er uepellllent fot· its ac-
~ion upon a com;tant or independeutly-\·ary- j 
mg magnetic field anu adapted to rcspowl to ~ 

\ritul's~··s: 
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To all whmn it nvt !/ t~oncern: l:iemling-~tation or· of any other suitable form 
. Be it known that I, HEGIX.ALD A. FESSE:\- 01' construction. By the ter·ms "senuing­
DEN, a citizen of the United States, resillin:,r corHluctor'' nnd "receiving-conductor" ns 55 
at Allegheny., in tho county of Allegheny and herein used I incluuo all of tho circuit from 

I) ::itate of Pennsyl\"anin, ha\·e in\·ented o1· dis- tho top to grounu, if gr·ounuecl, or, if not 
covered cArtain new nnd u~eful Improve-IJ!l'OUJHlml, from one extromo enu to the other 
ments in 'Vir·ole~!-1 Telegraphy, or which im- cxtr·emo enu of the cil·cuit, including all ap­
provements the following i~ a specificatiou. IJIC\J'at us in sel'ies with tho cir·cuit..'i, while uu- 6o 

The invention descr·ibed herein relates to dl~r· tho term "r·a<liating portion" is includeu 
10 certain improvements in apparatus for· wir·o- all of st\mling-conductor from top or extreme 

less telegraphy, anu has n.s its object the pro- end of same to point of junction with appa­
vision of suitable means whereby a trans- •·atns for otrectin;.r the oscillatory charging 
former or other inductive means may uo em- anu diMcharging thereof, 'such as sparking 65 
ployed for raising the voltage at tho recoi\·- tc1·minals, transformer-coils, armature-wind-

IS ing-station. iug8,&c. 'rha terms "tuned" and "resonant" 
It is also an object of the in vontion to in- are usotl herein one to inchule the other. This 

crease the number of oscillations in tho con- •·eceiving-concluctor·, which is connected to 
unctor during its dis!!harging period, so that gt·ourHl, includes as n par·t thereof a trans- 70 
only a small frnction of the ener;.ry will he for·mcr·, as the inductance ot· coil :.J, forming 

20 dischar~ed or radiated at each oscillation. the prima1·yoC nn induction-coil, the core 4 of 
It is a further object of the in n.mtion to pr·o- which is p1·eferably fot·med of tine wire. The 

vide for selective signaling by so tuning tho secoudat-y coil 5 of the transformer forms a 
receiving apparatus that it will respond ~mloly }mr·tof anothet·or~ecouda•·y circuit, which cir- 7 s 
to waves of one periodicity. cuit, us well as tho prime receiving-circuit, 

25 Tho invention is hereinafter JllOl'e fully uo- consisting of tho conductor 2, inductance 3, 
scl'ibed and claimc<l. andcapacityG,(when u:;;ed,) issoproportioned 

In the accompanying t11·awiugs, forming a that its natural period of electric oscillation 
pa1·t of this specification, Figures 1 nnd 2 is iuentical with that of tho sending system. 8o 
illustrate <liagrn.mmatically forms of conuuc- Tho tuning of the secondar·ycil·cuit is etrecte(l 

30 tors for seuc.Iiug-statioul:i. l1·ig. :; illustrates by means of an ind uctanco 7 and a capacity 8, 
diagramrnntically tho apparatus for tho re- includecl in said cil·cuit, as shown in Fig. a. 
ceiving-station, and Figs. 4and 5 m·o simila.1· Tho incluctance 7 employed in tuning tho 
views or modifications of the receiving ap- ~econdarycircuit may be combined with and Ss 
paratus. form a p:u·t of the secondary coil 5. 'Vhon a 

35 Tho autlition or capacity to sorulin;.:-eon- cohOl'OJ'!) 01' similar' instrument is used as a 
cluctors where si;.rnaiR nro to uo sent long tlis- rccei\·er, the capacity 8 should be placed (if 
tances has herotofot·c been con.siuored uso- used} in shunt to the cohot·cr, hecau!ie thu8 
less. ""'hilo this i.s tt·uo whun a coher·ct· o1· ac.lnwt.ago is taken of the resonant ri8e of po- 90 

' othet· closer for a l:iecorulary circuit is used tontial in a shunt-path betweou the lump in-
40 alone, I have founcl that by the cmploymen t cluctance anu capacity of a resonant circuit .. 

at the receiving-station of ind ucti vo menus The secondary ch·cuit also includes a battery 
a.~ a transformer fot· raising tho voltage in tho !P and a relay 10 or other translating device. 
secondary ch·cuit tho audition of capacity to In ot·c.ler to p•·event tho local balter·y ft·orn op· 95 
the sending-cond nctor has a rlcciclec.lly IJune- et·atin~ the relay except when tho coherer· 

45 1icial effect. ·At the seuding-~tation I employ has been rcntlel'ecl conductive, an opposing-
a son<ling·I!On<l uctor 1-such, for exam pie, as source of voltage, preferably un electrolyti-c 
that shown anc.l described in application Xo. cell, i!i lll·id~e'l acr·os~ tho secondary circuit. 
G:?,301, fileu July:?, l!JOI-hzwing n. largo ca.- Tlli~ cell prefer·ably co~tsists of a cup 11, 1oo 
pncity relative to that of a wire of tho same funned of :due anu containing caustic pota~h, 

so height antl of low self-iuc.luctanco and resist- aucl a coppet· wil'o OJ' ro1l 1:!, haviu~ a fino 
nnco. Atthorcceiviug-station tlw rccciviu~- point and c;l.paulo of bdu~ moved up ar11l 

~onductor 2 mn~o •h:r to ~at nt~1n ·~·n in ~e suh~on, "'~"to mry t.lllll>ac~ ~ 
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electromotive force of the cell, because iC tho low fro•Jnency is obtained by increasing- tho 
Mnrface exposed to tho liquid is largo the capacity alone or by increasing both capac~ 
quantity of electricity passing through tho ity ~n<l self-ind nction, the cur,·e of resonance 70 
cell would not be sufiicient to polarize to so is hroatlor than is obtained by inct·easing the 

5 gre!\t, an extent as if the ~nrface were smaller. 1 self-induction alone, though. in the fo~mor 
It ts of course recogntzed that where the eases thoa.mountofenergyradtated foragl\·en 
(tttantit)~ i!i not limited tho ha.ck volt.age of Yoltngo and length of conductor is more than 
polarization always reaches a fixed limit; but i~ obtainable with a sharp resonance-curve. 7 5 
in the present. cnse the quantity passing each On account of this fact.-i. e., that it is pref~ 

10 way is limited n.nd the effect is re\'er~ed each m·able to use semling-con<luctors having large 
half-period and js nt't cumulath·e. This cell capacity or large capacity an'l self-induction 
is 80 connected as to present a eounter olE:'c~ aml that in the~e case!i the curve of reso~ 
trnn;wtivo force to the local batterv whon tlw nance is bl'Oadencd-it has heretofore been So 
coher·er is inoperat.ivo, but to pet;mit the a.l- impossible t.o make thA r·Aceivers respontl 

IS ter·n;Ltin~ cmTent llowircg tlu·ough it, ~mel ~o solely to wa\"<•s of one pel'iodicity, as other 
render the coher·er oper·ative. pol'iodicitie~, if ahove a <'crtain power, will 

As showu in Fi~. 4, the secondar·y cil·euit I afTed. th~ receiv(~rs. Hy constz·ucting tho 
may form a sh nut a ron n'l the inti netance :;, send i ng-con(luctor so tlw oscillations for each 85 
and, as shown in Fi~. 5, three or· mor·e tuned total dischar~e am increased arul by employ~ 

20 circuits maylJe used at. the r·eceh•in~-stat.ion. ing at th£' reeeiving-static' two or· more 
wit.h the re~mlt of affording an mluitiorwl t.uued t•it·ctJits a very perfect resonance or 
ttafE.-1-!tlard as against nny accid~ntal oper·a- t.unin~ between tho stations ean be a.ttaine'l. 
t.ion of the t't>(•eivin~ appar·atu:ot. \Vhon nMin:.: \Vith one tnne'l circuit at the recoiving-sta- 90 
three or more tuned cir·cnit:i, the pr·ime eir· I tion a111l with sending-couuuctors pet·mitting 

15 cuit and the lnst cir·cnit 6f the series nr·o nr- a rat,itl r:uliatiou at the sending-station elec~ 
ranged as befor·e described, and tho inter·me· tl'ostatie and hysteresis effects become very 
(liate circuit or circuits includes the second· prominent, alHl t.ho :!reat self~inductance de~ 
ary c~oil whose primary for·ms the inductnncH sirahle for· shar·p resonance cannot be nt~ 95 
3 of the conductm· and the pl'imn.ry coil3" of t.ained. By empl"ying at tho rcceivin~ end 

JO Rn induction·COil whose Seeouuary is iucludccl t.wo l11110d <!it'Cllits, t.ho fit•st COIIMist.ing Of the 
in the next circuit of the series. Each cit·cu it receh·ing-cowlnctot· and the other secondary 
includesa<~apaeityand an indnctanc~,whet'<'· to tho fit•:ott, tho relative inductance may be 
by it may be proper·ly tuned. 1-!t'eatm· in the .!'\ecorular·y than in the primary •oo 

It will bo notieed that the cut·t•t•nt 7a :!" S·\ c·ir·cuitoftlw n•ceiving-corHluctor·m·theHencl~ 
35 5:1 in Fig. 5 for·ms a clo!i~cl t.nnecl secou,lat·y ing--eoncluctm·, in which latter, as before ex~ 

circuit. plained, tho capacit.y i~ pt·efent.hly a domi~ 
The employment of Mimple wit·e:ot havin~ nant factot·of tuning-,aml t.he olectl'ical efTect 

small capacit.y ns tho racliating portions of in the ~oconclary will occur· only when the pe~ IOS 

scncling-con•luctor~ is ohject.ionahle, fot· tho rincls aro V<'t'Y closely the same. 
40 reason that t.he nut iation il-l so r·apicl that there~ In vi ow of the fact that the tet·ms "tn n in~," 

are very few oscillations in each (li~·what·g~, "syntouy, ., awl "r·esoruuH'e" may he usecl 
and hence t.he inductive rise in volta:,re nr. synonymon~ly in somA case~ and in othm·H to 
the receiving-station cannot att.ain snfficieut CO\'er a more or· less perfect :iympathetic re- 110 

valne to per·mit of the use of inclnctive <h·· H()Oilso between fundamentals and t.heir hn.r~ 
45 vices for raising the potential at such station. moni(•!-1 it is part.icnl;u·ly pointed ont that all 

By the employment of ~eruliug-corulnctor·"' eir·euits intentlccl to lu~ '' t.nned" or reMpon­
ha\'ing radiating port ions of largo capacity n t. I si ve to a par·tica~ar· f'r·eq nency should he 
t!te ~eudiug-st.a~ion and by proper:Iy ru·opor- 1 tune•l to that frec1nencyas a fundamental, tho 1 IS 
t1o~m~ the~elf-mducta.nceaml rel-lrstance th•~ 1 <l'rantity v L c hein~ eqnal in the two dt·~ 

so ~adtatton ft·om t.he sen~hn~-con!luct.o~:, can la~ 1 eu its sa ill to l~o tm 1 ~~tl,a!H~, as was ea.l'ly point-
. o contt:o~led !h,t.t there \~til be n l.u,..e num-

1 

t>•l out, a r·ecel\·er·-c 11·cmt rs pr·ofet·ably alway~ 
lu~r· of ~s.c·rllattons-t·. y., fifty ot' mot·e for· ea~h hlentica.l with any t•orTP!-!pontl in~ t.ransm it­
total dt~charg~. In otherwot·tls, the total drs-~ tirr:,r-cireuit-that. i:'l t.o say, not only is t.ho 120 
chargers so contr·olled that onh· a small fra<·- . 

Ss t ·1011 0· f tile tot.• 1 et .a. ''-. • •1. t 1 t 1 I qnantrty v L c of tho orweqnal tothecluan-
.t. k·r·~J 1s ra< Ul ec a eac 1 . • · • 

nsC'illation. By thus extending the per·iod of trty v L col the other·, but tho qnanttt.y L 
r·adiation opportunity is afforded for the in-1 o.r tho orw c.••1uals"L of t.he othet·, a~ tho quan-
clucti ve voltage at t.he r·eceiving end to 1·i~o t1 ty C of tho onn c•pul.ls the q uan t.t ty C of tho I 2s 
r.o itsfnll value. By increasing the numuc1·1 otlH.H': · 'J:hi:i lattct· i.s rw.~ tt·u~of tlw_socorul-

6o of oscillations fnr each total discharge ft·om 
1 
ary crrcutt~ ~ho,~·n 111 I• tg~. ,J an~l u of tho 

t.hc sendin;.:-co~.ductor· and by adjustin~ tho lpre!'icnt appllci~tlun, wherern t.he m.tluctanco 
receiving ~ystem so that its natural period cor- pr·eponc.lerat.es 111 t..he ~eeon~lary, whtle.capac­
respoudH, or approximately so, to the pe 1·iotl 1 Jty pt·eporHlemtes 111 in_e pr.11nar·y. It 1~ true, I 30 
of the electromagnetic wan~s the distance of j however·, t.hat thcso ctrcmts arc prefor·ahly 

6s travel of tho waves is not dependent upon tuned to the same funllameuta.l, tho 'luan~ 
tho heights of tho send in~ and roceh·in~ eon- ·I tity v L c being the same in hoth <."ases. An IIIII..!: 
duct.ors, ns has :•·otnfo~ been ~chi. :•en ~<l<litio:tl ;ioi\:•'·~.C:" :culilll" t.o this c~ 
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struc~ion is. that it perm~ts high r!ltios of I nct.ic w.a ves, a seu<liu~-cou(lnc~or adapte~l to 
transformatiOn to be obtame<l, for smce the mamta1n and to rad1ate pers1steut osCllla­
length of the secondary should not be greate1· tions, in combination with a receiving-con­
than the length of the receiving-conductor I uuctor and one or more secondary cil·cuits 

· s and a considerable length of wire-say twenty controlled l>ythe receiving-conductor, a wa\·e- 6G 
(20) or thirty (30) feet-should preferably be responsh·e device included in a secondary ~ir­
usecl in the primary in order to obtain suffi- cuit of the Herics, the se\·eral circuits bein~ 
cient magnetizing effect, as is wall known in each tuned to correspond to the periocl of the 
the art, a ratio of transformation approxi- sending-conductor, substantially as set forth. 

10 mately greater than one. to five cannot be ob- -!:. In a system of signaling by electromag- 65 
tained with a single tuned secondary; but by netic waves, a sending-conductor adapted to 
employing se\""eral tran::;formers in series it is radiate electromagnetic waves having its elec­
eviuent the stepping-up process will be repeat- trical constants so proportioned that only a 
ed a number of times, and the ratio between relatively small fraction of the energy of the 

tS the final and primary volta~es may be made charged couductqr is radiated during a sin- 70 
large. gle oscillation, in com binatiou with a prime 

In lieu of the cylinurical fonn of conductor, conductor including the receiving-conductor, 
as shown in Fig 1, a horizontal conductot· one or more secondary circuits controlled 
P, a~ shown in Fig. 2, having a large radiat- by the prime conductor and a wave-respon-

20 ing area-i. e., a large capacity-may be em- sive device included in the last ~il·cuit of the 7 5 
ployeu. This hori1.ontal conductor may be series, the several circuits bein6 each tuned 
formed by a group or network of wires ot· a to corresponu to the periocl of tho sending­
sheet of metal. It is preferred to employ in conduct.o1·, substantially as set forth. 
connection with the horizontal conductor a 5. In a system of signaling l>y electromag-

25 metal cone 13, which serves to deflect the 1·a- netic waves, a sending-conductor adapted to 8o 
<liated waves and direct them along the sut·- maintain ancl to radiate persistent oscUla­
face of the earth. If desired, a self-induct- tions, in combination with n. receiving- con­
ance 14 may be placed in the circuit of the ductot· and one ot· mo1'e secondary ch·cuits 
conductor 1 a. This conductor is preferably controlled by the receiving-conductor, the ra-

Jo so constructed that its capacity is relatively tio of inductance to "''pacity being larger in 85 
much larger than that of a wire of equal a secondary circuit than 'in tho sending-con­
length and extending vertically from a point clnctor, a wave-responsive uevice included in 
in the plane of the conductor to the ground. a secondary circuit of a series, the several cir-

I claim herein as my in\·ention- cuits being each tun eel to correspond to the po-
35 1. In a system of signaling by electromag- riod of tbe sending-conductor, substantially 90 

netic waves, a receiving-conductor having a as set forth. 
transforming device in series in the ci1·cuit, I u. In a system of signaling by electromag­
in combination with a circuit incluuing a I netic waves, a sending-conductor adapted to 
translating device and having a local source maintain and to radiate persbtent oscilla-

40 of voltage and cout1·olled by the transformin~ tions in comlJination with receiviug-conduc- 95 
device and a source of voltage so arranged to1· a.nu one o1· more seconuary circuits con­
that its voltage will oppose the voltage from trolle(l by the receiving- cond ucto1·, the in­
the local source operating the translating de- ductance of the 'secondary circuit being 
vice, substantially as set forth. greater than that of the pl'imary eircnit, a 

45 2. In a system of signaling by electromag- wave-responsive device included in the sec- Joo 
netic waves, a recei\·ing-conductor having a I OlHlary circuit of tho series, the several cir­
transforming uevice in series iu the circuit, cuit.s being each tuned to correspond to tlw pe-
in combination with n. circuit including a 

1 

riod of the sondiug-couductol·, substantially 
translating device and having a local source as set forth. 

so of voltage and controlled by the transforming I In testimony whereof I ha\·e hereunto set 105 

clevice and an electrolytic cell so arranged my hancl. 
that its voltage will oppose the voltage from HEGIX..-\Lll A. FE~!"'EXI>E:\. · 
tho local source operating the translating de- ! "piirwsses: 
vice, substa.ntially as set forth. 1 \V. IL FE"\IU~c:, 

55 :t In a system of signaling hy electmmag-- i S. C. (; 1:"' Y. 
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To rtll whorn~ it n~ny eotwerlt: 
Be it known that I, REGINALD A. FESSEN· 

DEN, a citizen of. the United States, residin~ 
at Allegheny, in the county of .Allegheny and 

S State of Pennsylvania, have invented or dis­
covered certain new and useful Improvements 
in Con(lnctors for \Vireless Telegraphy, of 
which impro\·ements the following is a speci­
fication. 

Jo It is generally belicvecl that conductors of 
a considerable length are necessary for the 
e.fticlen t production of electromagnetic waves. 
By the term" electromagnetic wa,·es" as used 
herein is meant waves of a wave length long 

15 in comparison with the waYe length of what 
are commonly called" beat-wa\·es" or" radi­
ant heat." By "grounded conductor" is 
meant a conductor grounded either uirectly 
or through a capacity, an inductance, or are-

to sist.ance, so that the current in the conuuctor 
flows from the conductor to gronnd,and vice 
verSe'\, when electromagnetic wav~s are gen­
erated. The terms" tuneu '' attu "1·esonant." 
are useu herein as oue including the other. 

25 Such hnpre~ion iH, however, er1·oneous, "s I 
have di~covered that by generating the waves 
in a medium whose permeability to electro­
magnetic waves or specific inductive capacity, 
or both, are gt·catcr than that of ail· short 

30 conductors may be used for· the pu r·pose of 
propagating and receh·ing ele<:tromngnetic 
waves. 'Vhere one of t.he constants only is 
increased, the same general effects are IH'O­
uuced-as, for· example, where the conductor 

35 is immersed in \Vater HO pure ILM to be non­
conducting, in alcohol, or othe1· suhstauees 
having huge .speci fie in<l ueth·~ capacity the 
periouicity is dccren.~ml compared with that 
of the same coru.luctor in ail·, and ra<liat,ion i:i 

40 increased thereby, gh·ing the effect of Iongo 
conductor. 

In the n.ccompanyi!ig' thawing~, fo1·ming 
pat't of this spcci fication, Figure 1 i~ a sef!· 
tional ele,·ation of m:· impr·ovc<l contlnctor· 

45 for wireless tclt'graphy. Fig. 2 is a sect ioual 
view of the same. Figs. 3, 4, and 5 are sec­
tional ele\·ations illuslraling' modifications of 
the conductor, and Fi~. ti is a plan Yiew of 
the form us shown in Fi~. 5. 

so In the p1·ncticeof my in\'t!lltion I pl'efcl'auly 
om ploy nt the se1H1in~-~tation a <·orHluct.or· 1, 

having a large capacity anu low se~f-indue-
tion. The capacity can be regulated by in­
creasing the surface or arf'a of the conclnctor 
and the self-induct.ion by turns or coils in the 55 
wh·e connecting the conductor to the gener­
ator, which may be an induction upparatus 
or an alternating generator. A medium 2, 
consisting of wire or lamina formed of mag­
netic material, as iron or nickel, is arranged 6o 
adjacent to the conductor on the side facing 
the direction of the receiving-station. The 
wil·es forming the medium are arranged in 
coils, turns, o1· folds, as shown. Good results 
have been obtained by the employment of 65 
No. 40 B. & S. insulated wires. It is pre­
ferreu that the wire, especially when formed 
ofnickel,should be wound and maintained un-
der tension. The coils, turns, or folds, which 
may be arrangeu indiscriminately, as shown 70 
i 11 L 'igs. 1 and 3, or may be arranged to form n 
singi~ layer, as in Fig. 5, are spaced a distance 
npart leb.:.: than the diameter of the wire and 
pt·eferal>ly a distance approximatelye<1ual to 
one-fourth (J) the diameter of the wire and are 7 5 . 
insulated from each other. The insulation 
of the coils, turns, or folds can be conven­
iently effected by filling the spaces or sur­
round in~ wire with an insulating material 
preferably of high specific inductive capac- So 
ity, such as india-rubber, water, alcohol, par­
affin, &c. The medium may entirely sur­
round the conductor, as shown in .Fig. 1, or 
be arranged only 0~1 the side facing the re­
ceiving-station, as shown in Figs. 5 and G. If 8.5 
tho. conductor l>o surrounded bv n. medium 
having the coils, t.urns, or loops spaced:\ dis­
tance apar·t equal or approximately equal to 
one-fourth ( D the diameter of the wire and 
embedded in rubber of specific inuuctivo ca.- 90 
pn.city four, the virtual specific inductive ca­
pacity of the medium will be appr·oximately 
sixteen times that of air, because the pres­
ence of the conducting-wire will reduce tho 
distance through which the elect.r·ostatic line~ 95 
have to pass to one-font·th the length arHl in 
that o.tle-fourth the lines pass through n. me­
dium having fout· times the specific induc-
tive capacity of air, and hence we will have 
sixteen times the number of lines that we teo 
wonhl ha "'~ if the medium wcr·o not there, 
whilo tho pormeahility of tho it·on might be 
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chosen so high that virtual permeability of be used having, for example, a specific indue­
the medium will be approximately nine hun- tivecapacitysixty-four,the virtual specific in-
dred (900) timt'1 that of air. The time periocl ductive capacity with the same distance be-
T of n21tnr~: oscillatory electromagnetic tween the lines as before would be ·.;...proxi- 70 

s wavesgeLerated by a conductor depends upon mately four multiplied by sixty-four, and 
the square root<'f the cn.pacity l\nd the square l1ence the waYes in tho medium would now 
root of the inductance of the conductor-·£. e., be .V2otfx U00=960 times the length which 
T = 2 _7t v c L: The capacity of a conduc- the sante conductor would produce in air. 
tor depends, among oth~r thin~s, upon the Similarly if the iron lvire were of a poorer 75 

• 0 specific inductive capacity of the medium grade ma~netically or were less permeable to 
surrounding it and varies directly as this spe- magnetic forces of a high frequency its vir-

• cific inductive capacity. The inductance of tual permeability might be only one hundred, 
a conductor depencls, among other things, on and if the same insulating material as in the 
the permeability of the medium surrounding ln.st case were used the wave length would be 8o 

15 it and varies directly as this permeability. .yT(iox-25ti=160 times the wa-le length pro-
Thus it &ollows that since the period T of the duced hy the same ~onductor in air. It will 
waves formed in the medium <lescribt'd will thus be seen that if a conductor in air hav-
be v lU x uoo = 120 times a~ great as the J,e- ing a certain self-indnctance and capacity be 
riod of wa\·es for,1ed by the same conductor surrounded by such a medium its self-induct- 85 

20 in air. Now the velocity of electromnguetin n.nce and capacity, or both, are increasec.l. 
1 Since the wave length geuer·ated by the con-

waves in a medium is v =;;;-£':'.)~;where k is uuctor uepends upon the square root of the 
h "fi pl'o<luct of these two factors, it will be seen 

t e dielectric constant or spec1 c iru.lncth·e that the wave length from a ~iven conductot· 90 
25 capacity and J.l is the permeability or the nw- can be increased by surrounding it by such a 

diam; but u.s I have made k equal sixte<'n medium. Also sinco the energy when the 
times that of air and J.l equal nine hundre,] conductor is charged varies for a given vol­
times that of air, it follows that the velocity ta!!e directly with the capacit"· by increasin!! 
of the travel of waves in this medium will he .. " '-J 

the capacity the ener·gy available for radia- 95 
3°. ..... . 1 . - -~ tion has been incr·eased; and, further, with 

V = v lli X UOO = l:W of that in air; but in a given capacity the en~rgy radiated depend!:J 
any wave propagation the velocity etptal~ upon the proportion which the wave length 
V = n A, where n equ.lls the frequency nnd A bears to the hei~ht of the conductor. Hence 
equals the wa\'e length. Hence, a.s I have d(~- merely incr·easing the capacity of a condnc- 100 

JS creased the velocity to one nrw-hunc.lrml-nucl- tor snrr·o .,, led by air by increa~ing its sur­
twentieth of its value in a it· and have nl!:Jo dt.~- face without.~ ltel'iug its height does not in­
creased thn frequency so that one one-hun- crease the radiation to the same extent as 
dred-and-twentiethof the value it would have does increasing it.s capacity by increasing its 
if the met.linm I have desi!.ibed wer·e not height. In the present case, however, it is • 0 5 

40 V n possible to incren.~e the capacity of the con-
usecl-i. e., i:?O = l~O A-it follows that the ductor· without altering it!i height and yet 
len~th of the waves in the medium will be the without altering the relation between the 
same as the length of wave generated by the wave length and the medium and the height 
same conductor when sttrr·ounde(l by nil·. of the con<luctor-in other wor·d~, to obtain • 10 

45 Now it is a well-known principle in opti,~s the Hame cffeet as is IH'o<luced in air by rais­
that if a wave emerges from a denser mediuru in~ the hei~ht of the conductor. 

_to one Jess dense the len~th of sueh wnso is I In the practice .of my itn·ention, except 
increased in propot·tion to the ra.t io of t]u~ where it is desir·ed for special pUI·pose~, to oh­
Hpeeds of the wave in the two media. :o;o it is I tain as long wave leu~ths as possible it is I r 5 

5° also in electrooptics. Hence as the ''avca:-; 1 preferr·e<l to use a medium having large spe­
pass from the mediu rn in which its speed i:-; • cific iud ucti\·e capacity and small per·mea­
one one-hundred-and-twentieth of its spccad bility. 
in air the wa\"e lengt.h increases one hundn·cl For· Home purposes-e. y., wher·o it i~ tie-
and twenty times. Hence a conductor OIIH sir·ed that tho waves shoulfl ha\·e a hi~h ef- 12o 

55 foot in length surrourul~d by nnd ~eneratiu~ ficiency in one direction or on one side of 
waves through such a medium will generate thE\ cotuluctor·-the medium may h~ an·angctl­
waves of the same length in air as the wa VPs on the sitlo of the contluetor· faein:,! the point 
generated from a con<l uctor one h urull'od au•l towar·•l which the wa\·es are to he pr·inci p:~lly 
twenty feet long in air. By suitably JH'opor·- cfTecti\'o as shown in F~n·s. 5 and fi. .An in· 125 

6o tioning the ~apacity of .the conductor·, which cromontc~l ctrccti\·erwss r~ay l><.~ pr·o<lucc<l by 
may be \·ertteal m· horrr.outal or of any <h•- the cmploynwnt of a relh~cting-plate :3, which 
Hired form, in the mannor stated or· in any is fot·rued of metal n.rTnngPtl on the ~itlc of 
other suitable manner the nmount of en- tho conductor opposite that facin~ the tlir·ec· 
ergy radiated may uo inct·ea!ied as (lesir·cd. tion in which tho wa\·es ar·e to tr·avel. Tho 1.30 

65 I~ instea~ o! rublJ~rlmoti~Pr insula.t.iug mate-( employment of n reflector fot· tho purpose of 

~ \'nl or m1xturo of ~1snlnt•~ mato:•al Mhnulll cnnccntrating :uul pl'lljecting t.he waves ~ 



practically possible only with short conduc- electromagnetic waves of different poriodici­
tors. The dimensions, shape, and position ties from the same conductor as the periodic-
of the refte··~or will be varied in accordance ity of a "·ave is dependent upon the permea­
with ta& conditions under which it is used. bility and specific indnctive capal·i .. y, or both, 7o 

5 In general It is desirable to arrnn~e the re- of the medium in \vhich it is generated. As, 
ftector so as to form a portion of tho outet· for example, if the medium 2 be arranged in 
wiUl of the medium. such relation to the conductor that the waves 

.When using an induction apparatus fot· from a portion of the surface of the conduc-
. charging and discharging the conductor, one tor pass through the medium, while the waves 7 5 
ro end of the latter is connected to a knob 4, from other portions or the surface are gen­

formlng one side of the spark-gap, while the erated and pass directly through the air, the 
other knob is connected to ground. \Vhen two sets of waves will have clitferent perio­
uslng a dynamo or other source or alternat- dicities. In such cases the portion of the con­
ing current, one terminal or the generator is dnctor outside of the medium is so construct- So 

15 connected to the conductor and the opposite ed-i. e., increased in l1eightorcapacity-that 
terminal to ground. the waves generated therefrom will have the 

It is preferred that the electromagnetic same, or approximately the same, effective 
waves travel along or near the surface of the travel as the waYes passing through the me-
earth and that the generation of the waves dinm. · 85 · 

zo should occur closely adjacent to the surface The generation of waveR of different peri-
of the earth, thereby increasing their effi- odicities from the same conductor may be 
clancy. To this end the conductor 1 a, which efiecteu by changing the capacity of the con­
may be a wire, as shown, or may be in the dnctor at any desired point or points inter­
form of a cylinder, as shown in Fig. 1, or a mediate of its ends. This may be effected by 90 

25 plate or sheet, as shown in Figs. 5 and G, is enlarging the conductor at the desired por­
arranged horizontally, or approximately so, tion or portions, as by a swell integral with 
as shown in Fig. 3; but this construction tho walls of the conductor or by a band or 
forms no part of the subject-matter herein. bands 7 of conducting matorinl surrounding 
One of the sparking-knobs is connected to the conductor and in metallic contact there- 95 

30 the conductor 1•, preferably at a point mid- with. This latter construction affords means 
way of its length, as shown. Self-inductance for adjusting the capacity by adding or re­
coils 5 may be interposed between the con- moving bands or changing the position there­
doctor and knob to change the natural oscil- of along the conductor. Such a conductor 
lation period of the system. The other spark- would generate two or more series of waves 1oo 

35 ing-knob is connected to a cone G, formed of of di ;:,.. i·ent periodicities, the periodicity of 
metal or other conducting material and nr- one serieb ~r waves being dependent upon the 
ranged below the conductor. This cone may length and configuration of the conductor 
be arranged on a table or other support and and the periodicity or periodicities of the 
connected to ground and may rest directly other series upon the bands or enlargement.~. 1os 

40 on the ground. In order to increaso the ef- 'fhis form of conductor thus enables me to 
.ficiency of the conductor as regards the dis- obtain long waves from a short conductor, 
tance of tra\·el of the waves, a medium 2- thereby avoiding the expense involved in the 
such, for example, as that heretofore do- erection and maintenance of high masts. It 
scribed-iH interposed between the conductot· has, however, another propet·ty, in that not no 

45 and cone. This medium may be made au- only is the wave length the same as that from· 
nular and extend entirely around the cone or a long wire, but alsp the amount of energy 
may extend only partially around the cone radiated is the same, for a given difference of 
on that side where the waves should be most potentiala!ifrom a high wire. In other words, 
efficient. The waves as they pass through it is characteristic of this improvement that 1 IS 

so the medium impinge on the surface of tho ull the functions or desirable results incident 
cone and are deflected down onto and along to the employment of a long high conductor 
the surface of the earth. enr1 be attained by a relatively short low con-

As shown in 11: · . 4, a seconu conunctor, in- d uctor and with the additional and many au­
stead of an "elecr,rical image," as it might I vantages peculiar to this conductor-e. y., it 120 

SS be termed, can be employed. In such case assists me in obtaining a construction which. 
two similar conductors 1 are connected to op- forms ono of the objects of the invent.ion em­
posite poles of the generaLing apparatus, and bodied in application Serial No. G2,301, filed 
when an induction apparatus is used the l\fay ~n, l!>Ol. 
spark-gap is formed between the conductors, 'l,ho receivin~-stations may have a conllnc- 125 

6o the knobs 4 being connected to aujacent ends tor similar to that desm·ibed, or plain conunc­
of the conductors. It is pr·eferred that the tot·s tnno<l tn r·ecoive the sevor·nl series of 
conductors be surrounded eithe1· entil·ely ot· wa\·es may be employed at the rcceiving-sta­
partially, as heretofore describeu, by a mo- tion. 
dium 2. . · I It lm~ been suggested in wil·eless-telcgraphy 130 

~ 65 'l'he employment of a medium in the man- 1 work to employ apparatus in which tho spark- ~ 

~lor described po~its o~ho gN~rntio~>C 1: tcrm:nls h~o hcon ~nmorRoil inn liqnl,. ~ 
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IDIIIIAt.or oC llfOA~or IPOOitlo lllllllo~l,. oa- up wblob •b• WIU'I ltPit&b depeall• ot .. val111 · . ~ 
paclty thun air; bot thla was done for the greater than that of afr arranged In suitable 
purpose ot obtaining a more abrupt spark, relation to the conductor, substnPtially asset 
&nd r Jll fCJ .. the purpose of obtaining a greater forth. 

5 lengtilofwavefromagivenconductor. More- 9. A conductor for wireless telegraphy in 70 
over, as employed, while it would serve the combination with a movable piece of conduct­
purpose for which it was intended-i. e., bet- log material arranged on the conductor, sub­
~r insolation of the terminals and more ab- stantially as set forth • 

• rapt spark-it would .not when used as de- 10. A conductor for radiating electromag-
IO scribed produce the effect aim·ed at in the netic waves, surrounded by a medium in 75 

, present application. . which the wave length of electromagnetic ra-
1 claim herein as my invention- diation is less than the wave length of the 
1. A conductor for radiating electromag- same radiation in air, substantially as set 

netic waves, in combination with a medium forth. 
15 having an el~trical constant on which the 11. A conductor for radiating electromag- So 

wave length depends of a value greater than netic waves, in combination with a movable 
that of air arranged in suitable relation to piece of conducting material so arranged and 
the conductor. . proportioned that the syst.em will simultane-

2. A conductor for radiating electromag- ously radiate waves of different periodicities 
to netic waves ha\•iug in combination therewith, of approximately the same energy, substan- 85 

a medium having an electrical constant 011 tially as set forth. 
which the wave length depends of a value 12. A conductor for radia~ing electromag­
greater than that of air, arranged around the netic waves, ha\·ing a substantially uniform 
conductor, substantially as set forth. capacity over a lar~-te portion of its length and 

25 3. A conductor for radiating electromag- a piece of conducting material connected to 90 
n~tic waves in combination with a medium such portion, whereby waves of different pe­
consisting of lamina of intmlated magnetic rioclicities but of approximately the same en­
material arranged in suitable operative rela- ergy may be racliated, substantially as set 
tion to the conductor, substantially as set forth. 

30 forth. • . . 1:3. The combination of a vertically- ar- 95 
4. A conductor for radiating electro mag- ranged conductor for wireless telegraphy and 

netic waves in combination with a medium a medium substantially as described arranged 
consisting of lamina or wire of magnetic rna- in operative relation to the conductor, sub-
terlal and· a material of higher specific in- stantir.lly as set forth. . 

35 ductlve capacity than that or air, filling the 14. ·! !•e combination of a conductor for ra- roo 
spaces between the lamina of conducting ma- diating elt~t.romagnetic waves connected to 
terial, substantially as set forth. ground and a medium having an electrical 

6. A conducto~ for ratliating electa·omag- constant on which the wave length depends 
netic waves in combination with a medium of a value greater than that of air arranged 

40 having an electrical constant on which the in operative relation to the conductor, su~- 105 
wave length depends of a value greater than stantially as set forth. 
that· of air and means for causing an lucre- 15. A grounded conductor for radiating -·-
mentalefiectivenessin a given direction, sub- electromagnetic waves in combination with a 
stantially as set forth. medium having an electrical constant on 

45 6. A conductor for radiating electro mag- which the wave length depends, of a value 1 ro 
netic waves in combination with a medium greater than that of air, arranged in suitable 
having an electrical constant on which the relation to the conductor. 
wave length depends of a value greater than Hi. A grounded conductor for wireless te­
that of air and a reflector whe•·eby the waves le~raphy, having in combination therewith a 

so generated by the conductor may be couceu- medium having an electrical constant ou 115 
tratecl aud projected in a given direction, sub- which the wave length depends, of a value 
stantially as set forth. greater than that of' air, arranged around the 

7. A conductor for radiating electromag- conductm·, ttub~tantially a~ set forth. 
netic waves in combination with means where- 17. A groundecl conductor lor wirclesM te-

SS by a different periodicity is impartecl to the lcgm.phy, havin~ in combination therewith a 120 
wavesgeneratedfromdi1ferent po1·tionsof the medium consisting of lamina of insulated 
conductor, and a medium haaving an elect1·ical magnetic mate1·iaJ arranged in Muitable oper·a­
constant 011 which the wave len~th depends tive relation to the conductor, subst~ntially 
of a \"alue greater than that of air arranged as ~et forth. 

6o in suitable relation to the conductor, substau- 18. A grounded conductor for wireless to- I 25 
· tially as set forth. lcga·aphy, in combination with means where-

8. A conductor for radiating electromag- by n. diffcront periodicity is imparted to the 
neticwavesiucombiuation with a pieceofcou- wa\·es generated from different portions of tho 
duct.ing material arranged on the conductor, l conductor, null a medium having electrical 

65 and a medium having an electrical constant constant on which tho wa\·o length depends, 130 

anlae"'~ier ihan tbat.of alr, arranged I neUe wave~~, and a medium substantially M 10 
nl_.b-.nlaUoD totbeeonductor, substan- described arranged.ln operative relation to 

u fet forth. ; . . the conductor, sabetantlally aa set forth. 
ft01U1U:Jfo/ conductor for wireless te- In teatlmony whereof I have hereunto set 

!lll~l~J'11aoomb,oationwlthamovableplece my hand. , 
IOI'IidDC,&It., a.aterlal arranged on the con- REGINALD A. FESSENDEN. 

~DetftiP. IUbataatlally aa set forth. 'Vltuessea: 
aombloatloo of a vertically-arranged 'V. B. FEARiso, 

:ll'C~D~:Iedoondactorforradlat.ingelectromag· S.C. G~Y. 



. ·. 
'{ :' >J:i: ' . 

' ·. ·, ~~. . ·<~.· •.•tit I.) 
':·· .. 

R. A. FESSENDEN • 
WIRELESS SIGNALING. 

(Applloatloa 11M -.pt. 18, 1801.) 

Patented Aug. 12, 1902. ~ 
·a 

FIG. I. 6 . 7 

t/ 

r-1 G.2. 

1Q,.. 

FIG.3. 

/"'- ··,, 

, ' I \ m ~ .. ~ 
........ "' 



-;::::======.. ~ ~ ~ ~==~~~~.===~~ 

~ No. 706,746. Patented Aug. 12. 1902. l.~ 
R. A. FESSENDEN. ~ 

SIGNALING BY l:.LECTROMAGNETIC WAVES. 

<Mo Model.> 

FIG.L 

·--
000 
DOD 
0 0 

·a 
WIT~··~IKII 
~~ . 
&'8 ' . 

(.Application aled·llll)' 1, 1001.• 

Ia 

FJG.3. 

INYIJITO 

~a..~~ 
~~,.w~ An·,. 



UNITED STATES. PATENT- OFFICE~ 

REGINALD A. FESSENDEN, OF :MANTEO, NORTH CAROLINA. 

SIGNALING BY ELECTROMAGNETIC WAVES. 
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To all whnm, it nuty r.onct!rn: 
Be it known that I, HEOIXAI...D A. FESSEN­

DEN, a citizen of the United States, residing 
at :Manteo, in the county of Dare and State 

5 of North Carolina, have invented or discov­
ered certain new and useful Improvements 
in Signaling by Electromagnetic 'Vaves, oi 
which improvements the following is a. speci­
fication. 

10 l!y invention relates to the tl'ansmission of 
power and signals by electromagnetic waves 
of a kind which have been discovered and in­
vestigated by me, and i~ particularly con­
cerned with means for the eflicient sending 

15 and receiving of such waves and for the exact 
·maintenance of t.uning. These waves differ 
from those described by IIert:r. in that they are 
not complete waves, but only half-waves, and 
in that they travel over the surfaee of a con-

20 ductor, and hence, unlike Hertz waves, can be 
deflected from a strn.ight line. They have the 
property in common with Hertz waves in that 
the energy received by a giyen area varit'S 
inversely as a gi\yen distance. They diLier 

25 from the waves investigated by Lodge in that 
they a1·e not current wavE.'s, but semifree 
ether waves. 'l'hus in the Lodge waves the 
electric energy is maximum whon tho mag­
netic energy is minimum and all enel'blJ' not 

30 absorbed by resistance losses is reco\yerable, 
while with the form investigated Lyme the 
electric energy is a maximum at the snmo 
time as tho magnetic and none or the energy 
radiated is reco\·erable excevt by reflection. 

35 I have found that it is essential fo1· the proper 
sending and l'eceipt of those waves thn.t the 
surface over which they a1·e to t1·avel shoulu 
be highly conducting, more e!Spccially in the 
neighborhood of the point where tho waves 

40 a.re generated. I have found that this highly­
conducting portion of the stufaco should 
preferably extend to a.t least a distance from 
the origin ec1ual to a 'lu·arter wave length of 
the wave in air and in the direction toward 

45 tho station or ::Jtatious to which it i~ desired 
to send the wa\·e:i. 'Vhoro tho sending-sta­
tion il:i in a. city or similar place where the 
WU\'el:i may be CUt off by hi~h builc.Jiugs 01' 

high trees, this highly-conuucting path should 
so bo extended still farther nutil it passe:-; be­

yond the limits or tho oh~taclc, Ullll there the 

highly-conducting portion, \Vhich may be in 
the form of a strip of metal or other conduc­
tor or of a number of wires, is connected to 
ground. 'rhis arrangement may be called a 55 
" wa Ye-ch u te." 

In the accompanying drawings, forming a 
part of this specification, Figure 1 shows tho 
artificial ground or wave-chute arranged for 
a station iocated in a city. Fig. 2 is a plan 6o 
view of the arrangement shown in Fig. 1, anu 
Fig. 3 illustrates the ground or chute in con­
nection with a low conductor, and Fig. 4 is a 
J>lan view showing arrangement of station on 
rocky shore or other non-conducting ground. 65 

In the practice of my invention I connect 
the grounded end of the sending or receiving 
couu ucto1·1 directly or by means of a cond nc-
tor to a number of wires or strips 2, radiat­
ing out, as shown, preferably to a distance 70 
of a quarter wave length or beyond or to 
points beyond the high buildings or other ob­
stacle, as if the wires do not extend for n. 
quarter wave length a.here is not sufficient 
capacity between th~ senuing-condnctor and 7 5 
the artificial ground. These wires are grounu-
ec.l, preferably, at their ends and are later­
ally connected by other wires or strips 3, as 
shown. 'rhis arrangement is equivalent fot· 
elcctroma~netic waves of such frequencies So 
as are commonly used to a conductor formed 
of a solid strip of metal. \Vhen it is desireu 
to Mentl. one particular direction or direc­
tions, the8e wires or :-;tr·ips are ar·ranged so as 
to lie only in the d.irection in which it is uo- ss 
sireu to senu. Fig. 1 shows such an arrange­
ment for sending from a station in a city h:n·­
ing tall buildings containing pipes or condue­
tors of metal. 

In using a low conductor in connection with 9o 
an at'tificial ground or wave-chute it is pre­
ferred to employ the embodiment shown in 
Fig. 3 of the conductor described an(l cl,lime<l 
in application Serial No. G~,303. This cou:­
struC!tion consists of a tubular condt.ctor P, 95 
imwersed in a medium having an electrical 
cou8tant on which tho wa.\·e length depends 
of a value greater than that of air-aM, for ex­
ample, water, which is coutaineu in a vessel 
4, formeu of conuucting material, as metal. 1oo 
To prevent ova.poratiou of the water, tho ves-
sel is cuvet'e(l with gla~s m· othct· immlatin~ 



~!! 

~~ :terial, or oil mny bo I•lncctl on the •m·r,::
6

• ~~:c<l so low that there iH 1i Lllo absorption~ 
of the water for the same purpose. It is pre- I nlso t>refcr to insulate them from gronml, 
rerretl to arrange thespnrkin~ terminal~ 5 anti ~o that they hn ve a natttral pet·io<l as far re- 7 'J 

0 within the tubular condnctm·l ",one of tho 1 mo\·t•(l ns po~siblo from that of the clectro-
5 terminals, RM o, being electrically conncch••l j ma:.;nctit~ wnvel-4 UMo«l for AiJ,!ll'\lin~. \Vhcn 

by nn n~m 7 to the conductoa· P, whil~ tho ! n. metallic mm~t ifi usetl, it nlso ::illOulu have it~ 
terminnl· G iN elcetricnlly connected by the I unter surface fm·mcd of non-magnetic good 
poNt 8 to tho contniuin~ vessel 4. 'l'he low(~a· comluctin~ material. 75 
end of the tubular conductor is closed by n I An additional advantage consequent on the 

10 plug 9, of immlating muhwial, through whi<·h employment of an nrtificia.l gt·onnd or wave­
passes the post M. By sec•urinJr the plug- to chute i~ tho possibility of ~uarding against 
the conductor and to t.he postS the ln.tt<.'l' will outsitle interference by insulatin~ or cutting­
~erve as a support fm· the conduct.or·. As out the artificial ga·oun<l in the direction or So 
shown, one of the spna·kin~ terminals, as 5, t.he tlistril>ntin~-station-ns, for example, in 

15 is connected to the seconclary coil of n suit- tho at'l'angement shown in FiJr. 4, whe1·e the 
able g~neratm·, as tho induction-coil 10, nucl art.ificiul grouml m· wav~-chnte is shown ex­
the other terminal, ns u, is also connected to tmulingentil·elym·oHrul the conclnctoror·sta­
~uch secolllhtry coilthrou~h tlw post ~ awl tion. The portion of network or wires 2 be- 85 
the wall of the eonta.inin;.r \'esscl.J.. The cou- t.wcl'n tho points a atHl !J town.r·d the distril>-

20 taining ves~el iN contH•ctecl to :.rr·onncl hy t.lt••l tltin~-station X ar·o insulated fr·om thegt·ound, 
artificial ~-tr·ourul m· chut.e ('XteiHlin~ in the• an<l a con•luctin~-pn.th 1:? iN formed around 
direction it is tleMirt-<1 to si~nal. tlw ~u·tificial ~r·onncl, cxtomling between tho 

Anothl't' very impor·tunt funct inu of L!a··~ points a amJ h, !-!o that electrical uistnrl>n.nces 90 
con~truction here lleMc&·ilu~cl iN that it t•n- fa·om th~ stat.ion X will be I eel arounu the con-

25 abies the·cnpaeity nrttl s<~lf-inclttet.iou of tlu• thl<'tor m· station. 
Rending-station to he maintaiau•tl constanr. In m·cl~t· to render it cerf.ain that the nat.u­
which iK of Cuntlamental irn por·taru:e in wor·k- ral per·iocl of t hu mast and ~nys is different 
ing tuned cil·cuit~. It fr·<'qtwutly hnppe11~ fr·om that of t.he l'lm·tromagnetic wa\·es, sai<l 95 

- thnt Htntions m·e ~;itua!ctl ou ro<.·ky portions ma~t anti :,!li)'S may be wr·apped m· encircled 
30 of COUNt Whel't' Malt spray somt•lillll'S tlashr•s with OllCOI'IJlOl'e coils or turns l:J or iron Strips 

up nml rendea·K portions of the :,!I'OiliHl·sur·- or· wir·P., pret\~•·al>ly in~nlatecl, thn:i increasin~ 
rnce uenr tlw stat ion t•orHluctin~ which wm·p tlw incl nctatwt• ancl nat m·al period of the mast 
preViOUl'41y insulat.in~, ht•IICl' ch~lllJ,!ill:,.! t}!H aiHl ~nys ancl permittilll-: the Ellllployment O( IO: 

capacity anti in<luclluu~t· of the sendiu~-t·on· c:.mtltwtin~ mat,~r·ial-e. !f., ir·ou or· steel-in 
35 ductor. If, howt~\·t~r·, tlw snt"faee lm eo\'en·d · t lw masts nnd ~uys. As lihowu in Fig. 1, tho 

by the nch\'OJ'k or·l'4t r·i ps her·ct ofm·t• cl<.•scr·iht•r!, I <.·oils or· turns may be either formed locally-
tho cnpacity will uot. lm chan;.!t•ahlt~, but eo11- i. t'., PXICtllling a shm·t. distnnc~ along tho 
Htant, a~ t.ho sm·fact~ au•ar the l'4tat.ion is mai11- mast or ;.ruys-autl such coils or tut·ns may·cx- 105 

tnin(ld in n constantly· concluctiu~ st.at.... tcncl eoratinuouslr nlou~ such par·ts. 
40 .JI~nl'C tlw st.at.ions once tnrwcl will not lw put: \Vhilo the eoatin:.r of the mastaml guys with 

Oll t Of t lllle hy t•}UJII~f'S of' WC•at hi.' I' 01' ot h1•1' llOil·llJ:l:!IJet.ie matPI'ial Jll.'ed not. nect•ssat•i ly 
tli~t.urhanc••s. In or·tlt't', IHlWt!\"t•r·, t.hat. t.his lu~ usc>cl with the (~oils or· t.ur·n~, it is pt·cfe&Tetl 
~e,~ond function of m~· <.·onstr·uction may lu•l in most. caH'S t.o both coat tho masts and guys 110 

fully tnk~n ach·anta~t~ of, it is preferable tn with non-magouet.ie matel'ial ancl to also em-
45 use metallic roJll'M Ol' chains 11 for· snppor:-; ploy the coils or· tnr·us of magnetic wire or 

ing the UH\Mts wlttH'O masts :ll't'tls(•tl, as where• I strips, whieh may he for·nwd of nickel oa· othet· 
rop(l~ n.re ust•tl tlwy arc• apt to uecomL' sat 11- 'lmagotlt't.ie mntl'a·ial. Xo. 40 Brown & ~har·po 
r·atetl with :--alt. watet· iu st1H'IIIY ,,·cat lwt· aud ~a~e of wiJ·e is a si1i':e snital>le foa· the p111'(Hl~C'. I I 5 
to het·ome <!Oiltluetor·~ capable~ of ah~m·hiu;.: I I daim hel'(~in n·s my invention-

so the r.lectr·nma;_!llt!Lic \\'t\\"P:-1, tlH!I'I'h\· eut.tiu;.: I. Inn. ~\'stem fo1· tho tr·ansmission of en-
oiT n tmrtion at. least of tlrt! t•lt.•cll'l;llla!!tWti·,~ <'t"•r\· In· el;~ctromn•rnetic wa\·~:-~ a :-;nndin•r. . :""'.. • c , \,." ~ 

wavt's from the r·ccch·iu;!-COIHltH·tor·. Thcsu cowluetor· for radiating such wa\·cs and an 
wir? ~nys. woulcl in ~eueral ah:-oor·h t lw wa Vt'S I arti licial :,!I'OUUcl connected to tho lower· ontl J 20 

rapu.lly, stnt•e fm· <•lt~~apnc:--s thc.•y woulcl he of the scmlin~·contluctot· ancl to ~round ancl 
55 mado of ia·on or stc•<'l, ar11l sinee tho <.~UI'l'Cilts <'Xtcwling out.wartlh· fr·om the scnc1it1'r-eon-

J,{encrnt<•tl in ir·on or· :o;tePI corrtltll'tor·s at sn<.·h •lnct.or·, sith:.,i~·ntiall)· as set l'orth. ~ 
frcq uencit's ns would he nsecl in pral't icP an• ~. In a system Col' the transmission o( cn-
conlincu to a \·cr·y thin film or· the outshlt.• of·,· Ct'!!\" In· l'll'etr·oma!!nctic waxes a sencliu•r. 125 . ..-~.. .. ,., ' ~ 

tho Wires tlwy wou!cl oppo:-;c! lar;.!c~ l"l':o,istaru·t~ I ccuuluctol' for· r:nliatiu~ stwh w:•n·s awl an 
6o to Mt~ch c!IITt:'l~ts. I. t hcrefon• for· tho full 1 aa·tificial ~roun'l connectetl to the low(•!' Cllll 

prnct.a·c ol my liJVcntton to pn·~·t•ut such ah- ! of the !"l'lldill;!·Conductor· ancl tu ;!1'01111•1 arHl 
sorptiOn l'O\.l'l' such wan·!-i, Wire ropt!s, ot' l t•xterHlill~ outwanlly from tlae sctH.liii"·Con­
t·hains with a coat in~ of a non-ma;_!neti': eou-; tluctoa· a distance equal to a •Ittarlct·l:'lwa\·o IJO 
tluctor, pr·cfc.:ralJly ?.lilt! or·ll':Hl, ancl thus r·t•n- ; len~th in ait· uf the elcctrolll;l'rnetic- waYo 

65 tier tho ohmi_c rcsistaneo of th<.• wires, win~ ! lcu~th used, sub:-;tantially as ~et forth. 
J'opcs, or challiS to the CltiTI'IIfS pr·oclucctl hy I :;. In a :-\\'stem fot• tho t.r:Uililllission or Cll-

~lectroma;:nelic~nl\'eS~r Lh~re•;u~cic•:< ~·;:r ~~~ t•l~cl•~"'l-!"~: wam, a S<'IHii~ 
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~~·~onldUctQr for radiating such waves and an 
artificial ground consisting of a series of wires 
or strips connected to the lower end of the 

ng-conductor and to ground and radiat-
. og from the lower end of the cood uctor nnd 

nnected at suitable interv~ls by transverse 
res or strips, substantially as set forth. 
4. In a system tor the transmission of en-

. by electromagnetic waves, a sending-
conductor tor radiating such waves and an 
artificial ground connected to the lower end 
of the sending-conductor and to ground and 
extending outwardly from the sending-con-

. doctor a distance equal to a quarter wave 
s .length in air of the electromagnetic- wave 

· ·.;:length used and in the direction in wbich it 
·· is desired to send the waYes, substantially as 
· · set forth. 
: 6. In a system for the transmission of en-

:io ergy by electromagnetic waves, a sending­
.·. conductor for radiating such waves A..'l:td an 
· .: . . artificial ground connected to the lower end 

t:.'. of the sending-conductor and connected at its 
· .. : outer end toground,snbstantially asset forth. 
\:IS 6. In a system for the transmis~ion of en­
~:.: ergy by electromagnetic waves, a sending­
(· conductor for radiating such waves supported 
:':' by a metallic conductor of lo\v resistance to 
· . currents of the frequencies used ,su bstA.n tinily 
· 30 as set forth. 
: · 7. In a system for the transmi~siou of en­
.: ergy by electromagnetic waves, a sending­
·.·.~ conductor for radiating such waves supported 
:· 'by a metallic conductor, a shield for said con­
.:. JS ductor having low resistance to currents of tho 

frequencies used, substantially as set forth. 
8. In a system for the trn.nsmission of en­

ergy by ele~tromagnetic waves, a sending­
. conductorforradiatingsuch wa\·es supported 
40 by a meta1lic conductor having a natural pe­
. riod of oscillation different from that of the 

frequencies of the el~ctromagnetic wa,·es 
used, substantia11y as sot forth. 

0. A conductor for· radiating electromag-
. 45 netic waves, consisting of a couuuctor im­

mersed in a liquid medium having an electric 
constant on which the wave length tlepeuds 
of a value greater than that of nir, substan­
tially as set forth. 

so 10. A condnctm· for r·adiating elcctromag-

netic \Vavcs, consisting of a conductor im­
mersed in water, substantially as set forth. 

11. A conductor for radiating electromag­
netic waves, consisting of a metal vessel con­
taining a medium of the character clescribe<l, 55 
a conductor immersed in said medinm and a 
generator, substantially as set forth. 
. 12. A conductor for radiating electromag­

netic waves, consisting of a metal vessel con:. 
taining a medium of the character described, ·6o 
a tubular conductor immersed in the medium, 
sparking terminals arranged in the chamber, 
substantially as set forth. 

13. In a system for the transmission of en­
ergy ·by electromagnetic waves, a sending- os 
conductor for radiating such wa\·es, an arti­
ficial ground connected to the lower end of 
the sending-conductor and to ground and ex­
tending outwardly from the sending-conduc­
tor, and a second grounded conducting-strip 70 
leading around the station from thnt facing 
a source of electrical disturbances to the op­
posite side, substantially as set forth. 

14. In a system for transmission of energy 
by electromagnetic waves, a support for a con- 7 s 
dnctor encircled by one or more turns or coils 
of magnetic material, substantially as set 
forth. 

i5. In a system for transmission of energy 
by electromagnetic waves, asnpport fora con- So 
«luctor encircled by one or more turns or coils 
by iron wire, substantially as set forth. 

lG. In a system for transmission of energy 
byelectromngneticwaves,a.conductorincom­
bination with a support therefor, said sup. 85 
port having a coating of non-magnetic mate­
rinl, substantially as set forth. 

17. In a system for transmission of energy 
by electromagnetic waves, a conductor in com­
bination with a support therefor, said sup- 90 
p01·t having a coating of non-magnetic mate­
rial and encircled by one or more turns of mag­
netic material, supstantially as set forth. 

In testimony whereof I have hereunto set 
my hand. 

REGINALD A. FESSENDEN. 

'Vitnosse8: 
DAHWIN S. 'VoLCOTT, 
.TOliN r~. Fr .. ETC 'HER. 
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(-.; ~ To all, whom it m,a.y concern: · not allow of sufficient turns to give as high a 
. .': Be it known that I, REGINALD A. FEsB.EN· rate of transformation as is desired. 1tiore­
... DEN, a citizen of the United States, residing over, the tuning will not bo as sharp as with 
. at Fort Monroe, in the county of Elizabeth the arrangement hereinafter described. · ss 
5 City and State of Virginia, have Invented or In the accompanying da·awing, forming a 

.· discovered certain new and useful Improve- part of this specification, the figure shows a 
menta in Signaling by Electromagnetic Waves, diagrammatic view of my invention as applied 
of which improvements the following is a to a receiving-st-ation. 
specification. Here 2 is a conductor or aerial, grounded, 6o 

to InLettersPatentNo. 706,7a8I have claimed . either directly through the primary a or, in 
a complete sending and receiving system, in- addition, through the condenser 6. 
eluding a sending system adapted to radiate 5• is the secondary of a transformer of which 
persistent oscillations or wave-trains and a a is the primary. The transformer may be 
receiving system comprising two or more cir- an air-core transformer, or a core of magnetic 6j 

15 cuits inductively or otherwise operatively material, such as finely-laminated iron 4, may 
connected with reference to obtaining sharp be used. · 
tuning and good selectivity: The invention a• is the primary, and 5 the secondary, of 

odescribed and claimed in this application, anothertransformer. Thecircuitcontaining 
which is a division of said patent,.has for its the secondary 5• and the primary a• is·tuned, 70 

to object the changing of the voltage at a sta- preferably, to the period of the aerial, as is 
tion by the employment of two or more cir- also the circuit containing the secondary 5. 
cuits arranged to produce the desired change. This tunin_g may be done by means of in-

. It is a fu~ther object of the invention· to dnctances, as at 7 7•, or capacities, as at 8 s•. 
provide for selective signaling by so tuning 9 is a receiver, which may be a coherer. 75 

15 a receiving apparatus that it will respond 12 is a polarizing-cell, as described in United 
solely to waves of one periodicity and is tha States Patent No. 706,738. 
result of a full appreciation of the principle o• is a local bl\ttery, and 10a an indicating 
about to be explained. mechanism. 

Heretofore in tuning systems but a single An advantage peculiar to this construction So 
.30 transformer has been used, tuned to the pe- is that it permits high ratios of transforma­

riodicity desired, and with this arrangement tion to be obtained, for since the length of 
it is impossible to obtain any desired ratio of the secondary should not be greater than the 
transformation on account of the fact that length of the receiving-conductor, as com-
only a given length just sufficient to permit monly constructed, (though with different 85 

.JS the oscillation to travel it in the time occu- constructions the length may vary,) and a 
·pied by a half-wave can be used. If the pe- considerable length of wire-say twenty or 
· riodicity of the electromagnetic waves em- thirty feet-should preferably be ased in the 
ployed is one million eighthandred thousand, primary in order to obtain sufficient mag­
then an electric oscillation can only travel a netizing etfect, as is well known in the art, 90 

40 tenth of a mile during a single wave period a ratio of transformation approximately 
or a twentieth of a mile during a single oscil- greater than one to five cannot be obtained 
lation period, because an electric impulse with a single-tuned secondary; but by em­
cannot travel faster than the velocity of light, ploying several transform·ers in series it is 
and along a wire which always has induct- evident the stepping-up process can be re- 95 

45 ance and capacity the velocity must be less. peated a number of times and the ratio be­
The oscillation must travel back and forth tween the final and primary voltageR may be 
over the wire every period, and obviously it made largo. 
cannot do this within the available time un- When this device is used !or transmitting 

1 
1 
1 
~ 
I , , , 
~ 

~ less the length be not greater than one-twen- or for transforming down, the benefits ob- too D 
~50 tleth of a mlle. If the primary has a con· taincd from It• use arise from the same ~ 
~ ,;ldorable number of turns, this length may canse-i. e., that by Its use It is possible,,~ 

~~.A A-~~~~ 
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~~Cl•btlaln·any desired ratio, either up or down, netic waves the combination of two or more . 
spite of the fact that only a limited length circuits In sequence, an end circuit of said · 
Wire can be used in a single circuit. sequence being operatively connected to an 35 · 

, .. -.. -.:· .. _ ............ . the primary of one transformer, as aerial, and each of said circuits having a : 
.·:1a actuated by the secondary of another_ .lengthlesathap thatofthesending-conductor. ~--:· 

· , ~ 6•, the transformers are said 6. In a system of stgnallng by electromag- · _:· 
ln ~~equence. · · · . netic waves the combination of two or more · !; 

t.I claim is- . · · clrcnits i'n sequence, an end circuit of said 40; 
a system of signaling by electromag- sequence being operatively connected to an . 

·waveas the com.bn of two or more aerial, and the first circuit operatively con- · .. : 
t.tn~na:ror1mers connec sequence and nected to a receiver for electromagnetic ·_,· 
~.tl'l&DII!o:rmlng In the direction, a trans.. waves, each of said circuits having a length 

"'"'''Pnta'P:·at one. end o said seq nence being· less than that of the aending-cond actor. 45 ·: 
~oDerattvely·connected to an aerial, and the 6. In a system of signaling by electromag- · ~ 

:~~~1~r&Jilsfjorarterat the other end of said sequence netic waves the combination or two or more ·-·. 
~«J•pera1ilV4~lY connected to a receiver for elec- circuits ·tn sequence, an end ·circuit of said 
ili'Ouaaa:nettc.waves. sequence being operatively connected to an 

a system of signaling by electro mag- aerial, each of said circuits being tan eel to the so 
waves the combination of two or more aerial. · . 

~·t.:(~_t,ra1llf,ortnell"8 connected in sequence and. 7. In a system of signaling by electromag­
~~;,~_tratl8(41)flllling In the same direction, a trans- netic waves the combination of two or more 

. at one end of said sequence being circuits in seq oence so arranged as to have a 
operatively connectecl to an aerial, and the high ratio of transformation, an end circuit ·ss 
circuits of t.he transformers being tuned to of said sequence being operatively connected 
.the periodicity of the electromagnetic waves. to an aerial. 

·. 3. In a-system of signaling by electromag- In te~timony whereof I ~;lave hereunto set 
-. iietlc waves the combination of two or more my hand . 

. . ·_..:::·transformers connected in sequence and 
:. ... · '.transforming in the same direction, a trans-
:·Jo _former at one end of said sequence being 
., · operatively connected to an aerial. · 

· 4-. In "system ot signaling by electromag-

REG IN AIJD A. FESSENDEN. 
Witnesses: 

DARWIN S. \VOLCOTT, 
\Vll. II. DE J .. ACY. 
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J'o all ll'h om. il ""''!! '''JIU'f'JW: PI's. 1. I·! nr·t~ t.lll' tU"imar·,\· nntl secomlnry 
He it known thnt I. ,)oilS S·rox~-: SToXJo~. u wiJulin~s of transfm·mer· :\1. L L' ure induct­

citizen of the Unitt>tl Stutes, antlu rt-shlt•nt of Hill'"~· ( ~ ( '' Hl't' t"omlt•nsm·s. J( is a spnrk­
Cambritl~e, in the count,\" of :\liddlesPX nnd ~ap. \' is nn pfp,·att~d '·onductcn·. consisting 
Htnte of :\lnssnchusetts, lun·l' inn•ntml a rww of n nwtal plntt• tn·efernhl,\· circular in form $5 
and us"fnl lmpro\'l'llltmt in ~pnct>Tele~r·nph,v. :md Juu·nliPI to ''nr·th and whost~ diameter·, nn<l 
of which the following is u spPeifi,·ution. t•on~t''Jlu~ntl,\· whosP pPriplwr,\·, is }H'eferably 

)[y in\·entionr·elntes to the nr·t of trnnsmit- J.!l'ent (•ompnr·t•cl to its distnnre ft·om the 
ting intdligl'nce fr·om onP station to tmother· l!l'omul. Ilowt'\'Pl". n. metnllic plnte of other 

-o hy meuns of eledronutgnl'ti<: wun~s without shnpl' or tlll,\' othl'l' suituiJ)p lntera11.\·-extend- 6o 
the use of wil'l~s to guide tlw waL\·cs to tlwir· in~ nu•mbt•t· nm,\' ),p t~mplo,\'l'tl, uml prefer­
c.lestinution~ aml it rPlutes mm·t~ )uu·ti,~trlnri,,· nbl,v its distnrwe fr·om the J.!l'ouml should he 
to the system of such transmission in whi,·h smnll eomJuu·etl to its smnllt~st dimension. 
the electromngnPtic waves ar·e den~lopetl h,,. Tlw natural pcr·iod.of the sonorous cir(•uit ,'( 

· 5 producing t~lectric \'ihrutions in an elenttetl ( ~ 1. L is nuult> l'qunl to tlw furulamental pe- 65 
conductm·, tn·efer·nhl.v ver·ticn11,\· Plm·ntml. In r·iod of tlw elt•,·nted-conductor· s~·stem, con­
my Letters Pntent No. i 1-l. ;:,t;, l.h~t·embt~r· ~, sisting of the nwtal plate V or othet· suitable 
1902, I have tlescriht.'ll such s~·stt•m of spnee lntemlb·-t•xtending memhe1· uml its connec­
telegraph~· in whirh forced simt•IP hnrmonic tion 11 1~ E to mu·th m· to some harmonic of 

. electric vibrations ar~ dt•\'l•loped in nn t~h'- such fu.mlmmmtnl pm·iod, untl for this pur- 70 . 
o:E-,·ated conductor h~· means of n sonorous OJ' post• the Plt>l'tronmgnctic· constnnt." of the so-
~ persist.tmt)y- osdllntin~ cil·euit ussoeintPtl uor·ous eir·cuit m:t,\' lm \·nl'it~tl. An induct-
t thet·ewith. In this s.r~tcm untl in ot hPr' s,\·s- nrwt~ L' m· u <"ontlenscr· ( ,, nm.,\' he connected 

terns of spnct~ tclt'~l1tph,\· in opcr·ution to-dn,\· I in tlu~ cin·uit, 1~ E fm· the JHU'poses herein-
; it has LeNl found necessary to emplo,v t•IP- uftt•r· st't for·t h. Tlw function of the auxil- 7 s 

\'ated trunsmitting-conductm·sof considm·nhiP 1 inr·.\· inductance Lis. us t•xplnint.'ll in my here­
height in order to trnnsmit n pprPeinbl" 1 inhPfor·t•-mt•ntimwd Lcttm·s Patent, to swamp 
amounts of energy b,\' c)ectr·omngnet ic wn\·es ! tim pfl"t•ct of tlw ruutunl indnctunce between 
over· commt•rcial distnnces. j the sorwr·ous circuit und the ele\·nt<•d-comluc-

30 This in\'l•ntiun consist.~ of a metlrOll oft r·nns-~ tot· s.r~tem nnd to ~,lwreh.\· reduce the complex 8o 
mitting lurgt~ amount." of energy h.r elt>etr·o- of intm·r·t~lntcd circuits to tlw e(tuivalcnt of u. 
nragnl'tic Wll\'l'S witheut the ust~ of the high 1 s,vstt•ru of cir·ruits Pnch htwing a single degrPc 
verti(•al conuuctm· her·c~tofore ClllJllo,\·l'tl. i of fr'l'etlom. so thnt simple harmonic electro-

The invention mn,v be IJl'st nnder·stood h,v ~ mu~net ic wa \'l's of _at freqtwnc.r tlett•rruined b~· 
35 ha\·ing reference to the dr·nwinl!s which ne- I tlw l'UJntt·it,\· uml induc:tnnee of the sonorous 85 

com puny aml furm n purt of this sJu•,·ilicut ion. ; circuit mn.r he rntliutl'tl. The rl'actnnct' at the 
In the urn wings the figut'es l'l'JJJ'e~Pnt \'nr·i- ! dr·iving- point o for· !-\low fr·eqnencil·~ is de­

ous forms of appaa·atus anti circuit uJ'I'UilJ.!P- i tl't'minetl h,\' the <'Rtmcit.vufthc plntt! V with re­
ment.r.; wher·ehy my method mn,\· he cut·r·it>d i spt~l't tot~urth ami \'nries ns tlw au·enof the plate 

40 into etfect ami whereh,y the emt•lo.rmPIH of n ~ untl in\·t·rsel.r us it."i Sl'pnr·ntion fr·om caa·th. 90 
high \'ertica) conuurtOl' is render·ecl unne<'l'S- ; As till' fl'l''JUl'll<.',\' is inl'l'enst•d till' renctance 
sary. :\[,\·invention~ howe\'CJ'. is ht•tuult•r thnn · ut till' tlr·idn~·puint , is in the natm·l~ of n. 
mere ll))pllrlltUs, bt~ing capnhfl' of ht>illJ.r (•1U'- : ('UJUU'ity renctUilCC nnd uiminislH'S as the fre­
rieu into effect h.v 11 greut \"nriet,\· of nt,tuu·a- 'JlH'nr.r im·r·t·n~<'s. tinnily bl•<·oruin~ zero when 

45 tus and circuit au·rangenwnts, whilt> tlw tmr- : thn frPqut"me,\· is equnl to the fumlnmentnl 95 
ticular ll})IUtr1lt.us hl•rein disclost'tl is dninu~d . fr·eqm~nr,r ,, of t.lw e)p,·ntetl contluctm· V. 

~ 

in my divisionnl llJ)plil'ution~ ~t'rinl ~os. ; For· Ull,\' rur·thl'l' inrren~c in fl'('(JUenc,r ft·om 
184,28:3, 19:i~5H3. ttnd 1UH,5U-l. . this point the rt•uetnncP nt tlu~ tlrh·in~-t•oint o 

~ ~ Jn the ligures, A is"" llht•rnnting-cllrl'<'llt , l•·mmt•s in tht• nnt11re of 1111 intluctnnce rt•act- IIIII!:: 
~ ~o generator. l· is~ kc.r. ~"~I'·= trnns:•·m- ~mcc ":id• in:·ns"s ·:the freo,uenc,r is rrr~ 
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tlu~a· inc·a·.-a:-;c•d. the• c·tJI'\'t' whic·la sltows tl11• · iwlul'l:liii'Ploa·c•duc·c• tlu• ft't'tJtlt'IIC'_\"of tilt' fun­
nu·in lion (I r l'l'llt't a 111'1' \\" i I It f l't'IJIIt'IH'.\" ltt'I'IIIIJ- d :11111'11 t II I 0 r tit .. t' lc•n• t.t•d-c·outluet ., .. s,rsll•IJl t 0 

in~ ns.nuptol ic· with t Itt• oa·tl inatP clra \\11 in t lu• ft'«'IJII«'IIt',\' of t.lu• t'IIITI'Ills tiPr«'lopt'd h,\' 
tht• posith·c· dit·«'l'fion fa·otll thP poilll 011 the• tltc• ~·c•Jlt'l':tlol' oa· to sollll' h:u·moui<· ot' ~w·h 

5 :& X is o ( :ih·w is~w I'C' pt't'~t'nl i 11~ t "" t lit' li r~t f l't'IJIII'Ilc·.r. 
lma·moui·,. :!11 of tlw t'uwlnuu•ut:tl ft'I'CJtlt'llc·.r "· I c·lain• 
As tlw t't•t•qnc•lw,\· p:tssl's tlll·on~lt t he• r:tlttl' :! 11 I. Tl11• llll'llaocl of t!Prt'lopin~ Plc•c·t I'OIIlllU-

t lit' r·c•ac·tnllc't' nt t he• ciJ·idll~-poiut "sucldt•nl,\· llt'l ic· si}!nal-wa \"t•s wltic·h c·onsists inJH'mluein~ 
('IUtrl~l's fa·om un indtwt:Uil't' l't·:u~l;uwc• of in- fol'Ct•d PIPc'll'it' osc·illations innn PIP\'lllt'tl con-

• o fin itt~ \'tduc• to u l'npac:it,\· l't'ndnnt't' of infiuitt> dtwlol' of In•·~ .. Hl'l'll nml p:u·niiL'l to tlw t.'tll'th. 7 5 
\'nine. tilt' <.'lll'n~ whit·h shows tilt' nal'iation of :!. The• IIH.'thod of tlc~n·lopin~ simple haa·­
l't'netmwt• with fl'c.'cJllt'IIC',\·Iu•in~ us.vmptotic· to ruonic· Plt•c·ta·oma~Jit'tic· si~nal- wan~s whit'h 
the• ol'llinatt• di'Hwn in till' lll'~atin• dit·Petiou c·cmsists in p1·oclw·iu~ foJ·c·t•d silnpll' lmrnwnie 
f I'OIIl tIll' polll t on t lu~ :tx is of a I ,:-;c· is:o"<P l't' p l't'- t' It •c·t ric~ o~c· iII at ious i 11 a 11 Pit~ na tt'd cond uc·t or 

15 sc.•ntin~ tilt' fir:o:t ha•·ruonie :! 11 of till' fuuda- of lan..!.'t' nr·pa and p:u·allc•l to till' c.•arth. 
uwntnl fr·t•qu«'nc,\· ''· \\'ltt•n tilt' fr·c·quc•w·,\· is :t Tlu• IIH'thod of clt·\·elopin~ l'll'etr·omn,tr­
<.'f)llal to thL' fir·st h:li'IIJonic· :!11 nwl t lw l'l'ad- IH'l ic· si~rml-wa\'Ps whic·h (!onsists in lH'mlue­
nnc.•p nt tlw clt·idu~-tu,int "is irdinite. thl' edt'- in~ PIPc.·t•·ic· osdllatiousof dL'finitt~ fl'L'IJliCil<',\-. 
\'UtPd-<•orHIII<'toa· s,vsh•m I'Pfll;o.;C's to dhl'alt• illlJII't'ssill~!' said t•IPC'l a·ic· oseillntiouson nne.' It'-

~~ ;, ''·• tlw t'lt'\'nlt•d-c·onthll'tor· s,\·:o:tt'lll is thPn nttt'd c·ondudcH' of lar~" na·t~a nncl pnmiiPI to X5 
c•cluintlt•rtt i11 lc·u~tla to a half-wan• lt·uuth of tlac• l'lll'th mad l't'~tllatinu tilt' pea·iocl of snid 
the oseillations illlpl·es~Pd l.I(HHI it. ..\s tlw osc·illat.ious to ac·c·oJ·d witlt tlw fuudanu•ntal 
ft't'Cfllt'IIC',\' i~ fuJ·tiiC'I' irw1·c•a:o:Pd f1·om thl' lil·st. pc·1·iod of thP PIPratPd-c•oJuluetoa· system OJ' 

luu·mo11ie till' eaJuu·it,\· rt•nc·l<IIWt' a~nin Waitt's. li'OIPC' lmt'lllOilit' of suc·h fuwlnnH'utul p<.'a·i~tl. 
25 lu·comiu~ zt•t·o whPu tlw fr·c•qHPIII',\' is Pqual ·L TIH' lllt'tlwd of dPrt'loping elc~etr·omn~- 90 

to tlw St't~owl luu·monie :f' of tllf' fundnlllt'lllal llt't iPsi~ual-wnn~sof' clt•finitn fl't•quenf',\' whieh 
f l't'CJIIC'III',\' ''· awl so on. In ot IH ·a· wtu·cl s. t lu• (·onsi:-;t s i 11 dPrt'lopi n~ e led a·ieu I osci llntions 
c·ur'\'P l-'howin~ till' nu·iariou of' t'Padallt't' nt of c.·oJ'I't'~pondin~ f't't''Jlii'IW,\' inn sonoa·ous eir­
thc~ cla·i\'iu~-point " with fa·c•qtlt'IH',\' is a dis- t·tlit. nnd irnpa·p:-;sin~saicl c•lt•ctrit·nl oseillntions 

.30 continuous t'lll'\'P. wltic·h is zt•r·o wlll'n tlw ft'P- upon au Plenated-t.·oauluetor· s,\'Stl'm eonqll'is- 95 
querJC,\' is t•ctual to tilt' funduuu•ntul fr·l'cttaenc·,\' in~· a plate of Ju•ripht'l',\' ltu·ge (•ompnr·pd to 
11. whif•h passt•s f'r·o1u plus infiuit.r to minus iu- its di:-;taw·p ubo\·e tlw t•au·th nntllun-in~ n fun­
finit,\·ns tlu~ t't'I'CJllt'llt',\' pass•·~ tha·cm~h tim \'ahw clunwntal per·iod t~qual to tlw JWriocl of Stlicl 
~".which is zc•r·o w I wn thl' f l't''J ueuc•,\' is:'.", w h ic.·l• . p)pc·t•·ieul osci lin tious. 

J5 JULSSt'S fr·om pins infinit,\' to minus inlinit,\' whPn ;,, The llll'tlwcl of dt'\'t'lopiug elcctromng~ 
tlw ft'P'Jill'IW,\' passt's tlu·ou~h the ntluP -l". IH'ti<·si~nnl-\\'U\'t•sof c(.,finitefr·pquene,\·whieh 
which i~ Zt'J'o wlll'n t liP fr·c!qlll•rw.r is;, ... unci so <'ol& .... ists iu t)p,·elopin~ t'lt•c·t•·it·ul oscillations. 
on, the positin• ntltlt'S of said etii'\'P l't'lH'Pst•ut- impa·c.•ssin~ said Plt·c.·tJ'i('aloseillntions upon an 

ing ind uetall<'l' l't'll<"lUIIC't'~ :u1cl t "" Tlt'~a ti n• nd- p)t·,·utPd-eoncluetm· s,rstem, com)H'ising a lut-
40 'was thPI'Pof r·c•J n•t•sc.•ut i ~~~ ea p:u:i t ,\' r·pau:tn nc·t>s. t•J·all.r-t~xtend in~ cond uc·ti ng llll'lll her untllul\·­

""hen tlu' l'Pact:uu•c• at the• cll'h·ing-point" is in~ u dPfinitP fundnnu•ntnl period, nnclrcgu­
a ('UJ>IWit,\· t'c'U('taiH't'. an indw:tnn<~e of suit- lntinu tilt' JH'I'iocl of said Plt•c·t•·il'nl oseillntions 
uhlf' ntlw• is insc.·r·tl'd in tlw c·onclnt'lor· 11 f.: E, to uc·(•or·d with the fuwlnnwntnll"'l'iod of snid 
conrw<~lin~ tlw <'l'lltt'J' " of tlw platP \. to p)t•,·atPd-c·oudud.or !o',\·stem oa· with some haa·-

45 «'Urtl&. us shown at L', Fi~. i. in fJI'clt't' to hnl- monic· of suda t'undaitJtlntal pt•a·iod. 
auwe snhl l't•nctaneP, so that tlw fuuclnllll'lllal fi. Tilt' ltlPtlwtl of tlon•loping PlP.('li'OlllH~­
pm·iud of tilt' l!lt'\'Utl'tl-t:onclu..toa· s,rstl'lll will IH'tic· si~nal-\\'an~:-;uf dt~finitc\ t't't'IJlll'llC,\' whic·h 
he~ ec)lml to t lw fn•qlii'JJC',\' ol' tilt' wwi lint ions t·tmsi~ts ill clt'rt'lopin~ elc•<"t•·ieul oscillutions 
or ,·ilu·ntions tlcn•lopecl J,,,. tlw sorwr·o11s eia·- in n souor·ous ot· Jtt'l'sisttmtl,\·-oseilluting <."iJ·-

so cuit ~~ (' I. Lor· to .sonu• nmlt iplt• ol' submul- euit. ilupa·t~:-;sin~ said clectr·ical os('illutions 
tiplP of such fl't'IJlWill',\'. \\"111'11 tlw renctaneP upon Jlll PIPnttetl-eonductor· s,\'stt'lll, colll(H'is­
at cll'i\'ing-poiut 11 is nu iwluetnrwc.• r·t•nl'ttuwc~. ill~ a lah'l'all,\'-<.•xtc•rulin~ conducting rnt:'mhca· 
a conc.IPIJSPI' of suitul,)c.~ \'llhlt' is inst'r'tt'd i11 nlltl lmrin~u dl'tinitl' furulnnu•ntnltu•r·iml. unci 
tht~ concluct<H'" I~ E. us shown ut C', Fi~. :1. I'P~ulatin~ tlw ppr·iod of said t~leet•·ic·ul oseil-

55 in ordt>r· to hnlant'<' said l't•aetnnc·c.•. so that lations to ac·c·or·d with tilt' fundanwntal Jll'l'iod 
tlw funclanJt•utnl pt~a·iud of till' t•lt~rutPd-c·on- o! said PIPratt~d-c·or~tlud•n· s,\·stt•m oa· with 
duetor s,,·stt•m will J, .. t•qual to thl' fr·PcJlll'W',\' SOIIH' lma·mo11ie of :-;uc·h fundanu•ntal )wa·iocl. 
of the oseillntious or· ribratio11s clt'\'dopPd h,r In tPstiawm,\· \\'lu•J'Pof I lmre ht'l'l'llllto suh-
tlw ~onor·ous eir·c~uit .v ('I. L .,,. to so11w 111111- sc·•·il,t•d Ill\' IIHIIH' this :!-lth du\·of ~on•mht•a· 

6o ti pit.' or· su bmnlt i pie of suC'h fa·pq tlt'IH',\'. 1 Ho:t · ' • 
In J:."ig. 4 un nltPrnatin~-l'lii'I'Pilt ~t'lll'l'atoa· 

O( frCtJUNH',\' Jaj~la COiliJIUI'I'd With tiH• a)lt•J'-
--- natinj!-f.'UI'I'Pilt ~t'IH'I'atoJ'S of c·onliiH'ITt' is c·on-
~ rwcted ira st•a·ips \\'ith the• pl'illllll',\' 1. of tlw 
-....... ~ 65 ta·unsfurm<.•r· ~I whose seeonc.lnr,\· I~ hus lur·~e ; 

~,, 
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Original application filed Novemhl'r 25, 1903, Serial No. 182,634. Divided and this applic.'ltion filed February 15, 1904. Serial 
No.193.594. •No model. I 

To nll wluun it m-ll!J ,·onrr·rn: is nn elentted ct>n<luetor con:-;isting of n metal 
Be it known that I. ,Jons STosa-~ SToxa-:. n plntP JH'Pfernhb· cit·cul:u· in fm·m nnd pnral- so 

citizen of tlw CnitNI Stutes. nnd a residl'ntof lei to t'arth and whosP diamet<'r, nml consP­
Vaunhridge. in the c·mmt,\' of :\liddh•st'X nnc.l f(Hcntl,v whose pt~r·ipher·,,·. is prefca·nbly gr·t.•nt 

S State of ::\lns~achu~<'tts, lm\·e in\·entcd n. Cl'l'- compar·ed to its di:-•tnm·t• t'r·om the gr·onnd. 
tn.in n<.•w und uspful hupr·o\'<'lllent in ~puce Ilowen~r. n mt'tnllic plate of nn,\' other shnp<' 
Telegraph~·, of which thl' following is n spcci- or· nn,\· otht•r· suitnhh• lntea·nll,\·-extentling con- 55 

' fication. lluct ing membt•r· may he employetl. anti tn·ef-
This in\·ention r·p}ntt•s to the art of trans- er·nhl,\· its distnnet' fr·om t lw ground should he 

10 mitting intelligence from one station to un- smull com}>al't'd to its smallPst dimension. 
oth('r b,,. nwnns of elt•ctromngnPtic WU\'t.'s Tlw nwmhet· V uml its ('onnection" I~ E to 
without the u~e of wires to guide the wn\·es to ~nt·th constitute nn elena ted- conductor s,ys- 6o 
their destination; nntl it relntes more pat·ticu- tem. llowe\·er. an,\· otlwt· suitable form of 
larly to the ~ystem of such trunl'\mission in eh~\·nted-concluctor· s,\·stcm nut~· he emplo,\·t•tl 

15 which the electromagnetic wa\·es arc devel- in combination with the high-fref(ucnc.r al­
oped h~· producing electric ,·ihrntions in a\n termtting-current generatm· .A, us hereinaftet· 
elevated conductor, tn·efet·nbl~· \'erticnll~· de- pointed out.. 
\'atcd. In m.\· Letters Pntent No. 714:, 75H, The reuctunce at the dl'i\'ing-point. o for 
dated DccemhPr 2. 1902, I hn\·e tlescrihetl :.;low freqncncit.•s is dt•tt•rmined hy the cnpac-

20 such ~ystem of spnce telegruphy in whi<·h it.r of the plute V with respeet to enrth nnd 
forced simple hnrmonic electric vihrntions nr·e \'aries as the nr·en of this plate and in\·ersely 
de,·eloped in an ele\·ated conlluctor h~~ menns as it~ sep•u·ntion ft·om e:u·th. As the fre- 70 
of a sonorou~ m· persi~tentl~·-oscillating cir- ctuenc~· is increased the renct.nnce at thedr·iv­
cuit associate< I therewith. In this ssstem nml ing-point" is in the nntm·e of n cnpncity re-

25 in other .s)·stems of spact"' telegraphy in oppr·- actnnce un<l diminislws as the fr·equenc,\· in­
ation to-dn,\· it hns been found necPssnr)· to crenst•s, tinnll,\· ht>coming Zt'ro when the fre­
emplo,y elevnb~(ltrnnsmittingor rndintingcon- quenc,\· is eqnnl to the fnntlnmentnl frcq uenc.r 7 5 
ductot·s of consitll•rnhle lwight in ortlt•r to ,, of the elen1ted-comluctor· s,rstem. For any 
transmit apt,reciahle amount'i of ('nPI'J.U' h.r furthPt' incren~P in frequency from this point 

30 el('ctromngnetic wa\·e~ o\·er commercinl dis- the J'l'Uctanl'P nt th(' dri\·ing-point" hPc~omes 
tances: in tlw nnture of an inductnncP reactance, 

This in\rention consists of an nppnrntus for which incl'l'llSPS ns tlw frequPn<·.\· is fm·thnr So 
transmitting largl' amount" of enl't'g,r by t>lec- increnst>tl, the cttr\·e which shows the nu·ia­
tronmgnetic wn\·~s without the use of thl' high tion of t·enctnncc with frequenc,\· l>t~coming 

35 vertical conductors heretofore emplo~·ed. as)·mptotic with .tlw ordinate dr·awn in the 
The in\·ention mn~· be best understood h)· posith·e dir·l'ction from the point on the axis 

having rt.•ferenee to the tlrnwings which nc- 1 of ahscissa~ rCJH't'senting the lir·st hal'monic 2" 85 
company and form n pnrt of thi~stwciti('ntion. : of the fundnmental frPquenc~· "· As t.lw fr·p-

In the drawings, Figurl's 1 amd 2 t•etu·est•nt i f(tH'nc,\' tms~t·s through tfw vnlue ~~~ the re-
40 two embodiments of m,,. in,·entinn whereh.r j nctance nt the ,lr·i\'ing- point , sudtlt'nly 

the emplo,nuent of a high ,·ertical comluctur changes from nn inductnnce reactance of in-
is rcndPretl unnecessnr.r. : finite vnhw to 11 cnpncity reactance of infinite 90 

In the figure~. A is nn nltt'rnating-cnrrPnt 
1
. \·nlnP. the cur,·e which shows the \'n.rintion of 

generntor adnptetl to den• lop current.~ nf high . rt>nctun(•e with fref)ttt•nc,\· hl'ing asymptotic to 
45 frequency. l· is n kl'y. :\1 is 11 transformt•r, ~ the ordinntc tlr·nwn in the negath·e dir·cction 

which may he a step-up trnn~fornwr. Ia f .. : fr·om the point on thl' nxis of nhsciss.t! r·ctu·e-
are the primary and secondur,\· wintlins..rs of·; senting tlw 'tir·st har·monic ~~~ of tlw funtln- 95 ijr 
the transformer :\1. L' is nn imluctancP. V i mentnl t'r-eq uenc,\· "· \\.llt'n till' fr·eq uencl· is 

fr~ 
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t'lfll:tl to tltP lit·~t hat·monic• ~~~and t ht' t'l':ll'l- ' tlu• intc•t·pu ... it ion of the• ll:-.ll:tl,p:u·k-pt·odtwin~· hS 
:mc·P nt thP dridn~-point, i~ inlinitl', thP t'll'- . npparatu~. 
rat Pd -l'olll ludor· :-: r:-;t t'lll 1'1' !'us• ·~ I o \"i hmt t' I ··Ia i 111 

/.,· .• tlw t•IPr:ttl'tf-<·ondudot· ~.,·~tPill i~ tlll'll I. In a ~.\""'lt•llt of ~p:l<'t' tt'IP:,!t'aplt,\·. :llll')l'-
5 t'lflliralt•nt in IPngth to a hal f-wan• lt>tt~t h of . \·att'd-condudor :-;,r~lt'lll c·otnpri~iu~ a plat«' of 

thP osd llat ion:-; im pt'l'SsPd upon it. ...\~ t laP , Jl«'l'i phc·r·.r l:u·~·p ('Oil I pa t't'd w i I h its d ist a lll't' 7c 
t't't'l(llt'IH',\. i~ furtiH'l' inet·c•ast>d frotn tlu• tit·:..;t nhort' lltl' t•:u·t h :llld :111 :tllt'J'Il:ttill:,!'-t'tll'l'l'llt 
hai'IIH>nic· tiJt• t·ap:u·it,\· t't':tdatH'I' ag-ain waul's. : :!t'lll't'alot' of hi}.dt fn•qlll'IH',\' assoc·i:ttPd LIH'I'I'­
bt•eoJtlill:,! Zl'l'o wiH'Il the fn•qtlt'lll',\' i~ t'C(LIItl with. 

10 to till' sc•eoncl hat'lltortie :~"of tiH' fmHlnnH'ntal ~. In a :-;,,·~tl'lll of sj1:H.'t' tt'IP:,!.T:tplty. nneh•-
fa'PC(IH'Ill',\. 11. ancl so on. In otiH'I' words. tilt' 1 r:ttl'd-c•ontlttl'tot· s.rstt'lll t·ompt·isin~· a platt•clt' 7 5 
cllt'\'t' :-;!towing the nu·iation of rPaetam·t• at . tu•t·iplll't',\" lal'gt' c·omp:ll't'd with it:-; di~t:liH't' 
tlw ch·idug-point, with fl't'IJlll'JH',\' i:-; n dis- : ahon~ tlu• t'HJ'th. a r·ondw·tm· <'Oiltu•c·till:.!" ~aid 
eon t i nuous c•tlJ'\"P. w h ir·h is ZP I'O w hPn t IH' f l't'- , plat t' to c>:u·t h. a t mns fot'lllf'l' whose> St't'c md a 1',\" 

15 flllt'llc',\' is t'Cfllal to till' fundanwntal t'r·PqUPnc·.r i windiu~· is st•t·i:dl,\· <'OIIIH'l'tl'd in said t.·ondul'-
"· whic:h pa~~t's fa·om plus inlinit.r to minus i tot' and nn altt•t·natin:,!.·-c·ua·a·Pttl :,!."f'IWI'Utot· of Xo 
intinit,\· as thc• fr·••qut'nc,\· pas~es tha·ough tlu• ! hh.!h ft'PCJIIt'IH'r l'OillH'f~tPd with till' primat',\' 
ndw• ~". whie!J i~ ZI'I'O wlwn t hP ft't'flllt'JH',\' is I wind in:,!.' of said t l':lllsfot'llll~t·. 
a". whieh passt•s from plus inlinit.\' to minus I a. In a S,\'S(('lll of spar·t• lt•lt'~!T:tph,\·. 1111 Plt'-

20 in lin it,\· us till' t'l'l'CJIII'IH'.\' pusst's tha·ongh thl' nttt•d-c·otuhwtot· syslt'lll f~ompa·ising n plait' of 
nLIUP 4". which is Zt'l'o when the fa-eqw•m·,\· is tu•a·ipllt't',\' lar~P <'OIIIJiltl't'd with its dist:UH't' X5 
fi 11

• ancl so oil. till' posit in~ ntlul'S of said cmTe 1 nlun·p thP p:u·th. n <·ontliadot· <·onnc•eting- said 
l'PPI'PSPnting incluetanet' reactanct's and tht' platP to l':u'th, an indudanct'-coil nnd tho St'<'­

llt':!atin· \":tltu•s thc·a·eof a·epl't'Sl'nting capncit.r ondaa·y wind ill:.!" of n tl':lnsfot'IIH'l' st'a·iall.\· in-
25 t·eactanees. <'lwll•d in said conduetot· and 1111 nltPrtmtin~-

.:\ n nit Prnat i ng-eu t'l'l'nt genPmtot· A of ft·t'- <.'lll'l'Pnt gl'nPratm· of h i~·h fn•q liPHe.r eomwct Pd 90 

qiii'JH',\' hi:!h c·orutnu·c.•d with tiH' altl'rnating- with thP primal',\' windin~·of said tt·:mst'ot'IIH'l'. 
c:IIITPilt gc·rwmtors of eollllllPI'Cl' is connt'ctPd 4. In a :-i,\·stem of SJUH'C tc•Jpgmph,\·. an Plt'-
in st'ries with the prirmu·,\· windin~ It of tlw \'atecl-<.·ontluetm·s.\·stem c·ompa·ising- n. plate of 

30 t t'ansformca· ~1. whost~ ~Pccmdar,\· L has hu·~<~ pPripllt'r,r lal'ge <'OIIlJUU'ed with its distatW<' 
induetnnc~P to reduct' till' t'a·l'qm•nc.r of tlw ahon~ tlw P:u·th, llll alternntin:!-f'lltT('Ilt ~Pn- 95 
fmulnnlt'ntal of tlte clenltl'd-eomluclot· s,\'s- t~ratot· of hig-h ft·Pquene.r assot·iutt•d ther·t•with, 
tcm to tlw ft•t•qm•nc)· of the elltTt'nts dPn~l- nncl nn•nns fot· attuning- thl' fundamental pt~-

35 
opecl h.r tlw g"<'neratot·. riod of said elc•\·awd-conductm· s.rstt'lll to the 

Inasmuch as the fr·l•quenc,\· of the currents fa·equt~uc,\· of the cul'l'ents clercloped h,\· saitl 
den•loped h,,. the g"l'nt'l'ator A i:-; lixed. nn in- nltm·nntin~·-(·urrent ~encrator· or· to sonH' hnr- 1 oo 
cluctaneP-eoil L' ma.r be inclutlt~d in t.hn con- monic ot' said frequenc.r. 
ductm· 11 1:: E to uttunc the funtlanwutal of tiH' fi. In n. s,\·stem of SJHlCP teiP~r:aph,\·. nn el<'­
f'IP\·ntPd-condul'tor s,\·stem to such fa·equency nltecl-('onduetm· s,\·stem compt·ising n later-

40 or· to sonu• lmnuonic ther·pof /. , .. , to somP nll,\·-extPnd in~ eonclueti ng llH'Ill hpr· and nH':ms 
multiple ot· suhmultipiP tlwreof ·nnd untl<'l' connPding said memhet· to t•at·th. in comhina- 105 

em·tain ('orulitiolls a c:ondensPJ' mn.r lw so t'JH- t ion with a h igh-ft't'CJ upm·.ndterna ti n~-ct IITt'nt. 
plo.rccl. as Pxplained in Ill,\' appli('ntion, Serial gl'neratot· for den• loping t'lt•ctric ,·ihmtions in 
Xo. 1~2,fi:14. filed ~O\"Plllh<'r ~;;, lHOa, of said pJt•,·atPd-conductoa· svst<'lll. 

45 which this application is n. di,·ision. G. In a s.\·stt•m of; spaee' tclt':,!.T:tph,\·. an Plec-
An altt'r·natin:,r-eul'l'cnt gem•t·atoa· of tlu' tr·omagtwticwa\·P-rndintingsystPilllliHlalti:,!.'h- 110 

\\'PII-known t,qu• tll'\·elopt~d b,\· ~ikola Tt>sla ft'l'fllH'IH',\' altPr·nnting-<'lll'l'l'llt gPnt•t·atm· a:-;so­
nm~· ht' usPd fort he purposP.s of tit is in n'n t i Oil. cin tl'd t I H'l'f' wit It without tltP i 11 t t'l' position of 

I do 110t wish to be limitt•d to the }ll'et·isn n sp;u·k-pt'odur·ing- appamtus. 
so foa·m of elt•rntPtl- contluctor· or dectt·onmg- 7. In a systc•m of sp;tcc tPil'gt·aplt;\·. nn <'lt't'-

55 

nctic-wa n•-a·ad in.tin:.r :-i,\·st.em herl'i n de:-:c·ri bed, t1·omngnet i<· \\'ll \'l'-l'lld inti ng s,\·:.;tPm n JHla h i:,!.·h- 1 1 5 
inasmuch as nmn.r mcxlitications mny he made j ft·equetw,\· altet·nating-c·ut'l'l'lll :,!.'t'tWI':ltm· eon­
thert~in without dPJIIlrting fr·om the spit·it of twcted dir·c•cth· tht'I'Pwith. 
m,v inn'ntion.· H. Inn s,\·st;·m of spnt·l' tdt':,!.Taplt,\·, an Pit'(':.. 

It is ohdous that an alll'l'nnting-t·ur·a·tmt. t.t·omagm~tic wan•-l'lldiating s,\·~ti'Jil, n high-
:,!.'Pill'l'lltol'of high frt~quc•nc,\· may he Plllployed fa·cqw•rw.\· altel'll:tling- ettJTPnt gl'llt'J'atoa· 1 zo 
ndrantageousl,r with man,v fot·ms of Plt'nttl'd- nclaptc•d to tlPrl'lop t'lll'l'Pilh of tll'linitP t't'P­
eowluctoJ' or· Plc•f·tt·omng-rwt ic-wa \"t•-rnd ia t i n:.r q lll'n<',\' ns:-oodat I'd t ltt•t'l'\\" it h :md lllt':L ns fot· 
systPIII:-i of tla~ moa·c usual t,rpP. nnd tll<'I'P- nttunin~ thP fund:mwntal pPt'iod of ~aid radi-

6o for·p I dnim, ht·tmdl,r. tlwcomhiuation ot' sueh ntin~ s,rstem.to till' ft'l'CJIIPn•·.v of tlu~ l'lltTPilts 
PlPnltt'd-c·ondtwtot· oa· Plt•ctronm~nl'li<'-\\'ll\'t'- dPrPlop('d h.\· :--nid nlternatin~-('tJtTPilt gt'lll'l'- 1 zs 
r·ndinting s,\·stPms with an altPJ'Illlting--f'llt'I'Pilt atoa· or· to scmH' lmt·mouie of :-oaid fi'PCJIIPJH·,r. 
J!t'IWl'lllOI' of high ft·t~CflWilC,\' t'ol' din·<·tl.\' ~). Ina S,\'SICIII or spll<'l' tPil':,!"l'llph,L llll ""'('-

~ c•·~ntinl{ l'let"tl"icul~scillut~ns the~in witl~ut :·ontUI{Jlt•tic ·wun•·•·uJhttinl{ s.rstt•1n, u hi~{!'~ 
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fa·ectuenc.r nltt\l'nating- cm'l'ent generntm· ! tt·omngm\tic wan~ -radiating ~.n;tpm :-;eriall.r 
uduptetl to derelop Clll'I'Pnts of definite ft·c- j t.·onneded with till' st•eondaa·~· winding of a 
q Ul'IH.',\' u:-;sociatcd thea·ewith and un imluctanl't' I ta·nnsfm·nwa·, u high- fn•q liPilC,\' ultt•t·nating­
fua· nttuning thl' fumlnmentul pet·iotl uf suitl cut'l'cnt gt~ncrntor conncdt•d with tlw pt·inuu·y 20 

5 radiating s,ystem to the fret(Ucncy of the cut·- winding of snitl trnnsfoa·nu•r nnd IJlt'IUIS for 
l'l1 llts de\'t\lopl'll 1,~. saitl nlternuting-cUITPnt attuning the fundumPnllU pea·iucl of l"aiclradi­
generntoa· or to :-;ome luumonic of snid fre- ntino· system to the frcqm•aw~· of t lw l'lll'l't'llls 
quertc,\'. dc\'cloped b.r said ulternuting-l'Ul'l'Pllt gctwt·-

1 0. Inn s,\·stt~rn of spnct• tdegrnphy, tUl clPc- utoa· oa· to some luu·monic of ~aid fa-equnnc.r. 
to tr·onmgnl'tic ware- rudiating s,\·stem serially In lt1stimon.r whm·pof I hu\'t~ hct'l'llnto sub-

connech•d with tht! secomhu·y winding of n scribed m,y muue this 11th tln,y of Feba·tmr,r. 
tr·nnsfor·mer in l'omhinntion with a high-ft·e- HJ0-1. 

,JOliN STONE HTO~E. qucnc.r n.ltl'rnnting-curt·ent generator serinll.r 
connectctl with the pl'inuu·y winJing of said 

1 5 trnnsformea·. 
11. In a system of space telegrnph,r, nn elec-

\ritncssPs: 
BltA I~ ~-~JU) T .• J Ul>K Iss, 
U. Aln~LAIIJJo; I hmnss. 
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lTNITED STATES PATENT OFFICE. 
REG~ALD A. FESSENDEN, OF WASHINGTON, DISTRICT OF COLUMBIA. ASSIGNOR TO 
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MEANS FOR THE TRANSMISSION OF ENERGY BY ELEC'!ROMAGNETIC WAVES. 

1,01.5.881. Specifi.cati!'n of Let,ters Patent. Patented Jan. 30~ 1912. 
Application dled December 19, 1906. Serial No. 34$,660. 

To all1l.:hom 2't may concern: 1 eh·ctricnl impulses transmitted oYer the line 55 
&>it lmmYn that I. REr.I~ALD A. FEsSE!'- 1 J:-) t0 :lfi't.'ct the :;trength of the fields 1-l, 15 

DEX~ citizPn of the Fnited States, and resi- 1 nf tlw high freqnenc~· alternators 16, 17. 
dent of 'Ynshin~on, in the Di~trict of Co- I Th£':-:e. alternators Hi. 17 are of different fre-

6 lumbia. han~ in·,·ented certain new nnd use- 1 quencies and are tuneJ to the cumpnund an-
ful ~r~~nns fc.•r the Transmi~sion of Energy I tenna 2 by menns of rhe inductances 18, 19. 60 
b~· ~lt>,-.!romnf!n~tic '!~a,·es~ of which the fol- i The fiel.~~ of. the a~ternat(~r~ 16, 17 may be 
lmnng- 1~: a SDE:'('!fi!"ntiOn. ' "·mmrl If ,_h.'sirer1 dlfferentiall~· . 

.. ~-r~:-in\·ent'i,,n relates to _the art of trans- I . ..:\~ sht.IWIJ in Fig.::!. in detail 1?. 17 are th; 
10 m1ttmg by E'lectromngnetic waves sounds. 1 high frerpwncy alternators of Fig. L 1-l. l;J 

writings and pietures from a central station 

1

. the fields of the a.lternatnrs, 18, 1!) t~e tun- 65 
to a number nf sub~cribers. ing inductances an.-l 2 the antenna. Th~ 

In the :.lC'cmnpanying drawings forming motion uf the writing point 20~ by changing­
a part .of thi5 specification~ Figure 1 shows 

1 
the resistances 21. 22 varies the currents 

15 diagrammnti(·ally apparatus for transmit- 1 flowing in the field~ of the alternators from 
ting writings. sounds. either speech or music ! sourres 23. 2-!. and thereby the strength of 70 
and fnr tran5mitting pictures. Fig. 2 the emitted wa,·e~. )!any modifications 
shows an nppa ratns for transmitting writ- may be employed. for example thE' fields 
ing. Fig:;;. 3 and 5 show in. detail apparatus may be wound ditferentiall)'· or the resist-

20 for rPI'PiYing the writing. Fig. 4 shows ap- ances 2L ::!:2 m:ty ,lJe placed in the high fre­
paratns fm:- receiving the sounds. Fig. 6 I quency circuits instead of in the field cir- 7 5 
shows diagrammatiC'ally an office building cuits. . ' 
a-rranged for rece.iving the writings, sounds I For transmitting 5-peech or music tlle an-. 
and pictures. 1 tenna 4 is used. This is operatively con-

25 In the practice of my invention I con- nected as mentioned above to the high fre-
struct a central distributing station shown quency dynamo 6 through the .. transformer 80 
in Fig. 1 where 1 is a ~tructure which may 7, 8. 25 is a telephone relay transmitter· 
be nn office huilding and 2: 3 and 4 are nn- having a mouth piece for local talking and 
tenn~. The antPnnrP 2 and 3 are con- also being capable of operation from a dis-

30 strn~ted in the fashion well known in the tanC'e through the circuit 26. The opera­
art. Tbe auh'nnn -!is contained in a whnlly tion is well-known. (See Fig. 6 of my 85 
or partly ~"Onducting tube .s whi~h may for L'nited ~tates Patent No. 7£13.()-!:J.) 
exnmp!e he a p4;rtion of an ele,ator shaft or In Fil!. 1 the antenna 3 is arran.ged to 
an air shaft. The nntenna 4 is supported tran~mit waves representing pictures. This 

35 in this shaft and is connected to a source of de,·ice comprises a high frequency alternator 
high fTPf]Uency oscillations 6 by nwans of 21 to generate the waves, and bv means of a 90 
the tran:-~fdrmer whose coils are 7 and 8, and light and projector 28. the picttire to be sent 
the antenna 4 1s grounded at 9. 'Yhen high is projected from the negatiYe 2D on to the 
ttefJUPnc~· rnrrent~ are ra.used to flow into in~trument !30. This is a high freq11en~v 

40 tlw antenna 4. if it;: electrical constants are commutator h:n·i~lg numerous sections con­
properly propcsrtiuned the whole office build- nected to a series of :-:elenium cells. so that 95 
ing 1 ~ny be ca.nsed to act as ~n antenna nnd 

1 
when the ?ell~ are affected the character of 

to r:dwte out ~h·etromagnet1c waYes n~ry i the waH·~ 1s alteret1. The cells are urran!!ed 
efficiently. There may. of conrse. be two or ufter th~· fa::-:hion of the grating of a half 

45 more ~u .. ·h antenn:P in a single office btiild- torw plate. :H1d the aggrt>gate· eh:uaerer of 
ing and t!tt .. ' office building may be ean~ed to rhe w:ne:: i::: gon~rned according to the char .. 100 
emit .,. ... ,Fl's nf m•,n· than one freqnt>ncy. acter and position of the light proj~ed 

The tlnt~nn:l 2 is grounded at 10 and the upon t~e grating of cPlls. whieh li~ht is of 
antenna :~ :~ grounded at 11. course w turn governed by the picture to 

60 For tht~ transmission of miting~ an appa- be transmitted. The particular rom:truc-
ra.tus which mav convenientlv be 0f the tion of this de'ice is not es:=:.ential to mv in- 105 
Grey tt..>l-a.iitog:-aph type shown at 12 and. in vention herein claimed. " 
Fig. 2 i-5 used. Thi.r5 &ets., either by man- Fi!!. 6 shows a subscriber~s ~tation. 31 is 
nfll imrul.::es in a well known way or by a.n office building. 32, 33~ ~4 being antennre 

~-
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respectin~ly grounded at 35, 36~ 37, 38. For f Fig. 6 is used. 67 is the primary of a trans- . 
receiving wridn.!! for example stock quota-~ former operatively connected to the appa­
tions, 3D is a writing apparatus, which may ratus 68 which is shown in deta;.l in Fig. 4. 
be of the Grev tel-autograph h pe~ connected In Fig. 4, 33 is the antenna grounded at 

5 to the ·antenna 32 through the ·two primaries 37, 67 is the primary of the tt ansformer, 68 .7') 
40, 41 as shown in detail in Fig. 3. · · its secondary, 69, 70.are coPdensers, '{1 a re-

In Fig. 3, 32 is the antenna grounded at ceiver, 72 a potentiometer~ 73 a t<'lephone re-
35 and 36, 40 and 4:1 are primaries whose lay, 74, 75 are the primary and secondary 
secondaries are 42 and 43. 44 and 45 are of 11 telephone :.;.1duction coil, 76 a local bat-

LO Yariable capacities, 46 and 47 are receivers tery~ 77, 78, 79 telephone receivers and 80 75 
of any suitable type producing indications a loud speaking telephone. 
by continuous current, for example thermo- The telephone receivers and loud speaking 
electric receiYers of tellurium and silicon telephones are connected in at the office of 
which furnish their own current, as is well the subscriber. 

15 known. 48 and 49 are small plunger mag- The device for recei dng pictures is con- 80 
nets which, by means of the1r supporting nected with ihe antenna 34, grounded at 
lever beams 48a and 49• resting on carbon 38 and by means of a local battery 81 which 
resistances 50 and 51 control the magnets excites the vacuum tube S2, the fluctuations 
52 and 53 of the Grey tel-autograph 54. 55 or alteration3 in charact~ristics of the wavt} 

20 artd 56 are local batteries for ~ctuating the trains received are caused to reproduce the 85 
tel-autograph. ·· · .. picture on the instrument 83. This is ·an 

In operation the waves recei-ved affect the 1 arrangement of oscillating mir.rors whi~h 
~nstrum.en~s 46~ 47 so as.to produce cu.rrents I ol?er~te up?n the _principle of pe.rsi~tence 
m the cmls 48, -10 whiCh fluctuate m ac- of nsual 1mpresswns, but the particular 

25 cordance with the fluctuations and the construction not being a part of the inven- 90 
~tream of waves sent. which in turn of course tion here claimed is not described here. 
are Yaried. in consonance with the move- By the above described apparatus I may 
ments of the '"ritin~ point 20 of Fig. 2. transmit from- a central distributing sta­
The writing point 5-! of Fig. 3 being gov- tion. all of the news of the day, such as 

30 erned in its po~ition and motions by the reports and pictures, or music, or conver- 95 
magnets ;,~~ 5:3. excited by the sources 55, ~ation to a great many subscribers simul-
56. it will be of1server1 that these last men- taneouslv-. The transmission of all intel­
t_i<)ne<l circuits are controlled by changing ligence :ippealing to the different senses be­
the resistance of the carbon resistances 50, ing accomplished by the agency of electro-

315 51 which in tum are altered in resi:;tance magnetic waYes, which makes it very 100 
in accordance with the moYements of the efficient and economical as will be readily 
ma~:,'11ets -!S, 4!) and t}lll:-' with the character understood. The present application is 
of the trains of waves tranc:mitted. intendell to cov<'r the general svstem and 

The circuits including the antenna 32 and the transmissi<;n of writing by electro-
40 coil 40 on the one hand and the circuit in- magnetic w:tves, and the transmission of 105 

eluding the antenna and the coil 41 on the pictures is daimed elsewhere. 
other hand are respectively arranged as ·well \Yhat I claim herein is the following: 
known in this art~ by tuning to respond to 1. In the art of tran~mitting intelligence, 
oscillations produced respectivrly by reason the combin:ttion with a radiating structure 

45 of coils 18, 19 in the sending circuits of for electromagnetic w:tves, of means to -ex- 110 
Fig. 2. eite the same for riH.liation of waves repre-

In Fig. 5 is shown a different method of :-:enting · soulld. writ iug ~~r.d pict~n"'s sin:ul­
actuating the tel-n1Jtograph magnet'. Here taJH~oll:-:ly, and a rec(.>ivmg statwn having 
32 is the antennn grounded :tt ~;)~ 40 the mea11;.; to select tli•• wn\·es of the three kinds 

50 primary of the transformer. -k~ the ~econd- <liHl <.:imu 1taneously n•produee sounlls, writ- 115 
ary~ 4-! and 5i conr1en:-,L'l'S, ;)S a lif{llid bar- ing antl picturt>.s. · 
retter. un n potentiometer. 60 a telephone 2. The combination with a sending device 
magnet: 61 a trlephonr diaphragm~ U2 a bal- ancl n receidng device operated by el~ctro­
anced conta<'t. ();~ heinz ;1 halanei11g weight Jna•rPtic wan'!'. of means for generatmg a 

55 and 6-l the Joiife edgP~- 6.1 i:-: a local battery ''"Il~inuous train of waves and modifying 120 
an<l 6() is one of the magnets ;-;2 or:);~ of the them in groups. repre~cnting s<'ver:tl kinds 
tel-auu,araph abon~ de~rribed. The~ re- of int('lligence. and means at the receiving 
cciYed ~:an·s causing hy their liuctnations a .. tation f1;r seleding thP seYeral group:) and 
Yariation in the curr-ent at 60. alter the char- tl1ereby reproducing sevPral characteristic 

60 arter or mean time of contact at C~. kit:<l., of intt'llil!<'lH'P. snh~tantiallv as de- 125 

~65 

It is founrl in prnc~ice that the intrn~ity ·"'Til,ril. · . . . . ·· . 
of the local enrrenr m the lll:l!!Tiet (i(j de- =~- Tn the art of dt:-=tnl111tmg mtell!gence~ 
pends upon t lH· inr <'n~it'" nf the- n;:,cillatory tl11· ,., :Ill I ,j ll<t t i•m nf a cl•ntra I ~tat ion having 
cllrl'('lll.~ r£•1·l·in·d h,-. t!JL: antPnna :1:?. ,],·\·:,.c:-: f~~r !!<'rH'l':lrin!! a <·ontitlltnns :;;tre:un 

F ,,, rs·ooi ,. i ";: -n ,·mds, t "'' :m i enun :33 in: of "' • ···~ , . ., mn !!'ll'i ;,. '"" '"· and mn·l i f.d ng 1 ~ 

~ ~ ~ ~ ~ 
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··them in -accordance with speech and hand- I waves, a tel-autograph arranged to modify 

writing, and a plurality of receiving sta- ! the action of the generator, a receiving sta­
tions having devices for selecting the said 1 tion, and a tel-autograph connected in the 2.5 
modified waves and reproducing the said receiving circuit of the receirin_g station, 

·6 speech and writing, substantially as de- and tuned to respond to the modified im-
scribed. . • pulses produced by the tel-autograph at the 

4. In the art of transmitting intelli~ence, sending station. 
a generatin~ station having a wave emitting 6. In apparatus for transmittin_g of energy, 30 
device, an<t generating means . associate.d a building haYing an interior conducting 

lO t~erewith to effect the emission ?f a con-~ shaft, a waYe generator y;ithin the building, 
hnuous stream of electromagnetic waves, and a conductor extendmg upwardly from 
_apparatus for modifying said waves in ac- , the wave generator through the shaft 
cordance with several forms of the intel- wherebv both the shaft and the conductor 35 
ligence to be transmitted, and a receiving ·form p .. art of the antenna; substantially as 

l5 station having a plurality of receivers, each described.-
of which is adapted to respond to the modi- Signed at Brant Rock, in the county of 
fied waves representing OJ)e form of intel- Plymouth and State of ~Iassach11setts this 
ligence; substantially as described. 17th day of December A. D. 1906. 

5. Apparatus for transmitting intelli- REGINALD A. FESSENDEN. 
lO. gence, comprising a sending antenna, a 'Vitnesses: 

generator for causing the antenna to emit JESsiE E. BENT, 
· · a co:g~inuous stream of electromagnetic I AnELEINE WoLENER. 
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UNITED STATES PATENT OFFICE. 
PETER L. JENSEN AND EDWIN S. P:RIDHA:rti. OF NAPA, CALIFORNIA, ASSIGNORS TO 

COMMERCIAL WI~ELESS & DEVET.OPMENT CO., OF SAN FRANCISCO, CALIFORNIA, 
A CORPORATION OF ARIZONA. . 

WIRELESS APPARATUS. 

1,106,875. Specification of Letters Patent. Patented .A.rig.11, 1914. 
Applic-ation tiled April22, 1913. Serial No. 76~:778: 

To allu·hohl it JrWlJ eon cern: · · . . or a cage of wires without a charge on it 
Be it known that we. PETER L. JEXSEX. a around the antenn<l is of no benefit in re~ 55 

subject of the ICing of Denmark~ and Eo~ ducing the disturbance~ 
w1x S. PRI.1ILDI. n citizen of the ·united In the in,·ention herein de~cribed we have 

5 Stcltes. both resi5ling at Napa. in the county an antenna surrounded bv a cage of wires 
oJ _Napa -una Stare of California~ haYe in- npon which is mainta"inecf a charge of elec-

--- Yen ted new ~mel useful Imprm·ements ip tricity and concentric with· this cage is a 60 
\Vi1·eless AppPr<HU~. of which the following similar cage -n·ith a charge of opposite kind 
is a specification. : of electricity on it. In practice the dis-

10 This inYenti0n relnte;; to wirPIPss telez- . tnnce between the antennt1 and the inner 
raphy. and particubd~~ tt> menns for redric- I cage is greater than the distance betweei1 the 
ing the disturb,ing effects of atrno::;pherir two concentric cages. It is nece~sary that 65 
electricitY. the charzes be maintained stench· or the Ta-

The ,,:orcl static is so rommonly used in riation will to some degree affect the receiv-
15 conneetion \Yith atmospheric electricity that ing antenna. The charge may be produced 

this kind of interference will hereinafter be by a high potential battery or a static rna­
termed ~tatic. The oriain of static is not chine. or anY source of steaclv potential. It 70 
ns well known as its m~hifestation. "\Ve is also nece;sary that the frequency of the 
ma,· di:5tin!!J.~i~h between two kinds of static receiYed ,,.aYe be of a different order than 

20 disturbr.nces. the one consist::; of electro-mag- the natural frequency of the guarding cage~. 
netic waye~ generated by a sm1c1en cli5char~e Another form of the in\·ent.ion consist5 
of electricitv as in li.zhtninz .. This disturb- of surrounding the recei,·ing antenna with 75 
~nee is sho~t and sharp in character~ and a nnmber of ilwrding wire:::; each alternate 
prcduces a characteristic click in tht.:· tele- wire being in metallic connection. thus 

25 phone receiYer. The other kind of di~t-nrb- forming two n1etallic sets. substantiulh· in 
ance i~ of a more serious natnre and con- the same plane. one set lun·ing a plus ch~uge 
sists of a more or less intermittent discharge upon it. the other a negatire charge. 80 
or flow of electricitY in the antenna. This Another form of the inYention consists in 
cli~tnrbance i~ ofte~n prolcnged and may surrounding the rerei,·ing antenna -n·ith two 

30 make it impo:::sible to read letters or entire conducting cages! either concentric or int~r~ 
words of nn inC'ominz messa.ze. These two meshed and insulated one from the other 
form::; of static can easil~ be duplicated ·in and connecting the one throu!!h a source of 85 
the laborntnry. the first by dischurg-e of an positive potential to the ground and the 
osciJlatory nature as from a I...e}·den ja·r or ether through a source of negatiYe potential 

35 conclen~er. und the second which is a most to the ground. 
exact imitn tion of the distre~sing static~ mav The invention consists of .the parts and 
be shov.n b~- allowing masses of chargecl the construction and combination of parts 90 
dust pnrticles to strike the receh·ing an- as hereinafter more' fully described and 
tenna. It has been shown bv conclusive ex~ claimed. havin!!' reference to the accompan-v-

40 periments that these chargeci particles strik- in~ dra~·ings, 1n which- . ·· 
ing the antenna giYe rise to the disturbing Figure 1 shows diagrammatically a plan 
currents in the receiving- circuits. view in cross section of the arran~ement of 95 

The pre~ent in\ention .... relates to means for the . guarding wires around the .... antenna. 
guarding the antenna from receivingcharges Fig. 2 shows diagrammatically the arrange-

45 from the surrounding atmosphere nncl con- ment of parts in v~rticnl cross section in 
sisrs of surrounding the receh·ing antenna connection with sources of potential and 
with conductors of certain form upon which ground connections and the receiving cir- 100 
are maintained charges of electricity. cnits. Fig. 3 shO\\S dingrammaticallv in 

The noveltv of the invention is in the \·ertical cross section a variation of the ar-
50 maintaining of charges of electricity upon rangement of the guarding wires around the 

the gunrding conductors and in the placing antenna with a single source o£ electricitv 
of these conductors around the receiYing I and receiYing circuits. Fig. 4 shov.s dia~ lOS ---

~' ant~nna in certain positions. A single wire gramma=lly ~ori=tal cross sectio~ 

A A A A-~ 
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th~ guarcllng wires with opposite charges charges of opposite sign respecth-ely upon 
of potential on the alternate wires. and the said sets of conductors. 
antenna. · · 3. In a wireless receiving station, includ-

Referririg to Fig. 1, 2 is the -antenna; 3 ing a means of improving the reception of 65 
5 and 4 ·are concentric guarding cag:-es formed electro-magnetic waves, an antenna, a re-

by the vertical wires v and t~', and the hori- ceiving·circuit in connection with said an~ 
zontal wires h and h'. The inner cage 3 has. tenna, and 1neans for detecting electro-mag-
a ch_arge maintained upon it and the outer netic waves in combination with two sepa­
cage 4 has a charge of opposite potential as. rafe sets of. conductors. said conductors be- 70 

10 indicated. . . . ing separate from ~nd substantially sur-
Referriri"g to Fig. 2, 5 and 4 ·are the two rounding said n:ntenna, and means for im­

concentric cages composed of the . vertical pressing and 111;1intaining charges of oppo­
·conductors v-v' and the horizontal con- site character respectively between said two 
. ductors "hr---:h' ,· 2 .is the antenna _connected sets of conductors and the ground, substan- 75 

- 15 through the primary oscillation circuit P tiallv as described. 
to the ground 5. ~ S is the secondarv oscil- . 4. ··In a wir.eless receiving station, includ­
lation circuit .. The inner set of conductors ing a means for reducing th_e disturbing ef-
3 are .connected through a· source of nega- fects of static electricity, an antenna, a re-

- tive potential 6 to the ground 5. The outer ceiYing circuit~ and means for detecting so 
20 set of conductors 4 are connected through a electro-magnetic waves in combination with 

source of positive potential 7 to the ground 5. two separ;te concentric sets of conductors, 
Referring to Fig. 3, 3 and 4 are the said concentric sets of conductors being re­

guarding wires surrounding the antenna 2: moved from said antenna and substantiallv 
the inner ·set of wires 3 being connected to surrounding .. the same~· and means for im- 85 

25 the negative pole of a source of electrici~y 8 pressing and maintaining charges of elec­
and the outer set of wires 4 is connected to tricity of opposite sign respectively upon 
t.he positive pole of the source of electricity said concentric sets of conductors. 
8. The antenna 2 is -connected to the pri- 5. In a wireless receh-ing station. an an-
mary circuit p to the ground 5. s is the tenna and a receh·ing circuit with means for 90 

30 secondary receiving circuit. detecting electro-magnetic waves in· combi-
. Referring to Fig. 4 the two guarding sets nation 1':=ith two sepa:rate concentric sets of 
of conductors are shown in horizontal Yiew conductors. said concentric sets of con­
occupying substantially the same cylindrical dnctors substantially surron:adina said an­
space around the antenna 2. Thrs .arrange- tenna, the distance 'between said· ·concentric 95 

35 ment may ·oe })roduced by co~p.ecting en.ch sets of conductors being less than the dis­
alternate wire respectively to positive and tance between said concentric sets of con­
negative sources of electricity as indicated. dttctors and said antenna. and means for im · 

Having thus described our invention, what pressing charges of opposite sign re~pec-
we .claim and desire to secure by utters Pat- tivelv on said concentric sets of ('Onclnctors. 100 

40 ent is- 6. 'In a wireless receh·in!! station. inclucl-
1 .. In a wireless receiving station inclrid- ing a means for reducing fhe clisturbing ef­

ing a means for reducing the disturbing ef- fects of static electricity, an antenna, a re­
fects of atmospheric electricity, an antenna, cei,·ing cir~uit an~ ~eans f~r d~tecti1:g elec-
a receiving circuit in connection ·with said · tro-magnetlc waYes 1n combmatwn w1th two 105 

45 antenna, means for detecting incoming elec- separate. sets of concentric conductors~. _said 
tro-magnetic wa'les in combination with concentric sets of conductors snh::tnnnally 
two separate sets of conductors, said sets of ·surrounding said antenna: one of snid sets 
conductors being insulated from and sub- of concentric conductor3 being: connected 
stantinll:v surrounding ·said antenna, and through a source of positiYe eledricit.\- to 110 

50 means for impressing locally charges of the ()'round, the other set of concentric con­
electricity respectively upon said sets of duct~rs being connected through a source oi 
conductors. negatiYe electricity to the ground~ snb~tan-

2. In a wireless receiving station, includ- tiallv as described. 
ing a means for reducing the disturbing ef- In testimonv ·whereof we haYe hereunto 115 

55 fects of static, an antenna, a receiving cir- set our hands~ in the presence of two sub­
cuit in connection with said antenna, means scribina witnesses. 
for detecting electro-m_agnetic waves strik- ~ PETER L. JEXSEX. 
ing said antenna in combination with two ED""\VIX S. PRIDHA.~L 
sets of conductors, said conductors ·being 

60 se_parate from and s1,bstantiallv surrounding 
sard antenna, and means for impr~essing 

""\Yitnesses: 
\V. w. HEALEY, 
ZoE H.aRrusox. 



N. T.~SLA.-· 
APPARATUS FOR TBANSMITTIH~. ELEOTBIOAL ENERGY • 

.lPPLIO.lTIOI fiL&D 1..1.1.18, Uot:·I.J:.E'WED JUT 4,1101. , 
1. · · ·. ~~71/:J:) ... : Patented. Dec. 1 !'914. 

.1,119, 732. . .··:~: ': :·~}~;):.\'t:~i.t~i',·. . '.; 

·!~.:.-: r -~ . ; . 

- ~~ ·:: ; i. \ 

~~~~~···.·. 
;-~f~-~: r .. ~~5"~! ~ · 
. '.r:.~ -.,: ........ ~~-s~~- -
~~:; ,)i:~· -~<' 

. ·J~ .. _ .. -~ ... -·: ~ ~ f 

~ f'~~ENTOR, 
~ 

nl· tc~'1?ar.,.~ 
. ~ 'ATTORNEYS. 

~ 
~----------~---------



• 
UNITED STA~E$ PATENT OFFICE. 

NIXOL.A. ~~.~~/;~F NEW YORK, N. Y. 
0 '; • ; -~ • -~ ;;;. ·-i ~ • 

APP AB.ATUS FOR TR.4~Sl4ITTING ELECTRICAL ENERGY. 
~ .· . ',. ~ ...... -:;·_=;~-=;1.:. .... • --

1,119,732. . Specl~~·t~~~-ot I.c~tcn Patent. Pa~entec.l Dec.l, 1914. 
AppllcaUo1t. Aled lanuary 18, 1902, Serial No.'80.2U. Renewed May 4, 1907. Serial No. 371,81~. 

~·' : i ·. r.~~~-~-
To all whom, it may concern: ~ · ·. l 'vhich the electrica' charge chiefly accumu-

;·•.. Be it known that I, Nu~ow. TEsLA, n. citi- lat~s, has itself a large radius of cun·ature, 
zen of the United States, residing in the or 1s composed of separate elements which 
borough of }.Ianhattan, in the city, countv,- irrespectiYe of their own· radius of curva~ 

.· 6 nnd State of New York, hoxe invented cer- ture: are arranged in close proximity to each .60 
tain new and useful Imprm·ements in .Appa- . othet· and so, that the outside ideal surface 

... ,., ratus· for Transmitting Electrical Energy, en,·eloping them is of a large radius. Evi-
. of which t_he following 1s a speci~cation, t•ef· · dently, the smaller the radius of curvature 

erence bema had to the dra wmg · nccom- · ~he greater, for a gi \·en electric displace-
10 panying and forming a part of the snme. ' . ment, will be the surface-density and, con- 65 

· In endea\·orin~ to adapt currents ot· .dis-. seq~ently, the l?wer the limiting pressure to 
.. =charges of very high tension to various \·nlu- · ~vh1cl~ ~he termu~al ~ay be charged without 
· . ·able uses, as the distribution of energy electriCity escapmg: Into the air. Such a. 

·' ··through wires from central plants to distant . terminal I secure to an insula tina support 
.16 places of consumption, or the transmissi9n entering more or less into its inte1~or, and I 70 

_ ', of powerful disturbances to great distances, likewise connect the circuit to it inside or, 
,. through the natu1·al or non-n.rtificial media, genet·nlly, nt points where the electric den-
.::' I have e~counte1·ed difficulties in confining sity is small. This plan of constructin(7 and 
, ·considerable amounts of electricity to tbe si~pporting n highly charged conductor I 

·;;.20 -.conductors and pre\·enting its leakage o.\:4;1·. h:n·e found to be of great practical impor- 7s 
)!.iX:'r/~~heir supports, or its escape into the nmbieJi,t tnncc, und it ma.y be usefully applied in many 
Jt'<air, which always takes place when the ele.c- . \ya.ys. · 
·<1 :_Jric su~face ~e(lsjty reaches l\ certain \•nh}e·: ~eferring to t~e ac.company~ng drawing, 
·) • ·: · The 1ntens1ty of the effect of a tt·ansml.~·' ·.the figure 1s n v1ew 1n elevatiOn and part 
··26. f.\w{ circuit with n. free or elevated te1·minal .section of an impro,·ed free terminal and so 
._;,:.~ !s pr~pol"tionate t? th~ quantitY. of electric-. ch·cuit of large sur! ace with. suppo:rting 
'r · 1ty dlsP.bced, wh1ch 1s deter1n1ned .PY: the ~truc:tnre unrl generatmg apparatus. 
, product of the capacity of th~ circuit, the · .·The terminal D ·consists of a suitablv 
f · pressure, and the frequency of the currents · shaped metallic frame, in this case a rin(7 o"'f 
·.ao employed. To pr?duce an e~ectl·ic!ll·!llC?'·e~ nearly .circular cross .section, which is ~ov- 85 
:·•!_·.: ment of the requtred magn1tude 1t ·1s ~e- eretl With half spherical metal plates P P, 

sh·able to charge the te1·m1na.l ns highly~llS . ·thus constituting a very large conducting 
possible, for while a great 'luantity of el~c~ surface, smcoth on all places where the elec­
·tricity may ulso be disphlced by n. ·J~rge . tric charge principally accumulates. 'l'he 

~6 capacity charged to low pre.ssur~, th~~·e · O}"~ frame is carried by a. strong platform ex- DO 
disadvantages met with in mnuy cn~s··.· 'vh_ en pr. essly provid~. d for safety appliances, in­
the formet· is made too la1·ge. 'rhe ~bi~f..pf. struments of obser\·ation, etc., which in turn 
these are due to the fact that an incr'~ of . rests on insulating supports F F. These 
the capacity e~tails a lowe1:in~ of-.~~'i.f~::. ·. should penetrate fa: into the. hollow spa:e 

iO q~eJ~cy '!f the 1~pulses or dl~cnar,g~_:fnd:-:a· for~ed by the tc~m1nal, and· 1f the electnc· !>5 
d1mmut10n of the energy of Vlbration~'.::/J;hls.,. · dens1ty nt the po1nts where they are bolted 
will be understood when it is borne in mu1,d, to the frame is still considerable, they may 
that a circuit. with a large cnpnc~ty ~haves be specially protected by conducting hoods 
us· a slaclcsprmg, whereas one \nth n. smnll ·as H. 

-i6 capacity nets like a. stiff sprin~, vibrating ·.A part of the improvements which form 100 
more ,·igorously. Therefore, 1n order to the 5ubject of this specification, the trans­
attain the highest possible f1·equimcy, whi~h mitting circuit. in its ~eneral features, is 
for certain purposes is ad\·antageous and, identical with that descr1bed and cluimeJ in 
apart from that, to de,·elop the ~greatest my original Putents Nos. 645,576 and 649,621. 

60 energy in S\~ch a trans~itting circuit, I ~m- The c~rcuit .comprisc.s a c<?il .A. w~ich is in 105 
plov n term1nal of relatn·eiy small capacity, close 1nductn•e rel'utwn w1th a prtmury C, 
wh1ch I charge to as high a pressure as prac- and .9ne end of which is connected to a 
ticable. To accomplish th1s result I have ground-plate E, while its other end is led 
found it imperati•;e to so construct the ele- through a scpnrate self-induction coil B and 

66 \"'ated conductor, that its outer surface, on a metallic cylinder B' to the terminal D. 110 
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The connection to the b.tter .should always lntt.e~:i:;lS.;in the form ol .a cylinder with T ., 
be ninde nt, or near the center, in order to smooth· ot .. polished surface of a radius much 
secure a symmet;ical distribution of the cu~- ~~-.J.a~;thln~~ha~ o~ the half .spherical ele_~ · .. 
rent, as other,vtse, when the frequency 1s _ ,. men~lt .. ;_r&nd ;:Wtdens out at ,_the· bottom.: : 

5 \·ery·:high nnd the flow of large !olume, ~he t~~~ . . k~t]/Wh~~h)~ould~:.be ·slotted to--1:> 
pe~form~nce of ~he apparatus might .be J.l!l• --~'~!~!.. ltllliY.i~,e~dy.··tUrre~ts~nnd. the·· pur- .. ,·. 
paired .. The prtmn.ry C may ~e excited m }~~ ~ : ... -~i:~ll ~ clenr;from. the :fore~,_., 
any desired mann~r, from a su1tn.ble source :;tto~ ... ,." '- ."',.~i~tl B .1~ .. wound o~ a fr~me .or 

_of currents G, whtc~ may be an alt_emator ,'.·prt!.~~--~ ~.~~t~~nsulat.Ing .mate!"lal, ri'Vtth _Its 
10 or condenser, the unportant ·requirement ,~u~OSi~~~ther •. ·'1 have dtscovered that 15 

being .that the resonant condition is estab- ~--~htSn.:J6,·wobnd the effect of the small radius 
lishcd, that is to say, that the terminal D is·:~~ curyft:tu'te :of the wire itself is 0\"ercome 
charged to the maxtmum pressure developed _ nnd tJ{iJ~oil behaves as a conductot· of large 
in the circuit, ns. I have specified in my :rndiua:~of ;Cur~ature, eon-esponding to that 

15 original patents before referred to. The ad- -of· the;fdrum. -This feature is of consider- SP 
justments should be made with particular -able Jh•actieal importance and is applicable 
care \vhen the transmitter is one of great not only in this special_instance, but "en­
power, not only on. account of economy, but. erally!~-'•For example, such· plates at P P 
also in order to avotd danger. I bo.ve shown of temunal D, though preferubly of la.rge 

20 thnt it is practicable to produce in a resonat- radius of_ curvature, need not be necessn rily 85 
in,., circuit as E A B B' D immens.e electri- ·so, for.:pri>Vided only that the individual 
c;f activities,. measured by tens nnd even ·plqte9_:~r _elements of a. high potential con-· 
hundreds of thousands of horse-power, and ductor .. ~or ·.terminal. are arranged hi pro~-
in such a case, if the points. of maximum imity~;lO each other and with. their outer 

25 pressure should be shifted below the ter- boundiiries nlong an ideal symmetrical en- 90 
minal D, along coil B, ·a ball of fire might .reloping surface of a large radius of curvn­
break out and destroy the support F or any- ture, .the nd,·antnges of the inl"ention will 
thing else in the wo.y. For the better ap- be more. or less fully realized.: The lower 
preciation of the nature of this danger it end of .the coil B-which, if desired, may .. 

30 should be stated, that the destructive action ·oo e::d.ended up to the terminal D-slioulci 95 
rnny take plnce with inconceivable violence. be -somewhat below the uppermost turn of 
This w.~ll cease to be surprising when it is coil A,:;~i-This, I find, lessens the tendency of 
borne i'n mind, that the entire energy accu- the charge to break out from the wire con- · 
mt~l~tcd in the'e!tcited circuit, ins.tead of r~- nectin$t both and to pass along the sup- . 

35 q.utrmg, as· under normal ~or king cond1- port F_~. '". · i · • • . • . . • 100 
tlons, one quarter of the period or more for · 0 Ha.,~ng desci"lbed my 1n~ent1on, I clatm: 
its transformation ·from static to kinetic ·: 1. As. a means for producing. great elec­
form, mny spend itself in an incomparably tricnl il.cthities a resonant circuit having 
smaller interval of time, at a rate of many its outer ~nducting boundaries, which n.re 

-to millions of horse power.. The accident is chnrged ·to·· a high potential, arranged in 105 
apt to occur when, the transmitting ci~cuit surfnce9 .of large radii of curvature so as 
being strongly excited, the impressed oscil- to pre~ent leakage of the oscillating charge, 
lations upon it are caused, in any manner substantially as set forth. 
more or less sudden, to be more rapid than 2. In ·apparatus for the transmission of 

-45 the free oscillations. It is therefore. ad- electrical .:energy a circuit connected to 110 
visnble to begin the adjustments with feeble ground :and to, an elevnted tenninal and 
and somewhat slower impressed oscillations, having·'~ its ·outer conducting boundaries, 
strengthening und quickening them grad- which are subject to high tension, arrnnged 
ually, until the apparatus has been brough~ in surfaces of large rndii of curt"nture sub-

60 under· perfect. control. To ~crease the . st:tntia.lly as, and for the purpose described. 11 c 

safety, I provide·on a convenient place, pref- . 3. In a plant for the transmission· of elec-
erably on terminal D, one or more elements trical energy without wires, in combination. 
or plutes either of somewhat smaller radius with a primary or e:tciting circuit a second­
of curvature or protruding more or less be· nry connected to ground and to an ele~ated 

.ISS yond the others (in which case they may. be terminal and having its ou~r conducting 120 
tlf larger radius of curvature) so thnt, should· boundaries,· which are charged· to a. high 
the pressure rise to a value, beyond which it potential, arranged in surfaces of large radii 
is not desired to go, the powerful dischar~e of curvature· for tht! purpose of ·preventing · 
may dart out there and lose itself harmleSSly leakage and lo~ of energy, substantially as 

60 in th~ air. Such a plate, performing a. func- set forth.. , 125 
r ..A. ..A tion similar to that of a safety vnlve on a 4. As a means for trnnsmitting electrical e... ~ 
~ ._.. hi"h pressurereservoir, is indica~d at V. energy to a distance through the natural 

-

Still ·further e::ttcnding the principles media a grounded resonant circuit, com-
underlying my invention, special refer-en~ prising a ,Parl upon which o~c!lbtions are . ' I~ lel~e to coil Band conductor B' •. The Impressed and another for raimng th~jof ~a ; 
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sion, haVing its outer conducting boundaries 8 •. A wireless transmitter comprising in 30 
on which a high tension charge accumulates combination a. source of oscillations as a 
arranged in Sl;lrfaces of lar~e radii ~f ~~rv~- condenser, a. primary exciting circuit and a 
ture, substantially as descrli.Jed. · ·~ ... : ; · secondary grounded and elevated conductor 

~ 5. The means for producing· excessive the. outer conducting boundaries of which 
electric potentials cons1sting of a. primary are in proximity to each other and arranged 36 
ezciting circuit and a. resonant ·_secondary· in surfaces of large rndii of curvature. sub-
havina i'ts outer conducting elements which stantially as described. · 
are subject to high tension arranged in·prox- · 9. In apparatus for the transmission of 

10 imity to each other and in surfn.~ of large electrical energy without wires an elevated 
radh of curvature so as to prevent leakage conductor or antenna having its outer high o~o 

. of .the charge and attendant lowering of po- potential conducting- or capacity elements 
. . tential, substantiallv as described.: .. L ~-!l. ~: · · arranged in proximlty to each other ·and in 
· : 6 • .A circuit comprising a part upon which surfaces of large rndi1 of curvature so ~s to 
1~ oscillations are impressed and another--part overcome the effect of the small radius of 

for raising the tension by resonance,":·the curvature of the individual elements and -'.i 
latter part being suJ>ported on places· ot low · leakage of the charge, as set forth. 
electric densitv and having its outermost · 10. A grounded -resonant transmitting 

·_conducting boUndaries arranged in surfaces ·circuit having its outer conducting bound­
_20 of large radii of curvature, as set :forth. · · aries arranged · in surfaces of large rndii 

7. In apparatus for the transmission of of curvature in combination with an ele- so 
electrical energy without wires a grounde4 vated terminal of great surface supported 
circuit the outer conducting elements :of· at _points of low electric density, substan­
which have a great aggregate are& and are tially as described . 

. 23 arrangtd in surfaces of large radii ·of curva- NIKOLA TESLA. 
ture so as to permit the storing of. a ·,high 
charge at a small electric density and pre­
vent loss through leakage, substantially as 
described. · '.:'· 

Witnessea: 
M. LAMSON DYER) 
RIClU.RD :DoNOVAN. 
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THE TESLA CONDENSER-MAGNET. 

In electric apparatuH or systems in '\\""hieh alternating cur­
rents are cmpluyed, the self-induction of the coils or con­
auctors in nlany ca~es operates disadvantageously by giving 
rise to false currents \Vhich often reduce the coruruereial 
ettil'it.~ncy of the apparatus or operate detrinH}ntally in 
other respects. 

'rLe efiect8 of such self-induction, a~ is well kno"\vn, can 
lJe nL:.ntralized by proportioning to a proper degree the ca­
paeity of the cireuit \vith relati\Jn to the ~elf-induetion and 
frl'quency of the currentR. rrhis has Leen a.ecomplisheJ 
lu:~rl•tofore Ly the use of coudeusers applieJ as ~epara.te 
instrun1ents. In order to avoid the eutployn1ent of con­
cleHsers, 'vhich involve additional expense, 1\Ir. Xikola 
'l'l'::;l:t has devised a tnethod of constructing the coils thetn­
:--:eh·e8 so as to accomplish the s~une object a.~ the con­
' leusl'rs. 

:Jf r. 'l'esla had founJ ~";0Dle years ago that in every coil 
there cxiHt:-; a certain relation bet\vecn its self-induction 
aud eapacity that perrnits a current of given frequeney 
aud potential to pass through it 'vith no other opposition 
than that of ohmic resistance, or, in other "\Vords, as though 
it p<Jssessed no Helf-induction. This is due to the n1utual 
relations existing bet\\·een the special character of the cur­
rent and the ~elf-induction and capacity of the coil, the 
latter '-luantity being just capable of neutralizing the self­
iHduetion for that frequency. 

It is ,v·ell kno\vn that the higher the frequency or lJOtc•n­
tial difference of the current, the sn1aller the capacity 
rt·quired to counteract the SL·lf-iuduction'; hence, in a11 v 
coil, lHn\revcr srun.ll the eapaeity, it rnay be Rntlieient fo"'r 
the purpose stateu if the proper conditions in other re~peets 
hl· secured. In the ordinary coils the uifference of poten­
tial Let\veen adjacent turns or ~pircs is very small, so that 



\Vhile they are in a sense condensers, they posscsH but very 
·· Hlnall capacity and the relatious between the two quantities, 

· tielf-iuJuetion and capacity, are not such as under any ordi­
nary conditionA satisfy the requiren1ents contcn1plated by 
1,1 r. rresla, LecauRe the capacity relatively to the self-induc-
ti(Jn it3 very sn1all. . 

In orJer to attain his· object and to properly increase the 
capacity of any given coil, l\lr. 'l'esla ·winds it in such a way 
a~ to secure a greater difl'crence of potential between its 
adjacent turns, and Bince the energy stored in the coil 
-con~idering the latter as a condenr-;er-iH proportional to 
the tiquare of the pote1itial difference between itH adjacent 
convolutions, it is evident that in this way he may secure, 
by a proper disposition of these convolutions, a greatly 
increatied capacity for a given increa~:e in potential differ­
ence between the turns. 'rhe accompanying drawings 
sho,\r the general nature of thL~ plan which he has adopted 
for carrying out this idea. 

l1'ig. 1 is a diagram of a coil wound in the ordinary man­
ner, w bile F.,ig. 2 shows the 'vinding designed to secure the 
object~ 1\Ir. '1'esla is ain1ing at. 

In Fig. 1, A designates any coil the convolutions 
of \Vhich are wound insulated in the uHual way. Let it be 
asstnneJ that the terminals of this coil sho\v a potential 
difference of lOU volts, anJ that there are 1,000 convolu-

, tions ; then eonsidering any two contiguous point!-! on 

FIGS. 1 AND 2.-THE TESLA CONDENSER-MAGNET. 
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adjacent convolutions let it be assumed that there will 
ex iMt Let,veen them a potential difference of one-tenth of 
a volt. 

If uo\v, as shown in Fig. 2, a conductor n be wound 
parallel \Vith the conductor A and insulated frorn it, n.nd 
the end of A be connected with the starting point of n, the 
aggregate length of the t\VO conductors being such that 
the assumed nutnber of convolutions ··or turns is the same, 
viz., 1 ,000, then the potential difference bet\\"een any two 
:.L<ljaec•Jlt pointtj in A and n \Vill be 50 volts, and as the 
eapaeity effect is proportional to the square of this differ­
enee, the energy RtoreJ in the coil as a \vhole \vill DO\\r 1e 
2;:,o,ooo titues as great. 

BasL·d on this principle, any given coil n1ay be wound 
either in v.rhole or in part, not only in the exact ruannc•r 
illu~tratetl, but in a great variety of \\"ays, so as to Recure 
lH·tweL·n atljacent convolutionH such potential difference as 
\\'ill give the proper capacity to neutralize thP. self-induc­
tion for any gi vt~n current that run.y be employed. C:t­
pacity 8ecured in this particular \vay po~sesses au addi­
tiun:tl advantage in that it is evenly distributed, a consid­
era.tiun of the greatest importance in·Inany cases, and the 
re~ults both a~ to etliciL~ncy and economy arc more 
readily and eaRil y o Ltaiuecl as the size of the coils, 
the potential difference, or frequeney of the currents are 
inert.:a:-;ed. 
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UNITED STATEs PATENT OFFICE. -

N I K 0 I.~ A T E S IJ A, 0 F N E 'V Y 0 R K, N . Y. 

COIL FOR ELECTRO·iVIAGNETS. 

S'Pl::CI:FIC.ATIO~ ·rormillg part of L~tters P:~.tt!nt Uo. ~12,340, d~ted Jnnuary 9, 1894. 

Application filed July 7,1893. ~ri:\llio. 479.804. l'No mo"et.l 

To all whontt it n~ay co7lccrn: 
Be it known that I, Ku~OLA TESLA, a citizen 

of tho U'nited St:\tes, residing nt ~ew York, 
in the county and State of ~ew York, h:lve in-

S vented certain new and userulimproYements 
in Coils for Electro-.:\In;nets and other Appa­
ratus, of which tba following isaspecificntion, 
rcfenmce being bad to tho drawings accompa­
nying ancl forming n part of tho same. 

10 In electric apparatus or systems in which 
alternating currents aro employed tho self­
induction of the coils or conductors mar. and, 
in fnct, in rn~ny cnses uoes operate d isau \·n.n­
ta~eon.sl)' by givin; rise to false currents 

15 which ofte:1 reduce whnt is known as the corn­
merci:\1 et1ieicnc:r of the app:1ratus composi ug 
the system cr operate detrimentally iu other 
rc~pccts. Tho effects of se1f-ind uctiou, n.uo\·e 
ref~rreu to, ftl'O known to be neatralized by 

10 proportion in; to a proper degree the capacity 
of tile circuit ·.rith rel:ltion to tlle !!elf-induc­
tion nnd ft·equency of the currents. This has 
b.;en n.ccomplish~<.l lleretoforo by tho usc of 
conuens~rs constructed and applied as sepn-

25 .rn.to instruments. 
~Iy present invention has for its object to 

a\oili the employment of condensers \vhich 
nro e~ponsive, c~1mbersome and difficult to 
n1:-.in tain in porfect condition, and to ~o con-

30 strn~t tho coils themselves as to accomplish 
tho sarno ultimat~ objE:'ct. 

I would hen~ stnte thnt by thd tcrni coils I 
clesiro to inclnde g~nerally he lice~, solenoids, 
or, in f:1ct, r.ny c:Jcdncto1·· tho ditreren~ parts 

35 of !Vllich by tho requirements of its applica­
tion or u~e are bro,Jght iuto such relntions 
wilh cnch otb~r ns to materially increase the 
sel f-i n<l uction. 

l. havo round that in e,·ory coil thero exist:; 
d:> a certain rel:--.tiou bet\\'ccn its seif·inuuctiou 
· nnd ~ap:1.city th:1-t permit:; :1 curr13nt of gh·cn 

rrequency :\Ud potential to pass throu~h it 
will.l no other OPlJOSition than thnt of oiJrnic 
r~sist:t.ncf', or, i:J-otlwrword~, as thou;.;h it po~· 

~ 5 ~csscd no s~lf-i ntl uction. Th i~ i.:i u uo to the 
m u tt:~l n:lationr; cxbtin~ bct,rceu t.ho specinl 
char:1cter of tho current Rnu the selC-inc.luc­
t~n;-"1 nn<.l c..1.onci.lY of tho cui!, the ~at.ter qnau­
:itY Ullill~ Just canahlc or noutrali7.iu;; tho 

the capacity rcqnireri to countemct the self­
induction; hence, in any coil, ho,\"e,·er small 
the capacity, it may bl) sullicient for the pnr· 55 
pose state<l if the proper conditions in other 
respects be .secured. In theordiun.rycoils the 
difference of paten tial between alljacen t t u ms 
or spires is very small: so that while they are 
in n. sense condenset·s! they possesg but. very fio 
small cn.pncity and the rplations bcl\\"een the 
t\VO quantities, self-indnctiou and cnpacity, 
nrc not sttch ns under any ordinan· condi· 
Uons satisfy the rcqni.remeuts herein~ contem­
plated, because the capncity relatively to tho 6 5 
solf·indnction is vez·\· smnll. 

In order to nttllin rity object nucl ~o properly 
i ncrense the capnci ty of acy given eoi I, I wi n<l 
it L"l such ''"ay ns to secure a grenter ui ITer-
e nee of potential between its adjacent tnrn:3 ;o 
or coa\·olutioos, and since the energy stored 
in the coil-considering the latter as a. con· 
denser, is proportionate to the squnr~ of tho 
potential dil!erence l>ot"·een its adjacent con· 
Yolutions, it is ovideo.t tha~ ~ may in this way 7 5 
secuz·c by a prop(\r daspos1l1on of tbe5e ·con­
volutions n. ~reatly increased cnpncity for:\ 
gi Yen inc roast~ in poten tinl u i ITcrenco bet ween 
the tn rns. 

I haYo illustrated diagrammaticallr in tllo g~ 
accompanying drnwin~s tho general nature 
of tl1o plan which I adopt for carrying out 
tlli~ in\·ontion. . 
·Fi~uro 1 is_ a dia;mm of a coil \\"Onntl iu 

tho or•linary m.anncr. Fi6. 2 is a din~rnm 0f s5 
a \\'inding de:signer.l to Rccuz·c tho objt!cts of 
my inYention. 

I.et A, Fig. 1, llcsi;n:\te any giYcu coil tiJo 
spire!i or con\·olntion!i of t\'hich az·o wound 
npon nncl in~u!ated from e:tch other. Let it fYJ 
be n~sumorl that tho tcrmiual~ or this co:! 
sho\l" n potential di:Torcuco o( one hunurl.!cl 
volts, nnd that thot·e aro ono thousaull con­
,·olutious; t!Hm. cou~idNin.; nny two con t i;;u-

y~ 

s~ s<'!(f-intluction for that frerlucncy. It i:i \\"Oll· 

knowu that tho 'U!;hcr tl!o fn'rlucnr.y or po­
tential diiierenco of the current tho swnllm· 

ous points on arljacont convolutions let it 'uo 95 
assutncll th:1t thorc will t"Xist bl't,roc·n them a 
P?tontial dill'crC'ncoof ouc-tenth o( a volt. If 
now, ns shu,vn iu Fig. :;, ,'\ couductor J> bo 
wouull ;:>nmllcl l''ith the cot11luctor A :\UU in­
~ulatcd from it,nntltltocutlo[ A 'uoconucctcu roo 
wrlh the ~tartin:r point of H, tho a~;rc~ato 
lcu:;t h of tho l wu contlncto:·~ l>ci n:; ~uch tiJ:t.t ll.. ...lllllllt. 
the :lSSUIUCU UUU1UC1' of COU\'ulutions or tlu·ns .. ._... 
i;; tho snwe, vi~., ouo lhous.:lnd, then tho po· 

~ ~ 
~--------~-------------4 
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tential difference between any two adjacent which I obtain even if an incident to such 30 
points in A and ll will be fifty volts, and as form~ of winding have not been appreciated 
the capacity effect· is proportionate .to the or taken advantage of. • 
square of this difference, the energy sto1·ed In ca1·rying out my invention it is to be ob-

S in the ~oil as a whole will nQw be two hnn- served that certain facts are woll cnder­
.drad and fifty thousand as· great: Follow- stoou by those skilled in the art, viz: the re- 35 
iug out this principle, I may \Vind any,given lations of capacity, self-induction, auC: the 
coil either ln whole or iu part, not only in frequency aud potential difference of thu cur­
the specific manner herein illustrated, but rent. 'Vhat capacity, therefore, in any ;iv~n 

10 in a great variety of ways, well-kno\vn in the case it is desirable to obtain al!d what special 
art, so as to secure between adjacent convo- winding will secure it, at·e readily dote1·min- 40 
lutions such potential difference as will give able from the other factors which n.re known. 
the proper capacity to nentraliz.e the self-in- \Ybat I cluim as my in.,·ontion is-
duction for any given cur1·ent tbat may be 1. A coil for electric r.pparatus the adja-

'5 employed. Capacity secured. in this par~icu· ent convolutions o·f which form pa.rts at the 
ln.r ":ffay possesses an additional adva.otago iu circuit bet\veen which there exists a potsntial 45 
that it is evenly distributed, a consideration difference sufficient to secure in the coil~ ca· 
of the great~st impo1·tance in many cases, n.nJ pacity cavable of neutl'aliziog its self-intlnc­
tbe results, both a~ to ctliciency and economy, tion, as hereinbefore described. 

20 are the more readily and easily obtainetj as 2. A coil composed of conti~uons or n.dja-
the size of the coils, the potent.h\1 differencE:', cent insulated conductors electric~lly .con~ so 
6~· frcqu~ncy of the currents arc iucreased. ' o.t-cteJ in series and. having a potential tlif· 

Coil~ composed of independout strands or ference of ~uch value as to gi \"e to tho coil as 
cnnducto1·s wound side by side an~l connect ell a. whol~, a capacity sufficient to neutralizo its 

25 iu scrie::! are uot in themsalvcs ne\v, and I do self-iuduction, as set forth. 
no~ regard a moro tlatailed description of the NIKOLA TESL..:\. 
same as nect»ssary. Unt heretoforA, so far n.~ 1· \\'itnesses: 
I &m an•are, tho uujects in \'iew have been e~· ROB1'. F. GAYI .. ORD, 
aAn•in.lh· cliff~ront t"rom mine, and the resnlts PARKER ,V. PAGE. 

~ ~ 
~--------~------------~ 
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. . . . . 

To all whom~ it uz,ay co7tec7•n: · the wire of which the coil B is made. .Fig. 3 

. .'· 

···Be it known that I, GUGLIELMO .MARCONI; is a· diagram similar to Fig.1, showing a m·odi- · 
electrician, a subject of tl1e King of Italy, re- .ncation. ·· .··. · .. ,. ·. . . . . . 
siding at 28 1\Iark Lane, in t.he city of Lon-. The letter8,' so ·far as they are applicable, 55 

s uon·,England,.baveinventedcet~tain new and are the sameasthose·employed in the former 
useful Improvements in Apparatus Employed specificatiori. · · . 
in 'Vireless Telegraphy, of which the follow-_ · a is a battetty, and bAn ordina:-y :Morse key . 

. . ing is a specification.- · · · ·.-· ·-- : · closing the c~rcuit through the primary of a . 
· .In ··.the specification of a former patent ·Ruhmkorff coilc/the terminals of the second- 6o 

· ·. 10 granted to me, No. 586,198,-I ·described an ar- ary being·connected to metallic balls e. · g is 
range~ent in which the transmitter consisted a battery;· and 7l, a telegraphic instrument on 
of a sparking ap~liatice having one te~niinal the derive~ ~irc~it of~ relay n. j is a glass . 

. connected to an Insulated conductor In the tu_becontatntngmet.alhcpowder. · k' arechok- : 
. •. air and the" other ter~inal' to earth, :"ivhile the. ilig-coils in the .~ircu~t through t.he tube. p 65 

:>ts r~c~i_ver contained!. sensi~!~e ~~~:~.r sensi-: is a trelnl:>~er on til:~ relay-cir~uit ~or tapping .· · 
.. tlYe Imperfect .contact :having one end con- .. the tnbe.· ,qfsareSIStance-coll. 'l"lS& battery . 
~n~ted to a·siniilar ¢onductor and the· other in" the relay-circuit .. ~p'Js 1\ resistance insert- ..... _·, 

.... -::-.:_;-. end toearth.>Whenbothins"trumentsareein~- ed in··derivatiotiacrciss .. the terminals of .the _:. 
:~:~~:~/~~· .. :·:ployed" at the .. same")~tation; it is:Joririd- that treriibler:Ptan'd :p2 is a resistance" iii'a circuit 70 : ·. 
>~"2.0 . the sensitive :tube or" sensitive" iinper(ect 'con- connecting ~~~he ;yibrating . _contacts of 'the . - ;< .:.· 
·?·;-:-"··.tact is liable to irijneyby'its·ctose proxilnityt'o trembler>··~B is a resistailc~ across the termi- · · .. · .: > 
.. :: · the sparking appliance. .In order to·oQviate nals of the ·relay-circuit.·:- tt is an aerial con- : 
: :;-. this objection, I inclose the receiv_er contain~.: ductor. ··.These arrangements are now ·well 
;-;:~< ing ~he ~en.siti.v~ tube or 8eJ1~itive irl_l~rfeet kno!n·a~d_are _fully-~escribe_~ in my form·er 75 
~'>25 contact tn a box of metal having on1y.a small specification. ·~ ... ·· · :- ,, . :.- .. ·. :. : . ·' "·.~ · .. 
·.·.~ . ope~irigintoit,·and I employ the same cotidtic.;· .:. ;A.~c~r~hl'g~o myprese.ntinvention~J-i"~cl9se· - ::· 
: .. · : ·: tor and earth-plate for both instruments. .l"he the ·receiver In a. metalbc box A •. , "''ne-twen-
··>.. . earth-plate is p~rDlanent1y. conne¢ted to one tieth ·or ari 'inch. is a· suitable thickness for the . 
~:~· ··:terminalof the sparking appliance and to"the· metal. .. \The inside of the box· is co-nnected So 
> 30 outside of the box.:.~':.The insulated conductor by a wire A',to .. the· relay-circuit and its out-
··: . can: be connected by a plug e1ther to t~e oiher side by "wires A 2 A3 .to one terminal of the 'tele­

termh:~al of the sparking appliance or to the graphic··iilstrument h and earth E, respec­
'Jther end of the imperfect contact. '·Where tively. · · The other pranch of the relay-_circuit 
a recording instrument is employed, this can- is connected by a wire A4, insulated-from the 85 

35 not conveniently be placed .. inside tlie box, box, to the otherterininalof the instrnment·h. 
and in order to prevent the wires connecting B is a coil Qil the wire A" and outside the 
it t.o the relay of the receiver from ·leading· bOx." It is ·protected from mechn.n5cal injury 
injurious oscillations to the :sensitive. tube I by a .. wooden case C; but this mny be omit-
. adopt the following arrangement: One termi- ted. -The· coil B -mny contain about twenty 90 

· · 40 nnl of the relay-circuit is connected to the· in~- ·yards ·of wirEfone-·seventy-fifth ·of n.ninch .. in- ·· --
. side of the box and one terminal of the re- diameter and have one hundred and twenty 

cording instrument to the outside. The ends turns. The wire is insulated with gutta-
of the wires from the other terminals of the percha D, which fA covered with tin-foil F, as 
rala.y·circuit nnll l'ecording 'instrument are shown in Fig. 2. T·he tin-foil is in electric 95 

'4S connected to the ends of a coil formed from connection with ·the box. The coil B pre· 
nn insulated wire coYered '\\;f.lJ tin-fojl. ·'This vents oscillations ·of the tranaoittcr from 
coil iR outside the bo~, n.nd the tin-foil is in reaching the coherer at the SAme 'station 
electrical communication '\'~tit~ it. . _ through the wire A". __ The aerial condactor1"t, _ 

Figure 1 is a diagram of a combined trans- can be connected by a flexible conductor, 1oo 
s~ mitting and· receiving sta.tio~ arranged in plug G', and spring-contacts Hand· H' either · :. 

accordance with this inventicn. ·Fig. 2 shows to one of the balls e tor transn:: ,;tin& or~ · _ .: c 
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one end of the tube j for receiving. The 1 aerial conductor either to the othc1· terminal 35 
other entl of the tuhej is conncetc<1 by a wire of the t.ransmitter or to one terminal o( the 
.T to tho inside of tho box. receiver, a connection between the otherter-

Thoaerin.l conductot·nced not be insnlatet1, minnl of t.he recei\·er. niHl the box, a relay 
5 as shown, but ma.y be connected to earth operated by tho recein~r, a tel.egraph instru­

through the primary of an in<l uction-coi I, the men t ou t.sido tho box, a non nection between 40 
ends of the secondary of which nrc connected the box ancl one te1·mina.t of the re1as. n. con-
to the tcrminai.::; of .. the receiver. This ar- ncclion between tho box and one teritiinn.l of 
rangoment is shown in Fig. 3. The contact the telegraph instrument anu a connection 

ro II', in plac" of being connected to the enu of insulated from the box between the other tor­
tho t.ubc j, · ~ connected to tL.! inside of the minnls of tho relay and telegraph instrument. 45 
box ~hrough 'primary K of an induction- a. Tho combination of a transmitter, are­
coil, while the two ends of the tuqe j at·e con- cei vet·, an aerial conductor, a metallic l_,ox 
nccted to tho secondary K' of the coil. JJ is containing the receiver, earth connections to 

15 a condenser in a shnnt across the wire lead- one terminal of tho transmittet· and to the 
ing from the tubeJ tr the coils k'. In other box, an interehn.ngeable connection from tho so 
respects the arrangement is the same as that aerial conductor either to the other terminal 
shown in Fig. 1, and the pnrts are mm·ked of the transmitter or to one terminal of the 
with the same letters. rccch·er, a connection between the other t<.:r-

20 'Vhat I claim is- minal of the receh·er and tho box, a relay op-
1. Tho combination of a transmitttlJ', a re- crated by the receiver, a telegraph instrn- 55 

coiver, an aerial conductor, a metallic box mont outside· the box, a connection between 
containing the receiver·, ea·rth connections to the box and one terminal of the 1·eln.y, a con­
ono terminal of tho tranRmitter and to the nection between the box and one terminal of 

zs box, an interchangeable connect.ion from the the telegt·aph inst.rnmcnt1 a connection insn­
ttorial cond no tor cithot· to the other term inn. I 1ate<l ft·om the box between the other termi- 6o 
of the transmittet· or to one terminal of tho nals of the relay and te1ogr·aph instrument., a 
r·eceh·er and a connection between the other coil of insulated wire outside the box in tho 
terminal of the recch·cr and the box. lnt tcr connection and a metallic co\·cring to 

30 2. The combination of a tt·ansmittcr, a. ro- the insulation in connection with the box.· 
coiver, an aerial conductor, a metallic box GFGLIEL~[O 2\fAHCONI. 
containing t:1c receiver, earth connections to \\"it.ncsses: · 
one terminal of the transmitter anc1 to tJ10 ROBERT H. RANSFORn, 
box, an interchangeable connection fr·om the 1 .Torrx H. \YHlTEHEAD. 
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To GU w1wnn. U may coJiCU'ft..• clroul' l.hroagh Ule primsry of tbo Rchmkorrt 
De It knowr. that I, Guar IKLMO KABcom, coil or Uanaformer. 

oleet.ric!aD, a aubjectoi the K!qof I&a17, re- Aeeordlng to \hla Invention t.be ~rm of the 
aldla1at 18 Jfark L&De, Ia the cUyof London, keyl1 prolonged beyond it.a pivot &~d ~rrles 

5 Enrland, ban Ia vented certain new and u~~e- an lnaalated terminal which Ia permanently 55 
fal Apparataa Emplo7ed In Wlrel-TelOif&- oonneoted to Ute terminal of the Bptllklng ap­
ph_y, of which &he foJ.lowlasls aapecUlcaUon. pllanoe, and t.beretora to tho aeriAl oonduc-

lD theapeoUieatlota of a forJDer patea&, elated. tor. B.low ~his terminal ~here Ia on t.be base 
t.he 13th day of JalJ, l&n, No. a88,J08, an ar· of~elaalnlment t.he terminal of t.h~recelver. 

ao raapmeDt Ia deeerlbed In which "'e 'ran• Tbe arm Ia 10 am~npd Ulat lmm9diatfal1 it 6o 
mlt&er coDSlated of AlpfU'klDI appllaDoe hAT· Is releued b7 the operator after •=d a 
Inc one term lui oonDeoted to an luulated wesuplt ~urns aoo:•t on Ita pivot, brin ng 
eondaotor Ia Uae air aDd t.he other terminal ~he above-mentioned condactom t er, 
to eart.~ while the recelvet ooatalned a een· thueoonnt'Otlngthe reeel~ertoth9~r!aleon-

'5 aU.h'etn\,;orsellllLlvelmperfeoteontao'bav- doc&or. 65 
lng ODe end connected k> a atmllarcoadactor The drawing Ia a dlag:sm of a combined 
andtheotherendtoeanh. ItbfonDdUaaUhe tmumlt,tlnr and receiving a&at.fon nrongro 
aerial oondactor M~me&.lmet becom• cbarpd Ia accordance with t.hia lnventl\>n. 
with atmcepbertc electricf~y1 and when \he The le\ters, 10 far u t.hey are apr>Uc.'lble, 

to eame oondactor Ia ueed bo\h ror tmuml"lng are U.. ~ame u ~OH employed In the former 7o 
and reeelvfng ~his etectricJt.y dlaohargea epecUleaLion. • 
t.hrouah the operator when he ahlft.l t.be oon- cIa a bettery, and ban onllnary Mor.Je !toy 
ductor from the t.n.nsmltt.er ~ tbe reeelver clOIIDI the clrcalt through the primary of " 
or Ulroagh t.he Imperfect oont4ot when ~be Rahmkortf coli c, the terminals of tJle !!eO· · 

•5 aonduetor ia abltted frotn one Instrument. to ondary being connected to metallic b\ll:s e. 7S 
t.be other, and this fn liable to give a sboelt to The aerial conductor u Ia permanen~ly con­
the operator or to Injure the fmperfect eon- neoted to one of the bAlle e., t.he o~bl!r being 
tAet. oonneot.ed to earth E. The keyb baa t?rooon-

The obj~t of this lnvent.lon is to remove tAota b' bl, tnaalat.ed from each other. The 
30 this fneouvenlence And alae to J"Er.Jder it lm- dlAgr.im shows the key In the pcoitJon for 8o 

poMlble for Ule o~mtor to mccldentally op- eendlng, the contact b' touching the conbct 
erate bls tnn.smlltw .. , nnu thereby oanse a ~ and oloelng the circait of the bat~ry a 
spark wb~n the aerfAl conductor "t bla at.a- thronJh the prinuuy or the indac~icn-ooil c. 
l.lon Ia connected to the ~lver, which might ImmediAtely the key is released bl the o~r-

35 injnnt Ulo Imperfect contAct. ator lta lon~r arm 'falla by ita o":'rn W31P:~t':' ~;; 
Accordlcg to tbia lnventlou Lbe aerial coD· the contAct bl d83Cendlog onto the con~\. v··, 

doctor 13 permanently eonnect.ed to one ter· wbloh Ia connoote-l to tbe rcceivo::- R by tho 
mJnal of t.be aparklng 1.ppllanoe, and there- wire M. 
fore If a Rnbmkortf coil or transformer Ia It Ia found Advl\nt.Ageoas to k3er~ :&n fm· 

40 used the aerial conductor will be connected pedance-call d between the terminal of the in· 90 
!o ear1.h fJirougb Ita secondary wlodlng, thus dactlon-coll used !or sending and ih3 3phore, 
prever.Llng the a.ceamull\tlon of atmapberio which Ia connected to the Mrll\1 couduator. 
eleot.riclt]ln IL, ... :.ne It ls !ound tbattbeelf\C- 'fbe reeelver RIa Inclosed In a bo:t R't oC 
~leal o8clllatlon~ falling upon it from the condacLiag material, And mAy be auch aca 30 

45 tranaml~terof tbe(~rrMoondent atatloo can- connectodaaladeecrlbed In my former United ~3 
no\ readily traver..:; the- oonvolntfo·'s of the StAtes patent, No. 024,~10. Tho lnvenUon 
colJ, bn\ prnfer to p31!9 to oorlh through the C3D a}~ be applied to rscelvern Cl~r{ooo in 
receiver whan the Mid !!er:~l wire la cqn-~ tho apoolacstion of tho patent tl~~? tha 13th 
nected to U. Til~ ~dg!l~la r.n &ant, u bef<Jre, day of July, 1897, No. &86, 193. ..t. !l'.l m~:\n:. 

50 by mo:m:~ or c. Morn-'3 7~o; fn "- loct\l·bAt~ry ndoptoo rcr protecting the rocclvor ~~ ;t~ ~. ~<:o 

,..;,. ....... .: .. ;. 
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UNITED STATES PATENT 

CiFHL1EI.~~[0 ~L\HCOXI, OF LOXDOX, EKGL.AXD, .ASSIGXOR TO TilE \YIRELESS 
TELEC~HAPJY AND SIGNAL CO)lP.ANY, LliUITED, OF SAME PLACE. 

A.PPARATUS F.MPLOYED IN WIRELESS TELEGRAPHY. 

SPECIFICATION forming pn.rt of Letters Patent No. 650,110, datec.l Mn.y 22, 1900. 

App1ic:ttion filed Dcce:nbe:- 281 1399. Serin.1 No. 741,820. (No model.) 

'To nll u:lw;n il nut!f r•oncern: this terminal there is on the base o( tl10 iii- 50 
Ho U known that I, GUGI...TEL::\10 J\[ARC0:\1, strument tho terminal of the receiYet·. Tho 

electrician, a subject of the King of Italy, rt.!- arm is so arranged that immcdin.tely it is re­
siding at :!S :Jiark IJnn0, in the city of London, leased by t.he operator after sending a mes-

S England, have invented certain nO\\· andnse- sago it turns about 011 its ph·ot, bringing tl1e 
ful Apparat.ns Employed in 'Vireless Telegt·a: abovo.-montioned conductors together, thus 55 
I)hy, of which tho following is a specification. connecting the rereh·er t0 tile :1et'in.l con-

In tho specification of a former patent, dated d uctor. 
tho 13th day of July, 1SD7, Xo. 5~G,lD:~, an ar- T'ho drawing is a diagram of a combined 

10 rangementistlescribed in which the transmit- t.ransmitting and receiving station arranged. 
ter consisted of a sparking ar;_1lianco l~:n·ing in accordance with this inYention. Go 
ono terminal connected to an insnlated con- Tho letters, so far as they arc applicable, 
tlllctu;: in the ait· and the other tet·minal to nre tho same as tho~c omn!nYct1 in the former 
earth, while the receiver contained a sen~ith·c specification. .. " 

15 tube or .sensitive im.:-crfcct contact having a is a battet·y, and ban ordinary :Horse key 
one entl conncctetl to a similar conductor and closing tho circuit through the primary of a Gs 
tho other end to earth. It is found that t-he Ruhmkorff coil c, .tho terminals of tho sec­
nori:l.l conductor sometimes becomes charged otH.lary being connected to metallic balls e. 
with atmospheric electricity, and when tho .. The aerial conductor ·n is led in close prox-

20 same contluctor i!" nsed both for transmit- imity to, say, within one centimeter of one of 
ting anu receiving thh; elect rieity disch:uges tho balls e, tho other boin·g connected to earth iO 
through tllo operator when 1-to shifts the con- E. The koy 7J has two contacts b' b2, insn­
dnctor from the transmitter to tho receiver or latc<l from each other. Tllo diagram shows 
through t.he imperfect contact when the con- the key in tho position for sending, tho con-

25 <.luctor is shifted from one inst.l'ument to tho tact b' touching the contact u' and closing tho 
other, anll this is liaule to give a shock to tho circuit of tho battery rz through the primary 7 5 
opet·ator or to injnrc the imperfect con tart. of the induction-coil c. Immediately the key 

The object of tlli~ inn~ution i:-: to remoYe is released by the operator its longer arm 
tl~is inconvenience and also to render it im- falls uy its own weight, the contact lP de-

30 possil>lo for t..h~~ operntor ~.o accidentally op- ! sccncJing onto the contact li, which is con­
erato hi:=; transmittrr, atHl thereby cause a j necte<1 to tho receh·or H by the wire 2\I. The So 
~pnrk when the a•)r·ial conductor nt hi~ sta- I receh·er H. is inclqs~d in a box n: o( conduct-
t.ion is con:~ected to the rccch·er·, wh ieh m i~h t 

1 
i ng material nnd n1ay be such and so con- "-' 

injnrc the imperfect contact.. nected as is dcsc.ribed in my for:ner Uniteu 
35 .Accon1iug to tlli~ inYcntion the aerial con- States patent, No. (i:!-l-,510. '1'!10 invention 

<lnct.ot· is lccl in clo~e proximity to one tcrmi- can also be applied to receivers, as described 85 
nn.l of the sparkin.~ appliance, atH.l therefore in tho specification of the patent dated. tho 
il' a Ruh m koriT coi 1 or tran~former is useL1 tho I:3th <lay o( July, lSD'i, X o. 5Sfj, 1!13. The 
aerial condnctor can discharge itself through means adopted forprotectiugt.he !"I.!Ceivor arc 

40 the small spark·g':' p to earth through tho !"P.C- preferauly those described in tho speciflca­
ondary wi n<li !lf!, tlt ns pn·vcn Ling the nccu m u- tion of the patent<latou the ~7th day of ,June, 9o 
lation of at 111o~:·hcl'ic (~lct'tricity in iL The 1800, No. fi~7,G:30. The wire connecting tho 
!" i~tw.ls at'" sct1 t as :,ef on~. ln· means of n :\[orsc recei n.•r to tho terminal en the bnse o~ the 
key in a 1ncn.l-l>a\tc:·y eircnit., through the pd- key ~houhl preferably be ir~closed inn. metal 

45 mary of the n ~~ 1: ~:1 ~..:or:r coil"~r transf01:mer. tube X to protect it from Uw oscillations of 
Accon1ing to tlli:-: in,·cntion the n.rm of the . the local transmitter, and the tube X shonld 95 
key is p1·ulon~r.!<.l 1wyont1.i 1 ~ ph·of. atH.l canics I l>c 0lectrically connecto<.l to the box. R. · 

~ an insu la.tct1 term inai~ w:lich is pcrmn.nen tly I This inYcntion is al!-:io appiica1Jlc if the earth 

~;.. conncctc•' :o the :;c•·i:tl .. on•luctor. ltclow cnnncct.ion is snbstitnlc<l b? a ~npn ·it.y n1·c~r~~. .\\~; 
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2 650.110 

In this case the capacities of the trn.nstuittor terminal, a receiver, two fixe<l contacts one' 
and receiver should preferably be connected connected to one tcrminalvf the primary and 
to('fether. the other to tho receiver, a pivoted arm and 

'Yhat I claim is- · two contacts on tho arm insulated from each 
5 1. Tlw comt.:nntion oi the primary and sec- ot.;~·~r and opposite the fixed contacts one be- 30 

ondary of a sp:uking appliance, n bat tory and · i~1g connected to the ot!10r termin.:1.l of the 
.key in circuit with the primary, an aerial con- primary and the other to the aerial conductor. 
d nctor led in close proximity to one terminal 4. The combination of the primary and sec-
of the seconu::ry, means for connecting tho ontlary of a sparking appliance, a battery in 

10 sai<.l aerial conductor to the rccch·ing instrn- circuit with t.ho primary, nn aerial conductor 35 
ment, and ; capacity connec1•'t1 to the other le<.l in close proximity tu one terminal of tho 

. terminal. secondary, an earth connection connected to 
2. The comL .1ation of the primn.1·y and sec- the other terminal, n. receiver, two fixed con­

ondary of a sparking appliance, a battery n.nd tncts one connected to one terminal of tho 
rs key in circuit with the primary, n.n ael'in.l con- primary and the other to the rccciYer, a piv- 40 

ductor led in close proximity to one terminal I otccl arm and two contacts on the arm insn-
of the seconun.ry, me,~us for connecting the ln.te<.l from cnch other an<l opposite the fixctl 
said aerial conductor to the rcceiYing insLrn- contacts one being connected to the other ter­
m~nt,- and an earth connection connecte<l to minal of the primn.ry and t.he other to the 

20 tho other terminal. · aerial cond uctm·. 3: 'l,ho com iJ:nation of the primary and sec­
on dar~· of n. sparking appliance, a battery in 
circuit with tho primary, an aerial conductor 
led in close proximit.y to one terminal of the 

25 secontlaJ-y, a cn.pacif.y comJect(l(l to the othci' 1 
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UNITED STATES p A TEN'T OFFICE. 

IIAHRY SIIOEMAK~:R, OF PIIJLAI>~:J..PlliA, PEXX'SYL\.A1\IA, A~SIGNOR 01<' 
ON~;-JI.ALF TO TilE AMEH.ICAN \\"IRELESS TELEPIIOXE A1\D T~~LEGH.APII 
CO~IPANY, 01•, PIIILADET .. PIIIA, PENNE'.YJ..VAXI.A. 

WIRELESS TELEGRAPHY. 

SPECIFICATION forming part of Letters Patent No. 711,130, dated October 14, 1902. 

Application Sled October 16, 1901. Serial No. 78,874. CN'o model.l 

1'o fill whfJIJI· it nut!/ f'fJ/U!f'rn: which are ver·y Mhm·t and thick-thereby 
Be it known that 1, ·HARRY SnoE~tAKER, a avoiding any iJHl nctance in such connections. 

dtizen of the United ~tates,resitling at Phila- If Ion~ condnctOJ'M of .small diameter were cm­
tlulphia, in thu county of Philacl<~lphin. and ployml fot• Much corlltPct.ion~,con~iclcr·ahlo in-

S ~tate of Pennsylvania, ha\'e inventtad <~er·tain dnct.ance wouhl he pr·es~nt and my system 55 
now uml useful lmJu·ovcmcut . .s in \Vir·ele.ss would opcr·ato tlifTtH'tmtly on a dilTercnt twin­
Si::naling Sy.sltHn~, of wh ieh tho following is a eiple ancl pr·ocl nco tliiTerPnt. resu Its. 
Hpecification. HefcrerH.•e iM to he hacl to the accompanying 

'fhiM invention l't•la.teM to wil·eloss si~naling thawing~, in which-
ao !4ysternM in which t.ho signal or·uw~sage i.s r·ep- Figure 1 iK a diagrammatic view of tho cir· 6o 

re.sentecl hyelectroradiantener·gynncl i!4tl·ans- <•nit.s of my transmitting nppa1·atu~. li'ig. ~ 
mitred tlu·ough the natural media. is a ,·iew of a spt\cia.l type nf condenser which 

ThiH in\·ention l'elateM more par·ticulal"ly 1o I ha\'e employ(ltl in t.h(l Hyst.em herl'in tlo­
the t rnusmittin~ apparatus, l'.spec·ially t lw scrihetl. 

15 circuit arrnngementM thereof, wher·t.~hy (lfli· A re1,resent.s theaer·ial r·atliating-concluctor, 6,; 
ciPnt transmiH~inn iM attaint•tl. 1 lwtwet'n which and t.lw Purth-plate E iM tho 

)Ior·e particularly, it relat~K to tlw tli:-4posi- Mpar·k-gap S. In .shunt to tlti:-~ spark-gapS is 
tion of a capacity Ol' corulcnscr· with n'lation connectec.l the secondary .'i of I he tr·ansftH'Illl'l' 
to tho u.sual !'lpar·k-~omp of au mscillatm·, wlwr·o- T hy nwan~ of thP conductor·s (' ancl tl. 

20 hy g1·cz't eflicieucy in tho transrnittiug appa- At Jl i:-~ shown the primar·y of the tran~- 70 
r·atus is nttainetl. former T, nncl in cit·cuit with such primar·y 

l\ly invention eou~istH al~o of a disposition iH the sour·ce of l'tl~rgy B, opor·ator'M key K, 
of n conden~e1· with relation to tho l'acliat.ing· and the intetTnptet· I. 
d1·cnit. wher·ehy n gt·eat amount of flllCI'gy In shunt 1o the spa.r·k-gap S there is con-

zs may bo mdiatetl ina. certnin inttH·val of t.ime, ncctecl also tho contlense1· C hy uwans of the 75 
and wher·ehy the tnmsmi tting • tranHfor·me1· short thick corul uclm·s a ancl /J. Those con­
mny he can~etl to deli\·er at tlw spark-gap tluctors in \'ir·tul' of their climenMions posses~ 
more crwqn· than has her·etofur·e bN•n pos- ncgligilJle self-im!uction, n.rul tho re~ult. is, 
:d hie. for all pr·aet ical[Hli'POses, that tho m·matu rt•s 

30 It lm~ he1·ctoforo been the cnst.om in wire- of the conclen~er C nre in tlir·cct <·ommunica- 8o 
le~~ signaling systems to inse1·t in t.ho nerial I tion with the ter·mi.uals of tho sp:u·k-gap. 
r·adiating-conduetor a spark-gap in shunt to The contluctor:" c'l and e ai'O shown on thn 
which iH the secontlar·y wincling of the ~1sual tl1·awingH as of liu·go uiamete1·, but such tli· 
transmitting coil or tmnsforme1·. By this mensiou.s al'c unnecessary. It i.s immaterial 

35 arrangement it was seldom po~siule to ratli- whethel' or· not the corulnetot·s tl aml c possess 85 
ate as elcctromagrwt.ic wav£ls as much energy ~elf-intltll'lion, uecans•~ they ar·e, in fact., a 
UH the transfol'nter· was aulo to supply in ea:-4n portion of the seconcla1·y wincling s, which 
it w~1·e usetl in t hu a1·ts of clectr·ic ligh t.i ng o1· has \'t)r•y J!reat ~elf-ilul uctiou. Tho· p1·cscrwP 
IJOWel' tl·ansmiHsiou. In othl'l' WOl'cl~, iL WaM or thE' concleiiS(\r ill shunt. to the spark-gaps 

4c impo:isihlo to load the tmnsfot·mer· to a point mea us al:-;o, in t.hc at·r·augement of circuits 90 
n.nywhoro near· its capadt y. lihowu, that. t.lw t!«lltcleus<>r' C iH al~o in 1.hC' 

By tho en,ploymont of a pr·otwl'ly-IH'opor·- . cin!uit of tho scc~onclary wincling .-;. The con­
tionetl COildertHer· in ~hunt to the spark-gap f UO!Hiel' C Oper·atc:-;, thet't•fOl'C, a!-\ a <!OilllellSI'l' 

ba ve heon enabled to get res ttl r s with~' n acl'ial connecte41 in sel'ics i 11 a circuit. with au inc ltu·t-
45 conductor of a ce1·tain sb:e and a trar1sfm·mcr· anco, ancl thm·cfor·u operates, as is well ttn- 95 

of n certain capacity which I have ,,..,\'l'l' been dcr8tootl in t.hc ;\l't. of lltwt.uatin~ ot· a.ltcrnat­
ahle to attain without tho uso of Hueh con- ing ent'l'cllt:o~, to counteract tlw offl'ct. of thP 
denser. I connect the n.r·matures of the con- inductance an1l pct·mit a lat·go1· cnrront-Jlow 
tlonsor to tho Rpark-gnp terminals by a di1·ect in Ruch cir·cuit uuclcr a pt•cclctm·minccl olee-

so connection-that is, by means of coutlnctorH tl'ical pr·cRsut·e. fn ot.hcr wonl:o~, tho con- roo 

~-
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denser C operall•s to per·mit tlw flow of a 1 :!. In a wirPle:-;s Ri~nalin~ ~ystem, a l'atli· 
J:n·en.ter amount o£ ener·~r fr·om the tl'ilns· 1 atin~·eorultwtot·, a spa1·k-gap in scl'iP!" tlu•t·e· 
former than would ue po~~ihl£l w~t·c such l'ot.l· I with, a eontlPns£lt' «lirPt.'t ly count•<·tNl in ~hunt. 
denser absent. Fut·t lwt·nwr,•, t lw JH'Nit•nc•<.• to !'aiel spar·k-~ap, a111l a soul·co of PIWI'~Y in 70 

5 of the comlerrser· in the disposition shown in I I"OIIIIPc•tion with sai«l sp:u·k-gap. 
the aet·i.al circuit canst'!" also a gr·l'at amouut. ;J. In a win•lt•ss si~nalinJ.! sy!-!ltmn, a l'a«li-
of erwrgy to he radiatt•cl as clt'ctr·omaguPtie I atillg'·<.'OII«llletor·, a eapal'ity in se1·ies tht•I'(:\­
Wa\"t'l-1 in a dt•finitf\ intcl'\·al of timP-. Thf\ with, a spark-gap ha,·in~ its terminals in di­
contlensct· Cis, in fa('t, a part of the racliat- l't•ct conue('tion with t.he h~rminals of the <.~a- 75 

ro ing-cil·ctlit, aJHl because tho connections f1·om pacity, aucl a sottl'Cl' of tHH'I'l!Y conneetecl 
the condenser to the terminals of tho ~park- aei'O!'s the t<.•r·minals of sai«l spark-gap. 
gap possess an inductance or self-incluction ·L In a win•lt·~s si~naling system, a ra«li­
which is practieally nil tho concleHsel' is not in 1 atilll!·eondu•~tor, aspark-gapassociatt>1l there-
n local freely-oscillating ci J'Cll it, which would with, a source of (.lllerg-y in shunt to sa ill spark- 8o 

15 ~hen S(\t the pPI'iml of the oscillations in the ;.!:t.p, ancl a ~~ou<l£lJJSl'l' haYin~ its arma.tun•R 
aerial conductor and whieh woul«l <l£~tcrmirH• in cl irect eiHIIle<·t ion with the t PI' Ill i nals of 
the per·io<.l of the eiN•tromagnetie wan•s. By saiell"p<ll'k·;!ap.' · 
my system, tlll'n•foi'P, with a transmitting- r •. In a wil'l·IPss si:,:ualiu~ systl'm, a nuli-
transformcr of 1lefinitl• t•apaeit.y and with thl' ating-contluctot·, a lat·gp eapaeit.y in :-;p1·ies 8; 

20 ra,liatin~·Cil'<.>llit of ePrtaiu 1limeusiuns it. is t.hPI't•with, ancl a sp:u·k-g-ap clit'Pctl,\· in !'hnnt. 
t>Ossiule to racliate a gn•alPI' amonnt of l.'lt•c·- · to ~aiel ~~apac·it~·. 
trnma~netic-wan• t•nel'!!\' iu a 1lefinitl' intt'l'· 'i. In a wil'l'lt•ss si~nalill!! s\·stt'm, a l':ltli­
val of tim£', clue to ln:tclin~ tlw transfornu•r· ating-eondtwtor, a e;Lpaeit)· itt St'l'iPs ther£'-
to a. hil-'hCI' pni II t t hall ht•I'I'!OfOI'I', Hill} hy tit<' wi I h, a ~pa1·k -~ap, ('OIIclllt•LOI'~ of JH'gligihJp f)O 

25 •lisposition of tht> <·onell'll:oOPI' in t lu.• aPI'ial t·ir- illclnc:tant·•• join ill;.!' t.hP IC'I'IIIinals of saicl ca­
('llit, wh ieh ''ali:-\I'S it. to t·ad iat" gn•at alii Oil II ts pac·ity wit It t.ho I e·r111 i nab of sa icl l")l:t rk-gap, 
of ener·gy in \'l'I'Y fp\\' o!"eillat ions. and a :-\lltll'c~l' of 1'11«'1';.!')' i 11 sh 1111 t I o ~aiel spal·k­

Thn eonrt.-u~c.•l' shown i 11 Fig.:! i~ ('Oil I ai IJI'cl ~a p. 
in a vessel 0, ~ontainiug a licl'licl cliPie('tric·. I 7. In a win·lt•ss signali11g systPm, a tmns- 9:-i 

30 .M is a post whit'h is i11 Pll'ctl'ical colllllltllli- mitting·cin~trit ('Oillpl'i=--ingasolii'CPoft•npr·gy, 
cation "'it.h tlw ll'a\·l's/, fol'lllillg cJtll' ar1ua- a ~p:nk-;,!ap in c·onul'c'lion with saicl sotll't'l', 
t.Ur(\ of tlw <:OIIIll'nsel·. ~ i:-\ a post. in <'II'('· anel a eondPIISI'I' ltaYill!! its arllw'nrPs in «li­
tl'icalcommuuication With the lt.•a\·ps (, fOI'III· rt•CI ('OilliPI'fioll With tltl' tl'l'lllili:LIS of Said 
ing- nnoth•'l' armatlll'l' of the• conelPII~I'I'. In ~pa1·k-gap. 

35 tho t.op of post .:\l may lu· acljuslt!ll thP 1·od h, ~. Iu a wir·c·lc·ss :-\igualinJ,! sy:-;tPm, a. ra«li-
which cal'l'ies at its •·ncl the spark-hall I I. at i 11;,!'-ci n·u i I. c•om pri=--i II;! a c·onel ul.'tor, a spat·k-
Th rou~h the top of po:-;t ~ JHl.SsPs t Ito I'< u 1 u, gap i 11 !"<' J'ips t hPI'P\\'i t h, a ud a conclc>ll~(.\1' ('nil­
which CCLI'I'it_•s at it~ l'llel thP spa1·k-baJJ }). ~ IIC'('IPtf 10 tlt1• IPI'lllillals ol ~aiel ~pa1·k·;.!':l}l hy 
The' I'O«ls It anclu are l'lampc.•tl ir.' pCJsitioll hy I c·ouellll'!c•l·;oo; l&a\·ing- lll'g'li;,!ihln illllnclant~l'. 

40 the thumh-scl'l'\\'S,. awl!/, l't•spt•t•ti\·t>ly. Ht!· !1. In a wii·PI<'ss si;,!Halin~ sysll'lll, :1. racli-

45 

twe<'n the spar·k-balls 11 a111\ I> is a thircl at.ill;.!'·t·nneluc·tor, a sp:u·k-~ap in l"t'l'it's tht•rP­
:ipar·k-hall .T, mount .. el at t.l1•• uppt'l' «'llcl of with, a lar;.!'l' (•ap;wity iu shunt to ~ai•l spark­
the l'ocl L, whieh is iu «·lc·C!ll'ic.·al l'OIIIIlltlllic·a- gap by enlldllet.nrs who:-;e~ sPlf·iHclul!tion is 
tion with tlw IPa\·es of ria•· condenst•l' !I· pml'lieally ,;;, ancl a ~olll't·«~ of t'IIPJ'gy in 

In pt·:H'ti('(~ tlw ae•rial f'llllllttetol' b c·on- ~h11nt to said :-\park-gap. 
ll£lCte«l tli reet ly to tlw 1·otl X, while t hi' <'at·t h 11 l. I 11 a wi rc•Jp:-;s si~na I ill;.!' systt'lll, a t t•an:o;-
connt>ction i:i mad" dii'Pt·tly to thP rocl .:\1. mittill;.!'·lrausfonHf\!t·, a r·acliatill;.!'·«'olldllelnl·, 

It is to lJ<' untlPt'storul that tlw eoncli'HS«'I' a eapac·ity in =-'«'l'il.'s with ~aid rarliat.iii!!·CIIIl· 
shown in Fig. :! is not neet'ssary in my sys- cluetot·, :u11l a ~park-gap e·olllli'Ctl!tl in ~la1111t 

so tem, t.hou~h it proelucPs aelvanta~Potls n•- to sairl capacity hy <'ollCilll'I.Ors of IH·;.digihlt> 
sult..!-1, As shown in Fi;,!. 1, the cmliuai'Y type I incluetattl'«'. 
<'otHlenSl'l' may he used, but. is pn•fc_•1·ahly acl-~ I I. In a wii'Pit~ss ~ignaling- sysll'lll, a mcli­
jnstable fut· tlw }llll'l"'sl' of ohtaiuil:~ th•• at.illg-e•t)llelllt'lor, a la1·~" c·ap:u·ity in spJ'ips 
proper· relation with l'l'=-'lH'et to t.lw aPrial th«~I'P''·itla, :tncl n :-;p:u·k-~ap iu clin•c•t. t'OIIIl«'«'· 

5 c; eircuit. and with J'('SliC'C'I. to tlJI• ~Pl'OIIcl:li'Y or. I ioll with tlac• l.e•t'lllillals or snid ··ap:rc~it.y. 
the tl·ansfol'llll'l'. It i:-; to ht• lllt«le·l·~toocl al:-\o 1:!. In a" in•lp:-;s si~ualin;.r :-;y:-;1«'111, a racli­
t.hat in }l]:l('('Of thP l~:ttll'l'_\' J; Cllle} illll'l'l'll['ll'l' aliiJ.:.!·t'clllC!IIt'lcll', :l pllll'illity of S!l:ll'k·;.!':IPS ill 
I in the }ll'illlary of the t ransforlltl'r T t hPn· ~<'riP:-; t lti'J'I'Wit.lt, a11tl a •·onclt•ll:o;l't' c·ottJH:<.I e•d 
may he used, llll«l it. is t.hP Jll'efl'l':~hlt· at'l'illl;.!'l'·l in sh1111t. ~c~ .. ar·Jt. ~p:~rk-gap .l•y c•cnlltl'l'l inns 

6o 111C'IIt, H Slllll"Ce of ~1'111' a)ll'l'll:LIIII;.!' e'liiTl'lll:-i. \\'hrN• Sl'!l·JJicltll'ltoll I~ pr:lC•Itc·ally tttf. 

\\.hat I claim is- 1 In tl'~tiruon\· \\'hl'l'l'"f I alli:x Ill\' si••n:tllll'l' 
1. In a wirelP~s si;,!'n:Liiil~ s.\·:-;t••I:J, an :t«'rial I in prc·s~·rtc·•· ell~ I \\'n \\'i! 111·~:->•·~. ~ -

c'Oilllllctot·,a spark-gap itt =-'«'l'iPs tiJC'I'I'With,a 'I 11.\I:I:Y :'llfli·:.\1.\1\Jo:I:. 
SOIII'c!e of l'lll'I'.:!Y ill ~h1111t with !"aiel :-;park- \\'itJtc·~--e·:o;: 

65 gap, a.nel a l'tlltdf'Jise•J' clir·pc·tl\· r•c•ttnc·e~t•·cl in' 1·:. 1:. llt'\11·:, 

~' •hunt to said '1':<-~apA ·A A J ~ 1~.1:\\1~ 
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To all whom, it rnn.-y oo,-,cern,: ~:.:~\r. :\.·~j · ·: : 

Be it known that l, NIKOLA 't~~~;~,, <:iti­
. zen of t.he United States, residit!J:·\Q~\fl~ bor­
ough of Manhattan, in the city,~~q_i.Jqfy, nncl 

s State of New York, havo iuvetl.tecl:f~~ftain 
:new and useful Improvements io~~~~hQtts. of 
·.Signaling, of which the following hrl;~pec.i· 

fication, t·e~erence being l_md to ~~tji~\fl~S 

.~·· :~:~panylll~ anc.l formtng A :~~~~~j!~i':~:~'e 
· In certain systems for transmit..~i~-~~lQtelU­
~ible n1essages or J:rOVerniug the·:.~grjrnonts 
and operations or distant automata.·tlt9trical 
impulses or di~tul'bance~ pt·odu~~d{~y,ui_t• 

's ablo apparatus are cou \·eyec.l· t.brouglf\he ~)at­
ural media to a receiving-circul~.::~pJ!ble .. 9f 

. responding to tlie impulses, ari«t~J.l~-~~by ~e­
lecting the coutrol of oth_er appl~~q-~~s.~:~:_Gen­
ea·ally a special device, highly)s~m~.l~_ive, i~ 

ao connected to the recei ving-circg_~~,~W.ij_icb in 
order to remlor it st.ill more su~cQp~l~le nn·d 

· ao reduce th~ liability of its. bejug:iiaectccl 
· by extraneou~ c.listurbances is ·c~retqlly n.cl· 

jnstec.l so as to be iu tuue with the'tr~rismit-. 
25 ter. llyn scientific dosi~n of tbe 'endiug 

and receiving circuit.'i ancl other appara.Lus_ 
and skilful acljn:itanont of the snme these 
object:i may be in n. measua·o at.taiti~~l; but 

. in long expcl"ienco I have found ttiu.t not· 
jO withstandin:,t all COil:JtfUCth·o au vantages a.n_d 

experimental re::Jou•·ce::J tlli:i metboc.l· _is in 
1nany easE'~ inadequate. 'rhn:i while: I ha\·u 
su~ceP.ued in ~o -ol>oratiQg selectively und~r 
certain favorable conditions more th'nn one 

35 hundred rcceh·ers in mo:Jt cases-it is prac­
ticable to \\"Ork SUCcess!ully but -a f~nv, the 
numbea· rapidly c.lhnini::Jhing as, ei"lu~towing 
to g•·eat c.listauca OL" ot.hor cau:les, th.e enea·gy 
n.vailab!o in the tnnod circuits ~becomes 

40 ~maller and tho receive1·R necessarily more 
delicate. Evidont.ly a circuit however well 
constructed and adjusted to respond e.xclu­
si\·cly to vibrations of oue period is apt to 
bo affected_ by higher harmonics and still 

45 moro so by lower ones. \Vhen_ tho '9scilh~­
tions are of a \'ery high frequeucy, th~ nu&u· 
bcr of the eJTccth·e banuouics utay be large 
and t.he recoiver con~equently eas_ily dis· 
turl>cd by extraneous iulluanc~s. to .~uch nn 

are Used little aU\"C'l.Utago in this I'<.•S(.H~Ct is tu 
he derivt-d !rom tunin~ the circuits. -It be­
ing nu im ptorative r<'q n ireUleo t iu most Jlrac · 
tical applicat ion:i uf :such systems ur signal- 55 
ing or inlelligenco transmis:;iou that l he si~­
nals or messages shou hl he exclnsi ve or p1·1· 
vate, it is highly c.l~sirable to do away with 
the nbuve limitations, e~{Wcially.in view o[ 
the fact which I ha \."C oi.Jservec.l that the in· 6o 
flueuce of powerful electl"ical disr.u•·banccs 
upon ~ensit.i\·e receh·er:-~ extend~ e\·en on 
land to diitanct's of mauy hundreds of miles, 
anll conseq_n~ntly, in accorc.lan(.'e with theory, 
stili fa•·t ht>r on sea.. To overcome thesa c.lraw- 65 
baclc~ aud to enable a J.!reat numuer of trani­
mitting anc.l receivin~ sr.atiuns to be opcratetl 
selectively and exclusi\.·ely and without auy 
dan~er of the si~nal:~ or ruP~.sage:; being tlis­
turhec.l, in.terceptt!d, or iuterr~rtli with !n any 70 
way i:i the object of my present iu\·enrion. 
· llroauly ~tared, thi:~ invention cou:;ists in 
generating l wo or more kinds or cla:-~~c:i of 
disturbances or impube:i of distiucth·e char­
acter with re~pect to their effect upou a 1·e- 75 
ceiving-circuit and opcr<Lting- thert:by a dis­
taut receiVE'l" whicll comprbe::J t\VO or moro 
circuils, each of which i:! t.uncu to rt:spouu 
exclu::iively to the dil:iturl>ance~ o1· impulse:i 
of one kind or class and ~o arran~ec.l that the So 
oper&Ltion of the recei vet· is deponuen t upon 
their conjoint ot· rc~ulta.ut action. 

lly employiug only Lwo kiud:i of lli:;tlll·h­
ances or series ,of impn~::w~ instead of one, a~ 
has berP.tofore. been done, to opcrato a re- 85 
ceiver of this kind I ha\'o founc.l that sa.fet\· 
against t-ho lli:sturhiu~ intlueuc~:> of otlw-·· 
sourcc:i i~ inca·ca~ec.l to such au extent. that I 
b<'lie•;e this uuruuer to bo amply sullicicnt in 
most cases for reuuering the exchan~o of si~- 90 
nals or messal!e:i a·cliablfl aud oxclu:-;ive; but 
in exceptional iufltauces a greater numLcr 
may bo used and a l~e1!roo of safety ag:l.iu:st· 

·LOu tual anu oxtran~ou~ iu te1·ferenl!e attair1cci, 
such as is compamblu to that at!l;nleu by a 95 
colUl>iuat.ion-lock. Tho liability of a rocei\·er 
being a1Iecteu by di:;tut·bancc:i emannl.iu;.; 
from other sourcc:t, a~ well as tllat of the sig­
nals or messal!cs being receiveu 'lly iustru­
rucnt.s for which they are uot iutcndet.l, u1ay, too 

r~ 

so e:ttent that \Yllcu very short waves, such ns 
tbose proclnced by IIct·tzian spark. apparatus, 

however, bo r9duccu not only I.Jy au increascll A. ... 
nuwl>er of the couperati\·e uisturl>auccs or ..... ..-

~ ~ 
~----------~-------------~ 
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series of impuls~:i, hntalso by judicious choice nni1ce·wit.h it.c; secondnry system, ns I bn\"O 
of the same nntl oruor in which they nro m:ulo e~plninetl in other patent.'\ ga·auteu lo me. 
to 1\Ct· upon the rec~i\·e1'. · . 'l"ho brnsh-holtlot·s D' nnd B2 are capnbie in· 70. 

]~\·i<lcntly thet·e nro 1\ ~reat many wnys ot tlepcntleutly of _nngulnr nod, ,if· nec~ssnry, ·. 
5 generati 11~ i mpn lsP~ oa· t.1 istu rbanccs nt nny nlsG bf:laternl ntljustment, so that a·ny llesired .· .-. 

wn n~ lent;t h, wnvo form, 11 umber or ortlet· or ordil':otsnccession or uny difference or timo ·:· 
~urct~~sion, or or any ~pecinl chaa·acteJ·, suoh intfr\iithetween the tllscluuges occurrin:; in · ·.· 
ns will be capable or rnlfillin:; the requia·c-· tha'~~~'~1lrlmnry circuits runy be obtnine~. 7S 
ments :I.U0\'0 stated, nntl there l\1'0 nlso many rrnG;~(jbdensers being ~rier~ize<l from n. S\llt• . 

10 W1\ys in wllicll such impulses orllisturbnncoN nble::aourcE' S, preferably of higll potential, . : 
mny he m:ule to coc;perate nn<l to cnnse·the I aiill;\be Uisk D being rotntetl, its pt·ojection~ · 
recch·er to bo nctuatocl, nntl inn~much t\S the or.~Cletb 1' 1' coming nt perio•lically-recnrrio:; ·. 
~kilt ancl practical kn?wlmlt,:c iu these ~ovel iut~~~·:U=t iu '".et·ycloso pr?ximity to o,r,ns the So 
ficlt.ls c:m only be ac<l mrctl by lou~ ex peracnco ci\ie mAy be, 111 contnct wtth contl ucttug rm.ls 

t s thA t.le~t'Po uf safety :mrl perr~ction attained or'Jjfushcs n n. cnase the condensers to be -
,,·ill 11ecc~~R.ril.)· <lcpP.Jl<l 11por1 tl1e ·:\l>ilitJ· nnd tliSClsl\rJ%Pd in ralpid succeMsiotl through lheit· · a:· 

resout·ce of the expert who applies my irn·en- re~pecttve circuitR~ In this man net· the two 
tion; bnt in nnler to enahlc the same to he seC'ond,Lry sy~tems D'S' E and Dt 81 E ;ue ~et 85 
succe~~ru lly practiced by any per:sou pos· in :".ibration n.nu oscillate freely encl! nt its 

20 sessetl only of the mot·e genet·al kno,vlcclge proper rate for n ce1·tnin periou of time ~t 
aUt.l expe-l'icnce in t.he~e branches I ~hall do· ev~ry discharge. The two \'ibration~ are im­
scribe the simple~t. plan or cnn·ying it out pr~~ed upon the ga·ounu throu~h the pl:lte 
\\'hieh is at pt·eseut known t.o me-. · :·: i) E a1nd spren<l to n distance renchin~ the re- 90 

For n btAtter umlerstc\n<.lin~ or the snhject_ cei.ving-station, which has two similar r.ir-
25 reference is now mmle to the nccomr,anying· ctll_t~ or systems e s' d' nnu e .<r ell, arranged 

dra.wing~. in which- _ · antl connectetl in the same mnnner nnd tuned 
Fi~nrcs 1 nntl !! t·eprcsent dia~a·:unmattc-· to ~he systems nt I he sent.lin~·stntion, so th:it 

ally nn nppamtusancl cirt•tlit connection~ em· ench responds exchHJively to oue of the two 95 
ployed 'ltt.he sonclin~ nnt.l receivin~ stations, vibrations pt•otluced by the transmitting np· 

.10 respt'ctively, fot·tho tu·aclice of my iu\·ention; pu~tus.- 'fhe same rnles of ntljustment nre 
:1nd Figs. 3, 4, Kncl 5, modifieu means \Vhich ob9erY~d '"ith respe~t to the •·eceiving-cir­
mny be employed in the practical applicnLion cttit~, cnre being fnrthermm·o taken tha~ the 
of t.ho invention. · · tu~·lng I~ efTectetl when nll thE' apparatus I~ to.:> 

In Fig: 1, S' 81 nro two spit·ally-wonncl coils coiUiected to the circuits naal placed in posi-
jS or c•ond nctors connectecl with their in nea· encJ~ tioti·_-ns llny chnnge may more or It's~ mot.li ry 

to preft!rauly elcvnte•l terminals D' nn<l D', th~~'Vihrntion. Xnch of the receivin~·coil:s .r;:' 
l'l':ipectively, and with the it• Oll LOr CllllS to J\0 nnd s2 is sb till tetll>y ;\local Circuit ('Otltainin:,!, 
~;uth-pla.t.e :K Thcsn two coil~. conductor~, respectively, sen~itive tle\'lces ct' a'!, uatteri(ls 105 
or systems D'S' E and J)~ s-z E have different b' b•,·atJjust;\hle rosistnnct:'S ,.·. ,.~, anti sensi-

iO an<l snit;a.l>ly·dto:;cn p~rin<l~ of ''il>ration,nml. tive .relny.-4 H.' H.t, nil joiued in series, as 
a~ point~cl out in ot.lwt· pat.entM r·el:a.tin~ tn my shown.-~ \The preci~e connections 1Ut<l nr­
~ystem of Plle'I':!Y ;mel intelli;:ence ta·amunis• r:\tfgements of the V;\J'l0\1~ recehping instru-
sion, their length~ ~honlt.l ho snch t.hat the melll-R J\re h\l·gely immnterb\1 ant.l may be no· 
points of m:uimnm pres:iut·c t..h.•velopollthere- Vlll'ied In many ways. Thf3 ~ansitive tle-

45 in c9inch.le wit.h th8 ~levated terminal:t D' viet'S a' a' _mny be any of the well·knowu · 
D~. By snitauly-chosPn pet·iml~ of viut·ntion c1evices of thili .kind-n:i, Cur e~ample, two 
sm·h periotls 1tre meant. a~ wiJJ secnro the comlncting-terminnls separated by a minute 
grf'ate~t safetyngain~t interference, hoth mu- n.it·-gnp or n thit1 film of dielectric which i~ r 15 
tnal ancl extrnnl'OU~. TI.Je two systems may strained or 'vcakcncu lly a uatte!'Y or othct· 

50 ha\·c· electl'it'al oscillations imp't·cs~ucl upon lllt'ILUS to tho point o( \u·eaking clown nnll 
them in any c}(l!iir(-'d manner con\'cnicntly hr gh·cs w:Ly to tho slightest di!:!tut·l>ing innu­
~ner~iz.i ng them t lu·ou~h pri nmric:i P' and P2, ence. It~ l'et urn to tho normal sensiti \'CJ stnt.o 
t'lacPll in pruximit.y to them. A(ljtl!'\tahlo mny be !lecurcclby momentarily intet·t·upting 120 

iocluctanccs L' and L2 ar·u pt·efcml,ly ittc:lucle<l the lmtt~t·y-eit·clliL~ aCtor onch operation or·· 
55 in the primary <~ir·cuitli chiorty for· the pur- othcrwhsc. Tho •·olays H.' R 2 hn\'o nrmatm·e~ 

pose or rt•:!ulaLi u;; the mtr!s or t.hu pl'i mary l' l2, which nro con nuctcd by a wire w ant.l 
nscillat.ions. In tho clr·awin~~ thc"w primaric.·~ when ntt.rnctell establish c1cctricnl contact~ 
P' ami p:1 snt·r·o11ncl tho coils ~· :;·!:\tiel ar·o nt r.' nml c1, thu~ closing n circuit coutainin~ 125 

~-join ell in sol'it'!'\ through t.hn inrluc~tatt<'C!i J.,' n baLtery b3 anti a<.lju~tal>lo resistance,.:: anti 
6o r,;z, l'Olld \H't.ur .... C~OtJtlonsct•:t C' :\lltl cz, lH'll!ih- u relay lt1• Fa·om the nbovo descri plioo i [ 

hohler!i B' ancl g·!, nntl a toot heel t.lisk D, will bo readily ~een thnt the relay lt1 will bo 
which is con n~ctcll to ti.Jc cone I uctoa· F ntHl, iC opora.ted only when both contacts c' mul c~ aro 
clu~irt!cl, also to llw ~t·onnd·plate E, as ~howu, clo~(\U. 130 .._ · ~ ... 
t.wo inucp~utlont. primary cil'cuit~ boin;: thus Tuo nppnt·ntus at tho sent.lint;-stntion may a.. ~ 

6s fot'lllCll. The COIIOCOSCI'!'\ c· ancl C'1 are or he controllucl in nny~nitaulo mnnnca·-ns, fot• 
such ~apacit.y atul tho inductances L' I} aru instance, lJy momentarily clo~iug tho circuit 

~~ I i !••teo 1 Lh:\t. cnc h pl"i m:u-y is in do>sc t•cso- or tho soti reo R, two •1 i IT cron t r1c.,ll'ic~\~~ '!": I 
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brations being emitteu simultaneously 9r in 
rapid succession, n.'J may be desireu,··at each 
clo::iure of tho circuit. The two receiving­
cil·cuits at the. distant station, each tuned to 

s respond to the vibrations produced by one of 
the elements of the transmi.tt.er, affect 'the 
sensitive de\·ices a' and a: and cause there­
lays R' and R~ to be operated and contacts 
c' and ca ~o be closeo, thus actuating the re-

ro ceiver or relny R3, which In turn ostabli.shes 
n con tact c3 and brings into action n device 
a~ by means of a battary d', included iin a 
local circuit, as shown. But evidently if 
through any extraneous disturbance only one 

15 of the circuits at the receiving-station is af­
fectE.l<l the relay R' \Vill fail to respQnd. ·:·In 
this way a communication tnay be carried on 
with greatly-increased safety against intel·· 
fea·ence an<l privacy of the messages.m~y be 

zo secnreu. The receiving-station shO\VU htFig. 
2 i~ supposed to be one requiring ·llO re~urn 
utessage; but il the use of the syKtem ~ au~h 
that this is necessary then the two station~ 
will he similarly ~quipped, and ~any ::lrell-

zs known means, which it is. not thou~ht o~ces· 
sary to illustrate here, way be resorted to for 
enabling the apparatus at each 'station to 
be u::ietl in turn as transmitter and receiver. 
In like manner the operation of a ·receiver, 

30 l\8 R', may be made dependen& instead of 
upon two upon more than two such tr4\nS­
mitt.ing syRtems or circuits, and thus any do­
sired oegree of exclusiveness or privacyanu 
sa!ety against extraneous disturbances may 

35 be attained. The apparatus us illustrated in 
Fi~s. 1 and 2 permits, however, special ~re­
sul~ to be secured by the adjust.ment of the 
order of succession of the discharges of tha 
primary circuit3 P' and P 2 or of the time in-

40 tervals bet\'feen such discharge~. To iUus­
t rate: The action of the relays R' R2 may be 
regulated either by adjusting the weights 
of the Je,•ers z· lJ, or the stren~th of the ·bat­
tea·ies 1/ IJ"J, or ll1e resistnnces r' 1.2, 01· in other 

45 well-known ways, so that when a certain order 
of succession or time iute1·val between t.be'dis­
charges of the primnry circuits P' and P~ e.x­
i!:lts at the sending-station tho levers Z' and l2 

will close the contacts c' ano c~ at tho same 
so instant, and thus operate tho relay H.3, but 

will fail to produce this 1·csnlt whon the order 
of tmccessiou or or tho time interval betwE:en 
the discharge~ in th6 primary circuits is n.n­
other ooa. lly these or similar tueans atldi· 

ss tional tmfoty against disturbancc:i from other 
sources may be attained a~d, ou the othe1· 
band, the possibilit.y atiordcd of effecting tho 
operation of signaling by varying the order 
or successiou of the oischarges of the ~wo cir-

.. ~o cuit.s. Insteau of closing and open-iu;.; tho cir-
cuit of the sonrco S', as before indicate~~ !or 
the purpose of senoiogdistinct si~nl\ls it ~nay 
be convenient to merely alter the period of 
either oC the transJUit.tin:;·circu its arbitrarily, 

65 ashy varying the inductance of the primaries. 
Obviously thoro is no necessity Cor using 

~ in~iLter:s with two or moro cli~.tinct olo, 

ments or circuits, ns S' and S2, since a suc­
cession of waves or impulsE.ls of different char· 
acteristics may be prodnced by an K1st.rumeut 70 
having but ono such circuit. · A few of the 
many ways \vhich will readily SUJ!ge~t thew-
selves to the expE.lrt who applies wy inYentiou 
are illustrateu in b,igs. 3, 4, aud 5. In Fig. 3 
a transmitting system e s3 d3 is partly shunt- 7 5 
ed by a rotating whE.lel or disk DJ, which may 
be similar to that illustrnteu in Fig. 1 and 
which cuts out periodically a portion of the 
coilorconouctor~.:~,or, iftlosired, britlges it by 
an adjustable couoenser C3

, thus altering the 8o 
vibration of the system e s3 d3 at suitable in­
tervals and causing two ui::;tinct kintls or 
.clas~es of impulses to be emitted in rapid suc­
cession by the senuer. In Fig. 4: a similar re· 
sult is produced in the system e s' d' by pe- 85 
riodically short-circuitin~. through an indue· 
tion-coil L3 and a rotating tlisk D' with inF.U· 
latin~ aud conducting segments, a circuit p' 
in inductive relation to said system. Ag~in, 
in lt,ig. 5 three distinct vi brat ions are caosed 90 
to be em·itteo by a system e s5 d5, this result 
being produced by inse1·ting periodically a 
number of turus of an inuuction-coil L' in se­
ries with the oscillating system by means of 
a rotating disk U5 with two projections p 5 p 5 95 
and three rods or brushes -n5

, place<.l n.t an n.n· 
gle ot one hundred aud twenty degrees rela· 
tively to each other. The three transmittic~ 
sy~<Stems or circuits thus pro<luceo may bl3 en· 
ergizeJ in the same manne1· as those of Fig. 1 xoo 
or in any other con·~ oniout way. Correspono-
ing to each ol these cases the receiviug-sta-
tion may be provided with two or three cir­
cuits in an analogous manner to that illus· 
trated in Fig. 2, it being nn<.lor~tootl, of course, I os 
that t.he different \'ibrat.ions or disturbances 
eulitted by the sender follow in such rapid 
succession upon each other t.hat they ar(lo prac­
tically si 10 ultaneous so fa1· as the operation of 
such relays as R' uno R~ is concerned. Evi· 1 a o 
dently, howovor, it is not necessary to em ploy 
two or more receiving-circuits, but a single 
circuit way be usod al~o at the recei \'ing·sta· 
tion constructed q.nll arranged like the trans· 
mitting·circuit~o~·systeu1s illustrated ic Figs. 115 

3, 4, an<.l 5, in which case the correspontlin~ 
disks, as D3 D" D5

, at the seudiug will be 
uriven in syuchonism with tho:seat. tho receh·· 
ing stations as far as may uo nc<:essary to se­
cure the uesircu l'OSillt; but whate..-er the na· 1 zo 
turo of tho specific doviccs employed it \fill 
be seou that tho fu ntlamen tal id~a. in my in­
veution is tho operatiou of a recci \·er by the 
conjoint Ol' resultant e1Icct of two or moi·e 
circuits each tunod to rcspoo<.l exclusi\·cly to 125 

wavos, impulses, o1· vibrations of a certain 
kind or class IH·oduceu C\ithcr simultaneously 
or successi\·oly by a suitable transmitter. 

It will be· seen from a cousitleration of the 
nature of tho method heroin be foro tlescriuetl 130 ...._ _., 

that the iuvent.ion is applicabl~ not only in -._ ~ 
the special manne1· described, iu which the 
transmis~ion of tho impulses i!:i etTccleu 
through na,tnral mctlia, Lut for tho transmis· 

:1~ 
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sion of energy for any purpose nnd whatever 
the medium through which the impulses are 
conv~yed. · 

'Vhat I claim is- ~·· 
s 1. The methou of opera.tin~ uistnnt re­

ceh·ers \Thich con~ists in producing and tn\ns­
mitting n plurality of kinds or chlsse~ of elec­
trical impulses or disturbances, nctunting by 
the impulses or disturba.pce~ of each kind or 

to class one of a. plnrality of circuits tuned to 
respond to impulses of ~uch kind or cla~s and 
operating or cont1·ollin~ the op~ration of n 
receiYer by the conjoint action of l\'fO or morf' 
of said circuits, ns set forth. 

'5 ~. The method of signaling, which consist.'\ 
iu producing and transmittin~ a plurnlity of 
kinds or cla:-;ses or ele<.'tricnl impulses ordis­
tu rbnnces, cleYelopi ng by the i mpnlse~ of each 
cln.ss a current in one of a plnralit.y of receiv·· 

20 ing-circuits tuned to respond exclusively 
thereto and controlling- by means or the con· 
joiut act.ion of such circuits a local circuit, 
as set forth. · 

3. The method of signaling which consists 
25 in producing a plurality of series of impulses 

or disturbances differing from each other in 
character and orcler of succes~ion, A:tciting 
by the impulses of each series one of a plu­
rality of receiving-circuits tun eel to respond 

30 e~clushpely thereto and controlling by the 
conjoint action of ~uch circuits a locn.l cir· 
cuit, ns set f'ortb. 

4. The method of signaliu~ which consists 
in producing a. plurality of ~e1·ies of electrical 

· J:i impulses of differeut character, varying t.be 
time iuten·al between tlle emh;sion of such 
impulses, exciting by the impulses of e:\cb se­
ries one of a. pluralit.y or rec('i\·ing-circuits 
tu nP.d to re~pond excl ush·ely thereto :\nd con-

40 trolling by the conjoint action of such cir-. 
cnits a local ci•·cnit., as set forth. 

5. The method of transmitting electrical on­
ergy for con\p~ying intelligible Rignnls which 
consists in proclucin~ a plurality of electrical 

45 irn pulses or d ifferentchara.cter, developing lJy 
the impuls~s of each kind a current in one 
of a plurality of receivin~·circuit~ tuned to 
respond exclusively thereto, cont1·olling the 
actio~ or effect of tho transmitted impul~es 

so upon the receiving-circuits by varying the 
character of ~aiu irnpulse!i, and-operating or 
controlling the operation of a t·eceiver by the 
conjoint action or two or mora or s:\iu receiv­
ing-circuits, a~_-set forth. 

G.- Thetnethod of tran~mittingclectricn.i en- 55 
ergy which consists in pt·oclncing" plurality 
Of ~)ec.tricnl WaYe:i or impulses or tliffer~nt 
perlbdiclties, varying the order o( tr:\nsmis- _.,, : 
sion: O[ the WI\\"CS 01' impulses forming ele- . : 
menls ot the lliJ!unl sent, nccorrling ns one or bo' -~ 
another recAivinJ!-station is to he communi- · 
catea with whore (propercircuit-closiug mech­
anism being proYicled nt ench r~ceh·inJ!-stn.-
tion) the transmitter} signal \Till be intelligi-
ble ··at and only nt the intencle<l receiving- 65 
stat.lon. 

· 7. The method of transmitting intelligence, 
which consist~ in selecting and n!\sociating to­
gether in preuetermined at·der of snccession 
t\VO or more electrically-generated impulses 70 
of different periodi(•ity, formin~ elewents or 
slgnnls to be sent, an<J transmitting such se­
lected impulses with reference to the co_!ljoint 
action of both or all in the proJuction of a 
signnl at A distl\nt point., substantially as ~et 75 
rorth. 
. 8. In a·system of tele~rnpby, "·herein signal~ 

or·niessnges are sent by the u~e of a plurality 
of electrical i m puls('s of different pet·iod icities 
and in a preclet<.'rmined orrler of succession, 8o 
the tuethotl of nscertaining at any particulaa· 
station the particular ~i:,:na.l sent to that sta­
tion·, \Vhich consists in tho selection, to form 
a signal, of certain transmitted impulses of 
different periodicities Rn<l of a predet('rmined 85 
orC:h!rof succe~sion to the exctnsion of all.otb· 
ers,-·as set forth. 

9. The impro,·ement. io the art of transmit­
ting electric:\\ r.nergy \Vhich consists in oper­
ating or controlling a receiving mtchanism 90 
by a series or ~roup of electrical impulsE's of 
different perioclicit.ies and of a prcrleterminecl 
order of sucessiou. 

10. In a system for the transmission or elec­
trical energy, fat· sending signals or rne~!iagc·s 95 
to any one of two or more rec~iving-stations, 
the ·method of tl·~nsmitt.in~ the me~s<\go with 
reference to tho intellhdble receipt ther~or 
at the de!l'ired station, which consists in the 
transmission of elPctrical '"a Yes or impulses 1 oo 
of different periodiciLies in varyin~ order of 
trnnsmittal by n separate order or grouping-
of trnnsmittal for each recoh·ing-Mtation. 

NIKOLA TESLA. 

'Vitnesses: 
l\I. IJAWSON DYER, . 
llENJA~UN l\IILLER. 

~ ~ ~ 
·~· ~~------~------------4 
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To all whom it may concern: 
Be it known that I, NIKOLA TESLA, a citizen of 

the United States, residing in the borough of 
Manhattan, in the city, county, and State of 

5 New York, have invented certain new and 
useful Improvements in Systems of Signaling, 
of which the following is a specification, refer­
ence being had to the drawings accompanying· 
and forming a part of the same. 

10 In certain systems for transmitting intelligi­
ble messages or governing the movements 
and operations of distant automata electrical 
impulses or disturbances produced by suitable 
apparatus are conveyed through the natural 

15 media to a distant receiving-circuit capable of 
responding to the impulses, and thereby 
effecting the control of other appliances. 
Generally a special device highly sensitive is 
connected to the receiving-circuit, which in 

20 order to render it still more susceptible and 
to reduce the liability of its being affected by 
extraneous disturbances is carefully adjusted 
so as to be in tune with the transmitter. By 
a scientific design of the seriding and receiving 

25 circuits and other apparatus and skilful adjust­
ment of the same these objects may be in a 
measure attained; but in long experience I 
have found that notwithstanding all construc­
tive advantages and experimental resources 

30 this method is in many cases inadequate. Thus 
while I have succeeded in so operating selec­
tively under certain favorable conditions more 
than one hundred receivers in most cases it 
is practicable to work successfully but a few, 

35 the number rapidly diminishing as, either 
owing to great distance or other causes, the 
energy available in the tune circuits becomes 
smaller and the receivers necessarily more 
delicate. Evidently a circuit however well 

40 constructed and adjusted to respond exclusive­
ly to vibrations of one period is apt to be 
affected by higher harmonics and still more 
so bv lower ones. When the oscillations are 
of a ·very high frequency, the number of the 

45 effective harmonics may be large, and the 
receiver consequently easily disturbed by 
extraneous influences to such an extent that 
when very short waves, such as those pro­
duced by Hertzian spark apparatus, are used 

IitUe~a'dvantage in this respect is derived from 50 
tuning ·the circuits. It being an imperative 
requirement in most practical applications of 
such systems of signaling or intelligence 
transmission that the signals or messages 
stiould ·be exclusive or private, it is highly 55 
desli'ab1e to do away with the above Iimita­
tiorii, especially in view of the fact, which I 
h~~ observed, that the influence of powerful 
el~trical disturbances upon sensitive receiv­
ers· extends. even on land, to distances of 60 
many hundreds of miles. and consequently in 
attQrdance with theory still farther on sea. To 
ovetcome these drawbacks and to enable a 
gr~at number of transmitting and receiving 
stations to be operated selectively and exclu- 65 
si!ely ·and without any danger of the signals 
or'ine$sages being disturbed, intercepted, or 
interfered with in any way is the object of my · 
ptesent. invention. . 

.Sroadly stated, this invention consists in the 70 
combination· of means for generating ·and 
trarismitting two or more kinds or classes of 
disturbances or impulses of distinctive char­
acter ·.with respect to their effect upon a re­
ceiving-Circuit and a distant receiver which 75 
comprises two or more circuits of different 
electrical character or severally tuned, so as 
to .be responsive to the different kinds or 
claSses of impulses and which is dependent for 
operation upon; the conjoint or resultant action 80 
of the two or: more circuits or the several 
instrumentalities controlled or operated there-
by .. By employing only two kinds of distur­
bances or series of impulses instead of one, 
as has heretofore been done to operate a 85 
receiver of this kind, I have found that safety 
against the disturbing influences of other 
sources is increased to such an extent that 1 
believe this number to be amply sufficient in 
most cases for rendering the exchange of 90 
signals or messages reliable and exclusive; but 
in. exceptional instances a greater number 
may be used and a degree of safety against 
mutual extraneous interference attained, such 
as is comparable to that afforded by a com- 95 
binatiori.:.Jock. The liability of a receiver being 
affected by disturbances amanating from other 
soutces, ·as well as that of the signals or mes-

• 
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sages being received by instrument~ for Which I have explained in other patents granted to 
they are not intended, may, however, be me. The brush holders B 1 and 8 2 are capable 
reduced not only by an increased 11umb.er of independently of angular and, if necessary. 70 
the _coorperative disturbances or. seri~s of also of lateral adjustment, so that auy d:.:~Irt:\.1 

5 impulses, but also by a judicious chc:,ice'9l the order of succession or any difference of time 
~ sa~e and the order i,!l which they :ct.r~ .• wade. interval between the discharges occurring in 

to act upon the recetver. · ~, ~: L:. :.,.:;i~: •. · the two primary circuits may be obtained. The 
Evidently there are a_ great mapy, 'Vf~ys of. condensers being energized from a suitable 75 

generating impulses or disturbances·' of·: any: sourceS, preferably of high potential, and the 
10 wave length, wave form, numbe(Q,f9r'!~r of., disk 0 being rotated, its projections or teeth 

succession, or of any s.p~cial cl1~~~J«1f:;'fuch p p. coming at periodically-recurring intervals 
.. as will be capable of fulftlhng the r~mr~m~nts in very close proximity to or, as the case may 

above stated, and there __ are alS<? IP.~~y~ays be, in contact with conducting rods or brushes 80 
in which such impulses or disturbaJ).ces ~may n n, cause the condensers to be discharged in 

15 be made to cooperate and to ca~~e-_Jp~· re- rapid succession through their respective cir­
'ceiver to be actuated, and iQasrri~~P.-~.i'! the cuits. In this matter the two secondary systems 
skill and practical knowledge in ~e~ ppvel 0 1 S 1 E and 0 2 52 E are set in vibration and 
fields can only be acquired by long·~~ce oscillate freely, each at its proper rate, for a 85 
the degree of safety and perfectiqp_atttJped certain period of time at every discharge. The 

20 will necessarily depend upon t~e ab~ll.~.~~~ two vibrations are impressed upon the ground 
resource of the expert who apphes. my ;U\Y.~n- through the plate E and spread to a distance 
tion; but in order to enable the ~~t\9 ,be · reaching the receiving station. which has two 
successfully practiced by any person po~ . similar circuits or systems e s 1 d 1 and e s2 dl 90 
only of· the more general knowledge,.·and arranged and connected in the same manner 

25 experience in these branches I shall describe and tuned to the systems at the sending-sta­
the simplest plan of carrying. it out which ·is · tion, so that each responds exclusively to one 
at present known to me. · · ·-~ .X~~ · . : of the two vibrations produced by the trans­

For a better understanding of the s4J?ject mitting apparatus. The same rules of adjust- 95 
refer~nce i;s now. made to the acco~pil:~fin~ ment are observed with respect to the receiv-

30 drawmgs, m wh1ch - . .. .. . _.;;< ing-circuits, care being, furthermore, taken 
.Figures 1 and 2 represent diagrammap¢ally that the tuning is effected when all the appar­

the apparatus and circuit conneetions~:em- atus is connected to the circuits and placed in 
played at the sending and receiving stations, position, as any change may more or less 100 
respectively; and Figs. 3, 4, and 5 ·modified modify the vibration. Each of the receiving 

35 means which may be employed in. ~he prac- . coils s 1 and s2 is shunted by a local circuit 
· tical application of the invention. ·: · · ::_:;:_, '· containing, respectively, sensitive devices a' 

In Fig. 1, 5 1 and 52 are two spirally-wound a 2, batteries b1 b2, adjustable resistances r 1 r, 
coils or conductors connected with their inner and sensitive relays R 1 R2• all joined in series, 105 
ends to elevated terminals 0' and p2,_r~pec- as shown. The precise connections and ar-

40 lively, and with their outer ends to an earth- rangements of the various receiving instru­
plate E. These two coils, conductors, ·of)ys- ments are largely immaterial and may be 
terns D' S' E and 0 2 52 E have different and varied in many ways. The sensitive devices 
SUitably-chOSen periOdS Of Vibration, an~, aS Q I Q 2 may be any Of the Well-knOWn deViceS 110 
pointed out in other patents relating tci my of this kind- as, for example, two conducting-

45 system of energy and intelligence .~ransinis- terminals separated by a minute air-gap or a 
sian, their lengths should be such . that'· the thin film of dielectric which is strained or 
points of maximum pressure developed there- weakened by a bh.ttery or other means to the 
in coincide with the elevated terminals D' 0 2• point of breaking down and gives way to the 115 
The two systems may have electric;al oseilla- slightest disturbing influence. Its return to the 

50 tions impressed upon them in any. q~sired normal sensitive state may be secured by 
manner, conveniently by energizing ·J~em momentarily interrupting the battery-circuit 
through primaries P 1 and P2, placed iri prox- after each operation or otherwise. The relays 
imity to them. Adjustable inductances L'. and R1 R2 have armatures I' L2, which are con-120 
L2 are preferably included in the primary cir- nected by a wire w and when attracted esta-

55 cuits chiefly for the purpose of regulating the blish electrical contacts C 1 and c2, thus closing 
rates of the primary oscillations. In the draw- a circuit containing a battery b3 , and adjust­
ings these primaries P 1 and P2 surround the able resistance i!, and a relay R3• 

coils 5 1 52 and are joined in series thraugq the From the above description it will be readily 125 
inductances L' L2, conductor F, condensers C1 seen that the relay R3 will be operated onfy 

60 and C2, brush-holders 8 1 and 82, and a toothed when both contacts C
1 and c2 are closed. 

disk D, which is connected to the conductor . The apparatus at the sending-station may be 
F and, if desired, also to the ground-plate E, controlled in any suitable manner - as, for 
as shown, two independent primary circuits instance, by momentarily closing the circuit 130 
being thus formed. The condensers C' and C2 of the source S, two different electric vibra-

65 are of such capacity and the inductances L 1 tions being emitted simultaneously or in rapid 
and L2 are so adjusted that each primary is in succession, as may be desired, at each closure 
close resonance with its secondary system, as of the circuit. The two receiving-circuits at the 1• ____ ;~_iiii! __ '-'-=•==--==--==··\!Jil====~::......:::::::~~~~~- •1 
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distant station, each tuned to respond to the the expert who applies my invention are illus­
vibrations produced by one of the elements trated in Figs~ 3, 4, and 5. In Fig. 3 a transmit-
of the transmitter, affect the sensitive devices ling system e s3 d 3 is partly shunted by a rotat- 70 
a' and a2 and cause the relays R' and R2to ln'g wheel or disk 0 3, which may be similar 

5 be operated and contacts c' and c2 to be to that illustrated in Fig. 1 and which cuts out 
closed, thus actuating the receiver or relay R3, periodically a portion of the coil or conductor 
which in turn establishes a contact c3 and ~or, U desired, bridges it by an adjustable 
brings into action a device a3 by means of a condenser 0, thus altering the vibration of the 75 . 
battery d\ included in a local circuit, as s)rstem e s3 cP at suitable intervals and causing 

10 shown; but evidently if through any extran- tWo distinct kinds or classes of impulses to be 
eous disturbance only one of the circuits at the emitted in rapid succession by the sender .. ln 
receiving-station is affected the relay R3 will Fig. 4 a similar result is produced in the system 
fail to respond. In this way communication es4 cJ4 by periodically short-circuiting. through 80 
may be carried on with greatly-increased safe- an induction-coil L3 and a rotating disk 0 4 with 

15 ty against interference and privacy of the insulating and conducting segments, a circuit 
messages may be secured. The receiving-sta- jJ4,1n inductive relation to said system. Again, 
tion (shown in Fig. 2) is supposed to be one in Fig. 5 three distinct vibrations are caused 
requiring no return message; but if the use of to be emitted by a system e s5 d5, this result 85 
the system is such that this is necessary then bein:g' produced by inserting periodically a 

20 the two stations will be similarly equipped and suitable number of turns of an induction-coil 
any well-known means, which it is not thought ~~~~~~eries with the oscillating system by 
necessary to illustrate here, may be resorted .,means·:bf a rotating disk 8 5 with two projec-
to for enabling the apparatus at each station·. .tlb~~~:ps and three rods or brushes n5, placed 90 
to be used in turn as transmitter and receiver;· 4t~gte of one hundred and twenty de-

. 25 In like manner the operation of a receiver~ as ··l.~"telatively to each other. The three trans- · 
R3, may be made dependent, instead of upon rttlttlffli"Systems or circuits thus produced may 
two, upon more than two such transmitting ~·~nergized in the same manner as those of 
systems or circuits, and thus any desired Flit~·i\l or in any other convenient way. Cor- 95 
degree of exclusiveness or privacy and safety f~Jt>(jhding to each of these cases the receiv:. 

30 against extraneous disturbances may be ·at- ing-Mation may be ·provided with two or three ·. 
tained. The apparatus as illustrated in Figs.: 1 clfctiits in an analogous manner to that ill us­
and 2 permits, however, special results to be Wilted in Fig. 2, it being understood, of course, 
secured by the adjustment of the order of that th~ different vibrations or disturbances 100 
succession of the discharge of the primary emitted by the sender follow in such rapid 

35 circuits P' and P2 or of the time interval S'Uccession upon each other that they are prac­
between such discharges. To illustrated, the tically ·simultaneous, so far as the operation 
action of the relays R' R2 may be regulated of· $uch relays as R' and R2 · is concerned. 
either by adjusting the weights of the levers· EVidently, however, it is not necessary to 105 
1' fl, or the strength of the batteries b' b2, or eiriploy two or more receiving-circuits; but a 

40 in other well-known ways, so that when a single circuit may be used also at the receiv­
certain order of succession or timeinterval ing-station constructed and arranged like the 
between the discharges of the primary circuits transmitting circuits or systems illustrated in 
P' and P2 exists at the sending-station the Figs. 3, 4, and 5, in which case the correspond-It 0 
levers 1' and fl will close the contacts c' and ing disks, as 0 3 0 4 0 5, at the sending will be 

45 c2 at the same instant, and thus operate the driven in synchronism with those at the re­
relay R3; but it will fail to produce this result ceiving stations as far as may be necessary to 
when the order of succession of or the time secure the desired result; but whatever the 
interval between the discharges in the primary nature of the specific devices employed it witltt5 
circuits is another one. By these or similar be seen that the fundamental idea in my in-

50 means additional safety against disturbances vention is the operation of a receiver by the 
• from other sources may be attained and, on conjoint or resultant effect of two or more cir­
the other hand, the possibility afforded of cuits each tuned to respond exclusively to . 
effecting the operation of signaling by varying waves, impulses, or vibrations of a certain 120 
the order of succession of the discharges of the kind or class produced either simultaneously 

55 two circuits. Instead of closing and opening the or successively by a suitable transmitter. 
circuit of the source S, as before indicated, for It will be seen from a consideration of the 
the purpose of sending distinct signals it may nature of the method hereinbefore described 
be convenient to merely alter the period of that the invention is applicable not only in the 125 
either of the transmitting-circuits arbitrarily, special manner described, in which the trans-

60 as by varying the inductance of the primaries. mission of the impulses is effected through 
Obviously there is no necessity for using natural media, but for the transmission of 

trdnsmitters with two or more distinct ele- energy for any purpose and whatever the 
ments or circuits, as S' and 52, since a succes- medium through which the impulses are con-130 
sian of waves or impulses of different char· veyed. 

65 acteristics may be produced by an instrument What I claim is -
having but one such circuit. A few of the many l. In a system for the transmission of elec­
ways which will readily suggest themselves to trical energy, the combination with n'leans for 

··----------~-~~~-~~~~~~~~~~-
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producing two or more distinctive kinds of series impulses or disturbances of a distinctive 
disturbances or impulses, of receiving-circuits, character, and means for controlling and ad­
each tuned to respond to the waves or im- justing the same, of a receiver having a plural- 70 
pulses of one kind only, and a receiving device ity of sensitive circuits each tuned so as to be 

5 dependent for operation upon the conjoint affected by one of the series of impulse~ only, 
actiqn of the several receiving-circuits~ as set and dependent for operation upon the conjoint 

. forth. . ·'··.: . . ;t.~·.. action of all of said circuits, as set forth. 
2. In a system for the transmission of el~- . 8. The combination with a transmitter adapt- 75 

trical impulses and the operation or contrQl, · ed to produce series of electrical impulses or 
10 of signaling or other apparatus thereby, ti)e disturbances of distinctive character and in a 

combination with a transmitter adapted Jo given order of succession, of a receiving 
produce two or more distinctive kinds ·pr apparatus comprising tuned circuits respond­
classes of disturbances or impulses, of ~itiye ing to such impulses in a corresponding order, 80 
receiving-circuits, each tuned to respond to and dependent for operation upon the conjoint 

IS the impulses or disturbances of one .kind Qr action of said elements, as set forth. 
class only, and a receiving device dep~"dent · 9. In A receiving apparatus, the combination 
for operation upon the conjoint action Q{ the with a plurality of sensitive circuits, severally -
sensitive circuits, as set forth. .,;;;i'St!~k!it~t tuned to respond to waves or impulses of a 85 
· 3. In a system for the transmission.'!>f .~le~~ different kind or class a receiving circuit con-

20 tric~ impulses, and the operation o(~qq~ql . trolled by the sensitive circuits and a device 
· of stg~ahJ!g, or .other appar~tus ther~~Y.~#lS: connected with the receiving-circuits adapted 
combmatton wtth a transm1tter adapte~J.p. to be operated when said circuit is completed 
produce t~o or more ~istinctive . k,iJ.\~·1w·:. l>Y. the conjoint action of two or more of the 90 
classes of diSturbances or unpulses. of ~"*~J..C,' sensitive circuits, as set forth. 

25 circuits at the receiving p~int or s~U99~~.Ci\SJJ.~· : ~UO. A system for the transmission of electri-
. tuned to respond to the ampulses ~()t'i~~i ~cU energy, having in combination means for 

bances of one kind or class only; a 1~,~¢\Qt producing and transmitting two or more im­
arranged to be completed by the ·. ~90J9Jit ·pulses of different periodicities to form a signal 95 
action of the sensitive circuits and a r~d.vJDS · b}' a predetermined order of succession, as set 

30 device connected therewith, ~.set (QJ1lj~r: forth. 
. 4. In a system for the transmlSSIOO of~-- ··' r 11. In a system for the transmission of elec-

cal impulses, and the operation or coJitrQ.tPJ. trical energy, the combination with a transmit­
signaling or other apparatus thereby, ~if.'. ti_ng apparatus comprising one or more cir-100 
bination with a transmitting al?p~-t~f.d,pt~. cuits, means for impressing therein oscillations 

35 ed to produce two or more dtstincUYCt~~- · or impulses of different chara~ter and a receiv-
of disturbances or impulses, of means .fpr.v~..; ing apparatus comprising a plurality of circuits 
ing the time intervals of the emission .of the each tuned to respond to the impulses of one 
impulses of the several kinds, sensitive circuits kind. produced by the transmitter and a re- 105 
each tuned to respond to the impulses or di$- ceiver dependent for operation upon the con-

40 turbances of one kind only, and et. receiving joint action of the receiving-circuits, as set 
apparatus dependent for operation upon tll~ forth. . 
conjoint a<;tion of the sensitive circuits, as set 12. In a system for the transmission of elec-
forth. · , : · : :..: · trical energy, the combination with a transmit-11 0 

5. In a system, such as herein described, ·the ting apparatus comprising a transformer and 
45 combination with a transmitter adapted .to means for impressing upon the secondary 

produce a plurality of distinctive kinds of eles:- · element of the same oscillations or impulses 
trical disturbances or impulses, of a receiving of different character, of a receiving apparatus 
apparatus comprising a plurality of circui~, a comprising a plurality of circuits each tuned 115 
sensitive device and a relay included in each to the impulses of one kind emitted by the 

SO circuit, and each said circuit being tuned. to secondary of the transitting-transformer, and 
respond to the impulses or disturbances of pne a receiver dependent for operation upon the 
kind only, and a receiving apparatus in a lOCal conjoint action of the receiving-circuits, as set 

-circuit controlled by the relays and adapted forth. 120 
to be completed by the conjoint action of all 13. In a system for the transmission of elec-

55 of said relays, as set forth. :: : : ~:, trical energy, the combination with a transmit-
G. In a system of the kind described, the ting apparatus comprising a transformer and 

combination with a transmitter adapted to means for impressing upon the secondary 
produce two or more series of electrical oscij- elements of the same oscillations or impulses 125 
lations or impulses of different frquencies, of of different periodicities and in a given order 

60 a receiving apparatus comprising plurality of of succession, of a receiving apparatus com­
sensitive circuits each tuned to respond tc;> tl\e prising a plurality of circuits each tuned to 
impulses of one of the series produced by th~ respond to the transmitted impulses pf one 
transmitter, and a signaling device dependent period, and a receiver dependent for opera-130 
for its operation upon the conjoint action of tion upon the conjoint action of the receiving-

65 said circuits, as set forth. circuits, as set forth. 
7. The combination with a plurality of trans- 14. In a signaling system, the combination of 

• 

~-•m~~~~ 

··------------~~~~~~~-· 
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means for generating a series of electrical 
impulses of different periodicities, receiving­
circuits of differing electrical periods of vibra­
tion, and an indicating mechanism operated 

5 to give an intelligible indication only when · 
currents are induced in the receiving-circuits 
a predetermined order, as set forth. · · .,. ... : 

15. In a system for the transmission ·of 
energy, the combination of two or more cir-·, 

10 cuits differing with respect of one of their 
electrical constants, means for energizing said 
circuits, and an indicating mechanism opera­
tive only by conjoint action of two or more 
currents generated by waves from the send-

4;,:.: . . ,.,, 
ing-station, as set forth. 

16.Jn'a system for the transmission of elec- IS 
tricaJ energy' the combination with a trans­
mitter adapted to produce electrical waves or 
osCmations varying in character in a predeter­
mined order, of a receiving instrument respon­
sive :tc)':iaid oscillations and dependent for 20 
operAtion upon the action thereof in a ~orres­
ponding order, as set forth. 

·. NIKOLA TESLA. 

Witnesses: 
· John C. Kerr, 

_ :S,., Richard S. Donovan. 

• 
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OF~F'ICE. 
REGINALD A. FESSENDEN, OF FORT liONROE, VIRGINIA. 

·SIGNALING BY ELECTROMAGNETIC WAVES. 

SPECIFICATION forming part of Letters Patent No. 742,780, dated October 27, 1903. 

Application ~led Aagud 81 1903. Serial No. 168,799. <No model.) 

:.· . To all whon'h it nw,y concern: when the effect of both the aerials is added 
:. Be it known that I, REGINALD A. l•,ESSEN- and not to the effect produced by a single 
... DEN, a citizen of the United States, residing at one, the receiver will only be operated by the 
. Fort Monroe, in the county of Elizabeth City conjoint action or the two sets o! waves. 55 
· j and State of Virginia, have invented or dis- When an electric impulse is received by 

covered certain newand useful Improvements the conductors 6 and 7, the first few oscilla­
. in Signaling by Electromagnetic \Vaves, of tions Qf the series of waves will generate 

which improvements the following is a speci- nearly the same potential at the ends of the 
fication. coherer or translating device 10, Fig. 1, or 10, 6o 

10 The invention described herein relates to Fig. 2; bot· if the oscillations persist and 
certain improvements in selecthye signaling their periodicity agrees with that to which 
in systems where the signal is transmitted by either of the receiving-conductors is tuned 
waves, and bas for its object the neutraliza- the potential at one end of the coherer ~ill 
t.ion of disturbing impulses or waves which rise higher than that of the other and the 65 

15 have not the periodicity which it is desired to receiver will be actuated. If, however, the 
receive. periodicity of the impulse does not agree with 

Figure 1 in the nccompanying dra,vings, that to which either receiving-conductor is 
forming a part of this specification, shows a tuned, there will be no cumulative rise in the 
diagrammatic view of a form of apparatus potential at one end of the receiving device, 70 

20 adapted to the practice of my invention. 'Fig. and if the periodicity of the impulse bo snf-
2 shows a similar view where the aerials are ficiently different from the periodicities to • 
grounded. which the receiving- conductors are tuned 

In the practice of my invention I employ there will be no appreciable rise at one end 
two or more conductors 6 and 7, which are above that of the opposite end. 

25 tuned to different periodicities by any suit- As the coherer or other translating device 
able means, as by the wires 8 and O, which is so construeted as to be unresponsive to ap­
connect the conductors to a coherer 10 or proximately equal potentials or the potentials 
other suitable wave-responsive de\·ice. Each so nearly neutralize each other as to produce 

75 

ut the wires 8 and 9 is preferably of approxi- no operative effect on the coherer or wave- So 
30 mately the same length as the conductor to responsive device, it follows that the appa-

which it is connected. · ratusatanyreceiving-station will not respond 
A grounding of the receiving-conductors is to any wave or series of waves or impulses 

not necessary, as efficient signaling can be which will not produce or generate at the co­
ettected without a ground. A suitable con- hercr or other wave-responsive device poten- 85 

35 stroctlon where a ground is used is shown in tialdifferingtoapredetermineddegree. Thus 
Flg. 2, where 6 and 7 are the aerials, 8 and 0 disturbing impulses produced by other sta­
primaries of transformers, whose secondaries tions or by atmospheric disturbances will be 
lG and 17 are arranged to act upon the re- unable to affect the receiver. 
ceiver 10. A condenser l!J may be used, as It is preferred tpat the aerials 6 and 7 90 •o shown. should be of appro:dmately the same height-

'Vhen employing a coherer, it is connected, i. e., should not difier more than f\ few per 
as usual, in the circuit of a battery 11, Fig. cent. 
1, or 1, Fig. 2, and with a relay of transmit- · 'Vhere this invention is usP.d for wire lines, 
ting mechanism, 12, Fig. 1, or 15, Fig. 2. In as telegraph lines or cables, the conductors 6 95 

•s the construction here r.hown the wave- rc- auu 7 in Fig. 2 are preferably connected to 
sponsive device is affected by waYes of either each other above the coils 8 !J and the june-
of the periodicities to wh:ch the receiving- tion connected to the line-wire. In ~his case 
conductors :-.6 and 7 are tuned or to both pe- condensers are preferably placed in series 
riodicities conjointly, provided that the os- with each of the conductors G Rnd 7. Also in.: 1oo 

so clllations are sufficiently prolonRed. If the etead of grounding the conductors G and 7 
receiver be adjusted so as to re~ponu only they may be connect.ed to a return-conuuc-

_:·li';:' .. tor .. ·Instead of a coherer arcumulati\"ely-act- described which consists in causing a uistnrb­
_.:"{~.'ing receiver of the current-operated type, ~s ing influence to p~oduce a plurality 9f equal 
'!.>:··:a ba~retter, Is preferably used. effects, and neutralizing these effects on the 
_->:~~:~:~·,What I claim as my invention is- . receiver. 15 
':·-s '.!· ·]. As an improvement in the art of s1gual- In testimony whereof I ha\·e hereunto set 
~:-;"<ing by periodic Impulses the method herein my ban<l~ 
>·~·:.·described which consists in causing a disturb­
:-::·<'. log ioftaence to produce equal effects, and 
<J:':.neutraliztog these effects on the receiver. 
lc), .. ·:·J. Aa an Improvement in the art of signal· 

~ .~~~~;.tog ~y periodic impulses the method herein 

~' ., ~ ~ ~ I~ 1111... 

R;EGINALD A. FESSENDEN. 

'Vltnesses: 
DAR""IN S. \VOLCOTT, ., 
\VM. II. DE LACY. 
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SPACE TELEGRAPHY. 

SPECIFICATION forming pnrt of Letters Patent No. 767,977, dated August 16, 1904. 

App~ic:L<i•::l ::.id Nuvemb~r 24, 1903. Rt·Ut'Wctl Juut· 20, 1904. SeriJ.l No. 213,322. tNo model. 

1'o u/1 ,,.; '1111 if IIIII!! f'tJ/11'1'1'11.' ' Ph•c·tJ·ic :-.olllt' othPt' tlit•lt•(·tt'il', l'itlwr solid Ol' so 
Be it know11 that I •• Jnu~ ~Tn~t-: STn~Jo:. a liquid. :-.tlllic·ic·utl.r ft'l't' ft·om dideetrie h,rs­

r dti:wn of till' rnitl'cl ~tatt•:o;. awl a l'c•:-;idl'l1l ot' lt'l'l'~i~ 111:1,\" ht• l'olltlll, and I han• thc•rPin stnted 
~ Cumln·idg-P. in till' count,\' of :\liddlc•:-oi'X and that tlu· c·ot't·~ ot' tilt' c·oil~ c•mplo,n~d ma.r he 
r 5 Stall• of :\lu:o;:;lH'hll~l'tt:o;. han• ill\'l'lltt'd a 1'1'1'· t11adl' of linl'h·-di\'hlt•d soft. it·on l'mbeddt•d in 
c tain Jlt'W nwl 11:-.t't~ul lmpro\'t'llll'llt in Spac·t' a diPlc•l·tl'ic·lJ;att·ix t'ot• tht> JHil'posl~of incr'l'US· 55 
r 'l't•IP~l':lph,r. of wltic·h till' following· i:-;u spc•l'i- ing- tl11• lllll~nl'tization in tilt' <:oils, nlthough 

tieation. tIll' tliU!.!'Ill't ic· h rslPt'l'si:-; of such eoils lllU\' uc 
:\1,\· irl\'l'lltiont·l'latl's to the urtof tl':tll:-.tuit-, 111o:-.t ,.,;tuplc•tc.J.~·rniuimizt>d h,rl'xdudingJ;arn-

Io ting intPlli~l'll('P fl'otu cHIC' :-olation to anotlu·t· ; tuag-nt"tic· ll1:ttc·t·ial from tlwit· eonstruetion. 
h,\' Jm•ans of t•leetr·omag-nPtie wa,·e:o; without i Tl11• oh.it·c·t of tltis inrcntion is the r·caliza- 6o 
till' use uf wit•t•s to g-uide till' wa n•:-. to t lal'i t' j t ion ot' a s,\':o;ll•m of spact• tclc:,rraph.r similar 
dc.·stination: and it relatt>~ mot·c pat·tieul:u·lr : to that dPsl·t·ilH'd in Ill,\' LPttm·s Patent Xu. 
to the s,rstcm of such tr·ausmission in wl.ie'ta 1 7l·t.7:,ti. in whieh the nmgnctizntion of tlw 

15 clct:tr·omagnetie wnn•s lll'l! clt•n•lopcd h,\' pl'o- t·oils is inet't':tst•cl h,\' JH'm·iding snid eoils with 
dueing t•lt•ctric \"ihr·ution:-o in llll ch•\·ated ('oil- a c·ot'l' c·on:-;i;-;till}! of litll'l,\·-difith•d soft it·on 65 
ductor·, pr·cft•r·ul.l,\· \'Prticnll.\· Plc\·atl'cl. Ill til,\' t•lltlu·dd"cl in a dit'lt~c·tt·ic· mntrix uml in which 
Lt;ttl'l':oi Pntt•nt ~o. 7H,7:,ti. datPtl l>c.•c·c·rnlu•t· tlw c·ap:ll'it,\· ot' the• t·ondcnser:; of gi\·pn cu-
~' lHO~, I han• dPst·rihed sw·h S,\'stc'lll of l•·- hiealc·onl«'llls is gt•t•atl,\· increnscc.l or the cu· 

'20 lt-gr·aph,\' h,\' elt•clJ'Oillll~llt'tie Wll\'('S ill wltic·h ; IJieal c·ontttllb fot' ll 1!'in~n eapncit~· ~rentl~· re­
elt•ctr·ieul \'iht·ntions of c.h•linite ft·eqtli'IH',\' aud i d uc·l'd by pt·m·id in~ said l.'ondcnset·s with solitl 70 
suhstuntiull,\· simplt• hat·ruoni1· in form ,·,, .• I clic·lc•ctries l.'ollsi:-otin}! of n muteriul snhstnn-
us llt!ut·l,\· simplt• luu·monic in fot'lll as it i~ pos- I tiall.\· fr'l'l' ft·onl clidt•ctt·ic h,\·stere~is anti of 
sibJc to prodm'l! them -ut't! clen•lnpl'd in a ,. g"J't•nt«'t' spedlic iwlu('tin! entnu•it,\· tlmn ni1·. 

2 5 sonor·ousor (J('I'sistent 1,\·-oseillating-ei J'c·nit aud lu m.r Ll'ttt't's Pntt~nt X us. j 17.;) 11, 71 j ,51~, 
impt•t•~sed on llllt•lenltt•d l'Oilduc·tor·. wlu~n·ll,\' datl'cl l>c·c·c•nthl'l' ao, UJO~. and Xos. il-1-,Ha~, 75 
eh•ctt·omngnPtic \\'ll\'t•s of eot'I'Pspowliug- t't·c·- 71·!.~:~:~, datl'd DPel'mher· ~' Wt>i, und in Let­
CJlll'lle,\· nnd form au·t• t•adiutt•cl. In :-;aiel Ll't- ters PatPnt ~o. 7:!ti,:Hi~, grunte(l Apt·il 28, 
ter·s Patent I lul\·e CXJiluilwd that tlw eoll- Uut:~. upounu upplieation tiled h.r me .Apl'il4, 

30 denser· included in tlw smwr·ous l'il·c·nit sons- jl:-i!J.l. llturPtles,·r·il1Pd a llllli11WI' in which iron 
so('intPtl with the ch.n-ntecl eoudul'tor· nnd tlu·l ot· utltl't' pnt·amll:.!'llPtie mall'l'ial ma,\' be em- So 
t.m.ting-t·undenser·s in ullt·e!'ooonaut cit·cuits c·.m- ~~•lo,\.·l'cl with ndrnn.tn~e tu Pnlmnce the eJwr·g.v 
ployt~tl in dthl'l' the transmitting m· l't'l~eidu}! tot·l'cl in n magrwtic fic•ld. In the pre~ent u.p-
Mystems should be dc\·oid of diPh•<·t r·ie lt,\·s- lieat ion I lm \'c J't•fct't•uee }nu·tieularly to the 

35 tct·esis nrul thnt ull l'oils, whcthet· tIll',\' fol'lll us1• of lirll'l,\··t'Oillllliuuted Juu·amugnetic mute­
the windings of tl'llusfot'llll'l' . ..; ot· smu·c.·t·~ of t•iai·Pmll(•ddt·d inn dh•lPctl'ie nmtt·ix usPtl as a 85 
auxiliur·.r imluchmet•. should lu• tlt•\·oid of lllH·nns of t!tduull'illg- the imluctnnce of n coil 
lll~lgllt'tic. h,\·s~t'l'(•sis in or·clc•r: tlmt tilt' l'lt'('• without _ir_ltJ·odu('iJlg the ~11-l'ds of \'lll'inhle 
tt·rctd osctllutwns derdo}Jt•d m till' so11ot'o11s i Jlt'l'llll'ldllltt,\· uud h.rstc·t·ests losses. 

4° circL!it mn.r b~ us neul'l,\· simpl«' hnt·mouic .us 1 . llll111l\~·arPof Jlllbpeati!ms h.r Olivet· !leawi-
possrblc nml m tH·tlet• that till' r·e:-;ouunt ell·- sttlc ns follow:-o: /:~,.,.,,.,.,,; f',,,,,., .. "• \ t'l. II, 90 
cuits at the recci\'ing-stutions lllll,\' a·cspond IJm~·t·s Ill. 11:~. nml t:,H. in whil'h it is stated 
stron~.d.\' to oscillation~ of ow• ft'«'IJlll'llt',\' nnd I thnl c·orP:-o made• of tineJ,,·-dh·idcd it'otl in n 
pl'llctienll,\· to till' PXdusion of osl.'illation . ..; of mat l'ix of I u•p:-;wax ma,\' he ll~l·d to H.ngment 

45 other ft·eq ucncics. . ! t hP i nd twtatu·t• of '·oils without 1 n·uclueing up-
In m,\' Lettet·s Pntent ~o. 7 1-!.:"\:~~. tlnt«'cll )('- j JH'l'c·ial,lc• al~t•tTation of the P~"l'llll'nbilit.r of 95 

ceml.x•r ~. UJO:!, I have stntecl that nit hough 11 ; till' ('oil awl without dissipating nppreciul,lc• 
conc.lcnsl~r devoid of tlil'lectt·ie !1,\':"lt'.l't•sis ma:\'·l l'lll'l':.!',\' i11 h:r:-.ll'l'Ps~s loss"~.- I l~t·st. t·cceired ijr' 
best Lc constructed by elllJ'Io.nug uu· u.s n tii- 1 tl11• :-oug-gt•stwn wlueh r·e~ultL•tl 111 mr usc of 

fr/1:. 
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suc·h a III:IIPrial front tl11• :tlllt\"t'-c'ill·d puldi- lt·Jt!.!·tltnftlll'wirt·i~ditllilli~llt·dlwlowlltatot'a h_i 

t·ation~of ( Hi\'l'l'llc·ari ... idc·. and ha,·iu,.~: l'ound litwar c·ondtlt"lor inalu11tl tltt• ~;lllll' proportion 
tlw lltalt•rial to po:-'-..1'~"' tl11· pt·opc•rtic· ... ltl' ot' mtio :b tlu• illdlldalll't' i~ ittcTt·a~ .. cl al~tt\'1' 
a:-.t'l'ihPd to it I nn\\' cli .... e·lo-..c• a lti,rltlr-l! ... l'flll tlt:tl of a linc·ar e·onclnl'lol' J,y wiuclin~· tl11~ 

5 npplil':tl n,,, of it in tltl' al'l of wirl'lt•:-...; lt'lt•- \\ il'l' in a .. in:..dc·-la.\"1'1' e•oil tlal'l't' \\"olllcl l~t• 1111 

(rt••tpln; adranta~··· in \\ indin~· t laP wirc• i11 tltl' fortll of 70 
,.., !l'lu.' ,;,1\·anl:t,!.!"t'' to lu• .!.!·:tilll'cl J,.r t Itt' 11"'1' of a c·oil. llo\\"1'\ 1'1'. as tltt• t':tJilll'ity Jll'l' unit of 
lilu•ly-di\·idP:I p:ll·ant:t,!.!"IIPtit· llt:ttPrial in a di- lt'll!.!'llt of tl11· win· in a :-.iu,.dP-I:t,\'l'r t·oil i11 
t•lc•c·t J'il' or lti~·ltl.r- iu.-nlat ill.!.!' lllalc·t·ial 111a,r .!.!'t'llt'J'al dol'"' dit11ini~h in about I Ill' same• ratio 

10 ltt•:-;t "" rt·alii'.c·d It,· lta\·iu!.!" l'l'ft•rc·w·t· to Ill\' :t:-o tlw iuclttdanc·~· pc·r unit of IPn~·tla is in­
l.uitt•d ~tate·..; Le·t'tt•r . ..;· P:;tc•ut :\o~. 11-1.1:,1~. c'l't':t"'c·d wlll'lllltt· win· i:-; \\'tlltlld i11a11 inlinitt• 7· . .) 

11-l.:"\:~:!. and i:~i.1ill. wlwn·iu j .. ~t't fortlt the• e·oil it folio\\':-' tltal for a ~i\'t'll fn•qlll'IH.',\' tilt' 
lll't't'S!'iily of t'XI·Iudiu,!.!· lll:l,!.!'lll'lic· lt,\· ... tl'l't'si..; lc•JI,!.!'IIt of wit'l' Jll'l' wan• h~11~·th ill sut·h a t·oil 
fro111 c·oils forntill!.!' part of a l'l' .... ollalll 1·irc·uit i~approxitllatl{\'t'IJII:lllothat in a litH'UI'l'il't'Hit 

15 nncl wltt.•r·Pill i ... al ... o ~•·t forth tltc• adrantatrp .. of :-otwh wit'l'or:; ..-: 111 111 1'Piltilltl'tt•t·s (lt't'st•t·otlll 
of inc·rpasin~ th1• ntlttc•of till' "'''lt·l·taJH't' 1'11~11'- di\ idc·d ''.\' tltt• ,·ihmtion~ pt'l' ~t·t·ond. In ~o 

J I \'ic•\\· of tlw fol'l'.!.!"oill,...o' it follow~ that t'Xt't'lll tion ~ • ( · 1r in tIll' itulnPdiat1· rit·init ,. of c·urrPill-nocll's 
.\ ... poilltl'd out in tltt' at111 ,·p-1·itt•d pat 1•11 t... tltl' in,ltwt:ttii'P pt•r· unit of lt·n~tlt of tltl' c·on-

20 tllt' ldtlt'tic· Ptlt'l'.!.!',\' of till' 1·oil :-ttpplyitt:,!· tilt' d:wtot· j .... iw·n•:t..,t'd 1,r lu•irw \\'11111111 in tltt' 
iwludallc't' of a l't'""olt:lllt c·in·uit 11111:-ot 1,1' litl':.!''' for·rn of a ,.,,il. and t'~c·•·pt i~ tht' itllllll'cliat 
('OIIIJHII'I'd to ih potPiltial l'lll'l'~·.r wltt•ll sup- ric·i11it.r of a pnlt•Jtlial 111ult• tht• c·np;l!'it.r pPI 
portill:.! a l'tiiTc·llt of till' frPqllt'IH',\" to wlti1·1t 1111it of lt·n_!.!·tlt of a wirl' is JH'oportionatl'l,r cli­
tlu• c·it'l'llit is attllllPtl. TIH· c·oJl:-trtlt'tion of a lllilli~lwd ''·" ltt•in~· wnllllll in till' form of a 

25 <·oil wltit·h will I'Jllt:tlll'l' tltc• t'IIPI':.!.\" :-.lol't'd in t·oil. lu tltc• 1':1=-'1' of a sin~IP-Ia.ret· c·oil alltl 
tilt' IU:l:.,!'lll'ti1· fidel will. ,.,f, ,.; ... 11111.;/,1s, Pri- 1 l'olltl••ll:o-t'l' l'ot'lltiu~· a l'l'~IHtallt t:it·t·uit I'XI'itl'd 90 

1 J,,. forc·1·d \·iiJJ·ations t'OI'l't'=-'JHtllclintr in frl'-
dentl,\' t'llltalll'l' tltP \·:tiiiP of Ii· awl Jll'o\·iclt•d IJ.IIt'IH',\' to till' ft't'I(IICIH',\' to wltit·lt t"t' c·in·uit 
stwh c:on:-tnwtion doc·:- not prop11 rtionall,\· iu- i~ atttJJIC'cl tl11• potPntial dill'Pt't'llt't' of the eoil 

30 CI'C'Usc~ (I it is of t•ridt•Jtl wh':lllta~·t• iu c·oil.- llt:l,\' lu· \'t•r,\· ~I'Pat c·ompar·pd to tiH• itll}H't•ssl'd 
for· ll:-it! in ll J'p:-;on:wt Pit·c·uit: ltut in :-.in:,!·l .. - Plt'l'll'ullloti\·1' fot'l't': ltllt JH'm·idt.•d tlw kittl'tic 95 
ln,\'PI' c·oil. .... sw·lt u ... dPsc'l'iJ 11 .d j 11 Ill,\' Lt.•llt•rs t'llt'l':,!,\' i .... •'lllalll·otiiJllll't•d to thP potPntialt.•n­
Putt•nt ~o. 11-t.7:,1 ~. tlu~ clc·l'll'ic· forl't' is :-;ult- <'1'¥·'·. in tl"• c·oil thP .c•lJJ'I'C'Il! .tht·ouglwut tht• 
stantiall,\· lloJ'IIllll to tltP c·oil. a:-; ~lto\\'11 in Fig. '''.'til~ lllll ~ttl•st:u~ttall_.~· cltllPt'l'llt. as slu.'\\'11 

35 1 of till' Pl't':-ol'lll ... pc·c·ifil'ation. t':\:l't'Jit at a po-! d.'a.!.!"l':tllllllatlt':~ll.\·. Ill 1<1~. :!. wht•r·l~ tht' tull-
tcontialrwdt'. In :-;w·h ~·oil .... proddl•d IIH• ki- lttlt' l'tll:r" ,, mdwa}":-;· till' <'lliT<'Ilt aw_l tht.• TC'l· 

rwtie Cllt'l'~,\· is l:ll':,!t' 1•011111111.1 . .) to till' pott•ll- : dutll'd-llltc' l'lll'\'1' /1 JJacltc·att•;o; thP pott•lltllll at 
tialeru·r·g,\· for· a pat·ti~·ular fr,•qiJPIIt',\. t'ot· c·IJt'- : plta."'t' :T and :T. t'I'SJIPdircl,\'. ( 1UI'<'ful <"onsid-
l'('llb o( that fr·t·qii«'IH',\'. tlu·IPII~th of the eoil · . :! . . . . 

.p i:-; u fr:u·tiou of half a wan• l 1 !n~tlt i 1f tltt• po- l'l_'lllloll .wtll :-.lit~\\' that .tlll'.lllll'odul't.IOII of a 
tt•ntiul OJ'CIII'I't'IJtalorwtl 11•t·oil. ( 'an·fulc·on- cliC'Ic•t·tl'tc· eon• 111 tllt'eotl wtll lund to IIH'J'ea ... P 105 
sicll't'lltion of tilt' tlu•o;,,. of ware propa,!.!"ation 1 !II" fHitt•J~tial c'lll'l'~.\·. ~,f th~! <'IIITell.t llowin~ 
nlontrsitwh•-lan·r·c·oils will show that in an in- 111 tiJt• l'tlll. hut that 11 tilt' IIH.'I't•ast' 111 tltt• kt-
fiuit~ coiiof tl;is t,qu· tlu~ pr·opa:.ratiou of tlw' lll'.lit: l'llt'l'.!.!".\' l'lrc·etctcl ''·" tltt.~ i!ttJ·oduet!on of 

45 Wa\·e is ill gPIIt'I'U) sitllilaJ' to that ill llll inlinitt• tl11~ I'OI't• Itt• :.!l't':ltt•r than tills lllt'l't'aSl' Ill po­
}iiH':ll' concluc:tor· of unifor·llllr-di:-;triltllll'd ill- lt•ntia)l'lll'r:.!·.r till' ll'n~th ot wirt.• in tlw eoil 110 
'hwtanct•. c·apadty. and t'l'sistanc·t•. wht·n· thP lll:t,\'. ,.,,.f, ,.; ... ! 111 ,.,'/111s. lu• tlPen·asl•d and the 
indtwtanct• JU'I' unit of IPngth of tiH• t·oil t:tkP~ sPit•c·t·uwc• / L c·on·pspotlllirwh· inqH·orl'd 
the.• phu-P of th" iwhwtalll'l' JH'I' unit of lt•n:,rt It • 

1 
\ (I H·: ,... ' · 

so of tilt' uuifoJ'IIl c:cmduc~tor'. tltt~ l.'UJHWit,\' pt•r 1 Tlu· illl'l'l':t:-;t~ in c·ap:lC'it.r ltt•J'I' lll<'llliorH~cl is 
unit of )l'u~th of tlu~ t•oil lak""' tlu• plac·l' of· insi,!.!"uilic·anl l'lllllpat·t•d to tla•· inc•J'c•us<~ in in- 115 
the <!a puc it,\' Jll'l' tlll i l of IPII:tt It of t Itt~ 1111 i for·m cIt ll't a 111 .,. wIll' 11 a t'ol't • of I it H' h·-t·orum i nut Pd 
concluetor·. alltl tlte l't!:o;istatwt• fH'I' unit of iron Ptlllll'ddt•d iu a matrix of p;al'allill ot' llt'l's.;. 
ltm:.,!'th of tlw c·oil tal·a•s thl' plac:P of tiH• r·c·- wax and ru .... in is intJ'tuluc·pd in :-.ueh a c·oil. 

55 sistallcP pel' uuit of lt·u~·tla of tilt' unifol'lll ~~~~·h a I'OI'I' i ... prPft·ral•l.r l'Oilstl'lldPcl h,r IIJt•lt-
<'ottcluctor·. ThP tht•ot',\' of s111·lt pt·opa:.nttiou in:.r a mixtlll'l' of IJt•t•swax and t·o. ... in in :t ... uiL- 1 ~o 
b so Wl'll known that 110 t'Xpositiottof it is al•lt• c·.rlindt·ic·al lltold. polll'ill~· lint• soft-iron 
hPt't• w·c·c•s .... ar.r. ~ttllic·l· it to .... a.r that in half a Jilin,!.!":-. in tltt• lllixtttn·. and tllt'n allowin~.!,'Litt• 
warl' lt'll'-!'th tl11• l\illl'l i<· t•ttt•r:.r.r i."' •·qual to tltl' mixt Ill'" to ltarclt'll aftPI'I':lrPflll sl irTin:.r. 

6o pott.•ntial <'ltc·r·:.r.r. Tit is pltt•nolllt'non plat•t• ... a ( 'ond•·tt:-'1'1'"' a ... nsuall,r l·onstJ'Ill'tt·d n•n~ist of 
clt•liuitt• limitation upon tit .. lc•n:.!tlt of the• c·oil l'lllldlwtilt,!.!'- ... lll'filt·es ... c•Jt:ll':ttl'cl J,r solid clil'lt•t:- 1 ~s 
\\:hid.t IIIII,\' Itt• t'IIIJ~Io,rcd i.n ll :.ri \'t'.ll l'l' .. Oil:I~Jt t ril·s ..... u,·h ·" iPlc•c·~ ri<"s lll'ill~·c·ltost';l w i~ It n•sp~·~:t -
l'll'C'Illt. l.lllcl \\'l'l'l' !' not lor tl.u• lad tl11~t 111; !o tlu•l.'' dii'II:I'II'_Jc: ~ll't'll:ttlts and tlu•lt'"'l'l't'tlw ~ 
genemlrn stwb c·culs tlu• l'llJilll'll.\' pel' lllllt ol llldtll'tln• t'HJtlll'ltJt':-;. It Ita"' lon:.r IJt't'll rPt'o:.,!'- ,........-

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ "~ 
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uiz, ... l I lmr ... uc·fa ... .,fj.J .Jj,.J,.,., a·j, ... ,", ..... , ..... :IIJ••I•·•·­
tt·ic·al JII'O)It'l'l,\' whic·h c·ntTt'"'l"'lld~ to the• 1111'­

dJallic·al prupc·rt,\· uf iuqu·rfpc·t t•lastic·it.\'. 
Thi:-. propt•J't,\' • ,f :->olid d ic•lc·c·t ric· ... in c·oudc•IJsc·t·~ 

5 produc·t•"' t ltc• piii'IIPIIlt'IICJIJ I'Jtn\\"11 a~ dit•lpc·tric· 
lt,\·stPI'P..:is. J,,r wlric·h a port ion of I Ill' Plc·t·tr·ic·al 
«' Jtt•t·~.r of I', ... 1',\' c·lr:tt':,!t' :-otorPd ill I I H • c·uudc '11:-'t' r· 
is ahsor·lu·d and c·oun·rtl'd into IJt•at. It lllfl\' 
al ... o r·t•sult in 1 hl' di~t,,t·tion of tltt' Wil\'t' foi'J.ll 

1 o of an nltPJ'tJat in:! l'lll'l't'lll t ra ,·,·r:-oi 11.!-!' srlt'lt c·c•u­
dc •liSt' I' and :!«'Ill' t·a II,\· prod llt't •s 111:1 r kc •cl tl i 111 i-
1111{ iotl ill tilt' pltt•JIOIIH'IJIIII of l't'SOilllllC't' Wlti'Jl 
s11t·h t'ulltlt•llsc•r..; ar·t• u ... Pcl to lllllt' l'l'SIIII:llll c·ir­
c:uit~. a ... tir~t dc·tt·r·rni:u•d ''-"I )t·. Louis.\. I >1111-

15 t':Ul in a :o.c•riP.., of PXpc·r·illtt'llt ... sonw of I Itt• 1'1'­

sults of wldc·lt wc•t'c• ~d fortlt in a papt•t· JII'I'­

SI'lllt>d :tt a ~·Pnt·r·alntc·c•tiJr:,! of the• .\nu•ric·:llt 
I n:-ot it tltP of Elc·l'l ric·al Eu~·iw•pJ':-; .J IIIH' li, I ..... ~1:!. 
and pui,Jj,Jlt'cl i11 \'oi. I X of I lrP I ran..;:wt iolh 

:zo of that stwic•ty. It la:ts al'" lon,!..!·lu•t•ll known 
that if air ol' any ,.f,•nrc·ntar.r ,!..!':1:-> h .. suiJ:.;ti­
tutPcl for· tl11· s11lid dic·IPt'tric· in the• c·ondPII"'I'I'. 
tllt':-ot' ,!..!':1:-.t• ... lnl\·in,!..!· pnwt ic·a lly pc·l'fpc·t tnc•c·llalr­
ic•td c•lastic·it,\'. tlw t·l'..,llltin:.r c·ondt'Jlsc•r doc•s 

23 not pos~p~stlic·IPc't ric·ll,\' ... tPI't'.,j,, dot·~ 11ot c·au ... l' 
a dissiputionofan.r appi'Pc·ialtlt• portiouoftlrt' 
Plc·c·tric· 1'111'1',!..!'.\' of a c·lrar~·,. :-otorPd ill t Itt• c·oll­
dt•IJ:-ot'l'. dol's not cli~tort all :alt••J'IIatill~ c·tiJ'I't'ltl 
t l':l\'t'J'sin~· t.Jrl' C'IIIIIIPII:-ot'l'.illt•J,Joc•snnl di111i11 i:o-Ja 

JO till' pht•Jiolllt'nil of 1'1':-.0II:IIIC't' \\'ltPII it is tlSPd to 
t111w a I'P:o-onant l'il·t·uit. I loWI'\'l'l'. air and 
ot Ill' I' ~a:-ol'S l1a \'«' sum II cliP lc•c-t ric· :o;t 1'«'11:.!1 Its a n•l 
!'II aall s pPei I it· i wltwt i r(• t·a p:w it i l':-o a;.; t·om p:ll't•tl 
to tilt' clit'lt•t·tric· stt·c•ugtlr;.; and .•'JIPc·ilic· iuduc~-

33 tin• c·apac·itit·s i,f the• :-;olid uratc·r·ial:-. u..;ually 
l'lllplo,rc·d a~ d i' ·I Pc ·t riC':.; i 11 c ·c 11 1dc · 11:-ot •rs. 'l'hP J't •­
forP 1111 nir·-t·oJicll'tlst•t' c·apal,lc• of slot·in,!.! a 
~in•n atnotllrt of l'lll'l':.!.\' is in :,!«'ll«'t':d \'astly 
~r·eatl'l' j 11 ('Ill Jic·al C'olltt•llts I Jta II t Ju• I'OI'I'C'-

.JO spowlill:! c·ondell~t·l' witlr a :--olid dic·IPI'tt'ic·. 
I >t·. Lou is I >1111ea 11 lras d i;-;c·o\'t' J'l'd t Ira t ~·la ... s 

rwuiP 1,.\' fu .... iu:.r•JIIlll'tzwlric·h JUI:..;sp~:o;ps allllthl 
pt•r· fpd II II' C.' I J:lll i eal l' la:-.tic· it,\' is d I. \'oid 0 r cl i­
PIPt·tt·ie lt,\·:-.tc·rP:-ois. ~lorPo\'t•t·.siw·c·tiH·diPII'c'-

43 tric· S(I'Cll:!tJJ of fli . ..;Pd CJIUII'tZ·:!l:t~:-. is t'XI't'"'.,­

in~l.\· hi:.rh aud it ... spt·C"ilic· i11chwtin• t•atmc·il,\' 
IJJllt'lr :!l'l'illl'l' than tltat of air. it follows 1 hal 
IJ.\' thP Hst' of tlai~ lll:tlt'rial as a diPI«'dl'il' ill a 
t'Otlclt•IJ:-oc•r·tlrt• :llllnlllll of Plc•c·t ric· t'llt'l'tr\· wh ic·h 

5° lllil,\' lu• ... torl'd in ... u, h a c·ondc•ll ... l'l' p~;'llllit of 
t·UIJie:tl c~olltt•nt..; is n111C'h Ul'l':t!Pt' than t !rat 
whii'IJlllil\' 1,1' :o;tol'l'd in c·ol!tlc·n ... c·t· ... lra\·itw all\' 
kuowu ~-;;:-ot•oth dit·lc·c·t 1·ic·. Finallr. owi~w t'o 
tilt' pt't'ft•t·t ,.J,•c·l.ril':t ll'la ... t ic·it.r of ft.tst•d cpt:;;·t z-

55 gla ... :-. tl~t•:-oc• •·nJidt·ll:--t't's 1"' ... ·"'"=--s all the• adr:liJ­
tagp..; ht•t'l'illlu•fon• ... l'l fortl1 a~ pos .... t•s:o;Pd l,,r 
c·orHIPII ... t•t·s Ira rill:,! air or ot laP r ,!.!·a '''tJih c I il' ll't'­
tl'ies. 

In llll'drawill:.!" \\'lric·lr ac·c·olllJI:III,\' and fot'lll 
flu a part of tl1i"' ~pt•c·itic·at ion, Fi!-!'111'1'"' I :llad :! 

nn• dbt:,!l':llll~ aln·ndy n·l'l'l'l't•d to. Fi:..r. :; i .... a 
d ia!,!r:llllllta til' i llu~tra t io11of a ppat·at 11 ... a 11d a 1'­
l'llll,\.!l'lltt'llt... of •·in·uits c·ou:-otitutill!! a sp:IC'I'­

~ 6; li'IPL(I"Il(lh l '"""'"'itt ill)! ,_,.,(Pill. Fi)!. ~ is II 

~\1<1ingraonnoa l ;,. i llu~o·ut iun ·~·uppa r~ ''"' u11d ,,._ 

r:lll!.!·•·uwul ... of ,.j.·,·uit ... c·oiJ .. tit utili,!.!' a ... p:tt'l'­
lt'!c·_!.!Tapll n·t·c·i\ ira;!'·' '"'''•· 

In till' li!.!'lll'l':->. \' i:-o au •·lt·\·att•d ,·ondlll'!or. 
:\I :\1' :ll't' t ran ... forntt•r... I. L arc• n· ... p•·•·t in·ly 
tltP pri111:t1',\' and ... ,.,·olrclary wit~dill!.! .... of till' jO 

tl':tll..,for'llll'l' '1. a11d it i:-. to l11· undt•r .. (ood. a ... 
a 111:tl lt'l' of c•oJtt' ... l', I !tat I lti:-. ll':tll"'fol'llll'l' ill:l,\' 
IH• a ~lc•p-ltp or a stc•p·down trall~fui'IIH'I'. :lt'-
t•ordin~· to ih pu ... it inn in I hi' ... y .... f{'lll. Lis 
an indtwtan•·t'. ( · j .. a t·ond••u ..... r. (J I'I'Jll'l'- i 5 
"'l'llls tlrl' dil'lt•c·t ric· of c·ondt•IJ"t'l' ( ', wltidr i:-o 
prt•ft•ral,ly tnaciP ot' fu ...... c1 qltartz·,!..!·l:a~.... F is 
a tll:t!,!'IIC'l ic· c·i •1'1' of till' u-.ua I c·o11 .. 1 t'IIC'l ion. 
II poll \\' lr i c· h t l11• \\' i lit I i II ~·s 11 f t l11• .., t I' Jl-llp t ra II :-o­
fol'lllt' I' 'I' a 1'1' wound. F' is a c·ort• «'Oil"' i"' t- So 
itt"' of lilll'lr-diricll'd irort t'tlllu·dclc•d in a cli­
"l;~.tt·ic· lltat.rix. . ... j.., a ... pnrl\-,!..!·np. !.- i:-. a l\1'.\'. 
.\ i~ an :tltl'l'llal in~·-c'IIITI'IIl ~·c'lll'l':tlor ot·otiH•t' 
suitai,Jc• ... .,111'«'1'. 1\ is a n·c·t'i\'1'1". ,rJtic·lr 111:1\' 
Ill' a c·olwn·t·. · B is a J,alll'l'\'. H i~ a t·l'la·,. Ss 
"'' ~i~·wtl-iuclic·at ill:! d,•,·i··l'. . . 

Fot' dPtails of c·on .. tl'tll'l inll of tlrl' part.; not 
l~t•J'I'ill :o.JJC•t•ilic·all,r dc·~t'l'ilu·d a11d fur tilt' "1"'1'­
atioll of till' :-.r .. tc•nl ... l'l'fl'l't'llt'l' 111:1\' lit' l1ad 
Ioiii\' Ll'llt!rsliall'llt ~us. ll·LI:,Iian•ilt·L~=~~- CJO 
~11l1ic•p it llc'rt' to ... a r that t lw cli:-oc·lr:tl'"'t' or' tl11• 
l'llt'l',!..!',\' slorc·cl in t'IH• c·olldt·ll"'l'l' (' a•~·o-.~ t lrl' 
~parl\·,!..!·ap .... ·"'~"'"" IIJI in•tllt' :-oc•llol'olts c·it·c·uit .... 
('I. L Plt•c·tl·i•· rilll·atioll."" of dt·litlilt• fl'l'-
'liii'IH',\'. whic·h :tl't• ~ult ... tallt ially :-;implc• hat·- 1)5 
lltnllit· in fot'lll aud tlrat tltt•l'l'for·c· fot·c·pd t•lc•t·-
tr·it· ril•rations of l'OI'I'«'spcHJcliug ft'I'CJIII'III',\' 
lll'l' ciP\'I'IopPd ill tlrl' PIP\·at«'d c·oudtwtot• \', 
that tltl' .. t' Plt·•·tri•· rihration:o; ..;o dl'r«'lop«'d in 
tltPPIPratPcl c·oududot• \' c·a11~1· tlrt•radiation 100 

of sul,:-;tant iall,\· ;.;illlplt• ltat'lllnllil' Plt•c·t t'otua~-
111'1 ic· \\'ll \'I'S of C'OI'I'I'SJIOIIIJ ill:! ft'PIJIII'IIC',\' WIJ il'IJ 
c·J't•atP l'lt•d ro11aot i n• forc·p:-. of I i kl' ·fn•qiii'IIC',\' 
in tl11• I'IPratc·d c·oudut'lor \' at tlw n•c·ph·in:.r­
:.;tation. awl tlrat 1,,,. II!Pllll"' ol' tl11• l'l'~onaut 105 

•·irc·uit f.: ( •' (' L. a:-.scwialt•d wit lr ... aid Plc·\·att•d 
c·ondul'lol". tlrl' t'llt'I'U.\" of tlu• o-.•·illation~ c'il'-
atl'cl in tlti'Pic•ratP•I c·t~nclul'lot·l,_,.t'lc~c.·tt·oma~-
llt'l if• \\':1 \'1':-0 II f t !J I' f' )'t 'CJ Ill' I II',\' t 0 \\' Jr j t•Jr ~:I jd l't •...;o-
lllllll •·in·uit j...; att1111~'d i~ :tl,~orlu·d to tlrP 1':'\- 110 

c·ltt ... ion ol' tl11• l'llt'l'~'.\' of t•lc•c·t l'il' o:--l'illatiolls 
of otlrPt' ft't'IJ lll'lll'i«'~. I lwr·c•l '·'· t'l'l'al i 11~· :1 Ill aX i-
11111111 dill'PI't'llc·c• of potPiltial at till' l«'l'lllillals 
of I ltP t•cmdt•IJ:-ot'l' (' aud Pll'Pc·t iII:! a c·la:IIJ~I' i 11 

tlu• 1'1'!-li:-.tatll'l' of c l11• J't't'Pirt•r 1\. and c·ollsl'- 1 15 
· CIJI('Illl,\' «'ff'pc·tin~· tltl' opc•l':ttic•n ,,f tlw 1'\'la,r ot· 
• si~·nal-illdic·at i11~· d,.,··ic·c· 1:. 

I c·lai111 
I. In a s,r~tc•t11of sp:wt' t•·lc·_!.!T:tph,r. all c·lt•­

\·atPd t'lllldiii'IPI' :l"'"'tll'iatc•cl \ritiJ a ... 1111111'1111 ... 120 

c·irc·uit w!Jic·lr i1wlud•·s a c'tlltclc•u ... c•r· lrn\'itl;.! a 
clic•lc·l·tric· of fu-.c•d qllai'IZ-,!..!'la:.; .... 

~- In a s,\':--11'111 of ~pa•·" tPic·~r:tplay. liii•·IP­
\'at•·d t'«lltdlwtnr a ...... cwi:rtc•d \\ i1l1 :r ~tlllOI'tllh 
•·il'«·llit w!Jic·la i1wl11dl':-o a c·c,llcl••ra-.t•J' laarill'r a 1.:!5 

clic•lc·l'lric· of fu .. c·cl quartz-_!.!·l:r~ ... and \\'l1~·lr 
alsu i1wludc•-. :r c·oil l1:1\·i11"' a f'lll'l' of litwlr-di-
. ,·~d"d l~lll':tlll:,tgllt'l ic· lll:ttt':"rial t•laal,c·ddc·cl' in a ~ 
drPic•c·trlc· uratrix. ~ 

::. In :o ,_,·,to•uo of'~''""'" to·lo·gTaploy, :111 o·lo·- o.;o ~ 

,,,~ 
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\"lltt•d l'Oilllll('lor, a soJtitt'oll~ c·ia·c·nit n~:-;ciC'iah•d 
with ~aid Ph·ratl'tl eondul'toa· and irwlucli11~· a 
('oil lun-ins.r n c~ur·e of tim•l.r-cli ridt>d parHilla}!­
rwt il' nm tt>ria I t'lll hPdded i 11 n d h• ll'l'lr·i(' rua-

5 trix. 

10 

-l. In n ~.,·~tPill of :-;pac·p tl'lt'Sfl'ctph,r. a pt•r·­
sistt•ntl,\·-osc·illnting c·in·uit ir)('luding a c·oJt­
dt•ns.-r· ha\·ing n diPh•c·tric· of fused quar·tz-
Jrluss. · 

:>. In n s,rstt•m of spal't' tt·IPs.rt·aph,r. a pt•t·-
sistPntly-oseillating l'ir·<·uit inc·lucling :1 c·on­
dt•nscr· lm,·ins.r n clic·lt>c:tr·it' of fust>d quartz­
gins:-; nnclulso includins.r a eoi) ha\·ing- a c·or·p 
of linel.r-dh·iclc•tl JutrnmagnPtie mnlPrial t'lll-

•5 beddt>tl inn diL•lt.•l'tric.· matr·ix. 

20 

t). In a s,\'slPill of spac.·P t.-lc.•gr·aph,r. a ru•r­
sish•ntl,\·- usl'illating eirc·nit irwlucl ing n coi I 
ha \"in" a eor·c· of tiut"h·-d i dd .. cl pa r·atU:IU'Ill'l ic· 
nmtPJ~ul PmlH•dded in' a dic•lc>t'tl'ic llmts·Tx. 

7. In a system of sp:u:t• tl'I('~Taph,\·. n Jll'l'· 

ltl. In a s,n;tl'lll of spac·l' tl'll'graph,\·. an Plc·­
ra tl'd I'Oild lll't 0 I' U~:"\IIC.' j at I'd \\' j th a I'I'~Oila II t 
c·it·c·ttit whic·h itii'IUdc•s 11 l'Oiltll'n!"\l'l' harin.l! a 
dic•h•etric· uf fu.st•d quar·tz-glass. 

11. In a S,\'Sll'lll or ~PlWl'. tt•lt•gt·aphy, lllll'lt•- 40 

\":ttl'd c·otHhwtm· a..;~o('iatvd with a t'Psoltalll 
c·irc·uit whic·h itH'IHdPs a c·otltlc•nsc•t· ha\·in}! a 
dil'lc·c.·t ric· of fu~Pd quar·tz-gla~s and whic·h al~o 
itwludt's n eoil lm\'ing a c:ot't' of liru•l,r-diridc•d 
pnt·ama,l!lll'tie llHltt•r·ial l'tllln;ddt'd in a diciPc·- 45 
t r·ic· lllill rix. 

I:.!. In a systt·m of spat't' tl'll'~Taph,r. lllll'lt•­
\':lll'd c·lltllhll'tot·. a t·c•sonant C'il'l'Uit assoeiated 
with said l'h·ratl'd t'tllldtwtor awl inc:lwlin~· a 
c:oil lmrill.l! a c·ot't' of litwl,\·-diridc·d pamum~·- so 
nPlic· mall't'ial entht•dclc·cl in a cliPh•<:tric nm­
tr·ix. 

1::. lu a s,r~tt•m of span~ lt'lt·~Taph,\'. a l't'~o­
natJt c·in·uit inc·luding a c:otulc•n:-.t'l' wltieh lms 
a solid didPc·tr·ic· suh:-.tautiallr fr't'l' from di- 55 
l'lpc·tril' h.rstt•t'Psis and of n sl.H'l'ilic iwluetin~ 
t·apal'ity ~n·alt'l' than that of ail·. 

1-1. In a s,rslt•m of ~paee tt'IP~ra ph,\'. a l't!so­
llllllt '·in·uit ineludiug a c:ondc•nst•r· whic·h has 

sistcntl,r-oscillnting cin·uit includin~ a ('oll­
dt>ust•J' which has n ~olicl dil'lt•ctric ~ul,stan­
tialh· fr't'l' ft·om dit·leetrit' h\·stPI't•sis uwl of a 
spe<.:itic indul'tin~ capac:it,\· ~r·tmtPt' than tlmt 

25 of nir. 
H. In n s.r"'tl'lll of :-;pal't~ lt>lPSfl'aphy. a pc·r·­

sistently-osl'illating c·ir·c~uit ineluclin:,r a eon­
dt!llset• whi('h has a solid clic.•h•ctl'ie .suhstall- : 
tiall,\· frt>e from dit•h•c·tric lr.,·~tc•r'P:·d.s awl also i 

' a solid dic•lt·ctt·ic suiJstantiallr fn•c from eli- oo 
t•lt•l'lr·il' h.r~ten•sis mad ulso 'irtdudin~ a <"oil 
hariu~ n paranm~.nwtic: l'OJ't~ :-;uhstantinll,r t'r'L'I' 
from IIIH}!lll'tie h,\·stl'l'Psis. 

In tl'st irnon.r wiH•rPot' I han• laert•unto snb­
scril,l•d Ill,\' natne thi~ :!:~d cla.r of ~o\"l'mlwr~ cs 
1 ~Jc t:L 

30 indudi.ng n c.:oil lm dn~ a par·amagrwti<' t·ot·e i 

substuntiull,r f'l'l'l~ t'r·om magrwtic h,\'slt'I'Psis. ; 
U. 1 n u s,,·stt•rn of spaet' tPil•gr·uph,\·. a r·eso­

nant cil·cttit iuclwling a l'oil laariu~ a pam-
1 

IJlll"netic COI'l" s'ttl )!"itllntinlJ,\' fr·t•t• fi'OIIl lllll~-
35 netic h,rstc.•r·esis. 

,JOII ~ STO:\ E STU~ E. 
\\'j t llt'~Sl':O.: 

( i . .\ UEI..\11>1-: llltilil~s. 
EI.I.E~ It Tcnti.I~Sc,~. 
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To all whom it mciy concern: the· primaries P and P'. S is the secondary 
~e. it known tha! ~' Co~~ELIUS D .. ~HRET, ··winding: of the transforrn-~r whose primary IS 

a Citizen of the Uruted States, residmg at P, and S' Is the secondary of the transformer 
Ardmor~, in the county of·M:ontgomerv and whose primary is P': Both of these trans- 6o 

5 State of Pennsylvania, have invented new formers are preferably step-11p ttaD.sformers; 
and useful Improvements in the Art of Sig- the volta~es of the secondar-ies b€'ing prefer­
!lali~g Thro~~h ~pace, of which the follow- ably equaL . G is a spark-gap in shunt to ~he 
Ing Is a spemncatwn. . secondary S, and this spar~-ga1l, along with 

lvly invention relates to electrical signaling, the condenser C, transforrner-primarv p, and 65 
to rno~e .especially that systetp. in which. electro- inducta·nce _L, ~orms an osci.llating circuit of 

radiant energy representmg the signal or verv short period or verv high ·frequencv, as 
message is transmitteP. through the natural well understo·od in this arl. A is an aerial or 
media. radiating conductor· between. v;hich and the 

}tfv invention consists in a method of trans- earth-plate e is .connected the transformer- to 
15 forniing electroradiant energy into the energy secondary s ·of the transformer who~e pri-· 

of electric currents, such electric currents· mary is p. G' js a spark-gap in $hunt to the 
causing or controlling the production of an secondary S'·and forms, along.v.ith condens~r 
electric current of the·fluctuating or alternat- C', transformer-primary p' 1 and inductance 
ing type and having a frequencv correspond- L', an oscillating circuit of very high fre- z.s 

2o ing to the frequency of the tran.Stnitted wave- quency. A' is a secoJ;ld aerial conductor .be­
trains and boosting or reinforcing the alter- t~een which and theearth-plateeis thetrans­
!lating current so prod~ced to. more effect- form~r-secondary s', cooperatingw~th t~e. p~i­
Ively control or actuate a receiver or other maryp'. The:fiequencyot theose1llatu~nsm 
translating device. · , . the ~ircuit C, p,'· L, and G depends, among Sa 

2 5 Reference ·is to be had to the accompany- other things, as is well understood, upon the 
ing_ drawings, in which- productofthecapacity·a.ndinductanceofsuch 
¥i~re liS a d~agramn1atic view o~ the cir- cir?uit .. Sitp.ilarly, the frequencv of the. oscil-. 

cmisof a transrmttmgapparatus fonmpress- latlng Circuit C'~ p', L', and G' aepends upon 
ing upon the natural· media two senes of the product of the capacitv and inductanGe of 85 

30 ~ave-tra~, ~he tr~ins of each series ~~ :such circuit .. The capacfty an~ in.ductance, 
diSp~aced m time 'Ylth re~pe_c~ to each ~~eJ!' ?r rather t.hetr product;·of the ctrcw~ C P. L G_ 
and the frequency or·penodicity of the:el~- 1s taken different from that of the circuit C', 
tromagnetic waves· forming the trabs at one p', L', and G', so that the fr~quency of the 
series being different from the peri?dicity or. electromagnet.icwaves radiated from the con- 90 

35 ·freqll:ency of .the eleetromagn~tlC w~v~s ductor A Is differ~nt from th~ frequency of 
f~g the trams of the o.ther series. Fig~ 2. --the electromagnetiC,WaYes radiated from the 
is a diagrammatic view of the circuit arr~nge-· conductor A'. Sinde the current supplied by 
ments at a receinng-station wherein the re- the secondaries S and S' are in quadra.ture, 
ceived electroradiant energy cu.Yses. or con- the oscillations for each train of waxes gener- 9 5 

40 trols the production of a fluctuating or alter- aU•d in the c-ircuit C p L G begin at a time 
nating current

1 
such alternating or fiuetuat- earlier (or later) tl~an the commencement of 

ing current being reinforc·ed or boo':ited. Fig. a waYe-train generated by the circuit C', p', 
3 Is a diagrammatic view of .receiving-cir- L': and G': such difference in time amounting 
cuits in \vhic.h dephased wave-trains cause or .to a quarter of a perlod of the current sup- too 

45 control the production of fluctuating or al~r- I; plied to the trumdormer-primtt:ries P and .P'. 
nating currents, such currents bemg re1n- , In other words, the \Va\e,..trams t:>manatmg 
forced. or boosted. I from the col'lductor A are dephased with·r~ 

Referring to Fig. 1, P and P' are primarv spect to the waYe-tra'ins emanating from the 
coils of two separate transformers, such conductor A', and. further, the frequency of 1 os 

so primary windings being included in the ci.r- j el.ectromugnetic waves radiated from A is 
~uit of a source of ~wo-phased curren~s~that .

1 

dlfferen~ from the ~pquency {)f ,the ... electr<>-
Is the current pnssmg through the wmdmg P magnetic waves radmted from A .. Suppose . 
is' dephased ~inety degrees ·:·it.h r~spect to the I the two-phased curr<'ntfl '-'Upplied to P .P' to 
curren~ passmgth'r~ugh the wmdmg P'. Tht.> 

1

1 huve. u. frequency of one hundrt•d and e1g~ty 110 

~55 ~ey F lS a compounJ on•• so arrangeJ _as t~ cycles per seconJ ... Then the wave-tra~ ••• 

~ Slmultaneou•ly=en o=l~se t: emu: or ~1unall: fr<J)n~ w1ll b~dephased from ths ~ 



~g. 818,363 .. ·~:~~ 
Wa\e-train~ emal}-ating from A' by ~n amount l mnry the current is reinforced or hoost!t· 1 
cor:espondi~g w1th a quur~er penod or on~ ! ~y tlw aiT<~n_gement. shm~·n in Fi~. 2, there­
se\en-hundred-and-twcntieth ~f a second. 'fore, tlw tlffieiency of a wireless-teleO'raph re­
F_urthermore, the electromagnetiC waYes r?-- c~iYing system is increased, and with a give~ 

5 ~a ted frorn A may _be at the rut_c of one nul- amount of energy employed or radiated 
lion per second, while those rad1ated from A' the transmitting-station a greater effect Ina 
may be at the rate of seven·hundred and fifty be prod_uced in the recording in~trument ~­
thousand per seeond. I prefer to have the the recen-er or any other translatincr device· 

. conde?sers C ~nd C' of very nearly th~ saJ:?le . In Fig. 3, A and A' repres~nt aer~al recei~ ... 
1o eapac1ty, the I!Jductanc~s of the two circuits mg-conductors, between which and the eart,h l 
~mg chosen diffe:ently m order to secure the e are serially connected the inductances 9 and 
di_fferent frequencies, S? that l;>oth condens~rs 10, _respectiYel)~· ~he inductance 9, with the 
~11 be charged to t~~Ir maximum potential ae:I~l A, constitutes a t1:1ned or selective. re. 
m equall?er~ods of t1n1e, so that the spark at ce1vmg:-conductor s~lectlve of the wavea_bf 

15 the~~ap G w1ll precede (or succeed) .the spark . one series _o~ transnutted wave-t~ains. SiJ:iU,. 
at u by exac~Iy a quarter of~ perwd of the larl~-, the mductance 10 and aen~l A' a~.i.. 
current supp),ted to P and P: . Th~ spark- lec~Ive of the waves of anot~er sen~s of way&,. 
gaps G and G are preferably s1nular 1n every tr:!ms. The wave-responsive devices W i:nd 
respect, so that both will break down under '\V', preferebly self-restoring, are associ& 

2o similar circumstances. · with the inductances 9 and 10. 
From the foregoing description it is seen, bv '\V is a local circuit including the 

therefore, that by depressing the operator's coilsff, battery B, and a primary".,· .. ~ .... _ ...... 
key Fa plurality of series of wave-:trains are of. a transformer. The secondary 
transmitted, the wave-trains of the different transformer is in series ·with the coltlatms:er::JD. 

25 series being dephased ·with respect to each one phase-winding of the two-phase 
other and the electromagnetic waves of each tion-generator Km, the winding X on the 
series having a frequency different from the Z, and the inductance L. The cond 
frequency of the electromagnetic waves of and inductance L are so chosen and adj 
any other series. as to make the circuit containing 

30 Referring to Fig. 2, A is an aerial conduc- lectivc of impulses succeeding each · 
tor by which .i.A received electroradiant en- the rate of or at a mulitple of the rate 
ergy. P is the primary winding of a trans- cession of the wave-trains emitted 
former and is connected between A and the transmitter shown in Fig. 1. Simila 

·earth-plate e. A<?ross the secondary Sis con- wa,Te-responsive device '\V' controls 
35 nected the self-restoring wave-responsive de- circuit including the primary of the 

vice W, which controls the local circuit in- former whose secondary 8' is in 
eluding the choke-coils f j, battery B, and the condenser C', the other phase- · . 
primary winding p of a transformer. By the induction-generator Km, the wind~! 
this arrangement for everv wa\e-train im- on the core Z, and the inductance L'. C' aDd 

40 pinging upon A a curren"t impulse passes L' are so chosen and adjusted as to render·the 
through the prin1ary p. In the circuit of the circuit containing them selective of impu1$!8 
secondary 8 there is then a series of impulses or groups of impulsessucceedingeachotherat 
or groups of impulses whose rate of succession a rute equal to or a multiple of the rate of sue­
depends upon the rate of succession of the cession of the wave- trains emitted by the 

45 wave-trains transmitted. To make such transmitter shown;in Fig. 1. By rotating 
secondary circuit selective of wave-trains thcrotoroftheindu'ction-generatorKmabove 
succeeding each other at a certain rate only, synchronismf?rthe freq?ency of _the ~mp~es 
the condenser C and the inductance L are or groups of Impulses m the ciicmts of 1ts 
employed to so attune such circuit. T rep- windings the currents of such windings will ~ 

so resents a telephone-receiver, recordincr in- be umplified or boosted and will cooperate in~~ 
strun1ent~ or any other translating d;vice. magnetizing the core Z. Since the tran.s- ; 
In cases where the current in the circuit of mit ted wave-trains do not overlap, but al~r- l 
the secondary 8 is,extremely faint, due to ex- nate with each oth~r, the cor.e Z receivestWlce I 
cessive distance between the transmitti11g , as munv or a multiple of tw1ce as many mag· J. 

55 and receinna stations or for anY other cause: I netizat1ons per unit of tin1e as there are wa~e­
it is reinforc;d by the induction-generator K. trains in a smgle series per unit ?f time. Th!. 
Tllis induction- ge'nerator comprises a pri- result is that the armature c IS more p. ·, 
marv windincr included in series in the circuit tivelvattracted and prevented from flutten 
of s.¥ The ro~or consists of a cylinder or disk and the operation mor.e certain and_ effecti~ 

6o of magnNizable metal properly laminated 1 '\vnen the armature cIS .attruc~ed, .It en~ 1 

and carrying short-circUited conductors, as j the contact a, thus cl?smg a ciicUI~ through 
well understood in the electrical art. By ro- · the battery b and a signal translatmg or re­
tating the rotor at a rate in excess of syn- cording instrument, a :Morse ~ecorder ~L The 
chronism for the frequency of the impulses or. spring d opposes the attmctwn of the ar~~~S· t. : 
groups of impulses passing thro~gh its pri- ture c. : , . 

1 

~ ~ ~ ~ ~ ~ ~ ~ ~ 
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~ application is k division of my p~ior radiant energy into the energy of electric cnr­
~~tion, fil~ July 27;·1903, and bearing rents or ~harge~, contr~lling by said eurren1.s 
Serial Xo. 167,129. or:charges tlie production of fluctuations of 35 

~ What I claim is- c\rrrent locally generated, boosting or rein-
Ji 1. ~e . me~h~d · of rend.ering )ntelligible forcing said current and reproducing the UlfS­

m~-es ·or signals: transnntted. through the sages or signals by said boosted or reinforced 
natU!'fl.l medi~ in. electroradiant form2 :which current. . 
eonsb""t.s in transforming the received electro- 4. ·The method of rendering intelligible .40 
ra.rliiwt energy into the ener_gy of electric cur- messages or sigJials transmitted througn the · 

10 rents or charges, eo_ntrolline by"su<?h currents natural media in electrora.diant form, whirh 
ot c-lwYes loca.lly-generatea electncal energy consists in transforming the electrora.diant 
to ~?ce chang~ or ~uQtuations thereof, energy into the ·energy of electric currents or· 
an:ptifying the fluctuatiOns or e~a~ges of charges, controlling by said currents or 45 
sa1d ene.tU, ·and Coo.trolling· or actuating ·a. charges the production of a fluctuating cur-

ls ~onal-translating imt~~e~t l;>y .the. ampli- · rent, boqsting · or reinforcing· said current 
fied energy without destroying its message or signal rep-

2. The ~etnod of reri:derfug intelligible resenting form, and reproducing the messages 
·messages or signals transmitted through the or signals by said boosted or reinforced cur- so 

. . :_:I;latural nieciia in el~~troradiant form, which rent. 
-~ -~nsist.s m transfQrming tb.~ received electro- ·s. .AB ·an .improvement in the art of repro-
~t energy jntO the energy of el~ctric cur- ducing signals ·or messages represented in 
~nts or charges, contrblling by said ·currents tra.p.smisston by electroradiant energy, the 
·or cha.rges the l>roouction of current fluctua- step which consists in amplifying the current 55 

. _ ~o!cignZ.:.l:~e~~mg. the t;ransn?tt.ed m~ss_ages changes or fluctuations representing themes-
U or ,· mcreasmg or amplifying said cur- sages or signals. · . . 

rent fiu~tuatioD.s, and emP,loying sa~d ampli-· .· In testimony whereof I have hereunto af-

) 
-~~ or mcreased. fluctuations· to reproduce. fixed my s'ign~ture in the presence of two sub-
lh.e messages or signals. · scribing witnesses . 

. . ·c 3 .. The method· of renderfug. mtelligib}e CORNELIUS D. EHRET. 
3~ :~essages or signals transmitted t~ough the Witnesses: 

n:atur&l media in electroradiant,..form, w_hich ALICE S. ~fARsH, 
e·onsists in transforming the received electro- ELEANOR RoBERTS. 
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.... ·.-· .... ' . . /· . 
To all wh()nr, zt nuay cqn()ern: I ing-station embodying tlie present improve-
. Be it known that I, .Y'~ILLIXM s. l!OGGl ment~ .. F~gs. 2 an~. 3 ar~ similar views 55 

heutenant-:-commander Un1ted States.Navy, show1ng ~?hghtly-modified arrangements for 
· residing at Washington, in the District of pr~yenting. interference. Fig. 4 is . a. see~ . 
5 Columbia.,· have inYented certain new and tional view of the preferred form of polariza- .· 

useful Irnpr~vements in Space Telegraphy; tion-ce11 employed in the present system._· . 
and I do hereby <;I eel are the following to be· a. Fig. 5 is a sectional view of the cell of sensi- 6o 
full, clear, a.Jld exact-"aescription of the same, tive material. · - · / 

_ refere~Cebeing had to. the accompanying Similar letters of refe~ence jn the several 
10 drawings, forming a. part of this specifica- figures jndicate like parts. . · . 

tion, ·and to the letters of reference marked The aeriaJ which ma.v be of anv usual or· 
thereon. · · · · . . . . . . . preferred construction "'is indicated hv the 65 · 

This invention relates to -s~ace tele~raphy letter A, grounded at A' through a condenser · 
or the method of transmitting intelligence B. Two inductance or tuning coils C C', . 

. 15 from one ·station to another by waves of preferahly performed by zizzag resistancE'.-
. energy ~i:ansmitted · th:rough_ t~e natural conduc~ors, are employed in ~onnection wi~h 
med1.~·._w1thout the use of artifiCial conduc- the aenal. That le.ttered C' Is preferably m ·7o 
tors connecting the stations.- . direct connection -with the aeri~tl and the · 
· The objects of the invention are· to pre- ~o\uid is made through the ~djrlstable con-

2.o vent interference from outside ~ources; to nection a of the tuning-coil. . The.other tun- . 
provide a call at tlie receiving-station capable ing-coil lettered C is connected with the 
of use in connection with a tel~phonic re- aenal throuO.h a condenser D and preferably 7 5 
ceiver; to provide for the attuning of the ap- at a series of points, thus as indicated in Fig . 

. paratus and to provide an improved medium 1 the conductor of the aerial is bent into zig­
_25 sensitive to the wa-v-es of energy arriving at zag forn1 at . .A.2 and a collector-plate c serves 

the receiving-station. · . · to· take off the potential ·at each point, the· 
. The invention consis~s first in a system arrangement, however, may be. and under 8o 
attuned to respond to ~aves of the character some circums_tances preferably 1s as shown 
it is d,esired to receive and also tuned to in Fig. 2 where the aerial is provided with a 

3o waves of character other than those it is de- series of widely-separated connections e-2 

sired to receive, with means whereby the each of which may baYe a. condenser. if there-
latter.will not cause the receiver to respond in as shown. I · · . . · 85 

· .. and as a consequence the ,intelligenc!3 made The sensitive medium or coherer · indi- · 
· n1anifest will ~orre'spond only to that trans- cated atE is located in a. local circuit to be 

35 mitt~d by the waves of the select~d. charac- presently described and connections be-
. ter. The inYent.i.on further consis~s in-a sys- tween opposite sid

1

es of the coherer and 
tern having a medium sensiti:ve to the ~ayes aerial are established ·through adjustable 90 
of energy transmitted throufo-h the natural .connections '\\oith the res;pective tuning-coils . 
media, combined with a. loca circuit includ- and an additional or pnmary connection is 

40 ing a telephonic or other receiver and having made with one side through a second ad- · 
· a hio-h-resistance shunt including a call justable connection '\\oith one of said coils. 

usuafiy in the form of a galvanometer, si- wherebv through the :first-mentioned con- 95 
phon-recorder relay, or the like. . . nections both sides of the coherer may be 

Finally.the invention consists in certain connedecl to receive simultaneouslv waves 
45 novel arrangements of the circuits and in- of a certain character but to which it will 

strumentalities, whereby attuning is facili- not respond, presumably because the waves 
t.a ted, the calls and si~als -made distinct and neutralize each other. The other connec- 1 oo 
positi-v-e and sensitiveness and· steadiness se- tion however provides a path for the wave's 
Clli"f!d, all as will be hereinafter described, which it is desired shall affect the c;oherer 

sc an, I pointed out particularly in the appended and to which the local circuit '\\ill respond. 
claims. · . · Referring to the drawings it "ill be seen 

Referring to the accompanying drawings, that from one side of the. coherer a connect-. 105 

Fig11.4e 1 is a diagranrn1atic view of a rece1v- tion F extends to the ground connection 



~D.,·. , • . .. . '" sge:7.&1 :.:, . , . . . ~ 
above the oonaen8er· w4ile from·. tlte .. other ·.through the· telephpne ··and causes .th~ co- . 

: side.of ~p.e coherer a co~~etion F'~exten¥ t~ ~~r~_r U:fd~~h:ere·_promptly an. ~ff~et'.w,:hich .. 
two 8.d]~table connectu~n,sff' ~th the,coil 1B no.t .~8.sily obtamed and. which does not.· 
C.- .. From: the. connection:~·between the coil.C . se~n;i :i4 follow where a.· polarization~ell hav-

5 ~d· the .. aerial a .co¥ect_or .G lea~ to~·.an .&:d- ing plapmum elec~rodes i~ employe~.· .- . 7o 
· . ]UStable connectiOn p With the coil C'. -: · ::· . . . . ObVIously the arrangement of the tumng-: . 

· ---. · _.To. pre~ent short:-circ~~ing. ?f. tl?-e. _Ioc~l. c~cuits may be y~e~ col!si~er~:~-bly fr.o.m· the . 
·circlll;t ·this· comiect10n lB proVIded With a ~s.ngements _shown m F~s. 1 anQ. 2 Without . 

. · ·condenser !las shpwil in Fig.-1, and.in Fig. 2 departing from· the inventi~n-~d in Fig. 3 a 
ro each of the connections c" is providecl With~- variation_ is· s~own wherein tlie.hvo tuning- 7 s 

condenser~- · . . . ·· . ·. 'circqits are coD:Iie.cted with the·aerial at dif- · 
'.In· operation the connectionf is adjusted .. -ferent p94J.ts·, indicated at· M ~~ M', con_; 

·to. attune'the circuit contain~ the ~ohere_r 1 densers m:·m' o! co~e beirig interpo~~ ~ 
· With waves of the character It 1B desir~ to pre_vent sP,ort-Circ~tmg of tp.e local _circUit 

IS receive. If ·interference is ma.i}ifest or de- of the receiver. · . . ~ . · 8o · 
. velops, the comiections f' p are adjusted to In operation a siLall proporti_on only o£ the 
. att~e·the oircuit-b~d~g ?r shorir.circuitin_g . current'i'rom tlie ~ocal bat~~ p~~ thro~h 
the co4erer to the 1nterfermg waves when 1t the· shunt and· call.· Variation m the :tnam 
is. found that the latter waves will have·no local circuit will cause a fluctuation of rela-

2o effect on the ·wherer as the changes i,n po~n- tively wide range in the sensitive calllo6a.t:ed 8 s · · 
tial due tO them will be the .same .on both in ·tlie shimt and give indications .to the"at.: 

·. _sides of-~he coherer, especiall_y_if the' cohet:er teildant -who will then take. the message by 
be constructed and arranged. m a local clr- means of the telephone-rece1ver.as usua,.. · 

· cU.it as will b~ now d~scribed. . ---· . . The -call mi~ht ~e. u~ed also to~ take t~& . 
25 The matenal of the ~oherer 1B of such char~ . message ~s~ec~ally .if· 1t ~e. a s1p~on:-re- go· 

-. acter as t~ decohere 'Ylthout the use of a ta~- corder but if It- h~ _-a. sluggtsh_ act10n the · 
per ~d.J?~ferably IS formed o~. a. co~!- sp~d wou~d be lum~e~. · ObVIo~l_y_ both 
D:uted selini~ pf co_p 1per and ~ckel mdi- Ill"a:r -~e used and· eonst1tute a,. check .upon 
,cated at I Fig. 5: The proportiOns of the ~ach"()ther. · · . ·· · · . . · . 

·30 ingredients should be sucl:i as to form a uni- I r do not wish to confine the invention to 95 
form chemical combination or at least a sur- any p'articular theory of operation as the· · · 
facing of the particles. In practice I have application is based upon ~he results of prac­
used one part of ~n alloy of nickel and cop- tical d~onstration, tlrus while non-mter­
per (an ordinary nickel coin) com~uted ference m1Lybe due to a neutralization of the· 

35 and ~nixed· with five to ten per cent. by vol- interferin~ waves in the coherer, it may ori xoo 
. ume of selenium and. heatea. The ingredi- the other- nand be due to the provision of ~ 
ents combine with much .heat forming a seli- attuned p8..th to ground or to a combin~tion · 
nid of copper and nickel. It is then ground of the itwo:~ . So too in the local circuit the 

.. · . up or cqmminuted and is ready for use but resistance in ·the· mam and shl,Ult. circuits 
40 in use is preferably_ mixed with an elastic preferably bear the proportionofone hundred xo; 
. :material such as fine particles of soft ·rubber to ten thousand ohms but it is obvious that 

which it .. is found increases the range of ad- these proportions may. be, widely depart€d 
justment and prevents caking. Obviously from and the proportionate resistances may 
the sensitive material· may be combinea be secared by the instruments stlch as the 

45 with other metal ingredients, such as nier- call, telephonic receiver, coherer, &c., with- no 
C!ir.Y wi~out deps.rting from the invention, out· the· use of spepial x:esistance-coils al-
alth_ol}gh advantages might accrue fro:n. the thc:ugh the lat~c:. are rref~rably employed 
addition. . , · owmg to the facility o adJustment to vary 

The local circuit in which the coherer is . the relation between the main and shunt cir-
so included ~lso includes a telephonic receiver cuits. . · 1 I 5 

K, a resistance K' battery Kz, choke-coil K 3 Having thus described my invention, what 
and a polarization-cell K• .. In addition, the I claim as new, and desire. to-secure oy Let-
said circuit has a shunt formed by a conduc-_ ters Patent, is- ·· 

_· tor. L, said shlillt including ~relatively hi_gh 1. IIi' space t~legraphy! a receiving-ste:ti_?n 
55 reslS~ance L' and a call deVIc~, ~~~_,_f<?!"_ID- syst~IIlemhodymganaenal,a_localCl~C?Jtin- _uo · 

stance, as a galvanometer; a S!P.hon-recoraer eluding a battery and matenal sensitive _to 
L", a rel_ay or. ot~er device of ~e character. waves of ~nergy received thrc:ugh the ae~al 
· The polanzat10n-cell K• .ts ·preferably and two· circUits connected w1th the aenal, 

:.formed as shown di~amriiaticallyin Fig. 4 one attuned to the waves to which the sensi-
-~.;; by:_ two lead eleCtrodes 'Jc2 partially immersed tive material is to respond and .the other at- ~ 2 5 · 
. ; .. _j:q.· ·a.··~ulfuric.:acid solution. The electrodes tuned to interfering waves; substantially as 

~are· pr 3ferably of fine wire or wire of just suf- described. 
:fic~ent. -si~ to P!'event material corrosion by 2. In space telegraphy, a receiving-station 
the· current: __ · The cell with lead electrodes, system embodying a sensitive material, an 

~ '5 it is found, a.cts ~ ar~ator of the current :erial,~ !J.tttple: circuit-connt!ction}rom the 1 ~ 
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aeriafto each. side ofth~--;ensitive mateii~l, nections on one side of ~aid sensitive mate-··45 
and a seeond attuned circuit connection from rial be~~ als<? attu;n~d-. ~o .a~cord ·with the 
the aerial to one side of said sensitive mate'- waves It IS desrred to rece1v:e." · ,..,_ . _. · 
rial. . · · . 8. In sp~ce telegraphy, a r~ceiving-station 

5 3. In space telegr~phy, a receivinf.a-statiqn embodying a local circuit including a coherer, · . 
system embodyina a grounded aeria, a sensi- telephone-receiver and batte:ry,.and a' high- so 
tive material in a 1ocal receiver-circuit, sepa- resistance shunt around. the l:iattery includ-
rate attuned circuit· connections from the ing a call device. . /" .; . · . . · . 

. aerial .to opposite sides of th~.se~~tive ma:te- 9. In space "telegraphy, a rece1vmg-stat1on ,· 
1o rial, and a second attuned crrcu1t connectiOn .embod~g a local. cucuit including a sensi- .·. 

from the aerial through said sensitiye mate- tive material formed of a comminuted seli- 55 
rial to ground. ·- · , nid of a met_al, a receiver, battery and polar- --·· 

~4. In space telegraphy a receivina-station ization:.cell. • · . . . · · . · · : · 
. system en1bodying a grounded aeriaf, a sensi-:- 10. In space telegraphy, a receiving-station 

-15 tlv~ mate;rial in a loc~l r~ceiver-circ~it, twp emb.odying a local circ'Uit inclu~g a.coherer, _ 
. tunmg-coils .connecte~ with the aena~ and rece1ver, batt~ and a · polanzatwn- cell_ 6o 

connected respectively with opposite .sides of· formed of electrodes having lead as a base 
the sen8itive material, an adjustable connec- immersed in an acid solution. 
tion between one of said coils and one side of · 11. In space telegraphy a receiving station 

20 said sensitive· material and a groun~ connec- embodying a local circuit including a sensi- . 
tion :with the.··opposite side.of said sensitive tive material formed of a comminuted seli- 65 
material. . . · . · . nid: of a metal, a receiver, battery and a po-

5. In space telegraphy a receiving-station .larization-cel1 formed of lead electrodes rm­
system embodying an aerial, two tuning-coils mersed in an acid solution. 

25 connected thereWith a sensitive ma~erial in a 12. A receiving system for space· tele-· 
local receiver-circuit and included in circuit graphy embodying ·a local circuit including a 70 
connections between said tuning-coils and a coherer, telephone-receiver, polarization-cell, 
ground connection With one of said coils; resistance-coil and .battelj and ·a high-resist­
·s~bstantially'as described. . ance shunt around the battery and resistance_-

3o 6. In space telegraphy, a receiving-station coil and including a call.'· 
system embodying an aerial, a sensitive mate- 13. In wireless telegraphy-a receiving-sta- 7 5 
rial in a local circuit, separate attuned circuit tion embodying an aerial, coherer, attuned. 
connections leading from the aerial to oppo- circuit. connections from the aerial to oppo­
site sides of the sensitive material, a second site sides of the coherer, aii attuned circuit 

. 35 attuned circuit connection leading to one connection from the aerial to one side of the 
side of ~aid s~nsitiv~ n1at~rial. a~ a ~ound coher~r~ a local ci;cuit inclu~ing_said coherer, 8o 
connectiOn V11th the opposite side of said sen- a. telephone~receiver, polanzation.-cell and 
sitive material. . . battery and a shunt from said local circuit 

7 .. The described improvement in s"pace including a call. 
40 telegraphy to prevent interference. from out-· · \ 

side sources, which consists in a sensitive rna- , WILLIJUf S. HOGG. 

terial and circuit connections on both sides Witnesses: , · 
of the sensitive material attuned to accord ALEXANDER $. STEWART, 
with the interfering waves, the circuit con- THo~rAs D"L""RANT. · 
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WIRELESS-TELEGRAPH SYSTEr,tl. 
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To allzl}1~9m it m.ny concern: J tennre which mav be of anv well-known or 
Be it' knmvn tl!at I 1 !IEXRY IL C. Dt.:s- desirable fonn, beinO' shown,wfor convenience 55 

~wooDY, ~l. r.i~izen of~he cnit.ed ?tates,_resid-~ as emboJ:;ng 'vhat is geuerally know;n as th~ 
mg at Waslungton, 111 the D1stnct of Colum- '"fan" tvpe of-aerial receiver. This receiver 

5 bia, have invented certain new and useful 1 or collector is connected to a conductor a. 
Improven1ents in ~Yireles.-;-Telegraph Sys- ., haYing a ground terminal a', and interposed 
tems, of which the following is a specifi('ation. in tJ1is conductor is the wave-responsjve de- 6c 

~l.Y in':ent~on relates to wireless ~elegr~ph I Yice w~. . . . . . . 
or s1gn.-thng svstems, and has for Its object : In F1o·. 1 there Is a branch c1rcmt 1ncludm0' 

1 a more particufarly to pr(>'\ide an imprtJYeJ I a ba tte~\~ B anti conductors b b', which ar~ 
wave responsive or detecting device, as well i connPcted to the conrluetors a a' at opposite 
ns' an iinprovetl u.rrangewent of such device !I sidc·s of the wa ve-responsiYe device "\Y'. ~ 5 
in connection '\ith the t)rtiinary apparatu..:; This circuit includes a signal-receivinO' de-
of t~e I~cc·:iving-st~tio~; ancl to these e1~ds 'I 'ice, show~ in the present ca~e as in t_hef?rm 

15 my mventwn ron~1sts m a '.n.L--ve respon5l\€' of an ordmary magnetotelephone recei\er 
or U<'tectin~ dcvic~, Df tlw charneh•r substan-1 R, in practice this being usuttlh- embodied in 
tially. ~r"c~iietl, urrang<'d uiHl.operating. sub- 'I the .ordinary head-telephone form for con- 7c 
sta.ntiu.lly 111 the mann<'r heremafter pomtetl I vemence. · 
out. . , The wa\e-responsive de'\ice 'V', indicated 

In the accompanying dra'\\;ngs, 'vherein I ! in Fig. J, may be of many and various forms 20 

have indicatPd some of the ways in which I I' and in Fi~. 3 I have indicated it in the form 
have utilized my invention, Figure 1 i:-> a dia- of a inass or body of crystalline material as 7 5 
gram of a·;wave r('l'<'idll;; and signaling ap-1 carLoruntiurn. to which the ends of the wires 
paratus of a simple f1>rm. Fig. 2 is unl)ther • or condut:tors a a' are securerl in any suitable- . 

2 5 dingr1tm; awl Figs. 3 to H. are dt>taileu '\it•ws I way ns by being twisted or bound tightly 
shtming so1ne specjjic f'J11bo<linwnts anll ar- 1 around the ends of the body.· 
rangeuwnts of .the wave-rr·si?onsive de....-it•e, 1 In Fig. 4 the wave-responsive deYice i.-; 8c 
whieh will b<~ more Jhl.rti('uhtrly describeu 1 shown in the form nf u. regular mass \Y\ of 
herPinuftt•r. · . · . I the crystalline material supported hetwe<'n 

~Iy improYetl wa \·e fl'::;p,msivc or det<'eting l two plates or hotli('S P P' of conduct in~ ma-
deviee, broadly !'tatell, t'"mpri.:-:f's a ma5s ur I teriul, to whieh the conductors a a' are coil-
body of non-nwtallie crystalliut' materi:ll: lneeted. - s,S 
anll in practice I btve generttlly used su('h a 1 In Fig. 5 the wave-responsive device "\\3 

30 

mass or b<hly comprising crystt'tlline silicid ! comprise::: two pieces or boJies of the crystal-· 
35 of carbo.n or rarhormH.lu~n. This material l line material or carborundum l:aving at least 

nuty Le in any desired shiipe or size: nml is l one rebtively sharp edge, and the ed~es of 
genern.lly in the ft~rm of a concretP .111ass or I the two pieces are placed in contact. and may 90 
bodv of crvstais whieh maY var~ in size anJ · be supported in this relation in anv suitable 
character, wand which nre ('ljlllposed ot\·arbun i way, nnd <.lre include<l in the circuit'' as before. 

4° allll silieon in a clwmieal combinatio1'1 form- i lu Fig. 6 thl' \vave-responsive device 'Y• is 
ing what is chemically knLrwn as a "c:ubid ·: I shown in the form of a rehltively thin plate 

. of silicllll 7 or ~ilieid or carl'tJrtmdum, anu is a or lllllSS of c~uborundum supported between 95 
highly-refractory material: extremc·ly harJ .

1 

adjustin~-screws s s'; mowlted in a suitable 
.. ··and a relatively poor conductor of electridty. frnme or supportS anrl connected in the elec-
45 This wa ve-respon5ive mat~rial llli.lY be uti1- tric circuit. · 

ized in many anLl \ariou~ forms .-uid con- II In Fi~. 7 I·haYe indicated a concrete ma...~ 
'nectl•d iu the circuit of the si~nal-rccehing I \Y~ of tht' material, to one enu of which the 100 

appnrutus in many antl Yarit>us v::1ys. some ; cnnduetor a i:5 connectecl in a!ly suitable way, 
of whieh art' iudicatecl iu the amlf.'X'~d lh·aw- i ns bv heinz tun1eti or t\\istetl arow1d the 

so i11gs: and I do not~ ther(·iure~ limit myself tl~ l bod:--:~ while the other terminal or contiuctor 
anv partintlar m~mner d usiug thL• matedal. I a' simp]_,· re~i:;; in contact \\ith the muss; 

!u the drawing~ .. J .. rPpres,~nt.s an aerial re- ~ In Fig. S the muteriul \Ya is connert.ed to I?5 
cl'iving Clmdudur or W3.\e culkctor or au- I one of the conductors or wires a ·and rests by 



!!'JJ . :avity upon a plate P• connected to t::

7

•

6

::ve bCen-~abled to receive signals sent • ·~ 
other conductor or wire a'. several hundred miles distant fron1 the re- 6 5 

. In Fig .. ~Lthe wave-responsive device W; ceiving-station. . 
. _<~omprises two ·oooics of the et-ystallinc rna- It will be understood that any and all of 
t~rial connE>cted to the conq-._tctors as before, the various forms of wavt-res_ponsive devices 
but having portions of their bodies in rela- illustrated can be used m either of the ar-
tiv'ely loose contact. rarigements of circuits described and il\us- 70 

In F:ig. 10, I have shown a vessel V con- tra.ted in Figs. 1 and 2, or in any equivalent 
. ta~ning sorrie electrolvte, as mercury, or an! arrangement of circuits. 

··ro __ac1d, or an alkali fluid, and the wnve-respon- It will be understood that in actual prac-
_s1ve device W 8 is/referably in the fomi of a tice, it is _desirable to use some of the well- . 
pointed mais, an at one end is connected to known tti:ri.ing devices in connection with the 7 s 
the co'nductor a the smaller or pointed ma2s- wave-responsive device, as these tuning de­
being immersed to a greater or less extent in vices suppress a great many false signal~, 

_ r 5 the electrolyte, and the other conductor a' is which would otherwise ·interfere to a greater · 
ei~har connected to the vessel V, if it is of or less extent with the understanding of the . 
C/)nducting material, or to a separate elec- message, but I do not deem it necessary to 8o 
trode or terminal a2 immersed in the electro- show· or describe any of these well-kno\\-ll ad- · 
lytic fluid. : • juncts; as the wave-respon$ve dev-ice is oper-

20 In Fig. 11 the wave-responsive devire ative without them as well as with them. 
comprises the mass 1;V9 of the crystalline mo.- One of the advantages of the use of my im- · 
terial connected to one conductor a im- proved wave-responsive material, especially 85 
n1ersed in an electrohie, while the other in connection with an electrolyte in the nlan-
conductor a' extends into the electrolyte at ncr indicate<.i in Figs. 10 to 12 for instan~e, is 

25 a distance away from the mass. that it is not only very sensitive as a receiT"er, 
In Fig. 12 is shown a substantially similar but I have also found that it possesses the 

arrangement, except that there ·are two gren.t advantage that the carborlmdum \\ill go 
b_odies or i1_1asse~ of. crystal1in~ wave-respm\- no_t bu_rn out or be destroY.ed whe~ the re­
SlYe mn.tcrJal . W 10 mune.rsed m the electro- ceiver IS located m•ar a sending-station. Or, 

30 lyte. in other words, that the intense disturbances 
In Figs. 13 and 14 I have shown another 1 or waves produced at a sending-station lo­

embodi"ment of my invention, wherein K rep-~· cated in proximity to my improved receiT"er, 95 
resents a needle or conductor resting upon do not destroy or ittjute the same, as is the 
the edges of several pieces or blocks "'\Y1:: of case· with many other responsive de-rices of 

35 carborundum, w·hich are electrically connect- the elcct.rol~ytic type . 
. ed together. In some instances it is desir- If desired, ·the ·wave-responsive devices 

able to hold the needle or conductor in posi- shmv-n in Figs. 10, 11 and 12, may have a IOC 

·· tion as by a weight. Kz, or a permanent mag- coating of glaEs or other insulating material 
net K3

, and in these cases, the needle and of such form as to leave the desired area of 
40 carborundum arc respectively connected to the mass expose~. 

thP. terminals, as indicated. - What I claim is-
I have found that all of these various 1. In the· art of wireless telegraphy, as a 105 

forms or embodiments of my invention are> wave-reSJ>onsive device, a mass of noi?--me­
op(•rative as wave-responsive devices, ancl I tallic crystalline material. 

·45 have made other embodiments and n.rrange- 2. In the art of \\'irelcss telegraphy, a 
ments, not necessary to recite herein, .these 1 wave-responsive device consisting essenti:1lly 
being &uffi.cient to show the various manners of cnrbon and silicon. I to 
of using my· improved wave-responsive cle- 3. In the art of. wireless telegraphy, as a 
vice-or material. . wave-responsive device cn.rbon and silicon in 

so In Fig. 2, I have illustrated an arrange- chemical combination·. 
II?-ent which I hav~ found to be prnctically 4. In the art of; wireless telegraphy, n. 

-. operative, in which th:re is ~n aerial recP-ivcr .
1

. wave-rE>sp~msive device co~~i::;ting essentially I 15 
or wave-collector A, m wh1ch the antcnnru of crystnllme carbon and s1hcon. 
are connected hy the .conductors a a to t'he I 5. In the art of wireless telei-,'Taphy, as a 

SS ground conductor or n.ntcnna~ a', nn<l tl•crc is 1 wave-responsive device a concre+e mass of 
a_.signal-recci ver H in ti·.c circuit from a por- i crystalline silicide of ~arbon. 
tlon of the antennm h£'twcen them and the ·

1 

6. In ti1' art of wireless telegraphy, as a 120 
ground. The receiver is bridged by a shunt- wave-respon:;ive device a bodv of carborun-
circuit r. c': including a wave-responsive de- l dum. "' 

6'1 vice "\Y, fherc bcin:.r no battery or other inde- i 7. In the art of wireless telc~'Taphy, as a 
pendent source of electric. current. "'\Vith j wave-responsive dc·vice an electrolvte and a 
this arrangement of cireuits in connection ; lllU.~c; of non-metallic Cf\-..Stu.lline material. I 25 

. with my improvell ,,·a Y£'-respon:-:iYP device, I l 8. In the n.rt of \vireless tcl~:,.,rraJ}Jl.Y: ~_a __ _ 
wnv<'-responsive devicf> an electrolyte and · ·wave-responsive device a mass of carboru.n­
t•h·drodes of non-metu.Uic crystalline mate- dum. 
rial extending therei~. . In testimony whereof I affix my signature 

U. In the art uf \\Lreless telegraphy, a re- m presence of two witnesses. 
5 ePiYing apparatus (~omprising an u.•rial wire, . H.K~ RY II. C. DUN'\VOODY. 

11 :.rrounu comwction, a signal de,·ic·t• in the '\Vitncsses: 
grotm:l connection, and a shunt-cireuit hrid:.r- FR.\:-; K L. FREE?r£AS, 
ing the signaling device and including as a ~bLTO~ TrBBETIS. 

IO 
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JOSEI'll )JUllGA~. OF WlL~E£-llARH£, Pl::l,~SYLVAA\lA. 

WffiELESS TELEORA...PHY. 

Spodftce.tion of Lettera l'atent. l'&tentod April C, 1909. 

J.ppllcaUon Aled October 1, 190$. Seria.l No. 281,821. 

'l"o all u'1&om it n~ay CJ)nurn: --, swit~hing m<'ans I> f?r. c~nnccting e!th1~ ~t: Be it known that I, JosEPH Mt.;ll~A5, a 
1 

srndmg or tl.~c recetv\nt) apparal\ 
citiun uf the United Statt.•s,·re:-lllm~ nt • anlenntl! at \\lll. • 
\\"ili<ts _Barre Luzerne county, Stnte of J The scndin'1 apparatus compnst>.s a.s~lrcf li 

r, Pt•nn~ylvaLniu i,a,·e invt·nt•·cl <"Ntoin JH'W ancl l 1 f'?f a_ltrrnatmg current, o~e tenrun <? •U · 

ut.cfu111 11 pru,:c·na~~ts i~1 \\"it•·l .. ~s Tt.'lygraphy, : wl11ch ts conncctc? to n t~>rnuTil of:~~ r:~. 
of wltida the followlll~ •~ a sprt·tficothln. i 111~ry of the tr.an~for~ner. -· 1e ot 1 

Tlais i&n·<'ntion rclntt·s to uu•nn~ for t runs- i nunal_ of the p11mary ts connected to o~e .end 
mitt in" iratrlliJ,:rnct~ tlarout:h disturhuncNi in 1 of an Inductance 3 a~d also to one ter

1
mma{ of Ga 

1 o tlH' l'tl~cr auul di~prn!iin~ with win·~. ·. a not:mall} opt.•n ~w1tch _or key 4, t 18 ot 1er 
Tl~t• 01l to ~hu·h tla«' in~·rntion bt•lon~~i l!i 1tt·rmmA.I of !he sw1tch ht!lll~ ::onn~c;od to th~ 

t.:otum()uly dt.•stJ!nnl<•d ns \\ url('s:i tclr~rar hy ·1 other terrmnnl of the nltt>rnat:nn curren 
· ·]n Putcnts· Nos. ;s~,S:!S Rnd 75U,g:!6 sourer. Otl1rr kt>ys 5, 6 and 7 sumlar to th~ 
~rRntPd Co me :\lay JUth J 90t a lll<'thud and. ke\· 4, are also conneded to the la.st men-

1:; 11u•nns nrr srt fm th w},,.r~br m~·ss·n~rs may be I tit)nrd tt>rmi~1al of the .source 1 a_nd to taps ;o · 
transmitted ~·ith gn•A.ter ra\~idity than. pre- taken from lllfTc!·entl)otnts of the 1nductan~e 
,·iously oLtamol,lc. Acron an~ to the sys- 3 so that t,r closmr" t .1e proper key the so.un c . 
f('rtl therein desctih«'tl, tones of ditfertnt auay he conncch~l dtr~ctly to the termmals 

. pitch a 1 r rmployed in place of the dot, an_d of the trans.formrr pun~ary o~ ~ny one of 
:!U d aHh uf t lu~ wrll· know ~lorse system. flus several port aons of t h~ mductance may be 7 ~ 

is aec(11np1isht'cl by C'ausing di"IIcrcnt spark conntctcd in circuit therewith. A sparK gap 
gap f1 equrncirs at thE" sendin~ station .cor- 8 is connt>cted across the S~<'ontlo.ay of the 
rr!>pontling to the different tone-~, a.ntl these tran.sformer. _The fup o..s o. whole may con-
!requrndrs arr pro<lt:ced Lr. a p1!-ua1ity. of sist <?f a. pluraht)~ o breaks as shown or pl&fsY _ 

~!i "ltrrt.,{t'tr.rnl JU\1 ol1e ol w)uch may he 1n- constst m but a smgle break. The tcrm1na dU 
~~ •11111

'
1 

JJ.t WUt tn t ~~ &:JHrUU. •il • *#lftt1'41. ttf Iff t\Jf~ "8J1 ,•re. J)fCf~t•\.,.ly lnade adjuab.ble as·., 
d1rect turrcnt. ~liS mraru o{ product?g s~own. 1 he ternn~als of the gap arc respec­
npntl\s of the dcs1red. frequencies h~ das- hTely connected, tnrough the .c.qndenseu 9 
arh·nntn~rs; amongwluch maybcmentaoned and 10 with the contacts 11 and 12 of tht-

:so tiJOst• which are v.·tll knoWn to .he attendant swit<:h h. · 83 
upon t_he napture !lf an electric cir~uit, such The swit{:h D moy be of the well known 
ftS arcmg at the mt.errupter t~rnunals and three pole double throw ty~. The middl~ 
conRr!PH'nt dr.st ructwn of those termin'als, cont ads 13, 14 and 15 of the a witch are, in 
espectnlly where large amounts of energy arc the oruer nutued, .cunnected one to one encl 

:ts employed, as wen. as the disl\dvantages nt- of the inlluttance l(j ond to the enrth at. 17, vo 
lencl~nt upon ~uovu?g parts. . . I another to the 

1
sliuin(T contact 18 adapted to 

. It Js the ma1n O~)cct of the present 1nv~n- rontacl with the coifs of the inducll\DCe 16. 
t1on to produce t.hfferent "park frequencies ond the other to the other end of thd induct­
from a source of current· without tht> em- t\ll<'r 16 ftnd to the ttntemuc C. It will now 

4U ploymrnt of interruJ1lers. be seen that when the sv.;tch D is thrown us 
. Anc!llary and oth~r objects of thr inven- down,\·ruldy, the tr~nsf~ruwr secundttry and 

,tron wJil appear heremafter. splirk gnp connected an parnlld tire con-
In the a.ccompan~;ng drawing, which nee ted throu"h t·onilcnsers in shunt with aul 

ilhl!trates the inventron, the drawing is a indudance il~lerp{>scd Let ween tho antennae· 
~ & diagram showing the apparatus of one eta- and ground. The amount ol the intlucunt.e Jou. 

tion and the connections thereof. induded hetween the termiuRl~ of the 14ec-
'fhe transmission of a message pr~upposes I ondary rircuir muy he re~rulated by sliding 

tht> existence of two stations, one sending the contact 18 in on£' dire<:tion or the other 
and the other receh·ing, ln.rt as the apparatus I as mRy he requireJ to include-a ·greater or 

60 at the two stations is identical, an illustra- les.s number of tunL'i. To cffec;t a further 106 
tion of the apparatus at one is suflicient for and nicer ttdju.stmcnt of the inductance, 
the purposea of description. means mar be provided--lor--varying the 

Hefcrring to the drawing, a station com- dislllnr~ bel\\'een ita turns. This tllay be . 
p~s sending apparatus A, ~ccivin~ appara- l a~ompli.;heJ by mearu ·of at plunger 19 · 

II tns B, the uaua.l anten~~ or ae:iAllrire C a.na • bearing ''l~ain.qt the end of th~ in~uc_t&nce ~10 

~~1:\~~ • 
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. . . 1 b r ··tcrminals24and25oftheswitcbD,andwhen 

coil C.tH~ moved an ono due;~~~~~ or ,\ic olthe 'I that switch is thrown upwardly, these t.er-
by a sutlubly mounted s~rc"'. · 

1
c.n . · ls are connected respecllvely to the an­

screw is turned in one dtrcctwn the coal m~l I nuna d d :\. condenser 26 is in-
d h 'l 1 en the scr-ew a.s tenn1e an groun . • · . h 

bo compresse ' w 1 .e '"''.1 • . b rted in one of the connections. A SWltc 70 
r, turned in tho other duectJon the cOli " 111 e ~~ may bo provided for disc~nnecling the 

ler'l;tl•cnc~tl. . . . : · rfect contact when sendmg, as str~ng 
Th? appuratu~ !lf tile se;ou~ary cyctl

1! 1 diJharges through the contact have been 
dcscnbed, contatnmg t le sccon ary o l bserved when osdlla.ting waves were pro-
tronsfonner, the spt~rk gap, the con~iensers 0 • h k .A. switch 28 wben 7& 

lO encl tho inductance, corltStitutG adn oi~a~latory . llucri(~g·~~~ ~;.~r u~~r~t :l9 C{)nnecta h\ call-
dreuit woll known iu t 1~ art an w He 1 Jnay .>ea . - d ·h another ~on-
I.e adJ'u.st.cd in a well known 1nanner to pro- tng apparatus, a~1 \\ ~n.upon t · 
d · tl -• · d results tuct JO ronnerls au recetvlng appara us: ucc 1e ucsare · · · · l pn ·es ll 

\Vhen messaucs are to be sent by means· of The ru.ll re<·ea \1-~Ilg _upp~ra -~i chu tt ~y 3:2 Rn 
16 tones as sel fo~th in the patents l~fore rc- bell 31 co!llcct~t ~~ ~arcua ~'1 1 ai a c 

fcrrcd to the alternator is adjusted to n1n at lind a ~w1tc~1 33 .. I he mo\ H. hie memb~r .or 
ll tulitahtc fre uency which may he fixed. I the s~ 1tch Js ca~ted by. ll movable rotl 3~ 
Tho spark fr~quency dcpencls ul)()n the ·mounted to tu.n1 1n the fa~ld o.f tl_1c rut~gue~~ 
l<'ll"th of t.he gap being less when t 1e spark 35 and 36. When .the s":,l<'h :.!8 I~ J." I • 

86 20 rn ~is greater and vice versal and t~1e gap is con~act :29, the t·otl 34 It;' cotuwc c. ll("ross ~.t\usted so that when the. key 4 1s clooed !he lmpt'rlcct cont~< t :md UP,Oil r~re1p1 o! an 
(the alt~rnat.or connected dtrectly acr06S the unpulse at th~ stataon, the roy! 3~ IS energtze~ 
t rnnHformcr primary) a spark frequency cor- anrl. ruo~es ~ tl_1e m agnctu:. field tht-1:-~~ 
responding to the frequency of the alternator dosmg the carctut through the _batttl") 32 

2 6 n net a to no is produced. It will. he under:- and hell 31 whercu~n the l>ell n~. . DO 
stood that tho inductauce capacaty and re- The n1rssage re:~•vmg apparatus c.:orupnses 
sistnnce of the osc!llator will be adjusted ~n a a telephone ~ccea:,cr _37 a.nd n bt~ttery 38. 
wdl known manner to produce tho dCBare<l \Vhen t!Je swltch ... H ts upon the contact 30 
oscillatory effects. To secure another to~e, the tt'.ct.a~r and batte~y are connected across 

30 tho spark frequency may bo lowered by m- the termmals of 1!1e unperfect t:~nta~t and 16 · 
scrting inductance in the primary circuit. messliges arr reccavcd, as tlescnbeu Ill tny 
This may Le accomplished L1· dcprc.ssing the pntents referred to. . . . 
key 5 which is connected to a point in th~ Preferably a switch 39 lS pro\'Jclt'u Y:~ch 
inductance 3 such that suflicient indurtanr.e when .engaging coutllct 40 connects the an-

~r; will be inclu.d_ed in llae .. Primary c. ircui.t to pro- trnnll! to the ~nt!iul! ur receiving ~pparatus, J no 
<h! "~ t. M P fl.ri< I r"~l uenily <l!llrr«'MI"!Iutllll( tu a •n•l wl••n eng a gt ntt ~""'••• In dltiCOnneets 
lower tone. Th1.s tonu may d1ffer by atn the anlt:nnfl! from th~ ~tppuratua IUld <'on-

= oc~uve or C?ctavcs fro~ the first anJ the . uects it. clircl·tly with the ground ·as at 42. 
poml at wluch the key as to he connected to I By this lllettns the antenn~e may be diBi!on-

~o uu·ludc the proper aniount o( hiductance UC'Ct.cd from the sttttinn apparatus and t~on- lO!) 
rnay Le ascertained by gradually inserting ncrtcd "ith the groun,f in time of storm or 
inductance untiJ the tone is froduced. The ~tt other tunes. .A rope 46 may be connected 
b:yH 4 and 5 and conucctet apparatus are u·ith tb~ switch 3U or other suitablE\ meana; 
tmtlicient for the purposc.s of seJ1ding a rne.q- ruay he f,rovided whcrch~ the switch mtLy ~ 

~5 sugc, since two tones \\rill fulfil that purpoS(>, opcratetJ "ithout r('ndenng it neressary for 110 
but if other tones aue desired additiona.l keys the operator to 

1
plare himself in da~erous 

as 6 and 7 can be connected {.{) other points proximity tht-retp. 
of tho inductance 3 ~rre.sponding tcspec- It is to he understooJ tl1at varioll!l con­
t h·cly to other tones .. ·The points at which structions and ~trrani?emcntof apparatus rna,· 

60 the nclditioual keys are to he conn~ted may embody the inventwn, a.nd it should no£, 116. 
be as~rtained as before described a1ld the therefore, be Jimitad to tht' structure and ar­
f;everaJ tones will differ from each other Ly rAngcment shown. 
un octave or octaves. It wiJl now he obvious 'Vhat I claim is,~ 
~hat a message is sent by depressing the keys I. In.a wirel~ t<;legf!lph syst.em, an appa-

&6 1n the proper order to pr<><Juee tones ·as rat us for tra.nsnut hnC1'"lJlessages ma.de up of 120 
required by the code employed. signal elements e&('h 1ttrerin~ from the others 

The recch;ng apparatus comprises &n im- in spark frequency, comprismg a spark pro­
perfect contact dnven by the motor 21, a.s in ducmg circu11, n sin~;le source of alternating· 
my pfltents rtferred to, and the contact itself turrent adapted to 1m press energy thereon 

eo may be as therein described, but is here aud produ~ a spark frequency correspond- 126 
shown as & number of carbon bars 22 bearing ing to a signal elemenl, and pteana for chang-
at one end upon a polished steel 6haft 23, int; said sptirk frequency to produr.e a diller-
driven by tho motor, and at tho other end· ent si~nal clcmcnt. • / . · _ 
UJ>On a platinum support 43. 'llte tem1inals · 2. In a wireless telegraph syatem, an appa-

85 o the contact are connected to the upper ratus for ~ansmitting messages made up. of 130 

•·~~~~~e!!~~~~~-~s:~!!~~~~N~~~· 
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signe.l ~lement..s each difTeri!lJ? £rom ~he others 'Js~id circu_i.t throuch any one of s~id eonnec­
in a·,nrk (r~C)tlei\Cf, compnsmg & spnrk pro- llO!lS at '\\ 111.. 
duelng circu1t, ftn Inductance', a singl~ source 1 1. In a WlrE'less ~el~grapb system, an t.p­
o( ·alternating current. adapted to unpres:J ! par9:tug for transnuttmg n~~~ges n1ade up 

6 energy upon saic.l circuit and produce 8 spark ; of stg!IAI t>lemcnts eo.di dtfier~g from the 65 
frc llNWV corresponding to a signal elcmtnt · othr.r 11~ !-\P•'!k f~·<'quency, compnstng a spark 
wit1. nnirf inductnncc in circuit therewith, ancl . producmg ctrcult, n t ransfon:nE'r, .the secon~­
mcans for changing said in<.luetanre to pro- 1 ar:- o~ 5A~tl trun~former hE'mg ~ncluded m 
duec a different spark frequency t·orrcspond- ·. sutd ctrcuJt, P. source of_ alternntmg ~urrentl 

10 in" ton si"'nal element.! • and means for connectmg the ternunals o eo 
3. In a et wirt'less ~el~graph syst('m, an np- ; snid ·sour~~ to thP prirn~ry .of said ~r&I)s­

pnrntus for transmJttmg mcs.sngcs 1\hHle up · formPr, f\1\J<l means compr~ a plurahty of 
of :-.ignnl rl<'ments eRch differing from thP 1 conn~ct ions huxing differ<'nt inductances IJ:!d 
others in spark frequency, comprisin~ 11 j means fur connecting said sou~ with sa1d 

1 ~ spRrk producing circuit, an inducto.n<.·e, n •

1 

primary through any one of said connections 6& 
smglt> source of alternating current Adopted n t will. 
to impres.i en<'rg.r upon ~oid circuit nnd s·. In a wirelCS3 telegraph system, an ap­
proclu~c " spo.rk fm(luency corresponding to ptHatus for transmitting nte~gps made up 
t\ signnl element wit 1 snid inductance in cir- of signal elements eo.cli differing from the 

:w cuit therewith, and lnt'llllli for cuttit.tg saicl 1 other in spark frrquency, comprismg a spark ·70 
in<luct11nc~ out of circuit. • producing circuit, a source of alter:nat~g 

·t. In ""Wire It·~ t.clt>gro ph "'·stem, the com- current, an inductance comprising a coil, 
bination with an apparn.tus lor transmitting taps ~rot;n sa1id. coil, and m.eans ~or o_pe~til"e!r . 
n~<'Sst!~('S mofl~ up of stgnnl elements each o.s.so<:latmg f;atd source wlt h ~a1d CU'CUlt, sa1d -

2.~ dtfTt~nry::; from the oth('I'S ·~ sp~rk f_requ~ncy, me~s corupri~ing ll}£>ans for conn~ting any 75 
rumpnsmg a spar~ producmg ctrcull, a su~gle of saad tap:; WJth satd source at w111.· 
~HUt'(' of altcrnnung current adopted to un- 9. In a wireless telegraph system an ap­
rr('='" £'n('rgy thereon. 1\nd pro_ducp !l spauk paratus for transmitting messages ~de up 
• c•qu('ncy C'orre:;pon~mg l? a stgnal el£>nu;nt, of signal elements each differing frpm the. 

:w nud uu•nns fol" ~1aangmg.sntd spnrk freque1cy other in spark frequency, coruprismg a spark so 
to prndure ~ d1ff('rcut stcnnl £>l('ment. . producing drcuit, a transformer the see-

5. In n Wlrrl('ss ~cl~graph sy~tem, an ap- ondarr of sa~d transformer being ~eluded in 
I"""' 11

• fn~ tr~nsmttttng mes.<•gcs '?ade up said ctrcuit, tl source of alternating current ~~ n( tones dtffermg. ~rom P.ach other m spark having one terminal connected with a ter­
frt>.quenct. comprtsmg a Fpark producing cir- minal of the piimary of uid tra...ro.-r II 
~\,~tn'tJ:l'lJl1,,.,VrJWf frtu'tJt,.nt«f~""' «utr~Htt ·m••n• ~~' eor.nudng the other terminal ol 
t~ne chnroct('ristic and 'k:~nc! fo rrtlon w.tt \ sa!d source with the other urminal of said 

• J f - ' ~ r c tangtng pnmarv at l1:ill · d · · 
HAll requrnc,· to procluce a diiT t t "I - '·an m uctance. eompllSlng 

~n rharActcristic~ • E'rrn one a cotd o~e tf!rmmol o~ said coil. bein~ con-
0. J n a lvirdess t('lt a h 8 stem 

1 

necte Wtth. one. term mal of sa1d p~, to 
I'"' n t '" r ur t rn nsmitti~ !ess{ es .; 

8J' a P- ~ ps f tom sat~ cqil, and means for connectilig 
o{ ~·ig!lfll tl('mPnt~ each differi~ fr~l\m 1 th~ any on~ of ~aJCi taps v.-ith 8 unninal of said 
otltrr Ill sp:nk fre(IUC'nc-y, compri.91n n s Jork f soiree at. wtll. 

.a proclllcin~ circuit, a single sourct of~lte~at- I . n tcstunony whcr~of I nffi.x my signaturE" 
'."g. ct_lrrent,. nod menn~ for ~pcroti~cly as- ' m PfCSNlce of two Witnesses. 
St)('Jntang saa~ ~ouref' wath .said circuit, said I JOSEPH AfURGAS. 
I'H'n_ns co_rnpnstng n plurality of connections \Vitne.ssc.s: 1 

"nnr, <~afferent u~du.cta.nccs and means for 1 '\V I R 
~ 0 PfT~tang tht &.SSoctataon of_ Raid sourct with 1 r. .. • E~. F AEDER, 

n... . ERRT. 
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_ .. ~"oil whom it tnay concern: small as compared with that of the antennre. 
·;:~}'",·:J;le it ~own that ~, GEORG GKA:F voN It .is preferable not to use the mast as a 
:·.,:~~co, engmeer, a subJect of the Kmg of conducting part, but to electrically connect 
/~-PrUssia, residing at Berlin,. Germany, have the nntennre with the wireless telegraph ap-
ljpvented certain new and useful Improve- paratus by means of wires, ·for instance, 60 

rments in and Connected with Aerial Con- copper cables, running up the sides of the 
·· ductor Arrangements for "\Vireless Teleg- mast. It is, however, not necessary to in­

.. J'&phy, of which the following is a full, clear, sula te these wires from the mast. 
·' ana exact description, reference being had Of course any constructions formed of 

10. the accompanying drawing, fornnng a iron or like material which are riveted or 6:S 
"' · of this specification. bolted together may be employed as masts, 

· reasons of strength, facility of dis- towers or the like. Mannesmann tubes, 
· and economy, iron constructions framework or lattice girders may prefer-

r:.m<!l"e21tslll. t2'1J utilized in I>lace of the ably be employed for this object. 
or tl)e like formerly · I:{l. the accompanying drawmgs one form 70 

for wireless telegraphy despatcli- of construction of the mvention is diagram­
receiving stations, ooth for fixed matically shown in Figures 1 and 2 as an 

as for transportable purposes. Such example. · · 
made of metal, however, absorb a a indicates the iron mast, which is con-

part of the transmitting and rece.iv- structed on an instllated base b. The aerial 75 
It is therefore necessary to conductor system consists of numerous wires 

towers in several/arts and to running in all directions from the upper 
them at the places o division, in point of the towerbthesa wires being stretched 

that the vibration period of the sep- wnbrella fashion etween the tower and sev­
.o.ZA·l'••c.~.~A parts may be different from the vi- eral fixed points outside the same. In the 80 

period of the aerial conductor net- present case the apparatus is formed of sev-
. Such subdivisions militate against eral sepa.rate parts or sections c which are· 

strength of the tower, and also by them each connected by a wired to the top of the 
t'esult sought after is only incompletely tower or mast. The sections are stretched 

~~~med, as ~he subdivisiop c~n. in PElctice wnbrella like toward the ground bv means 85 
. be earned to & certain limit. Finally of guv wires ,, of which, in this case, three 

·:.. . .·subdivisions are also very &pensive. are pro·dded for each section c and which 
· · CF~L·I.t is ~!ready known. to ,.emp~oy electrically nre Insulated therefrom bv means of inter­

.. ~ ~nc;lucting mastsz which are Insulated from posed insulators g. Guy wires fin turn are 
. 16 the·~earth, as aenal conductors, and to use fastened to ground posts circularly arranged 90 
· <:·t~~ masts also as supports of a small ca- around support 9r. mast· a, as shown in the · 

~ .. paetty area. In such cases however, the drawings. The "wire sections are arranged 
-~~ forms the principal member of t~e in such a manner that they are movable up 
·.;~al conductor system and far exceeds In and down independently from each other, 

40 _lta..ea.pacity that of the above mentioned ca- so as to facilitate the repairing of defects 95 
-paeity area. . or the like. 

· '·. · The present inventi<;>n relat-es to long dis- h indicates conducting wires which arr 
.. tance stations· with antennm having a very carried up along the mast on seYeral siJes. 

large capacity. This latter .is attained by Xo insulation of these wires from the mast 
~5 · employing an aerial conductor system which is necessary. The transm~tting and r~cei,·- 100 
. consists of an umbrella-like arranged series . ing apparatu~ l for the wireless telegraphy! 

of wires which are fastened on the one hand which are placed in a separate building. 
to the upper end of a central support on the mav be connected with the wire:-> !t. In the 

. other hand to several fixed points on or drauwing the conducting wires or ropes h nrr 
,~0 near the ground lying outside the mast or :1t the snine time used for mO\·ing tlw ~PY- 105 
, · support. Such umbrella- shaped antennre eral sections np and down. F'or this pur-

. have a large capacity, and it has been found pose rollers m- and wind in as n are lllOunted 
th.at con<luctively connecting such antennm on the tower m· mast a, nnJ the transmitting 

15 
'!Ith an iron mast does not cause interrup- and receiving al>paratus ~tre dPtaehably eon-

...... ~ ............. ~....;;-'~-· -t1o_n_~ ~ the ~acit~f ilie ~tW ~ery 
1

~ected ~the ~~s h. ~ ~ tli 
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Having explained my invention, what I 
cl11.im and desire to secure by Letters Pat-
ent is: . 

1. An aerial conductor system for wireless 
5 telegraphy, consisting of a centl'al electric­

ally conducting support insulated from the 
.~ound and an umbrella Sha~ed group of 
wires running obliquely toward the ground, 
said wires bemg at one end electrically con-

10 nected with sud support and at the other 
end fixed to several distant points on the 
ground and insulated therefrom, substan­
tially as described. 

2. An aerial conductor system for wireless 
15 telegraphy comprising a central support and 

an umbrella shaped group of wires consist­
ing of a _plurality of sections, each section 
individually held by said support at one end 
and means for stretching each· section· ob-

20 liquely in umbrella sha:pe toward the ground 
at the other end. 

3. An aerial conductor system for wireless 
telegraphy comprising a central support and 
an umorella shaped group of wires consist-

25 ing of a plurality of sections, each section 
individually held by said support at ono end 
and guy wires fastened to each section at 
the other en~t but insulated therefrom and 
fastened to the ground circularly around 

30 said support for stretching said sections in 
umbrella shape toward the ground. 

4. An aerial conductor system for wireless 
telegraphy comprising a central support and 
an umlirella shaped group of wires consist-

ing of a _plurality of sections, each 
individually held at one end by said 
&nd detachable therefrom, and means 
stretching said sections obliquely in 
brella shape toward the ground. 

5. An aerial conductor system for · 
telegraphy comprising a central support 
an umorella shayed roup of wires 
ing of a plurality. o sections, each 
individually held at one end by said SUPJ>Or 
and deta.chable therefrom and guy 
fastened to each section, but insulated 
from and fastened to the ground · 
around said support for stretching said 
tions in umbrella shape toward the 

6. An aerial conductor system for 
telegraphy comprising a central eiectr:tcaJll'J 
conducting support, insulated from 
gx:ound and an umbrella shaped 
wires consisting of a plurality 
each section individually held at one 
said support, and detachable th ......... ..,.,., .... 
guy wires fastened to each section 
sulated therefrom and fastened to 
ground circularly around said su..,..,,., .......... 
stretching said sections in 
toward the ground. 

In witness whereof, I hereunto su 
my name this 20th day of October A. 
1906. 

Witn~: 
lliNRY l!AsPER, 
WoLDEHAR HA uP'r. 
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To aU whom it may conarn: · terleaved plate or .concentric. cylinder types 

Be it known that I, FRANCIS A; lliRT, a· and 4 and 9 are· coils of condt:ctin~ wire. 
citizen of the United States, residing at 942 The effective inductance of these COils mav 
St. }!arks avenu~, New York city, borough be varied by the menns of tl_1e s~iding con- so 

6 of Brooldyn, comity ·of 1\.:ings, and State of tarts 17 and '24 or otherwise. Since· the fre-
. New'York, have invented a- new and useful quency of maximum response oi a circuit is 

Improvep1ent in Apparatus for Receiving determined by the product of the inductance 
Electromagnetic 'Vaves. and capacity in that circuit, any of the pre­

~Iy invention relates to those forms of viously mentioned circuits may be adjusted 65 
.10 syntonic receptors of Hertzian waves in to respond to any given wave frequency 

which variable inductances and variable ca- within limits. In shunt across a part of the 
parities are used to determine the frequency coil 9 is the coil a. The portion of 0 across 
of natural response of the tuned or syntopic which 8 is copnected is determined by m.enns 
circuit, and it may equally well be applied to _of the sliding contacts 22 and 23: and the in- 70 

15 those forms ·of receptors in which provision ductance of 8 itself is varied by means of the 
is made for receivin~ by means of the group sliding contact 21 or otherwise. One of the 
frequency of the radiated waves. I further terminals of coil 8 (as 23) is connected di­
aim. to secure freedom from what is known rectly to the C;!rth. Coils 4 and 8 form the 
in the practice of the art of wireless t~leg- primary coils of an oscillation transformer 7 5 

. 20 raphy as "interference", that is, my inven- of which coil G is the sole -secondnry, that is, 
tion is so arranged as· to respond very coil 6 is coupled inducth·ely to both coils 4 
strongly to waves of a certain frequency and 

1 
and 8 simultaneously. The i11-cluctnnce of 

to the minimu!ll possible ext~nt to w!lxes of coil 6 inay be varied ~y ~eans of the-sliding 
other· frequencies thus rendering possible the contact 10 or _·Jtherwise. ConnectP.d to the 80 

25 reception of messages from a distant stu-· terminals of coil G are the terminals of the 
tion· concomitant with the sending of mes- variable capacity 13 and also the terminals 
sages at a slightly different ,,·ave length of the detector 14 in series. of which is the 
from the uboYe mentioned at a near station. telephone 28. The closeness of the indue­
The means I use to attain these ends are two- tive coupling between coil G and coils 4 and 85 

30 fold: (1) · through the use of a particular 8 ~an be varied at will within limits. The 
arrangement of "balanced_" and selecth·e circu~t 6 19 13 14 28 is the actual receiving ' 

. circuits, and (2) thi·ough the use of non- circuit and the arrangement of detector and 
· inductive resistances for eliminating unde-· telephone in it may be made il) any of the 

. sired· wave lengths. ·These means will be well known ways in present use. Thus the 90 
35 successively discussed. receiving telephone may be connected di-

First: The 'USe of a partirntlar m·range- rectly across the termjnals of the detector 1-!~ 
ment of •~ balanced" and selecth·e circuits.- or it m:-~y be connected in series ·with the 
In Figure 1 hereto sHbjoined let 1 represent I same, or across the terminals of an anxili:n·y 
the lower end of the svstem of conductors capacity which shall its~lf be in series with 95 

40 m:ed in ·the reception"' of electromagnetic 14 across the terminals of 13, or other\vise. 
waves and known brieflv as the antenna or The distribution of current and pot~ntial 
·aerial. The figures rep~esent the following in a network of conductors like the uboYe js 
1 antenna, 2. 3. 12. 13 and 1G variable con· quite complicated b~1t -t!1e effects produced 
densers. 4 a'nd 8 are primaries of an oscil- are as follows: The. circuit 3. 4 9 2 may ~ 100 

45 lation trimsformer. 5 and 7 are ~econdaries tuned to respond to the desired wave frc­
of said transformer actina as the non-indue- quency which will be denoted by ..:\, and at 
tive resistances. 11 and --1:> are resistances. the same time it is possible to hme the ci1·-
9 a tnning coil nnd 14 a suitable detector, cuits 3 4 6 13 to the frequency ..:\. It can 
28 telephone, 17; 18, 10, 20, 21, 22, 23 and be so arranged thnt _the waves of the ~md~- 105 

so 24 variable contacts. Fig. 2, 27 · a tuning sired frequency B '!lll not .act on the circuit 
coil. Fig. 3, 25 a_nd 26 are condensers .. _ ~e 6 13 14. because their am ph tude ~or current 
condnc;tor'from the lower end of 1 divides value) In the branches 4 and 8 Will be equ~l 
into two parts~ 3: · 4, 17 and 24: second path_· l;m.t since. these. branches are opposed~ their 
2 22 9 23 24. · JOint action .will be null for waves of the 110 

55. 2 and 3 are v:a~inhle capacities of any t~pe· frequency. ~· The .coil 8 gr~atly !ncreases 

which shall pr~con~=nt s: as t~n- t: selec:ty n: IS tl~claimed Improve-, tJi 
~------------------



iWith: 
by . 22 and .23 "up·;·or' ;arid an o~Cillalion trltnS:fo·J~ril,~r 
·This a a very. valuable--means of con- twoopposing primaries shall he 

, trol ~f. t?e ;cun:ent in 8 and hence of its. 'the inductan~e .in that path to ·. 
neutralizing act10n of the effects produced I which there are no parallel inducta · 

· by the frequency B (passing through 4) the inductance which is placed in para 
1·0 on 6. - · · with a portion of the main induCtance 

Secorully: The use of non-inductive re- the other alternative path to earth. · 
sistances for eliminating undesired wave 3. In a device for the reception of ....... ,~,."J.~~-
length.s or frequencies.___;_It is well known ·magnetic waves, an antenna, two al 
that no oscillatory current can pass in a tive path~ to the earth from the 

15 circuit for which R, the resistance is greater one of said paths consisting of an ind 
thnn two times the· square root of the quo- tance and a capacity and the other of a 
tient of L, the inductance of the circuit, di- pacity and two inductances so 
vided by C, the capacity of the circuit. If that one of the hro shall be placed in para 
s~1ch .a ~tate _of affairs exis~ i~ a cir~uit _that lel with a portion. var~able at .will of the 

20 Circmt IS said to be apenodic. Circuits 5 other and an osCillatiOn transformer ··of 
11 12 13 and 7 20 ·16 15 are circuits which, which the two opposing primaries shall be 
through the introductions of resistances 11 respectively the Inductance in that path to 
and' 1;), or otherwise are nearly. but not earth in which there are no parallel indue~ 
quite aperiodic. Such circuits are highly tances and the inductance which is placed in 

25 damped and ·therefore will absorb a consid- parallel with a portion of the main indue~ 
erable amoi.int of energy at the frequency tance in the other alternative path to earth. 
to which they are tuned by converting the a secondary of the oscillation transformer 
absorbed. en~rgy in!o J:eat in the resistance c~mprising an inductance which to 
of the c1rcmt. Coils n and 7 are coupled w1th a variable condenser, detector tele-

30 inductiyely or otherwise to coils 4 and 8 PflOD~ shall constitute tl~e actual. receiving 
respectively and are ·therefore capable of cu·ctnt by means of wh1ch the signals re­
absorbing energy at undesired frequencies ceived shall. become directly perceptible. 
and increa::)ing the selective action of the 4. In a device for the reception of electro-· 
whole arrangement. . magnetic waves, ~n antenna, two alterna- • 

35 It is by no means necessary to couple the tive paths to the earth from the antenna, 
circuits in the balancing circuit inductively one of said paths consisting of an indue­
as shown in Fig. 1. Il'ig. 3 shows .how the tance and a capacity and the other of a ca:-· 
couplings may be made electrostatically pacity and two inductances so ar~nged that 
through the condensers 25 and 26 whose one of the two shall be placed In parallel 

40 special method of design is clearly evident with a portion variable at will of the other· 
from the hgure. It is also sometimes de- and an oscillation transformer of which the 
sirab!e to render th~ bah~ncing circuits sym- two <?pposing pri~nai·ies shall be respective!y 
Inetncal, as shown In Fig. 2, where by the. the Inductance In that path to earth m 
additi?n of coil 27 symll_lPtry .beb_vee? the whic_h there are no .pur~llel induc.tances and 

45 two sides of the balancing circuit IS at- the Inductance winch IS placed ·In parallel 
tained. In general, this complication will with a portion of the main inductance 4t 
not be found nece~sary. · · the other alternat~ve path to earth, a sec­

I am aware that the balance method cf ondarv of the oscillation transformer com-· 
securing freedom from interference in the prising an inuu<:tance, which together with 

50 reception of electromagnetic waves have a variable condenser, detector and telephone 
been used previously, and I do not therefore shall constitute the actual receiving circuit 
claim this method broadly but · · · by means of which thf' signals received shall 

I claim: become directly :perceptible, and any of said 
1. In a device fur the reception of electro- circuits having In them such a practically 

55 magnetic waves, an antenna, two alterna- non-inductive and capacity· free resistance 
ti ve paths to the earth from the antenna, ns shall make the said circuits nearly 
one of said paths consist~g of an indue- riodic at any desired wave frequencv. 
tance and a capacity and the other of a en.- 5. In a device for the reception of el 
pacitv and two inductances so arranged that magnetic waves, an antenna, two altern 

60 one of the .two shall be placed in parallel tive paths to the earth fram the" antenn 
with a portion variable at will of the other. one of said paths· consisting of an ind 

2. In a device for the reception of electro- tance and a capacity and the other of a ca-: 
magnetic waves, an ante·nna, two altern~- pacity and two inductances so arranged that 
tive paths to the earth :from the antenna, one of the two shall be placed in 
one ot said paths consisting of a·n indue- with a portion variable at ~ill of t?.e ..... -··--....~B:311 
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: . ana an oscillation transformer ~f which the I become directly :perceptible, and any of said 
two opposing primaries shall be respectively circuits having In them such a practically 
the. inductance in· tpat path· to earth in 1 non-inductiye and ¢apacity free resistance 15 

. . .which thei·e are no parallel inductances and as shall make ·u1esaid circuits nearly ape-

. ·s 'the in.ductance ·whi.ch is placed in parallel riodic at any desired wave frequency, and 
with a po~ion of, the main ·inductance in coupl~d electrically to accomplish the same 
the other altemat~ ve path to earth, a sec- funch_on. 
ondary of the. oscillatiOn transformer com-· 
prisiiig an inductance which togeth_er with 

. 1 i) a variable condenser, detector and telei?honc 
shall constitute .the actual receiving c1rcuit 
by means ~f ,~·hich the signals received shall 

FRANCIS A. HART. 
'V'itnesses: 

E ~ DEli AREST' 
rL-\RRY A. -LEviNE. 
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To all "!'hom it may concern: · I to high frequency currents only~ bnt which 55 
·. Be tt known that I, ALExANDER M ~rss- not necessarily also constitute resistances for 
NER, a subject of the German Emperor, and low frequencv cuiTents. For instance a 
resid~ng at Berlin;' Germany, have invent~d C?il '\:hirh may !Inn:. n practically ne~1i-

5 certain new. and _useful. Improve:r:nents. In g1ble mductance ~n low frequency circliits 
~ea~s for Producm~ S~1g~tly-Damp~d Os- may off~r a c?nsidetable resistance to the 60 
cillations by Shock Excitation, ~f -which the current m a h1gh frequencv circuit. Thec;;e 
folO'wing i~ a specification. means may for instance aiso be olunic -r~-

My invention relates to means for pro- sistances or condensers or the like and their 
10 due~ slightly dampened osci~lations 'With function will be explained in det~il herein-

the atd of a p~ary oscillatio1;1. circuit, to after. . 65 
whic~ current impulses are imparted and All quench spark-gaps known heretofore 
means act~ upon some of t.he spark gaps whether constructed as short "\Vien spark~ 
of this circuit in such manner that the gaps gaps, as mercury-vapor lamps, as quench 

15 do: not limit the charging'tens~n. · · tubes or <?therwise, have. a hyofold. duty to 
In arrangements for producing quenched perform In the connection 1n whiCh they 70 

sparks, such as fu Wien's system, arrange- were used heretofore. First, before the 
ments emploP.ng mercury vapor lamps or spark occurs they serve for limiting the 
the like, whtch consist, as is well known, charging of the condenser. second after the 

20 of two circuits coupled with each other in spark is :formed they aid 'the qtwnchinO' of 
suitable manner and tuned to -each other, it~ because the resistance of the discharginO' 75 
there are limits both =for the maximum gap is rapidly increased by the continuou~ 
admissible energy per spark and for the delivery of energy to the secondary circuit. 
degree of .coupling between the quench gap According to my invention these two duties 

25 circuit and the secondarv circuits which are separated. One spark-gap serYes, as 
sh011ld not ~ ·exceeded, lor otherwise the , usual, for limiting the voltage for stnrtinO' so 
quench effect if present at all is obtained the sparks, but together with the additional 
only imperfectly. . . spark-gap it serves :for causing them to be 

The :principal object of my invention is rapidly quenched. . 
30 to provide & connection for f!lcilitating the S~me illustrative embo_diments of my in-

.quench effect of spark-gaps, m order to be yent10n ~re represe_nt~d In the accompany- 85 
able either to employ closer degrees of Ing dra wmg, wherem: 
coupling when the usual quench gaps are Figure 1 shows the use in connection with 
used and to increase the energy per spark, an ordinary oscillatory circuit of a supple-

35 or to employ spark-ga.~s whichw do not. oth- mentary spark ga~ bridged by an induc­
erwise quen<?h, ~ ob~m the quench e:ffe~t.. tance. Fig. 2 shows a pl~rality of sn;-h 90 
The new connectiOn stmulta~eously admits supplementary spark-gaps 1n such a cn·-
of the succession of sparks being Increased cuit. Fig. 3 shows an arrangement similar 
beyond the limits customary heretofore, be- to that in Fig. 1, wherein the choking coil 

40 cause owing to the sparks being more rap- 7 forms the secondary of a spark coil. Fig. 
idly quenched the n:sistance in the spark 4 .shows an ar~·angement simila~ to that in 95 
gaps rises more rapidly and consequently F1g. 1, wherem the feeder 2 Is arranged 
the time durin(J' which the spark-coil or between spark-gaps 3 and 4. 
transformer is ~hort-circuited is shortened. Referring firstly to Fig. 1, 1 and 2 desig-

45 This end is substantially attained by· in- nate the charging feeders, 3 denotes the· 
terpolating in the primary oscillation cir- main spark-gap, 6 the primary coil qf a 100 
cuit which I shall call hereafter the quench transformer, 5 the condenser of the quench 
gap circuit an additional spar~-gap having I circuit, 4 an ~dditiona.f SJ?ark-gap, 7 a h~gh 
a biO'h-frequencv -current resistance con- frequency resistance, for Instance a choking 

60 nectea therewith in parallel, if necessary, coil connected in parallel with the latter, 
but in any event so, t:hat it d0€s not limit 8 the secondary transformer coil, coupled 105 
tlie· charging voltage. By high frequency with coil 6, and 9 the capacitv of the tuned 
current resistance the art understands now- secondary circuit which IS generally_ formed 

~' a~ys m~s w~cn 0

: & hi: resi:nce ~ an a~ial fo:e p~ of radioteleg~~ 
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raphy. During the charging operation, the 
addi~onal spark-gap 4 is practically short­
circuited by the choking coil 7, so that the 
charging tension is limited solely by the 

5 spark gaP: .3. "\Vhen the. tension at which 
the gap 3 IS broken do~n IS reached and the 
spark occurs, this gap becomes conductive 
and the -potential of conductor 1 is now di­
rectly at one. of the electrodes of gap· 4 

10 and t.hns also at the corr~sponding end of 
t.he high frequency resistance 7. · The other 
electrode o.f gap 4 and the corresponding 
end of resistance 7 were connected before 
w.ith the other ~ide of the condenser,. and 

15 therefore the potential of that condenser 
side. exists alreadv at that side of gap 4 
and of the resistance. From this it will be 
seen that at -the moment gap 3 is broken 
down the total tension is transferred to· gap 

20 4, and the high frequency resistance 7. The­
latter ha~ the effect that the potential dif­
·ference can not be equalized immediately 
and since this difference is greater than the 
te~ion at which gap 4 comme_nces to break 

25 down, the gap w1ll be broken down imme­
diately. The difference in time between the 
brealnng. down of gaps 3 and 4 would be 

. difficult to measure on account of the rapid 
succession in which these two gaps break 

so down. From the foregoing, it will be· noted 
that. this. function of the high freque11cy 

·resistance as characterized before may be 
performed by any kind ·of resistance, which 
IS large enough to: prevent the immediate 

Js. equalizing of ·the potential difference be­
tween the· two electrodes of gap 4, and aside 
from inductances and capacities, also ohmic 
resistances have been successfully used for 
this purpose ... vVhen thus . as explained 

40 above ~ap 4 hls been broken down choking­
coil 7 is practically cut out of circuit, ana 
the quench ~np circuit consists of the trans­
former coil 6. cripncity .5 and the two spark­
gaps 3 and 4. The choking coil 7 or its 

45 eqn~Y~ lentsl as defbed aboYe. mnst be pro­
portioned in the arrangement according to. 
Fig. 1 only for a quite small strengt"li of 
current, because it i" not tra\"ersed by large 
cnrrents eitJ1er during charge or discharge~ 

so I!i~h frequency resistn nee 7 may be formed 
as ~the secondary coil of a spark-coil. as 
shown ·in Fi~. 3. wherein 7 is the secondary 
nnd 10 the primar~· coil of an indnctorinm. 
In this eYent the dischnrge cnn be brought 

55 about bY the lntter. Under certain circum­
stances 'the spark-gaps 3 and 4 J?:lY be ordi­
nary spark-gaps. But the efficiency of the 
entire arrnngement is considerably in­
creased when either the one or the other or 

60 both are formed ns quench spark-gaps. 
The feeder 2 can be connected equa 1Iy 

weH between the spark-gaps 3 and 4 ""ith­
out ehnn!!~n!! the effect of the arrnn!!"rment. 
Tn this en\nt thP d1okin!! ('nil j may be 
dorie nway with if th<> ndclitionnl ~park-

gap 4 be sufficiently small as compared with 
the . sp~rk-gap 3. This arrangement is 
show~ in Fig. 4, wher~in the reference · 
numerals are the snme. a.s ~ Fig. ·1. .. · 

The quench effect 1s particularly · in. 
creased when, instead of one additional or" 
auxiliary spark-gap and a high frequen~ 
resistance connected in parallel therewi~. 
several such combinations are connected in . 
series. . Fig. 2 shows such an arrangement· ·. 
as an exam pie. In this figure, 1 and 2 des- . ~ 
ignate· the charging feeders, 3 is th~ !fl&in ~·d 
spark-gnp, 4•, 4b, · 4c. are the add1honal· :.~i\ 
spark-gaps7 5 de_signates the. capacity, and 6 · ;~~ 
denotes the transformer coil of the extin- -~ ·:-~ 
gu_ishing circuit; 7•, 7b, rc are choking·'~ 
coils, or o!le choking coil having branches,· -'-:~~ 
arranged 1n parallel with . the additional..~~-< 
spark-gaps. The tuned secondary circuit is.·,· 
formed. by the .transformer coil 8 and the: u·. 
capacity 9. It will be noted that in this:; · ·· 
case,. whe.re each of the: se:yeral spark gap8 ;_: 
has 1ts h1gh frequency resi~tance, ~h~ gaps···., 
are broken down consecubYelv smce one •. 

·after the oth~r receives the :ent1re potent-ial -~ 
of the condenser. · . · · · ·· .• -~-' 

In the nrrangement. according to Fi~. 1 --~­
t.he disruptive volt~ge of ~h~ ndditionnl. ; . 
spark-gnp 4 may be greater, than .that of the -~ 
main spark-gap 3, when the chokin~ coil 7 " 
is ~uitably ~ilnensio~ed. In th~ n~r~~n~e- ;~{.k~ 
~ent. accord In~ to F1g. 2~ ench Jndrrl(lnal ;:1(1,1 
spnrk-~ap 4•, 4b, 4c mny· be lnrg~I: than or!~%.~ 
approximately as large as the mam ·spark->~~ 

gaBp. "t bl a· . . . th.·. t • .lC!fi y sui a y Imensmning e ~ artmg· ~~~~ 
-tension of the auxiliary spark-gaps 4 or 4•,.~ .;i··· 
4\ 4c it iS pOSSible tO Obtain a Jn:\Xlffitlm f~' 
tr~nsmission of energy ._frol}l the qnenrh ci!- .. :::~~i 
cmt to the secondary c1rc.mt~ exncti~~ a~ this ·:so&J 

. was obtained heretofore ·by a !:~nit able selec- ·tJ~{-1 
tion of the coupling between the quench and ·:::t:;: 
sPcondarv circuits. p·~: '.: 

. In the., annexed claims I ha,·e referred to ~~ <~-~-:~ 
the spnrk gaps 3 anp 4, described hereinbe- 11~ 
fore~ as "two kinds ,of gaps." By the term 
"kind" I mean to convey the idea that the!'C 
2"aps have different characteristics. so far as 
'their function in the circuit is concernecl. as · 
explain<>d before, and as also explained in 115 
the subsequent portions of the cla-ims. The 
term " kind '~ is not to be understood. how-
eYer~ to imply two kinds of gaps whirh are . 
<'onstrnctiYelv different from each other. · . 
thon~h ns also explained hereinbt>fore I may 1= 
nse for both g!tps 3 nnd 4 qnenrh ~aps. or · · 
also onl~· for one a quench gap and for the 
other an ordinary ~np~ so long' as their ahnYt' , .. 
defined characteristics are only of a differ- · f ~ 
ent ldnd. · 1.21 

1Yhat I claim is: ~-: 
1. ~\n arrnngement for producing sli~htly · ~~ .. Y. 

rlampen<>d electrical oscillations b~· shO<'k ('X"-

. c·it:tti<"'n. cnr11prising a primnry osl"'i11ntion . • ... ~ 
cironit, containing n capacity, a ,..If-indue-~ 
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~~i-tion and two._ki!lds of spark-~aps, of differ-. ap.d ·a. secondary .slightly dampened oscilla­
fj~;-ent characterist.~cs, the ·~rst l"Uld a~apte~ to tu~n cucu~t co.upled with and tun~d ·to·_said 
~;;;':~- umit the charging ten~Ion2 the s~cond ~~ primary ~ucmt .. -.. _ . . . '40 
~K;~-'~ harin~ ~eans_for causmg It.to on~y P.artici- _4. An ar~angel?e}lt for.pro~ucing slightly 
·~::~~ pate m the discharge of s_a1d first kind of da~pe_~ed electr~e~l ·oscill~tiOns by. sh?Ck 
o::c~~-- spark-g:ap, a_ sec.ondary,. sbg~tly. dampe1:1ed e~cit~bot~:, co~:pri~mg a t>r~mary osct~latlon 
·- : · oscill.atton. circuit. co~pled ~Ith and. ~uned c~rcui_t, contai~n&' a c3:pac1ty, a se1f-r~duc~ 

, to satd primary ~Ircuit. · _ . . . · bon and two }ri?dS of spark-gaps of differ- 45 
2 . .An arrangement for .producing sbghtlv ent characteri~tics, the first kind ndapted to _ 

10. da~pe¢ng electr:i~al oscil~ations b~ sh?C~ 'lim~t ·the charging ten~ion1 the secon-d_ ~~~ 
.. · ·es:cit~tion, co~:priSing a pr~mary osci~ati~n havm~ means·. for causing 1t.to only P.arbcl­

circutt, containing a _capacity, a self-Indue- pate 1n the discharge of s~nd first kind of 
tion and two kinds of spark-gaps of different spark gaps, one of said two kinds of spark- 50 

·- characteristics, the first kind adapted to_ limit !!aps being 'formed as quench gaps proper,_ 
15 the ch~rging tension, the second kind hn.~i.Jlg ari.d a secondary ·slightly dampened oscilla­

---·- hicrh frequency resistances in shunt with it. tion circuit coupled with and tuned to snid 
ca~sing it to only participate in _the dis-- primary circuit. -

_ · charge of·said first kind of spark ga·p, said . 5. An arrangement ·for producing slightly 56 
_ . ~es5stances ~eiJ}g suitably pr?porti~ned to d_am:pe11ed electr:i~3.1 oscilla~ions .by Sh_ock ~- · 
2v rorm a 10\Y re~1stance for the chargtng cur- Citation, comprising a_ primary oscillation 

r~nt~ .and ~ sec_ondary sligh~ly dampened os- c~cuit, contain~~ & capacity, & self-~duc:.. . 
- ci~laho-':,1 c1rcu1~ co1:1pled w1th and tuned_ to hon ~and two. kipas of spar~-pp~ of differ- . 
s~nd pr1marv circuit. · · · _ ent characteriStics, the first kind adapted to 60 

3. An arrangement for producing slightly limit the charging tension, the seeond kind 
25 d.rrm~ened elect;r.:i~n.l oscilla~icms by sh_oc~ ~x:.. haviil~t means.for causing it_to only P.artici­

c~tati.on, comp~ISI~g a pri.mary osci~latlon· pate m the d~barge of said fi:st Kind of -
-c~rcuit, co~ta1n~g a capacity, a se1f-n~duc- spark-gap57 said spark-g~:ps being formed- . 
bon and two. ki.nds of spark-~aps of dr.ffer- ~ quench gaps pro~r, . and. a ~ndary 65 
ent characteristics, the first kind ~dapted to shghtly dampened oscillation CirCUit ~upled · 

so limit the charging tension, the second ldnd with and tuned to said p__ria'llary circuit. 
havin_g means _for causing it _to only P.artici- . In testimony whereof,! affix my signature.-
pate In the discharge of said first ~d of m the presence of two lt'ltnesses. · 
spark-gaps, two feed~rs conn~cting ~he el~- · AI.EXJ.. "ll>ER MEISSNER. 

35 
trodes of the spark-gap of the first kind mth 
a current source, the total bridging distance 
of the spark-gaps of the second kind bein~ 
less than that of spark-gaps of the first kina, 

Witnes;es: -
Wori-va., HA1:Jft, 
HJoory lU.aPmL 

I 



~~-~. .- ·- w: HARRISON. . ! - ·-,:~ 
1 TRANSMITTER FOR WIRELESS COMMUNICATION. . -. ,·:·:~~ 

APPLICATION FILED JAII. 27, 1903. ·RENEWED. oc·T. 14, 1914. . . c ~ 
. . . \ . ·- .· ... ~.- ,f 

1:; 119,952. \ · .- -. · .. Patented pee. 8, 19_1~-l 
·-:·\ 

~ ~ . 
. ~ 

"- ·-: 

/9: 

• 

4 
.5 ~~3 

~;!3·2. 

INVENTOR 



UNITED STATES PATENT· OFFICE . 
. \ . . . 

'. 
WALTON ~ARRISON, OF ~EW.YORK, N.Y. 

TRANSMITTER FOR WIRELESS COMMUNICATION. 

To all 1.chom it may concern: - .. _ 
Be it known that I, W ALTo:-; H.-\RRISO:N, a 

~;c"- citizen of the United States of America, and 
_. residing at Brooklyn, city of New York, and 

ft 6 State· of Kew Y:ork, have invented certain 
::.;. .. new and useful Improvements in Transmit-· 
-:---~terS" for ·w .. ireless Communication, of which 
~ .. ~ the following is a specification. · · 
·;: ~lv in,·ention relates to wireless communi­
·;~·10. cation, my more particular object being to 
·:. produce an effeetive transmitting apparatus . 
. ~ . To this end I connect together, at the send­

ing station~ a number of separate oscillators 
and suitable antennre, so arranged that there 

)6 is nn unobstructed puth from each antenna 
.. · to the receiYing station, and that the several 

oscillators, under ~ontrol of a single key ·or 
nnalpgous transmitting device~ all contribute 
to thro\Y off wa ,.e energy~ so that the total 

· 20 sum of the energy tr::u~smitted is n1nltiplied 
. · as torr1pc.red with the wa\·e energy which 

co1ll(l be transm:tted by a single oscillator. 
In this connection I call attention to the fact 
that in trn.n~mitting systems heretofore used, 

· 26 great diffi~nlties hase been encountered in 
the elfort to increase th~ wa Ye energy by in­
creasing the nnmbe!' of oseillato'rs or the 
number of antenna?. "1lile snch efforts 

· have been partially successful, the increase 
30 in wa ·re energy has been -~isproportionately 

· less than that of an· arithmetical ratio. 'Vhc.t 
I seek more pitrticubi;ly to do is to enable 
the power employed at the transmitting stu­

-.-~~ · tion to be increased, with a proportionate 
.' 6 Increase in the effective :waYe energy radi­

ated, so us to attain longer distances of trans-
mission. Thi£ I do in two distinet ''ays ( 1) 
by adding together the work done by a large 

40 
number of separate oscillators, and (2) by 
S},acing the antenn~ far enough apart to 
pren~nt the currents in one antenna from 
interfering materially with the \vork of the 
other antennre, yet all being COI~trollable, as 

45 a unit, from a single source. 
Reference is ronde to the accompanying 

drawing forming a part of this specification, 
and in which like lt:tters·indicate like parts. 

Figure 1 is a diagrammatic elevation, 
~0 showing both the trnnsmitter and receiYer, 

. togc-the~· y.;ith an idealrepre3entat~on of sc,·­
eral eleetro-magnetic \':ave trains; Fig. 2 is 
a di:.1gr:unmatic plan of the transmitter anJ 
rt•cei \·cr. together with an ideul repre.sentn.-

a~ tion of iaid~e1ectro-m3.gnetic wave trains. 
The tra:nsmitter comprises 2. plural1ty of 

Patented Dec. 8, 1914. 
_./ 

Rene~ed Octobe; 14, 1914. Serial No. 866,729. ; 

?scillato_rs A, B, C, ~nd me.ans for energiz-. 
Ing the same~ as hereinafter described. The 
receiver _is sho.wn at D, and m~y be of a. type 
already In use, or any mechamcal equivalent 
therefor. . · .' . 60 

_The t~ansmitt~n~ antennre are provided. 
with aerial capacities 4, 5, 6, spark terminals 
7, 8; 9, and ground. connections 10, 11, 12, 
these .Pa~ts per se b~ing of ordinary con­
str~Ictwn. 'Fhe rece<ver D comprises the 65 
aerial capacity 13, ar:tenna 14, coherer 15, 
or analogous waye detector, ·ground connec­
tion 16, inductance coil 17, battery 18, and 
telephonic receiver 19.' 

The s:pa_c~ 20, between the transmitting 70 
a~d recernng apparatus, -represents a great 
distance. · 

The transmitting a.ntennre 1, 2, 3, are 
energized by transformers, the secondary 
windings of \Yhich are shown· at 21, 22, 23, 75 
~nd connected as shown. The primary wind­
mgs are shown at 24, 25, 26, and mav be of 
ordinarv construction. but are conne"'cted in 
series. • · 

The ground wire 27 is connected with t& 80 
direct current dvnamo 28. from which the 
wire 29 leads to the key ·30, and thence a 
wire 3.1 leads to an interrupter 32, which is 
connected . with the· primary winJing . 24. 
The prim:i.ry windings 2±~ 25, 26, are con- 85 
nected by wires 33, 34, in series with adjust­
able impedance coils 3.), 36, the coil 26 being· 
grounded by a wire 37. · ·. 

The oscillators A, B, C, are prefer.ablv 
arranged a .little out of alinement with th~e 9.0 
receiYing station~ as indicated in Fig. 2." 
They _are spaced far, apart. so that the cur­
rents' set up in one antenna have little or no 
delderious effects ·upon the other anten...Tlre, 
bv induction or otherwise. 95 

w ~Iy purpose in placing the antennre out of 
alinem~:nt w1th each other with respect to 
the recei dng station is to provide a clear 
path from Elach of the antennre to the receiv-
mg station. This is desirable in order to 100 
prevent any one of the transmitting an­
tenure from screening another and thus im­
pairing its wan~ energy. 

The apparatus ab0Ye described embodies 
one. of the ~imp1est forms of my invention, 105 
and I do not limit mvself to the arrange­
ment sho·.ni. .AboYe nll. a make and break 
keY is not the onlv kind of transmitter 
"·hit~h may be useJ, was ob,·iOlisly any other 
tl·ansmitter capable of a~tering the electri- 110 



i,119,9~2 

Cal COndition .Of the several primary wind- impressing said antennre with ""''-•.L.lUILU 

ings may be employed without departing like phase, as distinguished 
from t~e spirit ~f my invention. phase. . . 

Havfug thus :described my in_ven~ion, I . 6. The combination. of a 
6' . claim as :De~; •nd desire\ to secure by Let- tennre;. a~d a ~lurality . o! . . an:sm:tttin6" 

ters Patent.- \ . . . tenn;e, · more· than. two In n 
1 .. The combination of a plurality of an- apart by an entire wave length 

tennre all adapted to throw off -waves of a gral multiple thereof. · 
\ common wave length1 said antennre· being · 7. The combination of a: ·p} .· 
10 spa~d apart· by integral multiples of said ·grounded antennre, more than two · 

WaVe length, and means for SeP.arately im- her, spaced .apart by an entire wave 
pressin~ said antennro with oscillations, the or an integral multiple thereof, and 
oscillatiOns thus set up in one antenna be- including a ci~cuit common to all. 
ing of like phase as the oscillations of an- antennre for energizing the same 

16. other antenna. , ... - __ -·-phase as distinguished from unlike· 
· 2. The combination of a plurality of 8. The comoination of a 

grounded antennre spaced apart .by a whole transmitting antennre, more . 
. wave length or integral mitltiple thereof, number, spaced apart by an· 
. and_ ..means for impressing upon said an- length or an integral multi 

-· 2()- tennre electric oscillations alike in phase as means common to all of said A.U.II.t:lJ.Clie 

distinguished from opposite in phase. energizing them simultaneously iu 
3. In a terminal apparatus for wireless phase, and a receiving antenna com· 

communication, the combination of a plu- all oi said transmitting antennre .fo·r 
:ality of separate antennre, more than t":o cepting wa-res t~ro'Yn off by them: · 

2"J. 1n number, s_paced apart throughout the1r 9. The combination of a 
entire lengths by a distance approximating transmitting antennro, more.. an 

. a wave length or an inte&'ral ;multiple number, met-a.llicdly disc<?nnect~d h·om · 
·thereof and grounded separate1y, and means other. and spaced apart 1n a g~ven vo .. ~ .... ~,: 
for so energizing all of said ·antennre as to . plane by an entire wave length or an 

30 virtually add the effects thereof. - · gral multiple thereof, means common 
·4. In a transmitting apparatus for wire- ·of said transmitting antennre for ener 

less eommunication, \he combinatio~ of a the same simultaneouslv in like phase 
plurality of ( separ:ate , unten11re, more than distinguished from unlike phase, and a 
t·ivo in number, spaced apart throuo-hout the ceiving antenna common to all of said 

35 entire length thereof and grouncfed sepa- mittin!! antenme. and energized by ad 
rately, ai~d ~eans for so energizing all of the separate energies thereof. . 
said antennre as to virtually add the sepa- In testimonv whereof, I have sjgned 
rate energies thereof. name to this specification in the presence 

5. The combination of a plurality of an- two subscribing wi.tnesses~ this 26th day" 
40 tennro, all having their constants arranged January. 1903. 

so that said antennre are adapted to throw ' 
off waves of a_ common length, said antennro 
being grounded separately and spaced apart 

-by an entire wave length or an integral 
45 multiple thereof, and_ means for separately 

Witnesses: 
F. '\V. HANAFORD. 
w. ~f. A VERy1. . 



APPLICA.TION fiLED MAY 19, 1914. 

1,228,647 Patented June 5, 1917. --- 3 SHEETS-SHEET 2. 

FkJ.2. · 

4 

jj 

a· .1o· 

6.1-Vi-t-aeoo~: 2 J-1-W-Jitfot. 

Jn. "ir} "-" ~. Ebn.erE.Bu;t;cher 

lr-)w. ~·~~ 

~ .A .A .A .A ...... ~ 



~-

E. E. BUTCHER • 
. OSCillATION RECEIVING .. APPARATUS. 

' . 
__ APPLICATION.FILED MAY 19,1914. 

"1_,228,647. Patented Jurie 5, 1D17. 
3 SHEErS-SHEET 3. 

F.J.:J.8. 

15 

FitJ.4. 18 

2 

a 



~~~~~~~~~ 

~ '.· -............ -,•·.;·.-·T ..... >".T<·~·"'·"" ·.·' , .. ,. • ·-• .. ,'"'"""-"''"'"'"'··-:'· '"!<O·T• •.··.·· '· .;• . • ",•,'••'y •· .• .. ~ '-~~~·:~~·:UNITEt>' ·sTATES-~PXTENT.oFFICE: > ··:·· ~ 
.. ·>< . . . . . . • . :> -~~··. . . :.-.:::. .. · .. ·' .· .· t. 

ELMER E. liUTCHER, OF INTERLAKEN, NEW JEBSEY, ASSIGNOR TO MARCONI WIRELESS­
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OSCILLATION-RECEIVXNG APP .ARATUS. 

1,228,647. Specification of Letters Patent. Patented_June 5, 1917 •. 
AppUca~on 1lled May 19, 1914. Serialllo. 839,483 • 

... ,'](; all·toho-m it may concern: . tor, but this. is not the only type which may 
·Be it known that I, EWIER E. BcTcn~n, be used, since other forms of detectors, su~h 

n. citizen· of the United States, and a resi- ns crystal detectors, for instance, may be 
dt>nt of Intt>l"laken. in the conntv of ~Ion- adYan~ageously employed. The multiple 

5 month ·and State of Xew Jet·se};, han! in- element Yalve detector 5 I hu.Ye illustrated, 60 
·YE."nteu cel'taiu new and \IReful Impro,·e-· comprises a senled vessel inclosing three· ele- . · 
ments in Oscillation-Ht>eei,·ing ... \pparatul:i, · ments, a grid element 6 to which inductance 
-of which the following is a specification. 3 is connected. a filament element 7 which is 

· ~Iy im·cntion relatr~ to apparntns adapt- heated by buttery 8 or other suitable source 
10 rtl to --~he receiving un<l muplification of of heat, and a plate element 9. · Filament 65 

~lertricul oscillations, ancl hns f(>r its g.en<'ral element 7 and plate element 9 are ~onnected 
object the provision of sueh appar-atus of :1 hyn.-·circuit which inclllllE's a battery 10 und 
simple character, haYing few adjustments, u. telephone 11 in series. Tel~phone 11 may 
and hy whid1 reecin.•<l oscillatjou:-: mav be be slmntt'd. by a vnriublc condenser 12~ al-

15 gt·eutly amplified. w _though the latter is not essential. The local 70 
~Iy invention may be applied to the re- circuits of thP detector may be modified to 

cept10n of electrical oscillations irre.5pecti n~ nccord with the type of detector used, or the 
of the manner in which they nre produced particular conditions of its use. 
or of their particular character. and may be In the operation of my dedce the nietallic 

20 used in any connection in which it is found element 2 is moved along coil 3, and the 75 
applicable, us, for instance, in wireless or closeness of the electrostatic coupling be­
wire telegraphy, or wireless or wire· te- tween the coil nnd the metallic element is 
lephony. varied in any suitable manner, as by increas- . 

I shall describe my invention in connec- ing or decreasing the diameter of the cyl-
~5 tion with wireless telegraphy and in the inder. These are the only adjustments 80 

drawings which accompany the ~pecification which my impro'\'ed device reqmres. By 
I shall illu~trate forms which nn- im·ention the -movement of metallic element 2 the 
may take. These drawings~ however, are in- aerial u.nd secondarv or detector circuits are 
tended only to show operative forms of my simultaneously tuned a.nd,the amount of in-

30 invention and are therefore diagrammatic ductunce included therein varied. The ar- 85 
and illustrative only, and should not be rungement is such that a point of maximum 
taken as showing the only forms or applica- potential is formed .at.the fO'rid eleme~t of 
tions in which my invention finds utility. the detector 6 .. Ill· Fig. 2 _ have shown a 

Figure 1 shows diagrammu.tica.lly the elec- modification of· my apparatus which con·- · 
35 trical connections of the receiving end of a sists essentially in renrsing the electro- 90 

wireless telegraph system embodymg. my in- static coupling shown in Fig. 1, but-lea,ing 
vent ion: Fig. 2 shows a. modified. form of the aerial circuit ele~trostatically coupled to 
the electrical connections; Fig. 3 is a side _the detector- circuit.! ···:\Vhile in Fig. 1 the 
view of th~ means for electrostaticallv cou- aeri:xl is connected to the metallic element 

40 piing the circuits nnd Fig. 4 is an end view of the coupling, in Fig. 2 it is connected to 95 
thereof partly in section. . the inductll.nce and the earth is connected to 

Referring to Fig. 1 I have &hown an . the .:.metallic. element instead of directlv to 
aerial at 1. This aeriai may take any suit- . ·the ·inductance as in Fig. 1. Also iu Fi.g. 2 
uble form and includes in its circuit a metal- . the colllleetion of the secondary circuit ro 

4.5 lie element, which is shown in the drawings, the grt>und is effected through the electro- 100 
for the sake of illustration, as being in the static _coupling ~nstead o~ directly, but this 
form of n cylinder·2. The. secondary or de- does not alter Its essential character as a 

, tector circuit conipr:Jses an inductance 3 . ·g.rounded circuit. .The underlying prin­
·which is preferably m the fo+m of a rela.- ciples, however, of the apparatus of both 

so tively long coil o~f wire. and is grounded at Figs.~ an~ 2 are t~e san:e an~ the method of 105 
4. This point also co~st1tutes the ground for- ope~atlon IS essentially Identical: 
the aerial circuit. The opposite end of the F1gs. 3 and 4 show a convement mecha­
inductan~ 3 is connected to an element of . ·nism for varying the electrostatic coupling 
a. detector 5. 1 have shown the detector 5 in between the metallic element 2 and the coil 

66 the form of a multiple element valye detec- 3. Referring tc these figures it will be seen 110 
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that u;~ ~etaliic elcn;(:~;t 2 i~-- fn th~ form or nn electrostatic coupling "and an·~pen detec-
a split cylinder: the upper cu.<.b _Leiug c~m- tor circuit grounded at o~e end, containing 55 
nected by means of a thumb-screw 1!1 wlw.:h :in inductance and connected to a detector 
passes through a bull l! mounted on one itt a point of n1aximnm. potential_ remote_ 

5 edge of the cv1iwlc1:~ and i:-; attached to a from the _earthed point, the inductance cop.­
nivot 15 on the other. The cylinder i::; .:up- stituting the other element of the electro-
ported upon a sli,ler l.G, ·which is adapted to · static coupling. - 60 
slide along a bar 17, the-under side of which G. In an oscillation re~eiving apparatus, 
has a rack 18 formeu in it. ·A pinion H>, au open oscillating circuit containing an in~ 

10 operated by a thumb-piece 20, engages rack tlu<:ta nce, grounded nt one en~ and~onnectcd 
18, and serves to mm·c the slider along by to n detector· at a point of maximum pott!Il-
its rotation. .A .lock nut 21 is prodded so tialrenw~e from the earthed point, a second 65 
that the cylinder may-be locked in any gi,·cn o=-eillatin;.! circuit :nlapted to excite the first 
position relatively to the coil. · and <.•h•dJ··o:-;tatieally coupled thereto, means 

.As I han! poiutt·tl out alHJ\·e: tbe form~ of for ntrying the do~(~11cs.s of the coupling 
my inn?ntion I have illustrate<.! and de- a111.l meau:-; for varyiug the amount of the 
scribed are not the only fol'lilr:. it may take:· iudllt:taliel' indwletl in the t\\0 circuits. '70 

15 

and thev mav be altercrl in m:1nners which I. Ju :111 o:-eillation ret.:eiviug ~lpparatus, 
w~ll he appa~·e~t to those ~kill~<.~ in the a_rt, ~· :-:t•<:ow!:iry eir.cuit c~mtainin~ an ~nduc.tan~e 

~') Without departmg from the spirit of my m- 111 tbc foJ'Ill _of a em!: an. osc1llatmg cn·cmt 
Yention, and I therefore do not intend to ada pt(•tl to excite_ the :::eeoi1dary circuit and 
confine myself to· the specific forms shown means for electru:-:tatically coupling the cir- 75 
and described. . cuits, eomprisi11g the coil _ a1id a metallic 

What I claim is: _ member iu rn·oximity tu tho.: coil and adapted 
1. In an oscillation recei\'ing apparatus, to he nw,·cd rclati,·ely to it. . 

a grounded open secon{lary circuit contain- 8. In an oscillation receiving apparatus, 
!5 

ing an inductance and a. detector and tuned n secoml:u·.y circuit contai~1ing an inductance so 
to the periodicity of the received oscillations in the form of u coil, nn oscillating circuit 
e_~cited by an aerial c~reuit electro::!tatically adaptPtl to exeitc the secondary circuit, and 

so coupled thereto ~~wl ulso·tuned to the peri- meaw-; for cledrostatic:11ly coupling the cir-
Otlicity of the received oscillations. _ cnit~ :uvl for varying the· coupling, com-

~. In an oscillation recci,·ing apparatus, pri::;iug- a cylinder ~urromHling- the coil~ 85 
an open oscillaliug circuit containing an in- llll':tll:-i for ('ontr·uding the cylinder and 
dactance anJ .conuccled to the earth at one meat1s for moving the cylinder longitudi-

35 end and to a detector at a point of maximum Hally of the coil. · 
potential remote from the earthed point and ~. In au o~<~illation receiving- apparatus. 
an aerial circuit tuned to the periodicity of a Sl!!.~tJil1lan· circuit, an ex~iting circuit and 90 
the received oscillations electrostatically means for ~·lectrrJ.:::btically ~oupling the two 
coupled thereto. c:irr·11its ~_lllil for varying the coupling, com-

3. In an oscillation receiYing apparat~1:::, pri:-..ing- a coil, u _split cylinder slidahly 
an open!Jscillating cireuit comaining an in- IrHHintl•tl tlu:t·eon, mean~ for contracting the 
ductance and u dl~tedor and un o~c!llating e_rli11der and for hol<,ling it in its contracted 95 
circuit electro.-::t:ltically coupled therr~to at pu:--ition and means for ill()\'ing the cylinder 
the point at which the inrluct:mce i::: incluJt~d lu11g-itudiually of t11'e cuil anc1 for locking 

-{S in the cir<·uit. it in an\· !!i ,-eil posit inn. 
-!. In nn oscilbtic;n receiving apparatus, In witn~-ss whereof I ha \·e ·hereto signed 
~ aerial circuit Ctmbdning one element of my Jl:ttne in the pn·senc\! of two witnesses 100 
:.m electro::>ttltic coupling and a detector cir- this 18th day of ~by. 1~14:. 
mit cont~ining an inducb.mc~ unJ a detec- · EL)fEH E. BUTCHER. 

50 tor~ the Inductance consbtutmg the other 
element of the electrostatic couplin~. 

5. In an oscillation rccei ving apparatus, 
3.!1 aerial circi1it containing one element"- of 

\\?itncsses: 
"\\".\I,TJ-:It S .. ,Jo~FS1 
W":u. )f. E.\HL. 
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APP ARA.TUS FOR RECEIVING ELECTRICAL OSCILLATIONS. 

1 ,2H3,20:L Spec!Acation o! Letters Patent. Patented Apr. 16, 1918. 
Application Ale,' Xay14:, 1914. Serial No. 838,418. 

To allu:horn it may co-ncern: 
· Be it lmon n that I, Et..."'ER E. BuTCHER, 

a citiz('n of the United Stntes, and a resi­
dent of Interlaken~ :Monmouth county: Ne~ 
Jersey. ha'""e invented or discovered certam 
n~,,.- tincl u:::cfnl ImproYements in Apparatus 
for Receiving Electrical Oscillations, of 
which the following is a specification. 

'Ihe general object of ·my invention is to 
produce an apparatus suitable for the recep­
tion, detection and amplification of electrical 
oscillations. . 
. · 1.Iy invention may be applied to the re­
ceiving ·of electrical oscillat.ions.,· no matter 
·now produced and irrespective of their gen­
ernl.character. It. may be u5ed for receiving 
both continuous or damped oscillations and 
·maybe used in any connection in which it may 
be of service, as, for instance, in wireless or 
wire telegraphy, or wireless or wire teleph­
·ony. I have shown in the drawing accom-

. · · this specification. a form which my 
may take. Since this drawing, 

:however, shows only one of the many ways 
in which mv invention may be applied, it is 
·intended to be diagrammatic and illustra­
tive only. The illustration chosen is in con-
. with wireless telegraphy, although, 

It should be understood that ·wires 1, 
shown in the drawing, are illustrative of any 
elevated conductor, that they need not be 
telephone or telegraph wires nor, in fact~ 
wires at all; nor need they be of any partie- 60 
ular dimensions. 

I ·have shown a·t 3 wires tapping the lines 
1. In each of the wires 3 I preferably in­
se.rt a. condenser 4, although this condenser 
is not neces.sary~ It is, however,· desirable 65 
in order to prevent interference with the 
other useS to which the line wires 1 mav be 
put, either by: reason of the connection of 
severa.l of these. wires 1 to each other, or by 
reason of the operation of the oscillation 'ZO 
detecting apparatus. Wires 3 are connected 
together as at 5, at which point a local de­
tector circuit is connected, comprising a coil 
6, a variable-;condenser 7, and a detector 8. 
Coil 6 is preferably in the fonn of a long 7 5 
coil having a large inductance and a rela­
tively low distributed capacity and acts as a 
linear oscillator, producing a. _point of maxi­
mum potenti.al to which the detector is con­
nected. Condenser 7 is a small variable con- 80 
denser and is not essential to the operation 

·-I have pointed out, my invention is not 
. cori.fined to this use, and I do not wish to 

--..;.,,,. .... ..., limited to the specific form illustrated, 

of my device, although I prefer to use it. 
Coil6 is preferably a coil having a. relatively 
large number of turns and a. natural period 
approximating that of the received oscilla- 85 
tions; and condenser 7 is preferably of rela­
tively small capacity. it will be apparent ~ those skilled in 

art that many changes may be made 
. without departing from. the spirit of my in-
vention. . 

· · One of the many advantages of my in~­
. tion when used in connection with wireless 
. telegraphy is that the resonant aerial circuit 
now used, which involves the erection of 

· expeilsive aerials. masts, ere., and consider.; 
.able difficulty of op~.ra.tion in tuning the 
aerial .circuit to the received oscilla.tions2 · may be dispensed with and a· collector ot 

· .enej-gy ._out of resonan~e with the of'eceived 
Cf3Cillations used. . · . 

. ~ Rt~ferr;n('l' to the drawing, I have shown 
. ·at 1 a conifudor which may be the wires of 

a telegraph or telephone iine, a telephone 
· line being prefc:rably used if wi~s are em­

ployed as a conductor. These Wlres may be 
grounded as at 2 or not. Conductors 1 form 
a colledor nf energy merely and are not in 
·rescJnan\?"'-! with thtj reeeived oscillations, their 

· purpt).se being merely to intercept them and 
· ;~:msmit them to the detector. 

The specific form of detector I have illus­
trated is a multiple element valve detector of 
the ordinary type, although it will be under- 90 
stood that any other suitable form of detec­
tor may be used. Detector 8 consists of a 
sealed vessel inclosing three electrodes, a 
gnd electrode 9 by which it is connected to 
the detecting circuit; a plate electrode 10; 95 
and a filament electrode 11. The filament 
electrode 11 is heated bv means-of a batterv 
or other source of heat -12, and is cJnnected, 
through a. battery 13 and a telephone 14, to 
plate electrode 10. · . 100 

In the operation of my device connection 
is made to any convenient and suitable con­
ductors 1, which are not tuned to the pe­
riodicity of the received oscillations. How­
ever, the circuit including-the coil 6 and con- 105 
denser 7, but omitting condensers 4 is tuned 
to the received oscillations hv varving tl1e 
constants in the usual manner. Thve batter-
ies 12 and 13 are adjusted to give a maxi-
mum r~po~ in the telephon~ 14. 11~ 
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When arranged and operated as I have: ural period approximating: that of 
described it signals may oe received and de- ceived oscillatiOns, a capaCity and a 
tected without in any way interfering with in series and a capacity_intervening 
the ordinary uses of the conductors to which the collector of energy and the local 

5 the detector has been attached. tor circuit. ~ 
What I claim is: 4. In an apparatus for receiving e.J.e4:tndi 
1. In an apparab1s for receiving electrical oscillations, a grounded collector, an 

oscillations, a collector, an open local circuit local circuit including a detector, and a 
includin~ a detector, and a. condJm,ser be- denser connected between said collector 

1 o tween satd collector and said local circuit. said local circuit. -
2. In an apparatus for receiving electrical 5. In an apparatus for receiving 

oscillations a collector of ener~ out of re5o- oscillations, a collector,-an opep. 
nnnce with the received oscillations and- including a detector, said locnl · 
an open local detector circuit tuned to the . eluding a capacity and ·lncluctai1Lce, 

15 periodicity of the received oscillations and tector, capacity and inductance 
comprising a detector, an inductance and a nected in series, nnd a condenser 
cnpacity in series. · · said collector nnd said local ·circuit. 

3. Iri a.n apparatus for receiving electrical In witness whereof I have hereunto 
oscillations a collector of energy· out of reso- my name in the presence of two 

zo nance with the received oscillati~ a local. this 18th day of M:ay,-1914. 
detector circuit associated ·therewith, said ELMER E. 
circuit being tuned to. the periodicity of the · WitnesSes: 
received osCilla.tions and con~ an in- W ALTBB S. Jo:ns, 
ductance consisting of a coil having a nat- Wx.ll. EAHL. 
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tom& COmlll, OJI WAI'"'IM'OJI', DII'Diot 01' OOI.VIUI~ 

~O.U IICI • .u.DrCI, 

lpeottoaUoa ot ~Aitertlltat Patented Aug.ts. 1919, 
· Applio&Uot tle4 leptea1ter 7, 111.. i.r1&1lfo. Ul,tl9. 

To all fDMm il may concem: tor circuit, or one of the two detector ci.r-
Be it known that I, Louts CoHEN, a citi- cuits associated with a single receiving II 

zen of the· United States, residing at \Vo.sh- equipment, is rendered opaque to the fre­
ington, in the District of Columbia, have quency of current of the si~Plal desired to 

6 invented a certain new and useful Impro,·e- lie received, by introducing 1n said circuit, 
ment in Electrical Signaling, of which the a loop circuit tuned to the frequency of the 
follow~ is a specification. signal which is desired to be received, which eo 

t · This invention relates to the art of radio has for currents of that frequency, an elect 
·signaling and particularly receivinl{ radio equivalent to that of a very large resistance, 
sigrials, and ~ys~ for use in practiRtng the and consequently permits practically no cur­
same. . rent of tliat frequency to fass through to · 
· The object of the present invention is to the telephones; currents o any other fre- 86 

eliminate electrostatic disturbances and in· guency ilro not appreciably aff'ectP<l by t.J1e 
terferenees in the reception of radio signals, loop circuit. It follows, therefore, that the 

16 and. thus ilnpro\·e t.he clearne.'VI and 1\CCtt· Rignals which are desired to be received will 
rncy in radio communication. aft'eet onl~ one. receiving equipment or one 

In carrying out the inventiont the currents c.letect.or c1rcuit, as the ca.'Je tuay be, namely, 70 
of the disturbances foreign to tne signal de- the one from which the loop circuit is ab­
sired to be 1-eceived, are transformed into ·sent, nnd the ~ft'ect.~ may, therefore, be intli-

20 two currents of substantially equal ma~i- cated_, in the usual manner, in the telephones 
tude and delivered to the indicating device or otner indicating devices. Currents from 
o.s currents of opl?osite sign, through two interferring si~als which are of dift'erent 7S 
circuits, one of whtch is rendered op~ue to frequencies or electrostatic disturbances will 
the current of the si~al to be received, pref- not be aft'ected by the loop circuit and, therc-

26 era.bly by introductng into it a loop cir- fore, will deliver currents of the same mag­
cuit tuned to · the frequency of such cur- nitude to both detectors, and ·neutralize each 
rent, so that the current of said signal will other's elects in the indicating deYice. so 
be de1ivered only throu~h the other of said Where two receivin~ equipmcnts arc em­
circuit& In accomplislitng this, there may ployed, the loop circuit may be either in the 

~so he employed two antennae, each with a tep- detector circuit or the secondary oRcilla\tion 
, arate receiving equipment coupled thereto; ~ircnit. of tht' rrt>c~h·inll' ~CJUipmrnt with 

or n single antenna with two l'eceiving whid1 it. i~ ns.•·;ndnt.cd. Or. thc't't' mny he, if 85 
eclui.Pments; or one antenna with one l"e- desired, a loop circuit in caeh of snid cir­
cetvJng equipment and two scpara\tc detector cuits, or more than one loop circuit in either 

36 circuits associated with the receiving equip- or bOth of them. 
ment. In every ease, the rectified currents In the accompanying drawings-
of the detectors a!ect, simultaneously, the Figure 1 is a schematic view of a syste1n 90 
same indicating device and are so arran«ed for carrying ont the invention, in which the 
as to produce op~ite e!ects therein. This hvo r~h·in~ ~uipmenl~ nJ't' couplml l"«'pn-

40 is accomplished either by the use of two ratcly to two indept'ndP.nt prinmriPs whwh 
transformers, the primaries of which are are connected in series with each other And 
Mp~ly shunted across the respective de- with the antenna. 95 
·~ and the eecondaries are connected in Fi~. 2 is a view simila\r to Fig. 1, Rho wing 
•riel with each other and with the indicat- t.he loop circuit introduced into the o~illR-

41 i• devi~ but 10 a~ aa to l1ave the tio~eircuit. 
currenta iD the eecondaries oppose each Ft~. 8 is a AClu'matic view of n R\'Rt.om om-
other; or byuaiDg dilerentially wound telo- bodytng the invt'ntion, in whir.li th" t.wn 100 ph= the reapeet!ve windinp of which aro primarir.a to whi<'.h the ~iving aqnipmentR 
coa....___jed 1cro11 the detecton, 10 that the nro couploo, nre hrn.nchoo in pnrnllrl, nnd in 

10 diet In the telephone will be proportional whi,·h a ,Jifrerentinl tolofhnno i~ u~d fnr 
to the dilerence Of the current& one of the indicating tho dift'el"t'ntin l'ft'Ni. of the t.wo 
receiYN =nta u a whole (where two ~ivinf ~uipnaC'nt& lOft 

~' ne.l?blj ~tllftl lllld) or Ita det.o- Fig. ahowa another ombodimant nf ~ 

...._ ___ __,~~ ~ ~==~ ~ ~ ~ 
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;;;..:= ~lnv~ntlllii Iii wbMt ib11 lllitl!llftll&lld tli11 two ~ult ls iUHI!d, hi!HI!I'1 II W41 lldlttat th41 l11· ~ 
brancll ill.rcJilt. ~ -.b,lch ~ ~Yl!!f aqult!· ducl.IW~:~~ 1111d ag,~Wity at tlu! loop rii'Crult to ~ 
mentB.~'":~p.W,t.~a ~sep-~telJ t,aoe4 bo.!Are10f h\tn.f!~ . r tli~ fdt~uenbeqy of.~ cur· 

Fig. 5 saows a system tn whteh separa.te rent o t e s1gnal destre to recctTed, the 
a antennm are used..... . . . signal h~ ~o e~e~ ~nth~~ circt~it, and .co'!- 10 

Fi,. 6 shows an embodiment of the inven- s~ently only tmlntfe.crt:s ·Itself 1n the tndt­
tion· tn .which a single receivinc· ~ti~JMPt catiw( (ievice through the action of the re-
is emplo1.ed1 with two detector cucuits ·asso.· ceiver frrim which the loop circuit is ab-

. ciated. w~ ~~ o9e,~~ whicb.QOntaiQ3.tbp l®P.. sent. In otl_ter words, we get the. ~am~.~ff~~. 
10 ~lrtirll tuna¥ to the frequency of tht! algnal u If we only had one tE!cmver coupled· to too 'I& 

desired to be received. · · . antenna oireqlt.. Any other sipttl 1thich 
In each o~ the figures, the detectors 't and ttuty be ~t out by nearby stattons and of 

7' · may. bl .of: any .. tYP& .of .detectot' usuully any frequency but diferent from. that of 
.. ~ emplo~ in tA& ~PtOO.n of radio· si~lS4 tht fjilfilla· ~ be receit~clt will act; on ~th 

1& A18o whde tbe.oonplfitgs,g\ 4: l.tld 21t 47;:ue recmvfq ,qt1l)ltUet1ts. lfttolt':the co~plmgs so 
shown as eltdtomapefic coupli~, for· the 2, 4 and~~ , 4 1 or 10. 11 und 10', 11 1 be so 
pu~ . of Ulustn.tion, any · otl:ier Jmo,vn adjusted · relottvel1 to each other that the 
type· of'coupli~, for instance, that disclosed indicating. ~evice is. acted upon equally by 

· in· mv,.Unltecl States J!..etters Patent No. both reeetv1ng ~utpments, and ·:the scc-
20 1,128;098 of··E>ecomber 29, "1914, could be. used ondaries 1lnnd 11 of detector tmnsfonners 

equally. well. in i the embOdiment ·of this in· l\re so connected that the currents pneratad 
vention. ·. In 'Fip. 1, 2, +, 5 and G, the indi- in them are of opposite~ sjgn, then the effeCt. 
eating·-device itS acted. on by the currents of electrical disturbances due to signals of 

: from f.he. detectors through ·tlie transfonners frequencies difi'erent ~rom that of tlie &illJla1 
25 10, 11· and 10'; 11'; while in Fig. 8, the de.. to De received becomes neutralized nnd doe~ !HJ 

~cto~··eurrents·a.Ct directly on di1rerentially not manifest itself in~ indicating dev.iet' .. 
wound· telephones. It. is of course to be In order to make th~ sy8tem effective for 
undel'Btood•tllat the~icular methods illus- the elimination of static disturbances, it is 

· trated, of· lssoeiating the indicating de,·ice necessary to detune !jlightJy. the antenna cir-
30 iri the different· embOdiments of the inven· cuit 1, 2, 2', a, so that the oscillationR gcn- ur) 

t!o'! h~~in {tisclosed are ~ot. to ~ ~ken as crated in it by impulsive ... distn~hances, such 
Juntt&ttons but· merely as :tiJustrattons of as ·are produced by static, w11l make the 
80me. way-S in wbi9h this ·elemen.t of the" sys- &J?.tenna. · sY.stem oscillate .with a. frequency 

· te.m may be ~upplted4 · shght.ly <liifeL-ent frosn . the resouance frc-
1& ~: rin; the embodt.ment of the invention illus- quency of the loop circuit 8, D, and consc- 100 

trated in ·Fig~ 1, l is·the antenna, 2 and 2' quently, the currents induced in the sec-
are two induW\nc..-e coils which are nsed as ondary circuits will·be ecJually effective in 
prim•ries of transformers and· can also be both -1, o, and 4'1 5', and their effectS neutral­
Used as ~ding ooils for tuning purpose.'l, 3 ized in the indtcating device 12 because of 

40 is the grqund eonnection of the IUlte~na, 4, the reverse magnetic coupling 10, 11, 10', 11'. 105 
. 5 an~l. 4'; G' · ._l'e secondary oscillation cir- AK illustrated in Fig. 2, the loop eire nit R, 

cnHa ~nsistin~r of inductance coils 4, 4:', and 9 may be introduced in the o;cillnt.ion circuit 4 
oondcnscrs 5, li'; the coils 4: and 4' being in- instead of in tlte dctectt'r circuit.. 

. terlinkl'd, .elcctromnlllleticn11y. with t.hc coils According to F-ig. a, the t\V'() primnrir.s to 
4& 2 n.n<l2' res~iv€'1y. · 0, 6' Rl'e stopping con- which tho oscillatory circuits au·o c·ouplctl, tic) 

denAers, ana T. 7' n~ the datectAlNI. s, !) Rl'C joined iil pn.l'allel. Tht! cm·t-ent.s J:C1l .. 

is a loo~ circuit consisting of inductance 8 erntcu in the antenna dh·icle ('ciUaLIIY in tho · 
and condonser O, ancl t.heir values nre so ad- snid two hranchc.Ci and thus getwrntc ·currents 
jt~ as to briJYr the loop circuit into reso- of the some mngnitudo in hot h rc~iving 

60 nanee for the frequency of the current of equipmenta except for curre.nt"' of tho fro. 115 
the sipl which. is desil'ed to be received. quoncy to which the loop circuit. in one of 
10i 11 apd 10', 1.~~ are transformers prefer- the receiving ef)Uipmenta is tuned, and in 
ab y having iron cores, and 12 is the indieat- that case onlv one of the rct~t!iving aquip-
inl de,vice, which ~ay be telephon~ or a mentA is efeeth·e. The oJ>ernt ion ht ex&c:WJy 

II ~~q_table ~rdlnl' device. the same as in the case of J.'iJ,r. 1 dcseribea 120 
~he operatio~ ls. '"' follows: El~~trom"A'- nhove.. A,. a means for indil'fttin}l' the· dil­

netJC wa\"M "eta~ on t.he antenna Jr'(!JMrnta fercntaal efl'ect of tho two nu~h·mg equip· 
a cul'ftnt ln. it which pi\MM thro~Jgh the pri- montH. a dift'C't'Mt.ial t~lephonc il'l Mhown 111 
mary coilA i and 2' 1 nnd through tho t.rnnf'· J.'ig. 3, but tho arrangament. Mhuwn in this 

10 (o~er action of 2,4 and 2', 4' ~nerntC' cur- ft~um is of cou~ not limiwd to use with 1 :!~ 
repq in tbe. leCOI'ldary m~Cillation ('ireuitl'l tfaiR particular method of intnKl\lciftA'. tho 
whJch·~··f~ the detl'CMt'l T and 7'. Now indicating de•ioo. 

. ~ .Mndlary circuit w~.i.-h hu the loop cir· J4'iJr. 4 la ~ modi~tion of. Jt"iR•· 3, which 
C1Jlt,8, 9 in it, ia pmct.Jeall~ o~qne to c•!r- <'Ontdata in Jntrnducm.r " IOtuli•• ooil 14 ~ 
nata of a· fnqnncy to wh1ch the loop car· · in the anttnna, and i two oorulenera US 1 ...... ~ 

~ ~ r1~ A~ A~-~~~~ 
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and 15' in ·the two para.llel branches. frequency of the current de.c;ired to be re­
The purpose of these extra elements is ceived, and delivering the current o~ ·said . 
to enable one to tune independently the s~l only through the ~ther of said cir-
antenna and the two branches. By this cu1ts. · 50 

.1 mea.ns, a.ntenna 1 ~d lOading coil 14 2. The improvement in the art of radio 
can be tuned for the frequency of the cur- signaling which consists in employing two 

· rent of the si~l to be received, and also receiving equipments with an indicating de­
branch 15', 2' 18 tuned independentll to the ·vice common to both; rendering one receiv­
same frequenc1· while ·bra.nch 15, 2 IS tuned ing equipment opaque to curreflts of the par- ·55 

10 to a slightly dtfterent frequenc1; so that the ticular frequency of the si~Pial to be re­
current of the signal to be recetved wjll ~ ceived by mea~s of a loop cirCUit tuned to 

· .. mostly· through branch 15', 2', and very httle the frequency of the incomins signal, there-
. will be diverted through branch 15, 2. This by leaving the other receivmg equipment 

, . is desirable, because the energy of the incom- alone a1f-ect.ed · bv the incoming signal, 'nd so 
·u ing signal is transmitted to tJ:ie indicating· causing currentS of all other treque.ncie11 or 

. device only through the receiving equipment electrostatic disturbances to a1fect both re­
coupled to branch 15', 2', and the si~al eeiving equipments and oppose their effects 
current flowing in branch 15, 2, is enbrely in the indicating device. 

· . wasted; t.he l<q) circuit in the receiving 3. The improvement in the art of radio II 
20 ·equipment associated with branch 15, 2, does signaling which consists in. employing two 

no~ permit a.ny current of that frequency to receiving equipments with an indicating de-
pass. · . . . . ·. vice common to both a.nd with a loop circuit, · 
.. Fig. 5 su~ the use of two independent tuned to the frequency of the signal to· be 

&Jitennm 1, 1', ha.:ring independent~ received, introduced .in the ·deU!.ctor circuit 70 
25 coil~ ~' 2', to. whlcli are couplec! t~~ t":o of one. of th~ ~h·}n_g equip!fients, thereby 
~1vmg · equtp~tm!& The o_Peration 1s rendermg sa1d reaun-!1( equtpment opaqu~: 
smular to that of F:tg. 1. The mdependent to current.~ of the patrtcular fz:equency of . 
antennae may be so clOsely 8S80eiated· as to be the signal to be received, and lea-ving the 
mounted u~ the same mast, if desired. other receiving equif.ment alone aft'ected by 7 5 

· ·so .As shown in Fig. tl, the present invention the incoming signa , and causing currents · 
may be realized by the use of a s!ngle receiv:. of all other frequencies or electrostatic dis­
~ equipment, provided two detector cir-· turbances· to aft'ect both receiving eqnip­
cuits be associated with it, one of which ments and oppose their effects in the indicat-

, detector circuits has associated with it, a ing device.· · so 
35. loop circuit tuned to the frequency of the 4. A system of radio signaling compris-

. signal .<iesired to. be received. · · ing two receiving equipments separately 
· I claim:.:._ related to a suitable antenna through means 

· · 1. .The method of eliminating effects of of oscillation transformers, a loop circuit 
. foreign electrical disturbances from the indi- embodied in one r~eiving equipment adapt- 85 
.- 45 eating d7vice in. the. reception o~ radio sig- ~l to be tuned .to current f~eqt~ency of n 

· nals,- which consists In tra.nsformmg the cur- sJWlal to be received, and an mdicatm.gJ<ie­
rents.of said disturbances into two currents ~·ice common to both. receiving equipnients. 
of substantially equal magnitude, delivering· The foregoing sr)ecification signed at 
them to the indica= device as currents of \Yashington, District' of Columbia, this 6th 90 

46 _o'S,1cj,i~ ~ dn ~o pircuits, ·one of day of September, 1_916. • 
. . "' oont&ms a loop circUit ~ed to the . LOUIS CORE~. 
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To all whom it may concern: 
Be it known that I, ~:f.ARius C. A. LATOUR, 

a citizen of the Republic of France, residing 
at 10 Rue ... -\..uber, Paris, in the Republic of 

5 France. ha Ye in Yentecl certain new and use­
ful I1nproYen1ents in Rn.diosignaling Instal­
lations. of which the following is a specifica­
tion. · 

The invention rehi · es to a device ennbl i ng 
10 the fundatnental wave length· of an antenna 

of radio telegraphic or ~·adio-telephonic sta­
tions to be considerablv augmented. 

lt consists in distr1buting se\eral self­
induction coils along the ant-enna wires. 

15· Although it is very usual in radioteleg-
raphy to place large inductances at the base 
of the antennre, and although several inven­
to~s have suggested placing self-induction. 
co1ls at the top of the antennre, a plurality 

20 of self-induction coils have never yet been 
distributed along the same wire in order to 
increase the wave length of the said wire. 

It is possible however to distribute self­
induction coils j.n this wav along the n.n-

25 t.enna.wire, even under cond1tions compatible 
with the n1echanical overloading that the 
said self-induction coils will impose on the 
antenna wire. "\Vith this end in view these 
coils may be arranged in the neighborhood 

30 of transverse bearers, but on the other hand 
they may be constructed in such a way as 
to be extremely light. 

The drawings giv.en by way of e.X[tlii.pl~ 
show one of the constructional forrns of the 

35 invention. Figure 1 shows a portion of an 
antenna in sheet fonn in the wires of which 
several self-induction coils 1 have b€en dis­
tributed. 

These self-induction coils 'viii preferably 
be construct~d 'vith tnngnctic circuits of 40 
iron or any other tnagnctic material. 

Fig. 2 gives an example o"f a. 1nethod of 
constructing these self-induction coils. They 
1na.v consist merel v of sheet it·on disks 3 
t1n·e~u1ed on to the"' antenna "·ire 2. but are 45 
otherwise ins, .)ated fronl one another bv 
1nenns of a, coating of varnish or other snit­
able insulating Inaterial. 

In a genera.l way that quality of sheet 
iron will b0 e1nployed "·hich giYes the lowest 50 
losses by hysteresis and by Foucault cur­
rents (plates of silicon iron, of iron cast in 
a vacuum, etc.) . · 

\.vnat I c.laim ancl desire to secure bv Let-
ters Patent of the United States is: ·· 55 

1. In a radio signaling installation .. an 
antenna, and means for increasing the '~.a. ve 
length thereof, cornprising n. plurality of an­
compensated inductances distributed along 
said antenn!l and inclnding each. a plurality 60 
of metal chsks connected to sa1d antenna. 
but ot.herwise insulated "from one another. · 

2. In· a radio signaling installation~ an 
antenna having a plu-::·nlitv of self-induction 
coils distributed along its \vires~ each indue- 65 
tion coil co1nprisj;~g a plurality of sheet­
iron disks threaded upon the antenna wire, 
hut otherwjse insnlfl~ -,.1 from one another~·· 
fer the purpose spe~ified. · 
. In U>stin1ony "·hcre.of I affix 1ny signature 70-
111 pres~nce of two witnesses. 

1\IARIUS C. A .. LA.TOUR .. 

vVitnesses: 
EuoE~E PRESsLY, 
CHAS. P. PnESSLY. 

'.::opiet ot th1J patent may be obtained for 1lve cents each, by addressing the "Commissioner o! Patents, 
Washington, D. C." 
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RADIOSIGN ALING APPARATUS. 

1,339~ 772. Specification of Letters Patent. Patented )lay 11;._1H30. 

Application filed Jannilry 19. 1918. Serial No. 212.615. 

](, d! ::·ltuu' it 1nay ("uncern: in and of themsPl \·Ps. \\'hether cmploy.l•tl or 55 
De..! it know1i that I. FmTi'. Lu\\"ESST.EI:S. not in portable apparatw; of the. ~pecitk 

a ~.:it tZ\.':1 (I r tll'.' T~uii.l'~i :~.t~ttL•s: residing at charaetPr to LP mort' pnrticnlnrly lwn·in­
Brooklyn~ county of 1\:ings~ und Stnte of n fter descriLed. 

-

5 X e\\" York. haYe in,·ented certain new and By 'vay of concrete illustr:ition and in 
useful Inlp.ro·.-uuents in Ratliosignaling Ap- order that the inn~ntion m. ay be fully ·l.l,;&f;_;. 6o 
paratus: and I do hereby declare the fol- · derstood by those skilled in this art, an ... ~_,_ .. 
lcnYiH!! to b;.:- :! full. dear. nnd exact <.le- pcdally desirable form of trnnsmittcr · ap­
~criptTon of the inn~iltion~ sndl as will en- paratus emboclying the principles of the in-

10 able others skilled in the art to \Yhich it np- ,·ention aw.l shown in the accompanYinn· 
pertai.n~ to make und n::;e the s:~mc. dra\\"ings will be llcscril,ed in detail. lt i~ 65 

This inYention relates to rntllc• :;ignaiiug to be tm<ler:;tood. howerPt'. thnt the inYen­
apparatu:-; of a type in whieh phn·ision is tion is not limited to a tr~lnsmitter nor to 
llt::Hle for rapidly ehailging the operating tin• ~peeifie eon!:'trudiun here ehosen for 

10 wan• length~ either in Sl''m1ing or n•cl'iYing, pttrposes of explanation. In the drawinrr~, 
lly n1ean~ of nweh~!ni:;m opl'rable to aet11atc Fi~ure 1 is a front elen1tion of the ~s- 70 
simultaneousl\· a reactalH"t~·Yaryin;:r (h!Yice sembled n ppnratns; 
in each oJ t":o cl>iipcrating o!-!c.illat.ion cir- Fig. 2 is a plan dew of the same; 
cuits. ~;;uch rcaetaaC!~·Yarying tlL·,·iees com- Fi!!. 3 is nn eleYation. partlv in S(•dinn on 

:.!0 pri:.;ing Yar!able iwlndnnee i.n· nn·ii.lble e:1.- the i!ne !~-0 of Fig. 2;. " 
nnr·1h·: m· hoth. .\..pparat~1s of this ,gem~ral Figs.-! and ;) nre longitudinal sections on 75 
~-har~i'e'tl'l' i;:; de:.;::riL~d aud Lroacllv clainlcLl t!l.C lines ,_l-.;~ aml ;;...:_r,~ respectively of 
in 111y prior applicat.inn;:; Scr . .Xo. ;j()Q.:J2-L } 10". 1; 
Iih .. <J .fuur ~~. H)l0. uwl Scr. Xo. 10.;JD2 . .filcLl f.'ig. G is n front cl('nltion of a part of the 

:.!5 February 23. 1!) l:J. The pn•sent cliscl0sure wa ·:e change mechanism~ on an en.Iarged 
rdatrs t0 certain improYed emho<1iment~ of: ~c~tl.e; 80 

~ 
the.~ bro::.cl principh·:.; <.lisdo::::ctl in saitl prior Fig. ·j is a seetion on the line ·i-7 or 
application~. nn<.l abo includes other non~l Fin·. H; · · 
Je:~t:n'L'S of gcueral applieation in thi~ n.rt. f. .. ig.· 8 is an enlargt.•cl detail of the vr .. i-

30 Fu>.· ecrta1n kin:ls of ~en· in•. ant1 ('Spe- ometcr coli nncl switch. in ele,·ation; 
cially in ntilitary operations. it is ncct•ssary Fig. 9 is n sl'ction on the line D-D of 85 
to t·mph>y portable r:.tcliu or ',Yirl'lt·:--s ~i!!nal- Fig-. 8: 
i11;1 app:tratus which nntst l.H• c·hnr:H.:t~rizL•,l Fig.· 1.0 is a plan Yiew on an C'Illargecl scalP 
by. r~~:s~m:tbly high power an:l elTi!:ieney. of a part of the apparatus sho"·n in Fig. 2: 

35 li~ht!lc!::S. compactness. rt..•si~t::w·e t() :-;b::tks Fig. lt is u ,~iew of the snme in side eleva~ 
~Ul~ll".JU:;!h usage ~t'ner;.tlly. nn~l:.tl~.o hy sim- tion, .... partly in 'section on the line 11-11 of 90 
plicity a:Hl eon n~n!eaee of opl'ration. ~urr:.t~ Fiu. 10: 
q[ tltc~e re<.l~~irernents arc t~: a certain ('X- I~'ig .. 12 is a sectional detail. on an en­
tt~nt 1nutualiv conflicting. with thL· n::-;ult larget..l scale, of a part of the selector mecha-

·10 th~'~ it is <liffieult to ~mtisfaetorih· mcvt tu.·m ni:,m shown in Fig. 5; 
all in on~.· eomlJint•r1 eonstrnrti<;!l. Ft~r c•x- Figs. 1!3 nntl 1-!: nre sections on the lines g;; 
:nnplt..'. c:ornp:.H..:tn~f'~. rigidity :.trill m~l~~.:i\·~·- t:)-1:3 nnt11-t--14 of Fig. 12: 
nt·:iS o[ ~upporting structure. which ~u-c rP- Fig. Lj is a fragmentary ,·iew in elevation 
quired f(.•!" tht~ p:Jrtal,ilit~·. :-:tn~u~th and of part of the selector mcchnnism shown in 

-1;) <hrability t':-;!">t'ntial tn appar:ttt:~ c:tpai1h· oi" l"i!!S. 1:3 unt114: 
""ith~bwlin!.!' r,,:::.dt tre:\tmcnt. :~n' cli!rit·tt!l ,. Fi!!s. 1G anclli are n side deYntion and 100 
to attain \\'hil•• \·~.~·mplyi!lf: \\'itlt tl:;_• n.·•p!it'l'· plan: respL'('ti,·ely. of Yuriahlc :-;witch mean~ 
nwnt tl) ;!!tard ~tg:tin~t j~tn~pin~ of thL· {"\il"- t'mplo....-ed on the lo:tdi.ng- coils: 

t n•nt lwt,':C'en hi~lt tension p:t rts o t hi !-!·!t Fi!!~ lS is n ~l·rtion on the lin€' 18-1,~ of 
p:''-'"L'r «l pp:t rat t'~· Tt is n primary oLject o C Fig. ·1 j; 
the inn·ntion tn ]n·o,·ic1e tlpp:n·ntl:~ wh!~·h Fig. 1!) is an enlarged detail. in elenttion. 105 
~11:~ll s~:c(·essfnll~· meet all the l'l'quire:t;cnts of stop m€'<UlS for the transformer coupling-
jn c•uestion nn(l 'vhich sh::dl at the sn•:,r t.ime r.hanrrer: 
cml~orly features of impro,·l"!mcnt <le~irnblc Fig. 20 is an enlargcrl dC'tnil showing n. 

• 

ll_. ~~31111..~~ • 
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method of moWltina the flat <.~on<luctor o1 former ~ceondary an<.l the unteuna; in u. 
1vhich the coils are formed; manner to Lc hereinafter more fully de­

Figs. 21, 22 tl.nd 23 ttre enlarged dctu 11 ::;L"ril1ct I. The arrangement i~ snch that the 
views of a ter1nin~l clip useful in tavping lo.:aliug: cuils arc within in<.hwti\·e range of 

5 the transformer co1ls; und each other, but arc. practically ont of indue- i o 
Fig. ·24 is n circuit cliagrai1l. tin• runge of the transfurtncr. Five loau-
The trans1nitter here illustru.ted as a typi- inp: coih~ an' empluycd in thJ pre~ent exam- ·· 

<·.a.l etnbodiint?.nt of apparatus within the ple. sim·t~ t.hi.-; partil~nlar tram;mitter · i~ 
~rope of tny invention, may be generally th'sigrwd fol' quid~ change operation over 

10 <lest~ rille< l as compri~in~ an osl'i llnt1on trans- lin~ 'litl't~retll wa \'e hmgths, aw.l it is co'h- :; ;, 
former haYing intluctin~ly related primary nmient t11 ha \·e the loatling indndullce 
atul ~econtb rY wintlin!!S or roils, and load- d i \·itll'<l i uto t.he ~:ww uumbcr of ~edions.· : '··. 
ing coib in eirc.uit ,...-lth the secondary or Tlw lltt'chanism for ra.pi1lly duu1gii1g .. :> 
coupling coil but sub~tantially out of its wan! ltm~th::; take~ tht• fonn. in this in- · 

15 inductive influelH.:c. :\Iea.ns are provided ~tunce. or"umnual upt•raling mean~ compris- ~n 
whereby the effedivc inductance values of ing a rotatabh• o}K·rat.iug· roJ ot' l:ihaft 42, 
the trnnsforn1er pri1nary and secondary, o L iw:;ulating material, proddcu with a. 
and pf the loading ~oils, or, speaking more hand knob 43, saitl ro<.l serving to connect 
generally, the self in<.lnction of the two !'nt· mo,·cment in uuison the primn.rv switt:h 

20 osc.illntory cir•~Uits~ muy be varied rapidly :\ l'Ill ·tt, tieeunda ry ~witc·h lll'lll ·15, and load-· SZi 
and simultuneonsly in a predetermined man- in~ indndunt:{! switeh ann -1G. The. pri~ ·. 
ner to ehungc the operating wave lenCYth mary nnd sel:onclary S\\'itch Ul'lll!"; are se- .... 
withollt matcri:.tlly t i isturbing a previot~ly <·tu·etL respt'di \'dy ~ to i nsnlating distanre 
Pstublislwd <lcsired tunc rdationship be- (•ollars -11 uwl -1~. 'oil:tt' -!t' being best .sc-

25 twe~n said dr·cnits. In the particular 1orm cttt'Ptl to. the shaft -1:2~ atul eollar -!T being uo 
oi' apparatus ~lw\\'n iu the drawings, the loose on :-;aitl ~haft. The sen~ral switch 
tran:;fonner primary :nul secondary coils, :.~nns o~· blath•:::; u t'c. rP~pecti rely u.rrangeu 
and the londing evils, together with the for \'anablc conact:twn to the transfor1ner 
lH!Cessary operatin~ ancl controlling Ineans primary and seeotHlary, utH.l the loading 

~o therefor, nn~ lwt·e ~hown supported in com- <:oil:'. Tlw:-; primary switch urm 44, con- !lil 

1nu·t nrraHgC'uwut as a Inct·hn.nieal unit by nt·dl·d to the sha rt ·+~ l.>y mc:.ms to Lc hcn~­
mean::; of a snbst:.mtial insnl:1ting :fran1e- in::'fter cleseribt~:l. :-;wel't>s o\·cr a. ::;cries of 
work. Thi~ frallle\\tlrk comprises main cout:u·t:.-; -U>~ repL'l's~ntiug difl'erenl effccti\·c 
front u.nd rear plates or panels 30, and 31, indnclnllt'(' ndues () r tht~ tran~former pri-

~5 respel'tively. and a ~muller supplmnental mary and eorrP~putu.ling it1 HllmLer to the .t 01 
front platP (lr panel :)~. nll rigi<lly held ~.:.Hnher of wan• lengths at which it is lie­
together in proper spaced relation by Ion- sirt>ll the trun~mitb.'l~ shall be operable, fiye 
g-itntlinally extentlill¥ tic· rods . 33, here in this insbtJH'{-:'. ~tops ;jQ are provitlec.l. 
sho"·n ns of meta!. ineased in he:tYy insuln.t- t11lt' at L':tl'h l'IHl of the ~eries of rontac:ts~ .. 

40 ing ~leen~s :~-h whi('h also ad a~ spacing or whi(·h an• BHHllltt-d o11 thl' i'l'ollt pan, .. :)~ .. JO.~ 
distf.nce me1nbers lwt\Yeen the r-c.tnels. The tl) ::;nitalJh· limit the mo\·emenl of the switch 
plates or pn nels are also of saibthle insulat- n rm. Tli'~ contacts -!!J are connede(l re~pee-
ing materia I. )[ost desirably, and as here t i ,·el \' l.>\· flex iLl<' {'ondndor~ :J 1 h•a( I i nu 
shown, the sen•rul coils supporte<l on this throttgh 'openings r.t:.L~ GL

11
, to :-;pring dips 

45 framework an' ftnt helical eoils of copper 5:!, ettt·h of ~vhieh r.an bl~ atljustably set in 11 t 
ribbon~ cmnmonly known as paneake coils. any d~·:-;i n•d · position on the primu.rv eoil .. 
The osc·illation transfonner is mounted to ~imilarly. tltl~ sccowlary switeh arm t15. 
nne sine ot the eenter line of the framework sweeP=-- on~r a Sl'!'(JlHl seriPs of five contactti 
and eonsists of the two parallel coaxial pan- :i:3. I~llJllllted on the rear fratne plate 31. · 

50 cake coils 3;) and 3G~ the prilnary eoil 35 tl' i!-' :-:i!'t\IJllt Sl'ries cd (•ontacts being also pro~ 11; 
1>cin:r stntiunarily muuntecl on the rear face vi1lPtl with tt~rminal :;tqps iJ.L The contacts 
of tlw main front pant>! :.w~ whilE' the adjust- ;,:~ ar;· <'lllllll'l'lPd to t:q>pin~ points on the 
abl:~ seemHlary or· f·onpling coil :~G is mount- montldP transfc,rml.'r H!eondar.v by. ~pecial 
eel in such a wa\· as to \,e m<wable toward nwans. ..\s lwrl' shown. s11c.:h means com-

55 n.nd awav from the nrim;u·v b..,- nwans hPrc- pri:-:c· c·ondt:c~tot·s :).; cnllt\1' ·tin~ the respec- 1211 
inaftl'r <.lescriiH~(l. ,,:lH'I'Ph\: tb~~ tran~foruwr ti\'t.• c·ont:;.L:-: ;·,;)with horiz~i!lt:d c·otl!ltwtiil'' 
~~o11pling dislanr·p m•~.Y he ·~ulj11:--ted 01' Ynrit~d !'lld.; ;-,(i. whi,·lt :11'~' !i:\t·rl to thl' t't!:\1' pam~ 
:!S desired. Jn th1' c.lr:twin~s. the sccomlnrv and which e:dt>ncl fcn·wardh· anclt•nter hol-
is shown in the positirm fo'i· maximnm clmtc ]m·; i!lsulatin~ SlltJPnrtin;.r ~h·en•s or gnidC's 

GO ro11pling-. On the other ~icle of tl11~ t·cnter t>T. ··arri~·d h~· t.he 1110\':tlJll' insttlnting plate ,­
line of thl' {ram~:~wol.'l" :ll'l' ~ttpportl'd the r)s. Hru~hl'S i)!) :)l'::lll'!'d to tltt~ slt'l'\'t'::i :)i 
loaclin!! r·nil~ :37. :1~. :~n. -lO nnd 41. these l>t>:a· npon the c:ont.1ud.in,!! rod:; :1G. and :u·p 
!on din·!.!. c~oi Is lwi 11!! (' tef.'tt;ieall v connected in ( •()l1JF\! 'tl" l hy I'IP:~ i ble ll':td::-: 1)0 to dips () 1. 
~erie~ ·with ('ach ·oth{~t'. and 'abo arran:red !i,·r.• ilt nll!lli!:·r. •::hid1 :ln' adjustable in 

tio for connection in eircnit with the ll'lttlS- poc-.:itioll Oil l}w tlll'l\S f th t f L 

~· __ .....;::==~~~~~~~~~~~~~~~~~--~-!~-~~-~~ .. ~~~~!!!!~~~~"'-...~·~~~;J ~~e~;n;u~l:;;· .·o ...... rmer :w 
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seconuury coil. . Tht• l'Oillledi ng terminals .. \:::; b~ fon· !':'tatcd, (Jl'0\'1:;1011 :s luad~: .fur 
of condudors 55 art• Lest mounted on in- <·onneciin~ l'ill'h ol' .tht• !'iL'H'r:tl lmtdit:g coiL~ 
subting spacers 3f> 3 ~ m; shown. with ib respcdi n~ •:o11tad in tltc.· :-:t·rie:::; 11 i' 

The secondary switeh arm -tri muy be elet'- ,·ontad:::; (i!J to I:L on.·r which tlw loadill;.,;-
5 trically connected in the secondary tircuit i w ludaUL't' :-:\\' i tdt arm -lli :o;\\·t·e1J:-;. Tlt is 70 

of the. transmitter in !:il~ries with the loading pro,·ision i~ :::;twlt that till· luading <·u!l;-; :trt~ 
incluetnnce switch arm -!6, in n.ny suitnbh• sllt:L't':-;Hi n~l: l'll t into or out o [ till' :-:t'!:onda ry 
manner. In this instance. this conntwtion i:::; eireuit l•v tile ;-;wit,·it :t:'tt! -~:;, :ts tlH· ~hail +:2 
e.ffecteu through a flexible lead U:2 going to i~ turuL·~l l1J ,·itangt• tl1v operating \\'an• 

10 terminal G3 on the con<ludina har (i-!-. which ll·ngth. In thi:-: w:t.\', the propt·r anwun~~ uf 1.-) 
latter extends between the p~ineb :wand :n, primary a11d coupiiug indud:tlll'L'~ and tlt;.· 
und thus also incidentallY constitute~ a ln·ac- propL'l' nl!mbt•J' of loading <·oi b. for t•:wh of 
ing girder. As is sho~~·n most dearly in 1he Hn· sl'lt·<'t~~d wan~ h·n.~!tlt::;. an• pl:tt.'l'tl i11 
Fi~s. 10 and 11, the bnr or ginlt'l' ()-l: pro- l'irc11it l:Y !iinlillt:tm·ott~h· =--ltiftin!!·'thl' thn·•· 

15 Yides at n point intermediate its length a · ~witeh ,·lt•Yi<'!':-i. It i:-; ;tlso dt·:-:1rahlL· tit:1L so 
bearing for ~. Yertical conduetin~ spintlle pr(>\·ision IJt- madl' for ,·aryiu;2· lht• prolJC)!'-
65. to the upper end of which is pinned the tion of an\· l.;)aclin~.r ,·oil adin·h· in ein·ttil 

~ swi\ ch arm 4G. The lower end of the spin- eas! 1y :1 nd · ra pic! Iy 'i 11 :wc·ordn IWl: \\'it h .,)pc·r· 
tlle ca rri~s u pin gear segmC'nt GO with whielt ating eondit ions at t hP d i tfen•nt.- \\'·an· 

20 a similar gear segment Gi~ cnrried hy tbe lt~ngths for whic·lt tilt' wa\·i.' c·haug1' n~ .. ·~·ha- 85 
wave change rod 4:2~ meshe~. .A spring- nisn1 may ht• !"l'L Tlw follr"'·inp: arrah~c­
wnsher 68 placed between the hnb of thu meut is part it·tda rl,v su ita hle for tlw a h~in· 
~witch arm 4G and the bnr G-t insnres good }Jlll'j>OSl'!:;. .\ hollo\\' !·dta rt Ol' :o;h;t'\'i'. ~~ nr 
Plectl'ical eontact betwel'n the switl'h artn insulating- matPrial l':'~LL'!His axi:tlly tllr•Htg!l 

25 and Lar. The loading- inLlndanel' s"·iteh tlw St.'rit•s of lo:tdiug· eoil:-: and tilro11.~h tltv DO 
ann 4G t·arries n bru~h .J.()a whieh sweeps over plate:-5 :w~ :~1. 1-L 'j,w, :tnd l(i. and is l'l'\'!>lnhly 
a series of fin• eontads oH. 10. li. l:l and 1:~. :-:tq)portt>cl in snital>ll' i11snlating- bu:-:hin:.!:s (I!' 

mount eel in an nrc nbon.\ the frame. as ); nl,s ~!) ''h i(•h il J"l' Sl'l'l'\\'l'" i lltl) t 1w ~l'\·era I 
shown. These contac·t:-; are respe<:tivelv con- plates. Stop c·ollar k:~:L at the l'l'ill" :tncl 

:Hl neeted to adjm;table tnpping point~ c)n the Hlee,·e ~:i 11 nt tht• front !told slr(~n· S:? a!!aiJi:-;t 95 
lonclin!! eoi1s. inn m:tnnrr to l>C' 1wrrinnf.ter long-itndinnl mo,·<·ment. For pnc~h loatlin:2· 
(lesc.ribed. r•ojJ tlH'I'P is :1 l'otHJttc·tirL~!' :11;111 01' ~\\'jt.!'}J clt•­

Londing coils Bl and -H are sn pportPd~ as \' ict• rotatnhly ~11 pp,n·tt'd by the t'OlTe:--ponrl­
shown~ directly on the rear panel :11 and in~ bushing R;L This eontad arm conl-

35 front panel30, r~spectiYely. Th<• interme<li- prise:-:; a ce11tr:ll spidc·r ~-~ h:n·ing· inw:trdly 100 
nte loading coils 38~ :10 and 40 a n• mounted l'Xtend in!! sp:wPd raclinl li ng-Prs :-;;,, tPrm i-
on intermediate insulating plates i-1-. 1:1 and ,,atina iu bro:Hl cdindri,·al surf~H·e(l end:-: 
76~ respectively. As before statefl. the load- :--.:i" r'onet'ntric· "·ith nnd f'!o~e1!· ndjn·C''ent 

~ in!! coils are connected in ser·iPs. T n ordrr slt•t>n· ~:2 ''"h iC'h flts 1on~e l y thrrt•n-ith in. 
P 40 to' simp1i f!· the series conned ions. an.-1 at The spi~ ler is rad in lly ~lot tr.•;l at 8W t ]wt•· .105. 

the same time not to intertPre with the mu- ,.<'nt ed•ly <'lllTent~. tlt(• :!;tp hcin~ r~loc.:ed b:; 
tunl indnctiYe effect of the loading eoils. tlw n pit>('P of in~nlntin.!! m:tt:•rinl 8(j1

\ \Yith­
following arl'nngem~nt is particularly eon- out ~onw stwh prt~:·:ttttiPtl. on:-rhPntin!r lnn\· 
Yenient. The fh·e coils YiewNl from OilL' end c~(·r·ttr in npt•t·ntiou. Tlw Hpid<',. i..:' -:rritat:~-

45 of the serirs. nrP wound. altcrnntPh· clock- hty ~uppnrh·d' on tlw ltnl, .~:~ I)_\" llle:.!~ls of 110 
wisP n nn ('Ollnter-eloekwise. ntHl t J'w ll':111:-> wa~h('t'S 01' disks :-\I. wh i1·lt a l'l' ~l'f:llred 
('OlliH'ditL~ pnirs of :t.Jj:H'Pllt I'Oib t]ll'l'l'for thl't'dl) ln· :-:CJ'!'\\'~ ~;:.;_ in bosses 8S~. nnd 
Pxtenrl alternutel.v h~tw~Pn :uljaernt coil "·hid1 lit· t':t~i!.'· "·ithin :1 eoi)p('ratin!.!· ·J.lf'- · >·. 
peripheries and adjacent 1·oil ('('Titers. Thns. t·i p1H'rn l g-rnq\'l' or tr:wk on the hub. L1H• 

50 th~ connection between coils 07 nnd 3R is ht·ond PtHb of fillgPr~ K:-, of tht• ;-;pidt·r pro- 1r6· 
t}'·i:t)llgh conducting rofl 71 \vhiC"h extends jt>C"tin~~ into tlH• r('<:t•:-:s ~!) fnrml'd in th:• · 
1,etween the ontcr peripheric>s of t ht>~e coils. Pllcl of the huh ~:~ ac1j :ln'rJt sa irl spic h•r. .\ 
C'oils 38 an<l :~9. on the oth('r hnncl. arP con- spa~in.!! ring 00 of insulatin;! mntt>rial i~ ~1.·· 
nected throngh C'oiipPrntin.!! spring <·ontnets ''tll'Nl to t1w ~nidrr R-~ I'" ~c-rr>w~ !)()"L: :t nd 

55 IS. each or 'vhich is secnreJ to the central l .. y me:1 ns of ~im i la r :-;f'r:,."·:-: (not :-:h(n~:n) 1:2 o 
or innermost turn of it.s ~orr(.lspon(ling coil. tlw metal "lip rin.!! !11 i~ spr•11red b1 rin.!.! f>(l. 
Tn n Rimilnr manner. c·cmrluc:ting- r'cHl 7D co11- ~nid ~lip t'ill!! J,l'ill,!.!' I'IP..tt·ic·:tll.'· c·nntll''·t!·rl. 
nects the onter peripheries of eoils ~!) and :&s hv rnu• or· morc• of -.::1id :-:':I'l'\\·:-;. to spi.-1Pr· 
40: while coopernting spring cont~1cts SG ~-L .Tlw ~lip rin~· i.-.; ~lnttP'l. simil:trh· t~~ 

'

connect the centers of coils 40 and •11. .At tlt<' ~pi1l('r .~·1·. tn prp\·pnt rddY enri·t·rrt~; hut 12:5 
~1 is a binrling post whereby the r.ent~r ~f tlw slottin!! is in a c1ifTPl'Pllt :tll!!ltl:tr pn~i-
roil 37 mav be connected directlY or Inch- t ion from tlH' slotting- nf tlw spider. for rl'~t­
rectlv to uri ante;~na. Anv other convenient ~ems wh,1f'h will prP~Pntly nppc3r. .\ ('r)n­

nrrun~ement n,td connection of the loncling dnct1ng nrm 02. interzra 1 with spitler S·L ex-

~· --&5 coil~ may of cJurse be crr.:>loyed. - _~:' rndinll.v to :1 pni~111t miclwa:· lw. J:lo 
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tween the innL·rmo~t. anll ouh•rnw~t turn o [ 
t lte loa cling CLiil. at \\" hid1 point nuothcr 
cowluding.· arm £);~ is hinged b> it. The 
::I'm D:~ <':trries at its fret· •·111l n. t·iip or :-;lider 

;::, !_l: wltit.:h i~ mo\·ahh· ~!inn~ tlh' conduetin!.!' 
1 ibbon of whieh. the lo[ldill:.! coil i.~ :fm·n1c1l. 
~u that. bY rvt:1tion of tlH• 'f-ipidcr, this clit: 
<·:t.ll bt· w:'>n·d t:> •~n\· (h••:irl'd nositinn on the 
pancake (·oil. Tn .order to 'g:uar,} ngain~t 

potentials normally existing- in the end ioacl-
ing eoil :ri in operation. it is desirable to 
lllOtlllt it~ S\\"iteh terminal C~ Oil <l rclati n~l V 

long- ins11latin~ :-;pacer 00. It hns bPen toun~l 
liTH lcsira L le to lt•n Yt' as tlP:ul ends thos(~ po1·- 7 u 
tions of the loadin!.! inductance not actively 
in the secondary t,i· acria 1 ei n~nit. ~\ccunl­
ingly the lust l<~ading coil ~11 hns its eont_act 
~ttlll 7i3 always c~mnectNl to the loaclmg 
switch -!(j thrc;twh leatl 9~}1 ~roincr to crinlL'l' iG 

t_-\ ~ ~ ~ 

u-:1-. This shunts the nnu~cd po'ttions of the 
Joaclinu intluctanct- :1 Tl!1 a \·oifls nn<1nh· hi !!h 
potcn t'i:tls. · · 

10 :ttTi(h•ntal mon•ment of the dip along- the 
(·vwludor by l't'<hOH o i s1weks or jar~, a 
t·onntPrpoi·..:t~ HJ. may LH! a tt:u·h:..•\1 to arm f),) 

nt' thl' ~pidcr. The <-mploymt•nt of a. hinged 
"r j.>i:ttL•tl cont:u..:t-making arm of th~ char-

1 G ader t1e~t..:ribed h:l:-i spt'c!:tl ~Hl vnnt:1ges in 
n>nnt>:c:tiun with large t:l>ib like the lo~rlin~~ 
t'Ol{S hert.' SllOY:!l~ W}Wll t1ll' <~Onditi.ons 0 i' Oj)­

t'l':.lttOll at~) Stl:.·h that tile potential in tlH.' 
ol~ter turn~ of such <'\•i is i:; '.'l'l'Y 11 i!!ll dw· 

:\Ieans arc provided for scledi vely retain-
. ing nnv one or the rotatable spiders 8:! antl ~o 
its· hitiged contact arm in order· to adjust 
the position of the contact clip or slider on ~ 

~o to nuto-trau~fnrmation. This <.::mdi.tinn is 
!W.>~t pronounced whl'n op~rati 11;! nt short 
'XaYe lt~ngths: anr1 for the nrr:t!l!!t•;n;.~!tt n!' 

·1 1 . . 1 . . 1·' , . · 
I OJ S ir.l't.) S lO\Yll J~; I:lllSt ll,l'i,\" t:) O<'•.'Ht' 111 

t·oil~ :r;-. :.J!J nnd -H. l':-:}IC'(~i:tlly ill eoil al. 
!_!;j Th· tw•alls of tl11• hinu'l•d :1rm. tlH• diff:..•ren<.:e 

in' nott·nti:tl lll't\\.<'1.-ll.tin\ r·l)il t·ondn!·tot· and 
:tl'l;l ~):,! !H'\'(!1' exr~ef'tls t1tat <il:t• to :q>proxi­

. m:1teh· onc-ha 1 f tla· t•,t;;l mtmber of coi1 
liirn~.' It "·!ll l1e n•;lr.•:l that the eontac·t 

30 :1rm for <.:nit :r~ i:-; sua:·t•tl f:trther from the 
··oi1 than an• tJ1c ::_;'LiS of the other eoils. 
T!,j:-; is !Ill :l(:eottnl ot' du~ n:utic:ularlv hi!!h 

• 1 . . 1 • - • ~ • • ~ 
put<·ntla .~ In cOil :, ; . :1ni! t!H' sp:u~rng wtmltl 
h:l.Ye to be :-<till !!l'l'~ltl·r· ,.,.<'rt'. it not for t.llt· 

:~5 hing-ed arm :lrr·:~n!!t·ment. 
Ench spicler is coin1ected to its correspond­

jng S\-riteh contact G~). 70~ 71, 72 or 7B~ by 
menns of a conrlnctinrr bnr 07, which C:1ITi.es 
a brush DS con!inecf hct,,-eP.n slip ring 01 

40 a!ld t.he rcvoluhlc spi<.ler S-1. the arrang:P­
ment being such that the Lrush nl\va YS mn kt·~ 
~ood elect.'rical contact with both. Sinett tlw 
:~lottin~ of the spider nn'1 the slip t·jn~ tl) 
prevPnt cclcly currents is not nt oppositt- ot· 

•15 :tcljnct'nt points. the hrush !)8 i~ alway=-- ~1ce­
trica1h· eonncetc(1 to t1w ~mi1ll'r <':t ht>:· 1.\· 
c1irect'c·()ntact or throngh tl~e ~lip rill:,!'· ft 
will be noted thnt ench n I' t lw I,,, r:-> !}T i~ 
L1isposN1 tangentially '"it1t n•sp<·ct to th" 

:;o spider with ·which it m:lkPs eont:1d. By th}:-: 
arrangement the force oc~easione(l h~- fric­
tion between the brn~h !)8 nnd the f-ipidP!' j~ 
exerter1 lon.zitudinalh· of the har inste:ul nf 
transYersP!v: and thi's is an important eon-

5G ~iderntion es.pecinlly in the ~pcl·i fie form of 
apparatus hf_)r.·e cho~c!l for· illnst.rntion. "·Jwn• 
t1w bnrs !)7 are pr,sitin~ly lw1d at. thrjt· np­
per ends only. Tlw bars 07 :tre IH~nl nut­
wardh· ns shown. ~xtcnclin!! in :1 r:ldi:11 c:: · 

riO n~ction hut "':ell space(l a'Y:ty from th(' !n~td­
ing ceil. then gving ton point of en!lnt'l'tion 
,·.-ith the contact corresponclir.g to the p:t !'­
ticula r loading coil ir. question. Thus. eCl i 1 
41 is connectc(l to cont~ict 7:3, and so on !or 

t.15 the other londing coil:=-. TI(lcn.W:fl of th£' high 

the corresponding loading coil. .A convcn- ~ 
ient nn1l ~atistactory. mcchnnism for th.i::; 
purpose js here shown. It comprises a se- 80 
lector tube or hollow shaft 100 of insuln.t-
ing 1natcrinl~ \\·ithin the sleen~ 82, and slid-
:thly mo\·n hlP longiluc1inal1y therein wH hi n 
limits. This inner tnbc or shaft 100 eon-
tnins suitnhl.\· nwrJiltL•cl tla•rPwilhin Hn• pir ... !Ill 
otccllatches or clog~ 101. one for Pach load-
ing- coil. cad1 latch controlled by rt sp~·ing-
10:3 which t<·nc1s to force the tail of the latc-h 
outwurclly throHg-h a lung-itnflinn 1 ~lot 1 0:.~ • · 
prw.-icle(l in the tnJ,e. the fiYi! slots 10:~ bcin~ !tG 

i.n nl itJCment as shown. X ormn lh· t hcst.• 
l:;tc~lws nrc lwlc1 inoneratin• bv their:· contact 
"ith the innL·r ~ur·f,lcc ot the· surrounding 
slet•YP 82, but n pon rotation of the imw1· 
tnhe. 100 relati Ydv to the onter sleeve I oo 
throw..:h different ~ prctletermincd mtg-les. 
each 0f the alitwd slots in thP inner tulw 
n1av be mnc1c to register y;i.th a s1ot 104 in 
the .. outer tnbe or cti:.;inrr 82;·ns will l)e more 
fnlly expla inerl lnt<~r~ \Yhercnpon the pn r- lOd 
ticnlar lateh in qnest1on is thrnst outwardly· 
hy its contro1ling- sprjn~ to engngc betwe.en 
a pair of the irnYnn11.'· projeeting fingers 8;i 
on the spider whose.' arm go~;erns the clip or 
slider on the correspontlin~ loa cling eoi l. In J 1 o 
thi;; positirm, illustr:1tcrl for ex:1mple at t'w 
extreme lc ft i :1 Fig. ·\ tltc 1a tc·h mr.ch~111i~m 
Jor coil 37 is thns jn operati,·c JWsition: and 
\\ith the t\YO tuhes S~ ~ncl lOO thus conph•d 
togethe-r nnd nJ~o conplrrl to the spitlt•r S-L 11" 
turning of the oper:ltin,!! knob s~:l. ,...-ill re-
~:lllt in shiftin!.! the s1i<lin!.!' rontaC't :t!·omHl 
on the helicnl C'JIHluctm· of coil !)7 int 1) an\· 
d{?sirecl position. .\ny pr:tctic~-:.1 mPthod (;t 
mount in!!" tlH' lntehrs 101 ·with1n t ~w tulw J :21) 

100 rn:1\: lw ac1npted. 1mt th:!t lwre ~hnwn 
is ~im1;lc nnd cffl'di·\·~·. ~hnrt. 1Pll~!th~ of 
hPa\·\· wallrd in:-:nl:ttinf! tlllJin~· tn.·, of tlH· 
pro;)er diameter: arr ~;lW<''l tl{rou!.!h 1on,!!i-
tnclin:dly for the !!"l'eatt~r pa!·t of tlwi~· h•n.!!th ,1. 
to provide chambers 10~~'·. \Yithin eaeh of 
th~se chn.mbcrs onP of tlu~ lntches 101 is 
pi,·otecl on ero~s pin 101 ~. its control! in~ 
sprinz beinrr anchored to n cross piece 10:21!. 
In assembling the selPctor mcch:rni~m: each 13C 

• 
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of these mounting bloeks or tube-section:-.;. ~lcC\·e 8:!. and the innet· tube 100. .Furthel'· . 
with its latch in place: is insertl~tt into the more. to ·m~urc frPe relatise moYemcnt Le­
t.n l,p 1 on~ nil< l n ftrr be1n~ pushrrlinto proper l \H~eTl Sl'll'etor t.nlw 1 ()() :\ nd slcen.~ S:.!. the:--t• 
po~itinn is sccure<l in place hY means of a mt•l!dH•rs adualh· ('OntaC't onh· at h(,arin!! 

5 pin pns.-.;ing through the unsa\\~e<lt•n<l of tbt• !"lll'fa<·t·~ tone nu<.ll0011 . · · 70:·: 
bloc]{ nnrl into the 'vnlls of tnhc 100. In Tttrnin!! now to the transformer rom:trnc-
the npi)nratm; of Fi~ .. -, tlw~<' ~Cf'tlring pins tion. :11n: ~uit:l: -1<• Jrlt'nns mav he provicled 
arc most dP!'irahh· of. immlating- material. l'or sl1i ff.in!!. tlw lllO\':lhlP S(~<·c;ndary or c·ou-
as iudicate•.l at lOti~ for all tlll' bl~)cks exc:rpt piing <'oil ·:~(j townnl nnd away from tlw 

10 that at thl' extreme right, the ~eeuring pin primnry colt to nt ry th(l eouplin~ <listanC'e. 7G 
lO(ja for thl' latter beino- of stron(rer n1atc- and in the ~,mrti<nlat· eon~trn<"tion shown. 

. e ~ 
l'lal. such ns steel, anr1 also differing slightly the nw·;aldt> !'llpportin:.r pbtc r>S carries 
from the others in form. for rPasons wh1C'h fixt-rl then'to n long ax in l sleen.• 112. which 
"·ill presently appear. tcrminntt•:-:: in an iutt•t·tmllv threa<lcll nlem-

15 ln on1Pr to prrn·idt> fqr ea~il,v l-ielectin~ lrer 11:L pn•fPral>lv of met~tl. the threads of so 
nnd opt.•rntin~ly positionin:.r the pat'ti,·nlar thi~.: mernhPt' lJPii1g engaged b~: external 
l:1tr:h lt)l corresponding to tlw loa<ling coil tltn•ads ll..J. of an operatin;! rml 11G of in­
who;-;t• ~~iller it is tlesirP'.l to adjust. menns sulating- nwtt•rial. this roc..1 hPin:r rotatable 
an• proYirletl for rapidly an(1 at·<~Hrntely "·ithin the sleeve 11~ and in a bearing pro-

::?0 ln·iu!!'ing into n·~i:-::tt·~- the parti('ttlnr pan: Yiclerl at II.() in the rear panel :-n. Rotation 85 
of c·oi>pt.>ratjng slot~ 10:~~ lO-t through which of the rml ea11 be rea<lilv efi'ectetl bY n1eans 
tltat lHt<'h is a<lapte'l to projec·t. ln the :tp- of knob 111. It will bc'scen that l;v rotat-
pa ratns herP !-'hown. tlw front Pllrl of the i ng the knob in one t1 ireC'tion the slcl'YC 112 
olllt't' ~c·h·~·toJ' tnl1e 1~ prnrtdt'd with lh'<' will ltl' fo\'e(•tl to\\'HI'<l the rt~nt· nnd "·111 

2il ln11gitudinally l'Xtt•wling- !'lots lOS. angu- <':lt't',\' with it tl;e montblc plntl' :;~with ec)il no 
larl~- spa,·Nl to u;rrPP \\·1th the !-:pnt·intr of the :~() mnnntr(l tlwn·on: \\'hile turning the knuh 
:·dot~ 10-L whieh mny \,p t•qninngnlnr. a:=: in the oppositP direr-tio11 will mo,·c the 
Jwrt'. for c·on n.'n ierwe. Tlw pin 1 {)(i:l is clon- SL'<'OJula ry r·oi I towarcl the primary <;oil.· 
gatPrl to pro,·iclP :1 reduet'd projeC'tion at The c·ouplin:,! di~tanee maY he renc1 off on a 

:w 107 ( F'ig-. 1 ..J). :1 dn pt1'•1 to ~ntet· n ny one s<·a ]p 112a pro,·icle' 1 011 the·· sleen' 112. Suit- g;; 
of tlw fh·e slots 1118 selr.·tiYely. Hy pullin~ alth· :--top IIH':tll~ should he proYifle<l to pre­
tlw ITHlPl' t11hP lOll ontwardh· until the se- n~nt forward a111l I'C'nrwnnl moYement of 
lPdnt· p1n prnjl·c·tion 101 <'lP'a.r·s the enrl of tlw r·rHiplin.!.! !·oil or transformer seconclat·~­
:-:Pledor slf't->\'P ~:2. wlwrP it ean mrn·e freelY !:.'yond prPciC't<•rmirwcl Pxtreme positions for 

:~.-~ 111 t]w n ntllll:t r :-=p:t:·P 1(17': hd.wppn t.he en;l 1nax imnm lo(JSe <'Ol\ pl in~ an<l mnximum 100 
oi' tlw ~li:'C\'P ~:2 :11Hl tlw Ann!!e lOjb of the c·lo!'r c·onpling-. This stop means is desir• 
onh•r ~:::.<'\'!' ~t~b. tlwn rotntini tht~ tnt><• reln- :tl,ly of ~n<'h chn 1·ar~ter ns to guard against 
ti,·rl~- to :-:lPen" R~ to pl:H'P the (•ml of th<' jnmmill~!' or fon·ing of the moYable parts. 
sp}pr:tor pm opp(1~itt> n ~ell'('tP(l ~lot 108. .\ s lwre shown. thi!-: is accomplished by 

40 nne! finn lly pt'rmitt1n;r thr ~1l'P\'(' 100 to lw me:1TiS of n gPat· stop clev1c·(' monntecl at tr' 10!l 
rlr~l\\'11 h:wk h~Y its <'ont.J·nlli11g spring J()(l1

• rPflt' of tltP apparntns n1Hl C'on~isting- of 
onP of t.lw fh·t- p:1ir:-; of r·ni)pPrat1nr.!· ~lots int~rmPslwrl pinion~ 11:i". awl 11f>b, which 
11l:1-ltl4 i~ tlwrcnpon l.>t'Oll!!ht into !'t'~istr~·. c·:~rr.'·· rP~ppr·tin•1y. stop members ll5c nnd 
thE~ proper lat('h nwml1t'l' opPrntr~. :lnd th<' 1tr,·1

• Pinion 11;-,:t, srt:lll'r:.•<l to shaft 115, hn::-: 
4;'l tP]f'!'c·opina sl'l<'·.-tor tnhe:-: an• thn:-; l'Onp1N1 2-~ tPeth: while ipiuion ll!)tJ whiC'h h:'loo~e on 110 

tnuPther :lncl to th<' C'ontnC't spid<'r of the ~b!rl 11:>~'. h:1~ ·:~:~ tP<'th. The }lll1JOn~ aiHl 
p:~rti• nlar loading coil whose f:licler it is dP- stop nwmlH•rs :tn• so t'Platl'd thnt the oper­
:-:il'£'(1 to nrljnst. For f'(ln\·enirnr·e. :u1 incli- a tin•! shaft lli'i may lw tnrnP<1 throngh ten 
c·at(,J' dinl 109 is S('Ctll'e'1 ns hv serews 10fF' c·omplrt<' n·,·oltltion:.; from ~ither· limiting 

50 to An!'!!e 10i11 , nnf1 can·ies thP nnmerals 1. po:--ition of the SP<'mHlary f•nil. The stop 115 
2. :L -~ · anrl n. which correspond to the seY- mPmhPrs then :·orne 1nto loekin:,r engage-
t•r:,l loading (~oils. A pointer 1.1.0 011 the nwnt nml prP\'Pl\t fnrtlwr mo,·rmP!lt. 
n!wt·atin~ knoh 821l c·oijpprntL•s ,....-ith t.he. rlin1. Trrrninnl 11 R r~onnrdPd to the onte:· turn 
Thu~ by pnllin!! ont t.h(' sleen' 100 :1.rHl then of thr f:<.Tond:1n· roil of t.hr tran~forrner 

fl.; ~<'tting thP. pointer or arrow to point to the mn Y be c:onnecte(l t.hrnn!!h flexible lenrl 119 120 
nn'n~r· m.trnher on thP inflir-ntin~r di:-~1. the :mel binding- po!:it- 120 to _!!'l'onncl through n 
i:J t.r·it m(•chnni~m for ~·our, lin~ th(• opprnti nr.- s11 ita hle nmmct{~y· (not f:;hown). Thr on ter 
knol, to th<•. <'Orn'spnnrlin.•.!' lonrlin~! c·oi1 nuto- tnrn of the primat·.v transformer coil mny lJp 
matir·nlh· <'omP~ into opc1·ntion. when th" <'C''lnectul to the condensers in the primary 

j
o slPPYl' 11\0 is n 11owr<.l. to lw clrn ''-·n hnC'k into cirenit through hinc11ng post 121 and leafl 125 

nln(·p hv its <'ontrollin~ spr1n~ 100:\. Tn 122. The nlriahlc connection to the trans-
this P.on.ned.ion it shmtlcl hf' nnt'rcl that ~il.i(l fnl'!llCl' primary. l'<'JH't'~rntNl hy the primal'_\· 
<'ontrol1in.!..,. spring- is ~-wl\·elr.fl !t 100b to the S\\'iteh :lfm 4•t is C'OTlllPdCfl to an :l(ljnstnhlP 
P-n(l of Rlcc.,·c R2. thns pr.rmtttmg free rcln- point em the vnrin.blt~ indnd:mce or vn.riom-

65 ti "'' t·otnt.ionn 1 mo't"<'mPnf lwt.wt'E'n t.h<' <'tPr f•oil 1 ~;~ h~· flex ihlP l<'IHl 12-1 nnd (•on- 130 

~~.-.,~~ -·-· 
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duct.1ng bar 125 (Figs. G--D), 'Yhich 1attrr 
carries a double brush 1251\ lwnring ngain~t 
u contact collar on rotatable cmHluetin~r 
shaft 123h. to which shaft is scr.tn·e(l switcl1 

5 nrm 126 of the Yariometcr. This switeh arm 
is n simple rnclial arm carrying a cnntaet 
clip 12i whid1 engagrs the contluding ri1J­
uon of the YarhmPtcr Coil and which is also 
longitudinallv slidablc on the nrm 12G a:::: 

lo !he latter is r7otatecl by means of hand knoh 
12G:t. The operating handle may be pl'o­
Yicled with a guard i1Iate 12Gh. This simple 
type of contact shifter can be used in this In­
cation because the Yariometer coil is l'Om-

15 posed of comparati\·ely ftnv turn~, aw.~ lw!lt't'. 
there are no dnngerou~ potcntw1~ ll! t1H~ 
outer turns ·under operatin~ conclition~;. 
The o·.1ter turn of the \·n.riomcter coi I m:tY 

he connected to the other side of the c1o~··t-~ l 
~o os~·illnting circuit, in this instnnc.:e at the 

spark gap, through lead 128 nnd binding 
post 129. This variomcter pro\·ides n sma 1l 
value o:f Ya riahlc iwlnet n nee which is re­
qttil'l'll in tun.ing tlw primary eirc11it to ill-

2::; termedin.tc wa ,.e lenut hs occnt'l'i H!! h ... ·t \Hlt'l 1 

the turns of the large._ primary coil~ 
Returnin~ now to the mcchm1icnl l'Olllle<:­

tion o:f the- primary nrm -1--1 of tl1e \Y:.tn~ 
chnnge switch to the wa \'l~ change slta:ft or 

30 rod 42. this mav be effcctt•'l in anv ('On­

venient rnanner." \Ylwre the set is to" be a1-
wn.vs used "-ith a strrnda!'IL aerial of l-mY .f;iO 
rneters, the arm 4-1 may he pennn n~ently 
fixed on said shaft. Tint where t1w set ma v 

35 have to operate "·ith acrin ls of long{ll' (;l' 

shorter pcriolls than the stnndanl aeriaL it 
is important to provitl(' me<Ul~ \\'lwrchy the 
relation oJ the prim;u·y ~witch arm of tlw 
wan! chan~er to the ~.:ceolHb n· :-:witch arm 

40 ~13 and loa din:! i~lr_lnetal~t'L' · s-..,:ikh :: nn 
46 may be vnrie.d. Ynrious expedient:..; nwy 
be adopted :for this purpose. In the a r­
ran~cment here s},q,•;n. til<' :-.;·.,·ilch :11'111 4-l 
is at1justable on the shaft -1~ int11 difTt•n·nt 

·t:l angular position~ ii1 the follt,win~· rn:Ult!l'i". 

~\sector VJO of in:c:nlat.in~! tnatl~ri:tl i~~ !ixl'dl_,. 
nwnntcd upon sha £t 4~. ..\s h~~n· shm·;n said 
sector is sec11rcd lrv mean~ of sr:.rc\Y~ L:~(lt to 
a collar 1!1011 • v;hi~ch in turn i~ sceurec.1 bY 

!JO pin V~Oc to tlie shaft J2. The ~ccb.n· is pn)·_ 
...-ic1ed nt its outer mn.r!!in with notehl'~ t:n. 
which mav be conn~nienUv nnrn1)ere'1 .t. 2. 
:1. 4 and G. as shown in Fig·. G. ...\ manua 1h· 
operable snring ~atch 1:32: radi<llh· slidahfe 

!55 on the rea; :face of swit ·h bl:u1f~ -~-~:is adapt­
et 1 to ~ngn.trc the notchP~ 1:3 I. s11 th :1 t: t hr 
switch blitcln mn.v tJ(' sldfl('d t.o :\!1\' Cll\l' or 
the nttmberc<l positions :uHl he1•1 in 'plan' hy 
the enrrngement of <'atch 1 :}2 i !l tltl' ('o~·:.·r·-

00 spondini notch. "\Yhen t1w swit<'h h1a:!t~ i:; 
in the No.3. or ~'nor1n:-d·' position. thr~ wa;,·p 
ehnn!!'e switch is nrrnn!!'e'l to cmn·;~ct in lh~ 
aerial rircnit the prnDer coupling and 1u:tl1-
ing coil inductance for nn:v one of the five 

preclcterminc,i \\·n n~ lrr.gt hs wheh t hr nrrin 1 G5 
employed is of the standard }H.'riod. Shrwlt1 
the nci·i:ll Lc of ~hortc1· perio:l. :l!l :lll\Uti,)tf:t1 
coil can ])l' n.<hlcrl to tiH' :H.•rial <·irc·!iit• ~,,. 
shifting the primary swit<"h lJbclc· f1·nrll 
'~normal" position tn Xo. 2 nntrlt. "\.\'it·h tht• 70 
blad<· in No .. t notelt. two ln:tdin:.r cr,:l:: :::·~· 
acl<lcd. This will pr.rmit t11ning'nf tl\(' H·! 
for usc with an aerial of appi'oxim:t~ely :-;r:n 
mdrrs. ":--hen thP ~r.t i.~ n·qnin•!l to r:pC'r-
ntc "·ith aerials of more than 4;,0 m~·tpr~. 75 
the prinwry s'xitc:h hJa'l" is ~hiftt•(l fr0m tlt:~ 
"norma F' to :\ o. 4 notch. wh i('h ckt·rt>:t~c·~ t lH· 
iwlnd:tt\C'l' in l'ircuit with t1H' :1r·ri:11 c·~,;:_ 
.\ :::-hift from '~llOl'TlW r~ tn Xn. ;, f}\)t(·h pffed..; 
n (leerensc hy two 'loarlin:!' ,·ni1s. so 

RPfrrrin~i' again to n'w 11\C'\lnting t.d' tht.• 
loadin~ coils. th0 arr:Hl!!l'llll'lll tle~w1'ihc(l h:1:-: 
important pra! tic·:!l a·tlY:tnt:l.:~l's :1s :tl)(JH' 
point.erl out. Hut this Clli:t ils hn \·ing: t\\'•> 
s11pporting plates 74: anr1 ·j;i~ behn•en coi1s SiJ 
!38 and 39; and~ similarly. two pla-t<;s i() and 
:~o. brtween eoi1s :~() an•J -~1: tl!P c:oils of <'.lc·lr 
patr oPing- thus Jlll>ltntetl h:itk lo hnck. ·E:1rli 
coil is moun tell on its supporting pbl!• ! 1y 
means of stncls 1:3:-;, whi('h e.xt('nd thr•);!~d\· !JO · 
the supporting- plah• anrl through spa• t·r~ 
1:1-1-. t1esirn hlv of insnb i in!! matl'ria 1. notellt' 1 
us shown to. n·eein• the· rihhon c.:ontln:·tu~.:. 
eaeh .stut11Jein~ hooke(l at 1!3.i to eng::gc the 
condudor, and Lei11g tltn·acle·.1 ~lt the otlu_:r !lit. 

ewl for l'tl~a!!L'mcni: ln· :t ser:ttrin:: 1111t t:>~. 
whi<"h is ree~'iYe'l in ;t <·mmtersi.nk on th~· 
bat~k of t11C supporting pbte. The b:H·1\s o\'. 
tlw platrs in the two pairs. 1·1--i.~, ant1 · 
71_,-30. arc nceessarily rathrr dose to~dht·r 1011 
in this tlesi;!n uf appa ratn~~ a:1~l 1wnt·c• ~.;p•'-
cial preeantions arc t:kl'n to J·rt~n·nt. i.-\lr-
rent :jumping :t''l'os~ from thr lllPlllltin!.:.' 
~twb of one ,-oil to till' ~tu(ls or en~11 to .. he 
turns of the atljaecrJt. euil. This i;.; likt·ly t·, to:-, 
occur only. in the outer purtiCJw; of C'Jj i:-: 
whosP l>C'ripheries :1re not direct~.Y cuillH~cl-
e~l. wh<•rr t1H~ pote!ltial t1ifferenct'S arc oftPII 

Yci·:v higJ1. ~Tmnpin;.: :t''I'OSS Ld ''-··~·-·n tlt•· 
n:•HJntin.~:· ~lt!d~ is .!!ll:~n1etl :tg-:till~f. lJy ~t.:~;.:-- 1..10 
;,!"i'l'!ll_:..:.· t1tt.' stnti;-; in :--:'>lTl" w,ty .. \~ hl~n· 
~hu 1.\!l, lhe :-;tncJs <1f car:lJ I'!JjJ ill'l' ;U'I';trl!.::~~: 
i11 six rn'1ia1 sets or series, and the :-:l'ts ·,tr'' 
slag.<~crcd in the stwr:t·~~j\·e· pbLt·~ ~·· t1!:tt tb: 
~tutl sds of :!dj:t ent r·oils 1lo r~ot com•.' rJppt~- ll;) 
~ii.r. T>nt there j::; nc•:erthr1e~:: ~he t(~l:dci~r:·.-. 
in lhe ontl'r · r.~il llll'!t~ for cl\l'f"rtl h jtt!il~l, 
from tln~ stud:; of ~>lie e·•!l tr1 :1::· 1'·•·:·~ • ·· 
t.hP next :111 ia;·cnl e(1il: :tnd ;-.;ir.r·:: ~h:_' (1ic·!r:r_· 
i.ric· ('Ol!St:!!·;t (.l: :ln'; S';ljrl in:~tl!::tlll:..:.· Tll:~ip'' 1~0 
t•i:d :::-; hi~.dt<'t' lll:trl tb:~t. t.•l' :tit·. L1li::; tPll\1·.:1:: ,. 

'.'.-ou!(l bt' f11rthcn·,l b·: t1Il' nn'!·Tnr:(' <:~ ~~:·:_. 
~. 1 ~ . . 1. , ' 

supnur.n1:~ p.alt' tn~:·r:~,)~"' l!l'~'.'.':,t>:: ·"""'; 

studs :!!!•1 t•oi1 tnr:!~ .\{·r_':)r·1i!~'~·1.L ::p·.·;· 
1
4 

f:.11l'f'S 1:11. cin·nbr i11 tlw prc~t·rtt ex:tmp1:·, 
arc for!l1P!1 in ,-ircnl:n· ~Pl'il'!-' in ~':~··1t ()( tl::· 
!--iuppot't'in!.! pl:ttrs 7-k 7:i. 70 nn1l :~o OJrp(l:;iir: 
the oul(•r ,·oil tnrns :uul hl~Lwct~ll the ra.li::.l 
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sets of studs. It is apparrnt ther~:.·f,n·t~ that 
in caeh pn ir n f ro!ls in qnestion~ the st nrls 
snpl'(;rtinp.· t1i!' Ptit(•r tnrns an• ~cparntt'cl 
from th<:' ot:tl'l' t!:rns of tht' nPxt ntljarent 

;, eoi I by !.1 n unoh:;trudt•d :t i r ~p:H'<'. ;\ t t1w 
~:une time a lmo~t nnne of the st reH!!th a w1 
rirritlitv 1n1wrrnt. 1n the_• 11sr.• of s;-:o]itl Sllp­
port.in~ ptites. sn e:-:se11tin! cspec·i:t1ly for n p­
pnratus int(•ncled for military purposp;;;. !s 

1 n sa:·rificer1. 
A noYel detail of c:on-.:ich.•t·ahh• }ll';il'tieal 

importalH'l' i~ tlll' <'0ll~tl'ttdion of tlH' !'011-

tart ('lips sh0"·n at .~::! :mel (jl fnt• adj11sbl1k 
1 'ntlneetion (lf thr prinwry :nul S<'conrlnry 

1:l eont.net r-:tnds to tlw tmnsformer C'oi1s ~H) awl 
:w. As slHnnt in Fi~s. -L 21. 22 nnd 2:L P:H·h 
conta('t r·lin js a l:t.minn!t'•l strttdllrP com­
pris1n!_!· t h;l'f' n•:.;i 1 i<>n t md:tl str·i ps 140. 141. 
nnfl 1-!~. whir·h nr~· !'\PI'tlrecl tn!!'<'t ht'r ln· ri ,._ 

:!0 rts 1-!~L The ~trip ].~n is len!.!'ibtdin:dl)· slot­
trr1 to form four fitt!!i'l'~. of "·hi<·h the t,,.,, 
ontsicle fin!!ers 1.-1-1- t~xtrnd heyonrl tlw t"·q 
intrrnv.•rli:t.tP fin!:':<'rs 1-f:-;. :nHl :n·p ht~nt :1t 
tlwi!' i'l'O}\'!·til~!!· r·nrl~. :~~: ~drn\\·Jl. Tht• ·•!'ri:' 

~:-~ 141 is slnttPd in ~1H·h :: '.'.'::v :1~ to m·o,·idc 
fiye fin!!'l'l'S. nf wh1~ h tlH· ,.(."ntrn1 fin~:Pr J.!(; 

· Pxtrrvls hPYmJ•.l tlrP ntlwr~ nnd i:-: ltPt1t Rimi­
larl~· to ti-!1!:!'er~ l·l ~ hnt oppnsitt'l.v thrrE'to. 
Tlw t\Yn pair:-:: nf Hn!.!'<'l'~ 117 on PitlH'r sid(• of 

::n fin!:t~r 1-t~ :ll't> of snhst:mtin1lv the ~nmr 
lPt1!..rth ;1~ firtr!l'l'~ J ~.i. :1~1'1 lil~~· tlwm :ll'<' 

t:q)f•rt•d ·n· lw:,·c·kd nt tlii'ir frP\' Hid::.. Thr 
strip 142. lying l1Phn•rn ~trip~ 1-l-0 :rntl 141 
i~ r·on~i~lPrfl h h· sh:n·h'r t h:111 tl11• two ontf•r 

:}.'l strip~ ;n1(l. is 1'10t ~l·ltb_•cl. \"jp"·in!.~· th•.• c'Oll­
tnt·t r·lip from onr •.·d~-<'. it '~:ill h• St't'll that 
tit!' cl"ilhl" hPn(ls in tlw fin~F·r~ 1:14 antl 14<i 
:11'1.' stwh tlwt ~nifl nn~··prs :lp·p~ar to ron\E'l'.'!(' 
or i1rtPrsr!'t nnd tlH•n rlin•r!!:> n~:lil!. TlH· 

7 

first n1entioiwt1 ed!!P of the c~ontlnctor l1as G;; 
<'Ollle into nlmtmpn't with the t'll'l of the in­
terml•<.l ia te strip 1-k?. J t is c,·id<'nt that this 
arrangement proricles :1 clip \\'hid1 1':111 lH· 
an·urately nnd rapidly appliPd to tlH· coli· 

dndor. and whi~·h t•mlq·:l!'t'S t!a· .'.:l!t:<' finn!\· 711 
''llorJgh trJ a<lequa h·'·'· .!.!ll:trd a.!!a i !' ;;t :w,·i·­
dPJ:f::d <lisn):H'CIJH•J1t. 

T1H• dt·~·t ril'al l'l' !at ion k·twt•(•l\ tht• Y:t 1'1-

Pll~ pnl'ts of tlw :1pp:U'atus h::s bern indi­
r·att>cl in tli!' fol'l';,.:"ning (1rtnilrtl <lP~wript!on. 1rr 
:PHI !'aid n.•latjon i:..; nbo dP:.!t'h- in<li<·:th•cl 
d i:tp:r:arnna tie:d iy in Fi~. :.n "·ht··r·p t lw part;-; 
IH'l'\-iOII!'J\· l'{'fl.'l'l't'd to in thi~ clt'St'T'iptioll 
i,P:l r l h<' ;anw t'l'fen.•nc·e c·harad:·t·:-;. ~o l':t r a..; 
r:l'!'t• .. .;s:r:·,-. Fnr tht' !-'nln• of ·C'}l':ll'IH'~~ tlll' 
JlH'I ·h :111 i'i·:d I'O!HH•dioll l H't \\'l't'Jl t}J (' S\\' j t1·1! 
tl.l'Ins "tf. -t;'J and -W i:-: not !-'lwwn in tl!i~ di:t­
!.!T:llll .• \ :.;lwrt-c·ir·,·tritin!.! enntH•r·tion !:)] IH·­

.tw"cn prinrary :-;ttt•l '\il. ;) of tlH· W:\\"1' 
c·l::!llg'l' !l:l'r~h:llli~m and tht• pin>ted !'l~cl qf ~.-, 
:.·,y:teh h1ndt• -~-1-. ~h11nts nl! I!Illi~l'd tlli'Il~ of 
:·1w prim::ry tr·:w:.;l'orint'I' coil. Thi~ prori­
~·io!l i:--: m:tdl' to l'liminat<' lri~h potPllti:tls :rnd 
:·::!:~:,~:;ut!nt br11!-ilring of tlH' primm·.\· l'ir:·uit. 
T:1 ('otllwdion witlr tlw wan~ ('han~" mt.•c.·ha- !lit 

!l i:...:m :!;;; pn·,·ionsly dt•:-:erilwr 1. t lw ~ cl in~.!T!l m­
mntit· slwwing- of Fig-.~-! iudi,·:rtP:..: that op-
_t'!':ttlll~ tlH· ""'' n• dr:t'll!!e ~ha l't to ill('l'l':l~l' Ill' 

'· !l't~!'l·~i:-.t• t h;• ','."it\'(' it•ti!!th. :tl \\'il \';-: j IW!'I.':tSl'S 

or deerra~:t'~ all thrl'e c·,r thP \':tt:inlt!P i11rlll''· !1.-, 

11111 

·10 tli~t:lllt'<' h,t·.\·,•rn tlll' l:nP of ~nJJ\-,;!'!.!'!"1"'' "::d ··:!:-1:!ir1;: i!:d:rd.tl~··(• Loth i:w:·t·:::.:,•..; nnd IIP-

th(' fn•r Pnd t)f intt•rrnNli:tt:• platt• 1-!-2 i~ ~qJ,_ ··:-~. ;!:-'·'·' dtl!';n~· :! i'IJ!1Jj>ldt> fl\!l'.'"!ll<'!lt. of thP ln.> 

l;ri;;·,: fn(·br:..:. n:utwlL t·lip primat'\' indiw­
t:in 1·. c·o:tp!illg' indl!·.'·t;!IH'P. ~111·! ln:iclil!g· ill­
'; 1 td:! !it'~'. Th i<.: i:..~ T:ot TH'<'~'s:;:tr·i h· so. ho·.·:­
~:'.'('1'. i!! tl:t• :•:t:-:t· of tlt<~ t.'Ottplin;_!' lndlldanc:l'. 
~·· trtnil~,:.! th•• l'i!'t'CJit:-: f(ll' the dilfc~!'!'rlt wa\·1' 
;. n~·til~. it !'r• qiJt·~l!:ly lt:1p;wn:~ llr:tt tl!r~ .ad­
.=,:.- t;:l•k ~.q,:-: on tilt· :-:t•r·:,nd:try or <'ollplrng 
l',,jl. iU\"i• 111 l.p :--t'l in ~q:·h Hl:llllll':' t·h:lt tl!P 

st:~ntialh· <'flll:d to tlw \\·icl~-11 of th" 1 '0P!1!'1' ··::l\·~· .. :: t~!!..!'t'l' i~1 1•itht•r· din·r·tion o-..·('J' tlw 
r!h},,.-,ll o.f \':hi1·h 1hE' p:!nr::k,. !''>i}s :F, and !)f) ·.·~!t :r · z';!l!!.!.'P of \\";l.\'t' lt'!l!.!th:-:. ()f t'O\li':~T the• 
~1'!1 \'1,'011!1'1. T1~P 1'1111 or :1 IPnrl 'l-!8 maY])(~ ll;'iin:r'"·," ;1!~ 1 1 .·(~l'fJ!ld:!r~· indtt!'l:rn:·l':-:. (' 1 1!1-

t:i r·onl~P·h·rl to 1-lJ(• c·lip L;.~ lll!':Jn~ of :1 hi.fllr- ';,~:·t'(':!' :t:-- PJ!tin-!i<·s. :d~\':t\'~ it:c-n•a:-:\· or de-
f'!ltl"1 t::cl('kpt I-!~) whi··h ~lip~ "''('l' ~hr 0!))1'>- r·:·<·:l ..... ,_. !'11:' :11''1'!':!;-;i• Ill' ~-f('•·r·c•:t:.::· in \\';J\"1' 1111 

sit<' <'nr1 of t1w dip lwl-''"''11 tlw ri•::·t:;;. :1! !!·il:.!'tll. ! !t:J\'t• :r1:.::, forme! tl1:tt 1".- :• ..;n1tald" 
wh~rh pojnt. thP c·lip 111'1,\" hP not .. lH'd a~~ :~;l.{!:~-!r,tc::t f)r !II<' \ari:>r!~ part·, :.tn•! ~·orm .. r_·-

shown :1t 1 ;)(), .\ ft0r inS('''t i11~ tlw 0f1r( of ( i•!!!~-'. tilt' :..;~·'\!'l':d t:q>;~i!l_!.~- ]>flil~t.-: •Jll th•• .o;(•r·-

,-,!1 the lrnr1 i11 tlw sockrt. hotL th<' S'H'kr•t :llld •:nd:!~·y !:I' c·•:nidil'~ ··oil (':lll !>•.' c·:)[H'PlltrntPcl 
1ht? J('ncl rn:1v lH' firmlY soldPrPd tn th" c·liP ·•·:t!1in ·r r·o~'ij'~·r~Jt·iq·J:: :~ltnrt l!'nJ_!·f!l nl' th · 11.-. 
tn form :t!1 i'ntP~~ral r·o'nstrnrt1on. ''l"!:i!· !u,. I' .p:;,··~::ll~! s:till •·n;l. ;,; :-:o'::,. i!r-

Th(l mnnnPr ·of ~mn1nv:nr: thi-.: t'.'!!" nf t·t::· :' .. ··~! :: <',~.!.!''(• 'tPI''l :d' ...;,;;.! ···,!:~!·rl'f••r. 
c·lin i.s snffiro~('!Jth· o1n~i( 1 J~·s .. I·h· prP~(·'ntiw_~· :: ; .. : •,-,,:,.;:,j .. t·- :•:t {1• : .. :,. i1q: ., ,:ir··rl~· !·I'>!J:Iw 

,~ .. 1 th~ endc;; nf the ·fin!;rr·s l~J :1'1~1 1-~() to thro ;·~·:·~!t ~•ii ·::1,.'. ,.,,!l~~i;;l.~;_- , . .,jj_ t':·l,!S
1

~lin;iJ:::ting 
(l~l!YP nf tl~(' t·!l~hon !;ondtwt·•r. so thnt tlw di- !1::• ~·:'''"'lrl:tr··: .-'·' ;t1·h :ot·m ~:;: i.qt ,_,·itil ·=rJt'll l:!r, 
n•r:._o-:•f1t t•nd~ :~:tr:tdcllP th• f'"Tldl1d'11. ~~l·•c•. ::11 :ri'l:lll.~···n;<l'! tL•• II:'''!':Jt''l' j,. !'!"illll'"d tn 
;•rtrl t!)('ll r!r:::hin!!' tb> :·lip firmly intn pl:tl'l'. :··:!,:•-t :ll(• ('tl!l!'!ill!_!' :;! 1~!1' .]i!ft•l'!·llt ,,.;\\'1 

th<' fin~l.'rs 1_-~-~ :lntl ]•Hi flr~t 'll'P mn,·pc1 anart ;,.ii!!tl:·; n~o:·•: tll·t'! ;~ =~,,~·: . ..::-:;tJ"·.' w!J:•J' <.:c·•.- .. r.•[ , 
~iO tn :_rnir!l' th(l t·onch:l't'lr (•,1~ .. ,~ :wrur:ltrh-' lw- t·''>i•irt'r t>•,itrt'- ·t•·· ('c,.·l :,, r1,:. ''IJ·•;dirpr ~·nil. · · · · 
' t·.,·c'I'Jl thr• ···oiipPr;l~illg· SPt;:: of cnnt:~c·t fill!!~>!'~ . ~!'1!'~-~n':~I.-IJc•;. ;,;. cq-~~·r·tt.ii.lg' tl11• ;·l~;;n:-;i~lit.tl';.·· 1l~·· 

1-t:-l nnd 1.17. nncl thNt c;:n·in~ tl)\\":11''1 e:~eh an;J:Jrat:''- }rl'!':n ,[, . ...; . .,.j!·~··! i~ .... f11i,·it·!~th· ol,: 
t)tlwr n!~~rin tn i'W.":l!"'fl tf1(' farther prl!_r<' of Yi~;;ts to tl!o~c· ~-ld!!Pd iii '.l11· :trt l'r"ui tl1<· 
thr y·ihhmr c~on·h~dor. Tn thP. men.ntinie tlw l':,r<'!!oint': d:·.~Triptinrt. ''"' "'ill ""'·p:·tl1"1" ... " 

• 

I. ~~~"~'·'~ • 
_ ___..;.;;; _________ _ 
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h:- briefly slmlnutt•ized. .\ssum1np; tht' set to mitter for operation with aerials of either 
Lt' Pmployc..'•.l with a f:tan<.lnrd aerial: the op- longer or shorter periods than the stanrl­
t·:·attn· !ir::-l :1dju!-=t~ the npp:n·attt:-\ for O}Wl'il- anl aerial ahove nssumell, the proc:c<lnrP 
t in11 :tt tiYt' t1cfiuitP "'n. \"t' length~ whiC'h in for tunjng and coupling is in general the 

-. nr:
1
dil'" m~n· lw ()!l'l. ~~G. l~OO. 1;)00 and l:'~lme. 1Iowcver. if the aerial is of longer 70 

~.nnn. nwtPl'~. Thl' pi·oprr' positions of thn period than the' stan(larrl, awl nsf'nming- it. 
:ldjH:~t:~biP •:onla1·t ('lip~:>~ on the primary js de.sin•d to ~une the circuit. for a waY(~ 
,·n1 t ~~:), ··n!'!'l'~p:)nrl!ng t!l tlw .~~.--h·rtctl wa \'e lencrth of 1200 meter~, thnt is. with the wnxe 
!en!!ths. w:n· lw t•in~ch· appro:dmate1l hy cha~CYe switch blade 44 on prl.mary stwl 'Xo. 

1 o r<' f~_'rf'n•:t> tn • t h<' :-;1·:1 k niJpearin~ at the left 3, t.h~ opera tor shifts said switch b~adc V1 7 ;, 
nf tlw sertor opening in panel :,0, tlS shown No. 4 notch, hut leaves the blade 1n con-
i:: Fi!!. L T n ordt'l' to dYed the c·ompletl' tact with No. 3 stud. This tlecreases the 
:uljnshnPnt. it i~ neet·~sary 'to tmw the co- aerial inductance by one loading coil~ and 
operat1n o· n!~t:i ll:tt ion ei renits for eal'h of tlw the selector roc.l must be nwved to adjust .. 

1
;; fi,·<' opi'I~tt1ncr \Y:tn' lengths. For in~tnnce. 'No. 2 loading coil. If resonance is not ob- '!"ll 

with the S'.ritch h1ncle ·14 l:il't nt '~not·mar' in tained within the range of this coil, the 
nntd1 ~o. ~3 of sector li30, the wan~ changer switch blade is shifted to No. 5 notch whilr 
i~ nw\·\·<1 if 1wc:e~sa.rY to pla:·e swltch blaclP renul.ininCY on No. i3 stud. This decrease:-: 
-~-l on primary r.ontn~·t :~turl 1. In this posi- the aerial inductance bv two loading coils," 
tion of the ,.nt n~ changer. switch bl:Hlcs 4:> a w1 the s~lcctor l'ull is' then. nwvetl to ad- 8 ;-, 

~ 0 : 1 ncl·l:l~ ''-'ill alsn c·imtac:t.wit.h tht:. No.1 ~tnd~ just No. 1 coil. Similarly, if the aeri::l is 
nr their respt'dl\'e ~cl'ies. The general of shorter period than standard, SWitch 
methoc1 ot tlmin.~ tile circuit~ for any gh·en blade 4!.1 is set in 'Ko. 2 notch. and then in 
\'::tn' l<'n!!th i~ \r,.ll mHh·r~ton(l l>Y those Xo. 1 notch i·f nec'essttry, resi1lting in the 

~;; :-:!~ii1t•d iti thP arl atFl rt•qn\res no ~lct.nile<l alldition o'l one nntl two loading eoils: re- .tio 
(·'\pl:u~ation lwn' t'XCL'pt as regnr<Js mnnipn- ~pecth·ely~ a~<l th ... e selectot~ ro~ being mov~d 
1:rtion of tlll' ~pl'i~ifi(: apparatus ~hown. I !l to connect w·Jth :No. 4 or No. o loadtng c01L 
nrd,·r to make the nece!==snry ncljustm€'nt of as tlw case mn.y be, to effect final adjustment 
i:1~lndan('r in thr aerial eircnit for tuning of the aerial inductance. 

:)t_l :1t the· first wan~ length: GOO meters, the op- From the for~~going:, it will be seen that n:; 
r•r:d11r pnlls ont the seledor rod. turns thE-~ the ntlditional adjustments necessitated bY 
hat11ll(' until the ar:-nw llO points to tht- nn- operation with aerials which nre not sbulli­
nwral l. indit·atin!!' the fir~t loading coil. and arrl. nmonnt tnechanicnlly to changing the 
then rciea~es the 'hrrnclle. said handle br.ing normal relation between the simultaneouslY 
therenpon conplccl to the mon1.hle ~witch movable primarv and secondary switch ·.J.oo 

:;;J :nin of loading coil Xo. 1 by operation v.E the bl~l_.les or arms." This necessarily reduces· 
~<'h'divc latch rncr.hanism hereinbefore de- to :.;o1nc extent the range of wave lengths 
~cribecl. The ~'.!lPct0r handle mnY thrn bf' over which the wa'V'e change mechanism 
rntntccl to inr·n·n~t' or dt'crensc th<' .. n€'ria11n- can be operated, as compared to its oper-

.10 dndancP to the necessnrv extent. The con- ation with :t standard antenna. but oth_:- 105 
i'li;1~ c){ the c:il'!·.nits rna~~ he a~j~1ste~l by r~- ''"isc the CYe11eral principle of simultaneous·. 
t':lt ing th<' C'nllplm:r h!1n~11r 11t Jn ('ttlwr tlt- \·nr1ation ~)l elcct.L·ical values in the cooper-. 
rectioo. Tht~ foregoing operation!-' ar~ rc- atinfr circuits simultaneously is not altered .. 
nP::trd for :tll fi\"<' wn.,·€' len!.!ths. tbt' wave Ttis obvious that the set can be n.cljnsted 

·l.j ;~h;l np:P dr•';ler. being of eonrs~ opcrn.tec~ to to!' opera.tio~lS of W:tYC lengths intermedi~i.te' 110 
;q·jn~ tlH· s•.vilt:'h 11ladr.:: 44. 4:> nn<l '1G 1nto thr:sP arbitrarily ~elected above for purpo~e.c:; 
r•cmt~1d with the renm~~1ing c;tucb of their of illustration. The clips on the primary 
:·1·:-:pedi\·P series :mcn'!-:sively~ anrl the aerial tr:~ 11 ;.;fol'Titer coil can be shifted if neces­
indndnnce hcinp: n.djnsted in ea.t·h case by sarY to crive the exact number o{ prim::try 

;,~_1 :--;clcdin~ and ~hit'tinrr thr rotary eontact tnr'it:; re(}ttiretl for each desired wave length, 11:; 
:1.r:J1 on t.1w p:n·ti('.n1:.:· loading coi1 con·e- and the circuits can then be tuned for each 
~~-,nrul1 ng- to the \Y!l';<' len.!:_..rth for which arl- ~neh selet:te<l wave length in the manner 
jnstment. i~ br.ing nta(lP. \Vhen tlw t.T·nn~- alrcadv describetl. This hnvin~ been done~ 
mittcr has 1,t><!Il tmwd. and cnup1~d in the the wave change n1echanisrn 'Ylll then COn- ·:• 

:-,:-, aLq,·c· trlalllH.'t' at all f1,·<· waY<~ }Pngths, thl' ncct in the circuits the proper primary.· i:w 
onel'~ttOT' m:tY ~hi{t frnm om• waYc ]pngth to turn~. <~oup1ing inductance. and aerial in-
:t;l': othPr o·i. the~ ~elt•r.·ted wan• len~ths Ly duetn.ncc nct'essarv for the indicated pri~ 
mf;,·ing the '.Ya\·12 change S'.•:iteh to the pri- mar:y wn.\·e lengths. · .. · 
n!:U'V ::tnd CO!T!~--:pn:1d!n~ t•1 tlw W:t\'e lcn!.!th Dy careful ndjustme!lt of the transmit- • .• 

,.1) de~ii·e11. This i5. no~ only an nllvnntage in l<'r .for tlw different wave le.ngths selected, 14 
t.ltt~ '"PIH'l':ll nJH~L~tio!l of lhe sd .. ln1t. ma-r 1H' onlv verv slight aL1jn~tment of the coupling, 
nsr.J~ in ~l'crei: trunsmi~~.:inn by t·oclin::r·· tlH~ if. ;tn\. ~s necessurv in shiitinf! from one 
·;~·n \'1.' length~.; according to a. prcarrn.ngerl wave'.length to another. 
s"hednle. Certain features shown nnd disclosed, but 

I. 
fl5 Whcro it is nccr..ssnry to P~ljm:;t the trnn~- not cln.imcrl, in the present npplicntion n.ro 130 
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disclosecl and claime<l in n. t·opcntliB'Y clivi- eoib, each or saitl thinl set beincr eh•etricallv 
sional application. Serial No. 3~l1.900. filell eonnectNl to :t Yariable point m7 one of sn.1d 
lk~~m her 2. lD 1 D. · · loading coi Is~ a switch cooperating with 

""hat I claim is: Pach saicl set of eontatt~. the swit(·h.~s for 
5 1. .Hudio transmitter n.ppn.ratns compris- the second and th irt l srts i>l'i ll!!' rolliH~;tccl in 7 0 

in~ in <~ombination, suustantiallv parallel series. awl lllPans connect'in!! all saitl 
n1ain front and rear plates or i)anels ar- !;iYitcltrs mechnnicalh· and oper;,hlc to tnoYe 

ranged a ~uii.:.l}le distance apart and con- th(•n1 in nHison. · . · 
~ected together to form n n~1itary support- :t Tindio trnnsmittt•r apparatus ':Compris-

10 1ng strueture~ n. pa nea ke Inductance coil ing, in eomhinatim1, :1 n oscill:ltion .tram.:- 7;, 
stationarily mounted on the front panel ancl fo~me1:, a plurality ol' loading .coil~ ·in f'ir­
~onstituting a transformer p1·in1ary, u plnte etnt w1th the tran~formrr sN·on;larY .. thrrP 
Intermediate said mnin plates antl pnrallL•l :;ets of contnrts nf Wltirh two !-'dS n1;~ COli­

therewith nnd mountc<l for moYcment for- nPdec1: respcetin,1y. to atljustahl<' hippinf.,! 
15 wardly and rearwaraly, a 8econcl par!cn.kc points on the transfornwr primnrv and srt_·- .s"iJ 

inductance coil constituting the transformer onflar-r nnd arc in p:n·nllel arr;m!'l'rmPnt 
seco:1darY mounted on saifl int(\rmcc1iatt• while "the thir~l sPt is connect(\tl to ~'ldjn:;t~ 
pbte in· inductive relation to the primary a Lie tapping points on the loafting coil~. 
coil and snbstantialh· coaxial therewith. and has its con~titnrnt contacts lYing- in a 

20 n1eans for moYing said intcrmetliute plate plane t~·nns\·ers~. to th_c first t'Yo .sets; se1.)a- s:; 
to Yary the trnn:;former <·onpling clistanee. rate s"·rtchrs co<.,peratrng- rcspectn·rly~ w1th ·, 
a plurality of substantially pn.ra11cl pancake the thn•e spts of contacts. awl mr:ms nw-· 
roils eh•et riea 1 h· connN·ted in sL•rit•s and <'Oll- rhan ica lly connecting- snirf ~,,·itcht·~ and op-
stitnting loadii1g in<lnd:tlll't', saitl eoils lH'- Prahl<' to IHOYC th(\m nll in unison. · 

~;; in~ mounh1 d upon sni(l supporting stnH·turP . 4 .. Hadio ~ran~mitt~r apparatn~. compris- no 
in pnrnllt.•l sp:u::l'd :\l'l'illl:,!l'ffiPllt OH :llt nxi;:.: 1ng~ til ('0ll1Ulnatl011 With :t S11pporh11!!' Strttr­
~Hl>::~tantially parnlh•l to thi1t of t.hr trans· tnre~ :t tran~f~n·rner h:n·ing Hnt prim~\ry antl 
former coils. a set of contacts ehlctricallv ~econr.1nry eolls conx1:tlly monnted on saitl 
connectetl to atljnstn.ble taps on said pr1- structure. the secondarY coil beinrr moYable 

30 n1urY transformer coil. a seeon<l set of con- with n•sp<'ct to th(\ prirnan· coil t~ ,·arv the !l:l 

tn.cts eleetrically coni1ectecl to adjnstahlr. cn11pling- distance. n set of "eontart~ motinh'tl 
taps on said seconllnry transformer coil, a ll(\~n· one en<l of said structure, adjaceP..t 
.thinl set of contacts each c1rctricn lh· ron- tlw transforml'r primary and c,t·nne~·trd b> 
nected to nn adjustable tap on one <).f sai1l tapping: points on sai<1 pdmary. a st~:ond sd 

3;) loading coils, a separate moYable S\Yltch nf cnntnets mounted nenr the opposite. t'IHl 10< 
member for each set of contacts, the sec- of said strndttre and cnnnt'L'tPd tn tnp­
ondnry coil S\Yitch member and the loading pin~ pl)i!lt...: on tlH' transforml'r st•rnnd:tr':. 
coil switch n1ember being electrically con- ~"·itrlws __ n•-.:pt-ctin·ly c·niipP!'ating ·.\·ith ~:1id 
nected in series, anclmeans n1echnni<'ally con- ::d:-> o-f ('ont:tds. a11 opPI';tting- :-:haft nw~·;mn i- . :~ 

40 necting the three swit.ch 1nembers ancl op~ cally CPI1llt.•d i1~g ~::1 id ;;;•:.-it,Jws :1 nd !·u~aca h!t' ·l 0 ; 
erable to moYe the1n s1multaneoush· where- to nwn· tlH'm i·ntl1. a p!ni·:~.1it\' of fbt !~::~·,'lir:.'~ · 
by the inductance values of the i)rimary~ coils in ci rrnit with the tr:1 r,-;;forrr.er ~~.~= 
secon<lnrv nnd loudin!! coils in l·iren1t nutY onrlarY anrl ffi()ttntecl .111 ~nitl strnctnre~ ·at 
be Yarie;i in a prcdete.nnined 1nanner. ~ one stele of tlll' tran~~: •. rnll'r, a third . .set of 

4G 2. Radio transmitter npparntns compris- contnct~'~ eaeh i<"ont~H't momi 1.e1l arljnf'l'nt a 1 tC 
· ing, in combination~ a rigi(l support in~ lonu~ I• '~ t:ni 1 'll nt l Pl<'d ri(·:tl h· <'ont:t>c·tr.·d 
~trndnre. a fln.t Coil stntionaril\· Ill01\lltl'·.1 thereto. ~aid tltinl :-:et of r·ont:t;·t~ PXtl':tdi I~"' 
thl'n.·on an,·! const.itutir!g tlH' pr!w:try o!' a intenr.l~·1iatl.' tll(' <'T"!cl~ of ~aid ~trtt('ttn·•.·. ~ 
transformer. n. secon<.1 flat coil L'On~titntin!! · s\·ritch :..oiipernting thl'i'l~with. :m:! ~1JP:t:t~ 

GO the transfor1ner seconllurY xno'Jnted on saicl COilneetirig- ~ni<l ~witc·h with ~aid Ojll'i·atin!! 11 .-

structure snbsta.ntiulh· coaxia ll \' "·it h the shaft. 
primary coil and mo\·~tb1e tow a r~l a n<1 :l\·;ny . 5 . . Rac1 io t_ran~mittl·r a i}_p:t r:t t !l..; .r·nr:t pri:---
from the same, n. plurality of fiat .loading 111!!. In condllnatlon. a YarwblP t.r:tn..:formt·r 
COilS electrically COnnected in ::ene:.: Sllp- COTISiStlil!!' of l'0lntln'l\· !1lOY;Ji>1P lli'imar•; 

F>:> portel1 b~y said structurr on a common nxis anll secr).nclary coils~ 'loadin;_! i1l:.tlll't:uH:;. 1 :2i 
substantiallv parallel to the transforTTH'l' r·oib in eircu1t with tlw transforrll'.T .:::l't'-

n.xis but to" one side then'of. n set of eon- nndnry antl located ill :-;ttL~tnnt1:t1h· J:(•:l­

tacts elcctri(;ally connected · to ~ulj usb.h1<' iw1ndi n~ relation to ~il i d t!':!:~:..: !'r 'l'':lll!l:: :; 

taps on saicl primary coiL a secmH1 set of snb~t:lntinlh· unit:1n· ~tr:wture ~~lnl:()rtin,.· · · 
contacts P1ectrieally conn('rtctl to :trlj n:-;tn h 1t• the forr p:oi t1g p:t rt:-:. ·<'ontr:) 1 !111':111 . ..: f( ;r ,-:n·\~ 1 :2 .--. 

taps on said secondary coil~ both se-ts oi' ing the eonpling di:-:tan(·c Ll't'>"Cl':l t!Jt' tr:lT;,_ 
c~mtacts bein~ arranged in 1;lanc;:; sub.~t:ln- former primar~· and :o:<'r·ot~rl:tT'Y· ~witdtt·:..: 
bally pn.r:.tllPl to the transfortnCl' COil~! :t lllO\":tldl',tO \'al'y the indt!d:lll'.'l' oi' t:w tl':lll'-· 
third set of contact~ ar,·an;.,?:e<1 in n pl:lll'' fornH'l' priman· nntl !-'\'C'OTl!l:tt·\·. n• . ..:r,t•(·ti.,·:·h·. 

,;·. tr:tn._.,.,.,·:-:~· tn -.::tid tr:•n·:r,q·np·r :tn•l lfl·!·lin·:· n 11tird <.;\':itt·lt"!ll'''::tl.lt· ~ .. •::,'r·: 1:::. ~··::::'·:··r :·:, 

I• =~~~~~~-:::-~==·:..: ... =-=•=--=--=-~~~~==:::...-• 
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of loading coils in circuit, op«~ra tin~ 1nean~ 
common to all three sa.ir..l switches for nlOY­
ing them in unison to effect precleterminc<l 
changes in \Ya ,.e lengths, an aclj nstable tap-

5 pin~ contact on each loading coil for deter­
n1inu1~ .the effectiYe inductance value there­
of, ancl selecting mechanism operable to ad­
just such tapping contact on any of the 
loading coils at will, said control n1eans, 

10 operating Ineans, atHl St'lecting 1nr.chanism 
all being manually operable frmn one cn,.l 
of said supporting structure. . 

G. Hudio transmitter apparatus compris­
ing, in cmnbination, a substantially unitary 

15 supporting structure, transformer primary 
nnd sccondarv coils mounted thereon. a con­
pli;')g chnngei· operable to nlter the c.<ntpling 
distance between said coils. a vnriometer in 
circuit ''"ith said primary 'coil~ 1on<ling in-

~o tluctance in circuit with S<litl secoudnry coil. 
intcrcon ncctetl S\\" itcltl'S opcral 1le to Sl mul­
taneous}y vary the efTectiYe inductance 
Yalues of the tran~fot'llH'r niHl lonL1in!! in­
( luctance in a predeterminccl nut nner: n1cn ns 

~.) for fine adjustment of said loncling inthtc­
tnncL·~ ancl st>pn rn tP manual eont rols: n 11 
grouped in closely a<lja~eut p~>:-;itions . on 
sn id strncturc~ for operatmg S<llll conplmg 
changer. said Yariometcr. sa ill intPrcnn-

~0 necte--(1 s~Yitehes. and snic.l n1cnns for fine :tll­
j ustment: substiu1tblly ns awJ for the pur­
poses set forth. 

i. Radio signaling appnrntus comprising: 
in con1bination~ coi)perating o3ci11ntory ~ir-

30 cnits each including reactance- varying 
n1eans. a n1ember a~socintcd IYith ear~h S<l id 

. 1neans' and nloYablc to adnatc the same. and 
controllin!! n1ean=' connecting s;lid nwnibcr::: 
nncl operable to mo-re thern simnltaneonsly 

40 n.ncl thereby to change the "·an~ length in 
both circuits ncc•n·~1in!! to a pn·tleL.•rminetl 
reactance relntion beb\~een saitl circuit:::. the 
connection of said control! ing mean~ to ·~aid 
n1embers heing adjustable to n1ter ~<lid pre-

45 determined re:1ctancc relation a.ncl to permit 
simultaneous operation of said nw1ul)rrs by 
!-=iaicl controllin!! means acconlin!! to tl:e al-
tered relation.~· -

S. Radio signaling appar:. tus compri::-;ing. 
50 in con1bination, coopcrntin~! oscillatory cir­

cuits, one of which is nrrnnge1.l for connec­
tion to an antenna. wase chan!!e mean::; com­
mon to ~aid circuits an1l opera.ble to v:try tlte 
electrical Ynlnes thereof s:mnltnneon~lv ac· 

55 rordin::r to n prc(leterminetl rl'lnhon 1Kl\\"l'l'll 
~aitl \·nlucs in the eircuit~. ~aitl rt·l:~ttL•n L•.!­
ing based on oper;ltion of tlte nppal':lhl~ with 
a gi ,·en antenna ns a sta ncla rcL sa irl wn \"<' 

change menns being arlj nstn h1e to e::t:~ hl i~h 
Gv another relntion hE:t-ween saicl ,-a1tH'S. hasN1 

on operation of the npparatns with an nn­
tenna cliffcrin~ snhstanti:1llv from the sbwl­
nrrl. anc1 br.in.g operable to. Yary the e1r~tri­
r.n.l ,·:tlurs in th" eirr'lli~t.: ~imllltanrollsl~· nc-

!). Hadio signaling app:trntw-; t·ontpri;.;ing~ 
in combination, r.oiipcrnting oscillatory rir­
cuits each inclutling n. nuiable inductance~ 
sets of contacts connected to t:lpping poiut:-: 
on the rcspccti,·e indnetanc:es: a switch de- iO 
Yicc for ert.·h said set Ino\·:d>lc to Cll!!it!!C thr 
eontncts thereof and therl'l>y to· ,':~uj· thP 
proportion of the COlTe;.:;pontling intlnctancc 
in eircuit, and means mechnnieally .<·ontwel~.;_ 
ing saitl s·witch rlcYiecs nwl op('rahlc to ttHH"l' 7 :> 
tht>m simnltaneonsly to eng:tg~~ fttt\C'tionnlly 
relate<l contacts, on~ in cn('h !-'l't, .in :1 ~crir~ 
of snccessiYe pairs. the :uTa ngemyt1t lwin~ 
adjustable to permit another .sprie~ of pair:~ 
of fnnctionnllv relah'tl eontad:-;. difTerin!2: so 
i'rom the first n;cntioncd p:t ir:-;, to lit' en~<t;.!t•;! 
hv ~aiel s"·itch rleYiccs wlwn tht• lnttPr an· 
s1rnultanconslv JnnYcd l,y :-;1wh na•clta11 i1·a J 
('01111\.'cting means. ~ ~-· 

10. Tindio transniitb.•r appar~itu~ eumpri~- s~, 
ing, in combination, nn osei lln t ion· t r:ln:-:­
former, loading indnctanc(' in (•irenit '"'ith 
said transformer. :t set of contacts rontwdt·• \ 
to tapping point~ on ~ai<l trnnsfornll'r. :lll· 

other. sl't of contacts connedPd to tappiil;.! !)(l 

points on said loading inducta_w·e~ ~witvh 
1nembers respL•ctin•iy r.o!ipt'rating with ~ai•l 
!'dS of contnct:-; an1l cnnnt•ch~!l for ~iullllta­
nC'ons mo,·t·ment to engage fundionn 11y n•- · 
lated eontacts, one in ('<h:h sd. in ~ltt:cr..•~sin· .~:-, 
pairs, :n1f1 means wlwrl'by tlH· rchtion nf ,­
said switch memhers maY be a1tcrPd in :-;lleh 
nuu1ner th~t sn id switdi mPmh•r;.; :1 n.· ('()ft­

nected for ~1mnlt:1neou:=; mn\"l'llH.'Ilt t') l'll­
gage fmwtilma1ly r\'ldPd contnd:-;. tJllt.' in 10n 
each set, in pairs r1ifTerin!! from tilt• Hr~t 
InentionPd pairs. ·- . 

1 t. Radio signnlii1g ~ Dp~n·ntu:.:: L'ompri:-:-
iug. in eombination, co(iperntin!! o:'c .. l:tton· 
circuits enrh including an it.tdt:C'b1'nn'~ ·a 10~ 
S\Yitch dc,:ice in each circuit monthle to in- · 
elude in that circuit differe11t proporti.tm~ ._:. ·~ 
of the corresponding inclnetanee. controllin!! .' ·.> .. 
means connecting said Sl\"itch 'clc,·ires nii;·l 
operable to move them to increase.· or ili- 110 
n1in ish sirnulthnconsly the effccti ,.e.- in(1ll'c-

:nce of rnch cin:uit in ddinite step·s. saitl". 
!-,Witch «JcYices being adjustable with respect . 
to each other _to permit alt~ring the relation·· . 
between the proportions of the respective lJ f). 
inductances included in circuit at (li ffcrcnt 
steps. .• 
. 12: Radio. sig_naling. apparatus coinpi~is-
mg In comb1natwn. pnmnrY and secohd:uv 
wirH1i.n!!s of an 'oscillation transformer. 120 
loarling incluctance in series with sajrl sec~ 
ondar~; winding-, switch devices orernble re­
spectiYelv to Yary the effecti,·c Inductance 
Ya1nes of snir1 primary and sccondin·\ winrl- 4 
in.~s and said loading inrln~tnnc~. il'~fl oper­
ating means connectmg saHl S'\\Jtcl\ de·dccs 
for simnltnneotlS mo1·cmcnt to chan!!e the 
opernt.ln~ waxe len~th in n. prer1ctr.r:minec1 
manner. the (~onncct!on of saicl switch (le­
yj('('<:: In c:::1icl nJWT':ltin': TIW:lll~ hPiTl•.!" :'clilJ...:f. t·~n 
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able to e:-;tablish ditTcrent de!:lirc<l relation:-; 
between the intluetances of the primary iuHl 
~eeoiHlary circuits~ sni<l opet·ating means be­
ing still~ opt.•rable to mo,·e ~aiel switeh <lc-

5 Yiee::; simultaneously after such adjustment. 
13. Radio signaling apparatus compris­

ing in combination, primary and secondary 
windin!!s of an o:::.L:iilntion transfortner. a 
~et of rcmtaets connected to :llljustable t;tp-

10 ping points on the transformer primary, an<l 
eorresponcling in number to the different op­
erating wan.' lengths desired, a second set 
of contacts~ eqnal in number to the tirst 
St't~ ronne<"tetl to acljnstu.ble tapping points 

l;j on the tran:--former seconclar~·~ an eqna l num­
ber of tlat loading <"oils in relat~ Yely elosc 
pnralll'l UTall!!Cment and electncallY con­
nccte<.1 in sC'ries. a third set of contacts. one 
for each loading coiL each respectiYely ·con-

20 nrcted to a mo,·able contact artn on its 
corresponding loa<ling coil. three separate 
!;Witch dedcl's coiiperating. n•specti,·ely, 
with the threl' set~ of ~ontact:;. the switches 
for the second nntl thir(1 sPts b~ing cleetri-

2 5 cally connected in series: an operating rocl 
:nTan!!e<l to moYe nil three switches simul­
taneoi.tsly to l'nguge successi ,.e groups of 
contacts. one in each set. an<l means where­
by tlw I:l'latin~· positions of ~aid switch de-

30 Yices ma ,. l>C' ntriet l to a Iter the number of 
loading (~oils in tlw ~eeontlnry circuit for 
gi,·en positions of the primary switch de­
vice. 

1±. Rac.lio si~naling apparatus compris-
30 ing~ in combination~ coi)pL•rating oscillatory 

circuits ench indncling Yariahle in<lnctntH'l'. 
a ~witch clevjep for Paeh said indactn nC'e 
1non1ble to nuy the effediYe proportion 
thereof in circnit. an operating 1mmber 

.to mechanicallY connecting said switch cle,·ices 
·for :-:imultaiwom: nlo,·einl'nt in a ~eril's of 
~tep:-: to include different proportion:.; of 
uoth indttd~lnCE.'S in the l'l'Spe<:ti \'C circuits. 
the proportion of primary and secondary 

45 indnetancc in eircuit at each step haYing ':t 

preddL'l'lllillL'd functional n·lation. and ont~ 
of said switch <lm·i(·es being adjustable with . 
respect to sa i<l opl•ratin:.r membl'r in such· 
manner ns to permit c·hanging said prede-
minecl relation. 50 

l;). Hadio sig,~itling apparattts compris­
ing. in cmnbination, operati n•ly associate< 1 
primary mul scc011<lary in<lnct~mces ancl cir~ 
cuit ronne('tions thPrefor. switch membC'rs 
rcspecti,·ely monthle to ·alter by definite 55 
steps the eil'Pcti H' proportion~ of said in­
dudanees in ('ircnit~ nn operating rocl to 
"·h irh Olll' of said switch members has a 
relatiYcl\' fixC'cl eomwction. and means a<l­
justahlc ~to eontu•c·t the other switch mem- no 
ber to !-;nid shaft ia· ditfPI't•nt positions reln­
tin:•lv to tlw first switch nwmber. whereL\· 
said ~switd1 nwml,crs mav be nHn:ecl simui-
taneoHsh· in different relations. . 

16. R~idio signaling apparatns compri!:l- n:~ 
ing, in combination~ a primary transformer 
roiL a secondary coupling coil montble 
with respl•ct to the primary coil to Y:ll'\' 
the coupling- distanl'e. a sttitionan· term1-
nnl "'h(.ll'C'b~: sai<l coupling coil mn.,: be con- ;o 
nected in a circniL and a wiping brush con­
nretion bet"·ppn snicl co11pling coil and said 
terminal. 

1 I. Hadio signaling apparatus eom pris­
ing in C'Otnbinntion. a primarY transformer i.-, 
coiL a sec~on<la ry coupling ·coil mon1hh• 
with resprct to tlw primarY coil to Yan· 
the coupling clistanr.e~ a set of stationar~· 
contact stncl~ connected by leads to tappin!! 
points on said primary coil~ a second set o'I ~n 
~tntic'nan· contuet studs. stationary cqnduct­
in!! rod~ ('onnP<'tPcl thereto. an(t hrn~he!-! 
m;iuntPd to IHOYC with sai<I' eoupling coil 
and !>raring. respecti,·ely. on said rorls~ sui· 
bruslws hC'ing- connected hy leads to tappin!! ~;-; 
points on s;tid couplin~ coil. ~ 

In tl'stimonY whprrof I h<.>rennto <d1ix m ,. 
signntnre. · · 

FHITZ LO\\'E:\~TEIX. 

• 



------· 

.AI . 

.. · '.. . -· :;:~J:'~:; ·.. : .· ,· > ~~48~1n · 
.,_ J. · BETHENOD . · . . . · · · · .·. · ·. : 

_-· ."lrtl.- .... :·-:- _.-_ .... ;::·. - -.. : ~ -- .. _ ... - .,r· 

RADIO 1'RANS8ISSIOII SYSTBJI / 
·.•. . .. :: . . ./_/' 

. . Filed A1i"g •. 2. 1921 . ·-'""' 
• ~ • I----- • 

. \, ----- --~ -- --·--

,' 

: I. 
~ / -

Cn 

2nve-Hto-t 
JOSePH 8ETHENOD 



~~~~~~~~~ 

~Patented Feb. 26, 1924. 1,485,llll~ 
UNITED STATES PATENT OFFICE . 

.TOSEPH BETHENOD, OF PARIS, FRANCE. 

RADIO TRANSMISSION SYSTEM • 

.Application filed August 2, 1921. Serial :fro. 489,306. 

To all whom it may crmc~rn: be tuned to one of the frequencies corre-
Be it known that I. JosEPH BETHE!il"OD~ a sponding to one of the n-1 other trans-

citizen of the Republic of Frnnce, and a missions, so as to provide an almost infinite 
resident o:f Paris~ France, have invented cer- impedance to said frequencies. 

6 tain new and useful ImproYements in Radio Obviously, the arrangements (trap cir-
Transmission SYstems. of which the follow- cuits) of one and the same section may be 
ing is a specification, accompanied by draw- combined with each other for reducing the 

60 

ings. total number of the constituting elements. 
The object of the present invention is to One of the characteristics of the invention 65 

10 make improvements in radiotelegraphic sta- resides in the division into n sections of the 
tions comprising a plurality of high fre- antenna, in combination with the use o:f the 

· quency ~enerators. The purpose of the in- infinite impedance or so-called frequency 
vention IS to effect by very simple operations traps. 
and at the will of the oprator, either the The use of such traps with an undivided 70 

18 simultaneous operation of these generators antenna would not :furnish a practical so-
at the same frequency so as to apply to the lution of the problem o:f multiplex trans­
antenna the total power of the generating mission because, in ord~r efficaciously to pro­
station, or independently to operate these teet each generator aga1nst the currents gen­
generators at different frequencies so as to erated by the others, very expensive self- 75 

20 obtain a so-called multiplex transmission. inductances and capacities must be provided 
Mv invention is illustrated in the single to avoid serious losses, i. e. a reduction of 

figure o:f the accompanying drawing. the output. This is proved by theory and 
The principle of the invention consists in practice. It may be easily proved that, in 

the division of the usually net shaped case of multiplex operation, the partial use 80 
26 antenna A. extended in one direction. into of the antenna has no disadvantage :for a 

several sections AH A 2 , An, each of which is given J?Ower for each generator. 
supplied with current by a high frequency Having described my invention what I 
generator Gu G2 , Gn, and to provid.e a device claim is: · 
for limiting the currents caused by the elec- 1. In a radio transmission system, an 85 

30 tromagnetic or electrostatic induction be- aerial divided into two separate sections 
tween any two sections. adapted to radiate different wave lengths, 

In this manner, n independent stations generators therefor, and a connection of sub­
will be provided enabling multiplex trans- stantiallv infinite impedance in each of said 
mission to then degree, each station having sections to the wave length of .the other sec- 90 

15 a wave length slightly different from that tion for limiting induction effeets there­
of the others. Bv mea'ns of switching means between. 
comprising antenna switches 8 1• S~~ .._Sn. and 2. In a radio transmission system, an 
alternator..__ paralleling switches SP. S' P~ S" P aerial divided into two separate sections 
the operator may at will inter-connect all or adapted to radiate different wave lengths, 9~ 

40 a part of the stations. whereb~ if n=3, generators therefor, a connection of sub­
triplex. or duplex (one transmi8sion having stantially infinite impedance, in each of said 
double the power of the other). or simplex sections to the wave length of the other see­
transmission is I?racticable with thP- total tion for limiting induction effects there-
power of the station. between. and means for connecting both of 100 

The limiting of the induced currents is said ~?enerators to the same section. 
preferably accomplished by means of an ar- 3. In a radio transmission system, an. 
rangemerit comprising a self-inductance aerial divided into n separate sections 
such as In I'n I~. I'2 • In. I'n and a capacit:v adapted to radiate _different wave lengths, 
Cl" C',. c~~ C'2 • Cn. C'n (connected in paral- n separate generators. and connections in 105 

GO. lel) which are included in each of the cir- each of said sections~ having infinite imped­
cuits formed bv an antenna section. the ~en- ance to frequencies corresponding to. the 
erator being connected to ground. If the wave lengths radiated by the other sections. 
sending is of the n degree, each circuit 4. In a radio transmission STstem. an 
(n-1) must be protected by the arrange- aerial divided into a plurality of separate 110 
ment (all connected in series). Each of sections, a plurality of g~nerators, means 
these arrangements or trap circuits should. for connecting some of sud generators ~ 

._ .......... --.,;; ___ .A .A A .A_~ ....... ~ ~ rr~ 
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a desired one of said sections) and the· re­
mainder of said generators to the other sec­
tions, said generators connected to different 
sections being adjusted to generate different 

6 frequencies, and said generators connected 
to the same section bemg adjusted to gen­
erate the same frequencies, and circuits of 
infinite impedance in each of the radiating 
sections for limiting self induction from the 

1 o other sections. 
5. In a radio transmission system, an 

aerial divided into n separate. sections, n 
separate generators each of different wave 
length, connected to said sections, and n-1 

15 infinite impedance circuits in each section 
for limiting self induction from the n--1 
other sections of different wave length. 

6. In a radio transmission system, an 
aerial divided into two separate sections 

adapted to radiate different wave lengths, 20 
a pair of generators therefor, and a trap 
circuit in each section comprising inductance 
and capacity connected in parallel and tuned 
to the frequency of the other section. 

7. Iri a radio transmission system, an 20 
antenna divided into a plurality of ~ections, 
a plurality of generators and means where-
by any desired number of said generatQrs 
may be utilized to feed a.ny section of said 
antenna. so 

8. In a radio transmission system, an 
antenna divided into a plurality of sections, 
a plurality o:f generators and switching 
means for connecting any desired number 
of said generators in parallel to any antenna 36 
section. 

JOSEPH BETHENOD. 
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To all u· hom- it may concern: period of the radiu ting system re.~ains con-
Be it known that I, LE\YIS \YAI!RIXGTOX stant during the signaling and non-signaling 55 

CHCBB. a citizen of the "LTnited St::ttes. and operations. 
a resident of Edgewood Pttrk~ in the county Anothe~ achantage ~f the absorption-cir-

5 of AlleghenY and State of PennsYlYania. cuit svstem is that a constant load mav be 
have in~ented a new and useful Iiin;rove- maint~1ined upon the . source of energy, 
ment in SYstems of Control. of whi~h the which. in the case of arc-converters. causes 60 
following IS a specification. ' an increase in ~he stability and operating 

~IY inYention relnte~ to \Yireless teleg- efficiencY of the arc. 
10 rapliy and more especially to S}'5tems of The particular clisadvant~ge or- the ab-

control that nre employed in connection with ~orption-circuit system of control, a~ h~re~o-
wireless transmission sYstem~. fore kno~~n, resides in tl?-e fact that expen- es 

One object of my in\-ention is to pro,-ide sive apparatus must be employed in the ah-
a svsten1 of control which will maintain a sorbing circuit to render it effecth-e. . 

15 substantiallv constant load on the source of .A-ccording to my invention, I provide a 
-energy cluri'i1g the signaling and non-signal- control system embodying the absorption-

. ing periods. circuit principle of operation~ which per- 70 
A further object of my inYention is to mits a loud of snbstantially constant ampli­

provide a radio tr;1nsmissirm system in tude and frequency to be maintained upon 
20 which the frequency of the nltt:rnarjng com- the source of energy during the signaling 

ponent of .cur~ent in the so.urcc of energy and non-signaling periods and which alsb 
may be Inainbunecl constant 1n value during permits the elimination of the expensive 75 
the" sign~lling and non-signaling periods to auxiliary ec1uipment heretofore associated 
obtain stable operation. with absorption circuits. 

25 , .... '-\..still further object of my invention is to The desired result is accomplished by em-
provide a transmitting svstem ·wherein the ploying a plurality of radiating antennre 
aiitcnna circuit may be employed as an ab- and provid_ing .ll!eans whereby the antenna so 
sorbing circuit, as well as a radiating cir- 1nay be operated in parallel during the 
cuit, thereby permitting the elimination of signaling period, and in series, as a con-

30 th~ expensive separate absorbing apparatus denser, in an absorbing circuit, during the 
which has heretofore been employed. non-signaling period . 

. In the operation of arc converters, it is A novel feature of my invention~ which I 85 
highly desirable to maintain the amplitude wish to point out, particularlv, is the dispo­
and frequency of the alternating component sition of the absorbing resistoi·. The resistor 

35 of current through the arc substantiallv con- is so disposed, witn respect to the antennre, 
stant in order to permit the arc to operate that it becomes effective as an energy-ab-
at maxin1um efficiencv. ~ sorbing element only during the non-signal- 90 

One svstem of control for accomplishing ing period. : . 
the desii·ed result is the absorption-circuit ~Iy invention may best be unuerstood by 

40 systen1 of control. The system of control reference to the accompanying drawings, in 
just n1entioned involves the use of an ab- which: 
sorption circuit which maY be selectively The sin.zle fi.!Zltre is a dia2'raminatic view 95 
caused to absorb the energy in the antenna of circuits~ and apparatus embodying my in­
circuit, thereby decreasing the radiation vention~ as applied to wireless transmission 

45 therefrom. In the absorption-circuit svs- systems. . ,. 
tern of control~ as applied particularly to arc v In the draw~ng~ I }:lave. sho~:n. _a SOU.!-'Ce_o:f 
generators~ the signals are formed by cans- energy 1, ep.ergizing an. ~~c 2_ tln:<;mgh a _pa_ir 1oo 
in.z the arc to oscillate either in· the main of choke coils 3. The antenn::e svstem com­
antenna circuit or in an absorbing- circuit. prises. an. ~leva~ed condt~~to"r s}~~te~. ~'- f!~t.er-

50 .depending upon the energy loss in the on~ nate wires 5 and 6. of which are connected 
or, the other circuit being the greater. to down-leads 7 and' 8~ re_spe<;t_i\-e~y~ to fOl~m 

II~ te~~f a~:"t~~'i:i~;~::~~m.::on~:~~. : ~g:d~::~\'Pi7:~ 6b!ri::a
9 

t~n~ 



~JJ 
~ .:.<>und conductor 13 through the cou:Pl;~:

04

:,~:ance of the coils 11 and 12 when 

5 

cuil 11 and the arc 2. The down-leadS may currents therethrough are in phase op 
be connected to either electrode 14 or elec- tion~ and C2 is the capacitance between 
trode 15 of the arc 2 by means of a key 16. two antennre 9 and 10. 

The key 16 comprises upper and lower Bv reason of the fact that C1 is ...... .u.a..u~a-
stationar-r contact members 17 and 18 which tha1i C.2 and that L 1 is lar~er than L 2, the 
are connected, respectively, to the arc elec- products L 1-C1 and L 2-l?, which deter-: 
h·odes 14 and 15 bv means of conductors 19 mine the frequency of the alternating com­
and 20. and conctii1a movable contact mem- ponent of current~ may be maintained con-

10 bel' 21 ·,vhich is electricalh- connected to the stant by adjusting either the one or the other 
do·wn-lead 8 and may be actuated, succes- of the variables. For example, the variables _· 
siYely~ into engagement with the stationary L 1 and L 2 mny be adjusted to the desired _ 
contact members 17 and 18. Yalue by \·arying the mutual inductance be-' · 

A resi::tor 22 connects the two antennre tween the coils 11 and 12. The mutual in-
15 s:,-sten:s. the connecting points 23 and 24 be- dnctance of the coils 11 and12 mav be YariEid. 

ing eqni-potential points when the antennre by adjusting the distance between them. · -: . 
V and 10 nre operrrting in parallel relation. \Yith the key in the position just de-; ~ 
The resisbnce of resistor 22 is of such value scribed. the resistor 22 becmnes effecth·e as· _ 2?::~ 
that it is capable of placing a load upon the an ene!·gy-nbsorbing element to maintain a- ,·.~ 

20 ~onrce of energy during the non-signaling loncl npon the arc substantially equal to the 85 ·-,·= 
period comparable to the load thereon dur- load thereon during the signaling period. .:<,::~;~ 
ing ~the signali~g period. In the drn wing~ I lun·e shown a system in or · ·:: 

Dpon actuating the movable contact mem- which alternate wires 5 and 6 of a single 
l~er 21 of the key 16 into engagement. with large antenna haYe been connected to forill 

25 the ~tntion~lrY contact member 17. the down t1Yo separate antemu~ 9 and 10. It is en- 90 
lencl S is coi~i1ectecl to tl1e nrc electrode. 14· to cle11t .. 11o,ve\"el·~ tl1:.1t tl1e arr~1na-ement of the ·. 
ad1:1it o-f the opPration of the antennre 9 anteiu1re may he modified by ftu·ther separat- · '·l 

n~~(l 10 in parallel. ing them and ~npportin;r them individually. 
; . L~l)()}l nctllating-tii.e~ 111ov·nt,Je COlltact ll1elll- A.sstlll1 ing· tlle U1ltel111fC n fil1Cl10 so separated 

30 1JPl" 21 of the keY 16 into en!!aQ:ement with that C1 equals C2 • the mutual incluct:lnce be- 95 . I 

1l1P ::t~ltinnary co~ntact membe1· fs, the down tween the coils 11 and 12 mnst be snbstan-
le~t(l R js COJ1I1ectec1 tO tl1e ur'c electrode 15. ti~lll\· zero i11 orcler to 111nintt1i11 tl1e fre- ~)~ 
of opr)osite polarity~ to include the arc 2 iri que1-lcy of the nlternatin6 cmnponent of cur-
an :1hsorbing circuit which comprises the arc rent constant during the signaling and non-

:J;3 2. the mutually inducth·e coils 11 and 12, signaling periods. 1°0 

the iloY;·n leads 7 and 8. the eleYatecl antennro Assnming another position in which the ;;': _ 
9 nnd 10. the keY 16 and the conductor. 20. antennre are still further separated~ SO that. 

In opei·ntion~ llpon actuating the co-acting C2 is gre:1ter than C1 • the connections of 
moYn.hle contact member 21 into engagement one of the coils 11 or 12 must be re-Yersed in· -;:: 

40 with the stationary contact member 17, the order to maintain the prodnct of L 1-C1 and 105_ ~ 
nntennre 9 and 10 are connected in parallel l}-C2 equal. . .. -· 
relation~ thereby causing a maximum From the foregoing description~ it will be •: .. · 
amount of radiation therefrom. '\Vith the seen that n1y invention provides a system 
nntennre 9 and 10 so connected, the fre- of control of unusual simplicity and ease o£, -. 

45 qnency of the alternating component of cur- operation which admits of the elimination _uo 
rent snpplied to the antennre 9 and 10 is of expensive appm;atns heretofore necessary·' 
clrtPrminecl by the product L 1-Ct, where in wireless transmission s~·stems employing '·· · 
L 1 is the inclnctnnce of the coils 11 and 12. the absorption-circuit method of control. 
''ith the currents flowing through the coils -n~hile I have shown onlv one embodi-

50 in the same direction, and C1 is the sum of ment of my in,ention in· the appended 115 

the infliviclmtl capacities of the antennre 9 drawing. I do not wish to be restricted 1_.: _ 

nnd 10 to ground. 1Vith the antennre op- th-reto. but I desire that onlY such limita­
eratin!!" in parallel. snbsfantially no current tions shall be imposed upon· my invention 
is· carded bY the resistor 22 which connects as are set forth in the appended claims. 

55 equipotenti~11 points 23 and 2-! of the an- I claim as mv inYention: 
t~:nn~ 9 and 10. 1. In a wireless transmission sYstem. a 

l~pon actuating the co-acting movable con- plurality of radiating antenn['"c an~c1 mea~s. 
tact member 21 into enzazement with the wherebv said an.tenn~ maY be included m 

1:!0 

stationarY -contnct member ~18. the antennre an absorbing circuit. · p-
60 9 and 10. are ·connected in series and caused 2. In a wireless transmission s\stem. a -" 

to function as a condenser in an absorbing plurality of ante:nnre and mean~ "hereby said. .~- i 

circuit. as hereinbefore described. The antennre mav be caused to function as a con-.·. • 
period. of the alternating component of en- denser in an absorbing circuit. > 

· erg..- through the arc 2 is now d .. e!ermir:ed 3. In a wire! ss transmi£sion system. a .JaQ ~~ 
~ by the product of L'--{J', where L- IS the m- _ double antenna, a ~ource of energy therefo~~ 

A~~ A-~~~~ 
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?/.<!~ . . .,... ·l' ~ 
~· 111r*M W~ llllld .dauhle ltttf11H1 'tO.' ftt'la'WII'fiHa tfiiUilltllfllilllllifiU!IItl Iff ~ 

),;· .. :·,·~··.· .. ~~*~. ~1 1Gb U. «'~P'Citlt\~ itt lh lbeutb• atUt~Uhlit I t1UWit ifMd thttt•t4fUff Kid d(t;tft 
,~· ~ Jtui a&RUI.. tettd wtttnhduu hutu~t•t1~~. 1 lOUt~~ at ~n-
. ~: ·. · ~ Ia a wlnl111 tnnsml•lon •Y.atetn. a PrgJ 9 a gt•ound connection therefor t a aec-
·~.<a ~oubJe: ~~ an ce~·abeor6ing ele· ond nntenna disposed in electrostat1c re1a- 7o 

. ···· · ... meDt ·:~&ted therewith, a aoul'Cf of tion to said tln¢ ant:'nna, an energy·abeorb- · 
· ~ fOr eald · doable antenna and means ing element electrically connecting aaid an· 

for pro.idJ!II aD abeorbing aircult shunted tennae, a down lead for aaid aecond antenna, 
.. : ~. afoud .iald IOUl'CI ... of energy and lnclud· aald ~eCond·named down ·Jead including an. 
IU bla~d dotlble ~tana u a condenser. lnductanca coU, and meana -whereby said 1~ 

:: I.:In·.-a wlreleM tranaml•lon eya~m, an eecohd-named down lead may be aucceasively 
alleorbiDg cireuit comprising a aource of connected to opposite t@rminala of said source 
~' a plarality'o£ adjacently-d~d of e.net•gy, · . ·. · 
radiitiug antenn•, an energy-abeOrblllg ele- 11. In 1 wireleu transmiSBion system~ an 

J3 meDt a.oclated therewith and means antenna, a down lead therefor, said down t-n 
w~ aaid abeorb~ circuit mal'_ be selec- lead comprising an inductance coil, a source 
·tiwly Nu.dered etrective or· non-effective to of energy, a ground connection therefor, a 
control the radiation of energy· from said second antenna disposed in electrostatic re­
ant.eDila · · • lation to said first antenna, a down lead for 

. 20 .. · 8. ·1n a wireless transmission system, an said second named antenna, said last-men- 8J 
· abeorbing circuit ·comprising a source of tioned down lead including an inductance 

a pluralitl of adjacently-disposed coil disposed in mutual inductive relation 
ene&-<colaneeteo raCiiating antennm, a resis- to said first-named .coil, means whereby said 

for connect~ said antennae; the con- last-named down lead may be successiveh· 
necting points of said resistor havin~ sub- connected to opposite· terminals of said uo 
itanti&lly equal potentials when satd an- source of energy whereby said antenn~e m1iv 
teJUU!B are o~rating in parallt~l, and means . be successively ~onnected in parallel and in 
whereby saia absorbing circuit may be sc- series relation, 1ndan energy-absorbing ele-

. lectively rendered eifective or non-eft"ective ment connecting said anteniue, the points of 
~0 to control the ~diation of energy from said connection 'of sairl element beinsr substnn- u:; 

plurality of antennm.. tially equipotential when .said antenn~e are 
'1. In a wireless tranmnission system, an operating 1n parallel. 

abmrbing circuit comprising a source of 12. In a wueless transmission system, a 
energy, 'a plurality of adjacently-disposed plurality of antennre, a source of energy 

3J serie.connected radiating antennm, an en- therefor, and means· for electrically connect- 100 
ergy-abeorbing element ·electrically connect- in~ said antennre to said source of ener~y. 
~ said radiating antennm and means sa1d means including a switching device tor 
wherd>;y said absorbing circuit ma.Y be· selec- connecting one of said antennre to either 
tively mterrupted and said radtating an- the one or the other of the terminals of' said 

.o tennm connected in parallel relation. source whereby said antennre may be selec- 105 
8. In a wireless transmission system, an tiYelv caused to operate in series as a. con-

. · absorbing circuit comprising a source of denser in an absorbing circuit or to operate 
. energy, a plurality of adjacently disposed in parallel as radiating circuits, said means 
· · aeries-connected radiating antennre, an en- including mutually i.ridncth·e coils so dis­

ftrgy-abeorbing element, a power-connection posed that the period of ~aid absorbing cir- 110 
· · between each antenna and said source of cuit is equal to the period of said radiating 

.energy, each ~wer-connection including n circuits. ! • 

coil, said coila being disposed in mutus]ly 13. In a wireless transmission system, a 
. ·inductive relation, and means whereby said plurality of antennre, a source of energy 

10 absorbing circuit may be selectively inter- therefor. a resistor connecting- said plurality 115 
· rtipted an,d said rediating antennre con- of. antennre at equipotential points. and 
neeted in parallel relation. means for electricallv connecting said an-

9. In a wirelPSB transmission system, an tennm ro said source "of ener~, one of said 
·absorbing circuit comprising a .source of means including a switching device whereb~ 

35 eneriJl, a plurality of adjacently·disposed said antennre may be selectively caused to 120 
radiating antennae,. an energy-absorhing ele- operate in series .. as a condenser in an ab­
ment, a p_ower connection &!tween each an- sorqin~ circuit or to operate in parallel as 
tenna. ana said source of enerfY, a coil in- radiattng circuits. both of said means in­
dividual to each power-connection, said coils cludin~ mutunllv inductive coils so dispoeed 

eo be~ mutually inductive, and m-:-ans in- that the period .. of said absorbing circuit is 125 
cludid in one of said power-connections equal to the period of sa.id radiating system 

. "!hereby aaid abaorbi~ circuit may be .selec- wtth said ant.ennre operati~~ .in para\Iel. 
··-~ : ... ~vely reDdered eft'eetive or non-eft'eet1ve to 14. In a wtreless trnnsm1sston system. a 

.;:\teon.trol the radiaticm of energy from said radiating system comprisintz P. plurality of ~ 

I~ s~~~DI ID~· ~ ~ ~ .. · ~tenn~ ud ~ en~:~~rbing ~~r;~ 



~l:~~~-- ... ~~~~!~? ->' . . . . . .. 1 
e'>J•l-~.·~· ·-·:· -~~-~-:- . . - . ·~~~: 
t~ti~.:-.,~i(fi~:<·:~:... . . . . . . . . . ~ \. . . ~ 
~~~:- .. , ~ .. · · ~di~~ . ~~~ ,t u_te~• ._at and uid antenn•, circuitM ~d ~ean1 _lor:/ 
~~ .. . , .. . . .. ;\- ..... ' . . ·. . . ~ngbtr •ld «nt11«tions w OJ*'•~ said .. ~·· · ~ truw'-!loll fltl; attteltnll! «~lreultll 1!1 P!lflllal fM. radiating 
~~~ ~-a· ~»' til ~ lllt=". t!ll!!i'lff 111d Ill WiM IM. a~bili# ~tllif~jt iJ:L 1l3!llllt.r.i/ .... · . ·:_9f : ~---.~n · · 6illlt&~· :·· ftibsfjtttiiUt, withmtt f~di&timt~ . . . ~:fi~-~~- ·- · -~ .. _ · !Gf-'~~~ :flu~ 1SJ, ~ h1Jh li'~U@~~.Y it'lfi§mi~it1n sys­
~~S-l'"~t+, .. -... ~ ~t-~.~trJD',IHd u~ oompr.Iiiq •.l'lur&lity t1f ··u1t@fiiU8_t-if• 4t1 
~:~~:-:~_~:~.;~' ·~,~~0 ISU~anttall~ . c~tts, ~lUWig .aevtc~ t~erel~f• a ~urce of 
p. ;:~-'!!-~¥i&ti~.i ... ~ .r;. · .. ~ • · •· ·. ·· htgh-fr«Juency OSClllatu~ns, conneCttC?ruJ !>e· 
•. 1.::;;· .': .16/''A 1#iA·~Uency ~sm1sston -~stem tween 88td source a_pd satd antennae cuc1uts, 
~-::~:{~:~::~---~~~ -~- -~~- pirc~ite, ·meam, for_.changiJJg· s~id. ~onpeetions to op­
·.-:.:··-~.t~'.d~~CW!--~~ft#:,~-• aQ~ ·of.-~gb·_ era.~e -.~d·utenn_._,. c~rc~~~ •n pnraUel for 45 
-:·_,.·>·fri(Uency-· 08Cillatio111 and meana .for op· . radtating ener~ and tn sertes for absorbtng 
·' · ·.:; era~ .. said ~~ circui~ in, par.allel for enerQ -~ubttanttally without radiation, saiu 
:.11,. ~~~n~:~ergj .. ~d iii ~i~ for· &~rb· circu1t1 .being 10 ~rranged that the fre-. 
. ·: .. ·llll el!•ll! su~ttally 1n:thout r~u~tton, qu~cY. 111 ~uoltantta~ly ·~he same for both 

··· · 1a1Ci ~ ~ 10 ~-that ·thtt fre- radtattng and absorb tog. . &o 
· gU:ency ~~·is aubs~tially· tlie ~e for 2(). A high-frequency trn.nsm:ission sys-· 

. . . ~ ~d~ .. in. an~ a~~~fl · ·.. . · . t~ Comprising a plurality of ante~nm .c~r-
.10 ; 11. A. Jii!lK~~~. t~~o~: SY.S· cu1ts, a source of ~1gb-frequency. 9~ctlla.t1ons. 
· · teJn c;ompnsmg & pl~ty ·ot antennm en·- there~or connections between sa1d source 

·.cui~·~ ao~ of high;.~~~~y ~~ll~tions and. sa_id ~e~m circui~, mea~s for con- . 
th.UorJ means for o~ratmJ Sftld antenn• nectlng sa1d source to opel'ate satd antennre 
cirCUiti m paraJlel for radiaitl)g energy and circuits in parallel for radiating energy and 

II in aeries ·tor abeorbin&, energy substanti•lly in series for absot•bing energy, substantially 
withQlit radiation ·ana means whereby the without radiation, and means whereby the 
load drawn b.ft, said circuits from said source load drawn by ~:~&id circuits from said sourr.e 60 
is ~beta,utia y constant whether. enetgy is is s~bstantiully constant, w~ether energy is 
radiated or abSorbed. · t•adJated or ali:lorbed. . 

10 18. A high fr!!quency transmission ttystem In testimony ·whereof, I haYe hereunto 
eompriaing a plui-alit]' of anteD.ruB circuits, Hubscribed my natne this 18th day of May, 
a '1011rce of hip-~uency oacillations 1921. 
~erefor, CODDections ~ween said ,.ource LEWIS W ARRINO'EON CHUBB .. . . 
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.. To all whom it may conce1·n: 
Be it known thnt. T. FRAXT\. C'o~r .. \D. n cit-i­

zen of the 1~niter1 StatP:-:. nnrl a rcs:1lrnt or 
Pittsbnr!.rh. in tht' conn tv of .\ llc!!henY nn(l 

5 Stnte o{Pl'nn:~Yh·ani:l. lin\·r inYPt.lte(1 :1 new 
and useful Im]n·o,·cmrnt. in Tict:'ciYin!!" Cit·­
cnits for the Elimination of Static Disturb­
ances, of which the follmdn_g is a spcci fi-

t cation. · 
My inn~ntion rebtes to rcceh·ing- circuit~ 

for USe in ronnect!on \Ylth Wil'~l.e~~· (i.jJ['al'::t­
tu~. R!!d it 1iit~ ior its obiect to nro,·ide sim­
ple' and· effective menns \YhCr('h~· int~!·fcr-
ence. particuln.rl~· th:1t known t~~ "r:tntic.'' 

15 mav he lnr!!'eh· elimino.ter.l. nt the snme time 
permittin!!'' thr renrh· rPre1nt. n£ tran~mittr.d 
impulses.· · · 

The R1n~rlr fi!!11l'P of the nrr.ompanv-in:«:!' 
rlrawinrr i~ a rl1aarnm of:~ "it·e1rc:~ r<'reiYinf! 

20 rircnit ·embor1vinrr n nreff'l'T'Nl ·~nrm of m\· 
invention. · · · . 

In the wireless trnnsmh:c:ion of inte1H!!enre. 
1t is well known thnt tlH' rN·f'ipt of b·:ln~m1t­
tP.d impnlse~ i~ fref'!nrntl~· ~rt·iow=l~~ rli~tm·hNl 

26 hv Rtati~ rhnr~e~ 1H'nr1nrer1 nnon thr. nntrnn:l. 
by the passa~e ·nf "in~l thrt·~oYer. th<'~P, 
stn tic c hn r!!'(\S flrn\i n !! f'·Y f.?T0ll nr1 t ,, !'f1'! f!'h 
the rE.'ceh·inrr ~ppnrnh1c:. ~:milnrh·. thr pnc:­
sn~"~'e o·f elPctrn~f;1tir:!lh· !',1''!'"'0'1 r·1nnr1·~ ~,·rt• 

• th; antenna nttrarts n" rrnrl'"' r1H~r.f!C:'S Trom 

~ 
the !!ronnel. thr~P nl~o nn~~inr: tl1ronf!l1 tl1c 
receiving- apnnrntns nnrl ,.on.;nsinQ' the op­
er~tor. 

I fincl that. t1H'! ~tnH~"' r11nr.f!flC:: :1nrl ~tntir in-
11 n11dion in nntl'n"!1ff' or r1!fl'"t·rnt- l1niQ"htc:: 1~ 

~nh~tantinlh· thr ~nn'f'. "1~f'!'"!~c: tl1f' intrn~itv 
rrF t.he irnnnl~~ !==Pt nr in nn rmtf'nnn hv in­
~0rnin!! ~i!rnnh Vf11'lf'~ "ith th" 11"irr1,r_ 1~Ptn'! 
mnrh. ~tron[!rr Tnr :111 nntPnnn o·r ronc::icl-

40 ernhlc hPl'!llt th~n -tor onn or T!1M1"rntn 
heirrht. I mn kP. ll~f' o-f t11ic:: nhr.nomf'non in 
~Hm~nntinrr th~ clic::tm·hinrr f'ffN·t~ o-f ~tntir. 
elP.,.triritv ·h,· Pmn1o.,:in(r .. hYn n.r.trn:,~ -fnr 
thP. rece~nt. of ~r~c::n!."'fl!= .• t!lf'C:f' nntenn:Y' hf'in!! 

41 ~n 11~!=octn.tNl -wtth re~rq·m!! :tnnnrntn~ thnt 
thn snh!'tnntinlh· f'nnnl rl~·,r!!fl!' 1mnnrter1 
f'h~rPto hY ~trttlf' 1nf1'~flnrnc:: r:tnf'Pl (':!('h ntlH''. 
~ithin thP rerridn.rr :11)nnrnh1c::. thn~ hrin!! 
renrlererl imnerr.entihl11 tn tho on"Tntor. 'fhn 

SO Uneqnal nmmtnt~ OI Pnt'r!!"· imnnrterl to th(l 
nntennn b,· inromin!!' impn1c::p~ fnil to r:1nrcl 
earh other nnrl thns n. t'f'~irlnnl rfTrf't is im­

~ oarterl in thl' rrr.ri\·in!! npp:1rntns '"hi,.h mn,· 
r he nmnlifierl !f cle~irnl,lf' in orrlrr to renrlt'r 
56 it more c]cnrly pcrccptihlc to the opcrntor. 

Rcfen·inn· to the clt·awinrr fol' a more <lt•­
tniled tmd~r~tnndina of ~lV invention. T 
!'ltnw a rclntiYr.h· hi!!h \';irelt:~~ antPnTlU at I 
nnrl n J'P1nt1,·r1\· lo-\r antt'll!ln nt 2. Tlw~t· 
~~n~t-nnm arP sll~wn o_f the flat-top typ<' ln1t. ;;o 
It; ts t.n l,p llllllN-:-;tond that nnv antcnnm nf 
the opcn-rirntit ldnrl ma:· b~· used. ~0111n 
antc~mn•. usuallY in tlw form of a coil. ad 
wholl;:. m· at lNist lni'~Pl!·~ h.\' the chanf!e in 
flnx thron!!h them which i~ caused bv ~n tH; 
nrri,·in.cr ether ~nYc. Oth('r antennre act­
whollY· or main!v in Yit'tne of the electrc­
sbtir' ('hnnges -\\·hich accompany such :1 
\\':, ve. I hn rc ttsefl thC' t<'rm npen-circnit nn · 
t~nnn. hrrein to rlcsi!!'nate any form of an- iO 
tennn helon!!in!! in the latter cJa~s. A re­
cch·in!! trn.n~rc~rmer i~ ~hrn'n nt 3 nncl tlw 
nntennn 1 is c·onnr.rtNl to one encl o£ a pri­
mnrv '"idin!!' 4: thereo-f. \vherea~ the nntennn 
2 i~ 'connc"tcd to the other encl t.hcr11o£. .An 75 
adjustabltJ tap 5 is proYidecl at an intel'­
mcc1iate point jn tl1e primary winding 4 mv1 
is !!'l'nttnrlerl nt 6. Th!' ~econcla rv wind in!!' i 
n(tlw. trnn~fnrm(~1' i1 i~ ennnPdNi ton rrr·~j,·. 
in.':!· rit'''llit of ttsunl form. so 

.\~s:.:min~ crtual f=iZ!'S for the h'\·0 nntPnnn·. 
thr nmonnt~ of ~ner'!v recP.i,·Nl tl1err.in nr;· 
~1th~tn1~tinll~· Npml ,~ith nndPsirccl stntie cli~:­
tuT'lJtUH'C.S bnt. ~rc rptitr. ttnCfJnnl 'dth t.ran~ 
rnitterl jmpulse~. the high antenna rleYe1op·· 85 
in!! mnrh mor~ enel'!!"Y in thr latter cnsP ... 
The point of nttnchm(mt 5 is. nnrler the!-iP 
conditions. plnce<l nt ~nbstantinll~· t.he mid 
point of the windina +. ~o tl1at. "ith a given 
~tntic irnpnl~e. the npwarfllv flo"ing current. 90 
in the ]o,:,:er ha H of the win~llng 4 · ma!!'Tleti-
cn 11)· ne11trn li7.e~ th(' downwardly flowin~· 
rnrrent in tlw nppr.r hnlf of thi~ windin!!. 
the (~ttrrent of both nntrnnre flm·dng- t0 
!!ronnrl thmt!!'h the tap 5 anrl the lend 6. A~ Pl5 
n rest:!t. with n statit:~ impulse. no flnx is de­
Yeloperl in the tran~fnr.mPr ~. nnr1 conse­
quently. no electromotiYe force i~ nroducerl 
in the "indin!! i anrl no effect i~ prodncer1. 
in the Iocnl re~eh·in.'! eircnit. 100 

Turnin.!! now to th~ efTrct npnn thr rceeipt 
of n tt·nn~mitterl impulse. the ~·nrrent flowin~ 
from the antenna l i~ mnch lnr!!er than that 
flowin!! from the nntennn 2 n11r1. therefore. 
the mn~netomoth·e force deYeJoperl in the IO:S 
lo,\er half of tlw "indin!!' 4 i~ !!!'enter thnn 
thnt de,·elop('d in the n'ppcr hn 1£ thereof. 
:\s n ('Otl~Cflllence, flux h~ clrn~lopec1 in the 
ror·e of the trnnsfm·mcr ~ whir:h trnver~e~ 
the ~ccondnry winding 7. scttinp: up current 110 



li 

.. . 
flow ·i·n the local receinlt..! cit·;·uit. Thr nt·­
r·i,·ing signnl prodnc('~ a gr,~ah'l' cffe.·t on thP. 

·antenna 1. not only beeat~sc n lsi!..dH~l· :::~tc:iila 
possesses u. ·bettei· receh·in~ capacit~' but 

~ also because. bein!! farthel' frcm rnof.:-:. t~·ec..; 
and the like; it is 'zwwc l'Xposed to the adion' 
of the arriving wa•:e. 

It is obvious thnt thl' resultant jmpuls(' at 
the rece.i rinu- in:::trnment i:-' c:onsidcrnhl \' 

10 \\'eaker than 'woulcl bt.' the c:~:~:e '"Pre t !li" :q:. 
paratus connected b.l n sin;..:h~ nntcnnn. hi;t 
any well-kno\\'11 type ol' utnplifiel· ma.Y :~,! 
e~ployed t:: in-.-reasc thP magnitude (J"( tb• 
~Ig-nals :::o tlwt they shall lH· re:Hlily andil:le. 

1~ lV'hile 1" ha,·c shown IllY inn~ntion i:t it~ 
prefct'l'Cl1 ft)l'lll. it wi11 he. oh,·iPtts tn tllf.l~\~ 
skilled in the art that it. js susceptible or 
still other Ininor chanp-Ps an(l Inn<firlcat!nn" 
without cleparting .from the ~pi rit thereof 

20 and I desire. therefore. that onh· snch limi­
tations shall be pbced the1·en'i)on as are 
imposed by the prior m·t or are specificall~­
set forth in the appended elaim~. 

I claim ns my in,·ention: 
2~ 1. In a wirelc:::s receiYin!! circuil. thr eom-

bination with two nntcillw' ··>f (lifferent 
heights~ of a common lo:·n 1 rel'ci dng· ril'ntit 
diffcrentialh- connected to ~:ti(l two antennft' 
and snseeptiblc of a(ljn~tme11t so that t1w 

30 energ}"~receh.·ed on one antenna from a statie 
impulse cancels the ·ener.!!~· rreeiYL'(l n pon t1H· 
ot.her, antenna. and so that ~im!br \'ancel­
lation is not effected \\ith in com !n!! trans-
mitted impulses. · 

a~ 2. In a wireless receiving- drcuit~ the com-
bination with two antennm of different 
heights,.of .a common receiving transformer 

,._ 

having its primary winding connected be­
tween suid antcnnrra, n local· receiving cb·ruit 
d v11amical1y interlinked therewith, and a 40 
conncctiol! from an intermediate point ;_n 
said transformer primary win.c.lingto ground~ 
said point b~ing so selected thnt the induc­
tive effects o·f the currrant· flow. from the two 
nntennro mutunlly cnncl'l npon the receipt of '5 
a stntic impulse und fail to do so 11pon the 
reeeipt of a transmitted impulse. 

:J . .Tn a wireless reccivin~ circuit. the cotn­
hination ,.,.jth t"·o ~1ntennn~ nf different 
hei!!ht~. 0 r a r.;:_llflniOll l'c:>ech·ill!! tt·nnsiormer GO 
h:n~ill'" itR primnt'\" '"inrlill!! 'connected be­
{\\'L'Cll~:t irl a ntt-tl!Hl~, a lcwal T'I'Ct'i dng ei rr.nit 
lh·namicallv intet·linkerl thcl'('\\'tth. ancl u:1 
nclj nstahlc ~onnection from an intermediate 
point in said transfot·mer primary ,·,·iridin!! 
to ground. 

4. In radio si~nling apparatus~· an 
tcnnn. svstem having associated portions ar 
rnn!!ed.at different ele,·ations but nt substan-
tia lh· the ~a me clistanee from the Ronrce of 60 
~i!!nnl!-' lo h{~ rec·cin~<l. :tnrl menns fm· dctect.­
ing ~ignals incltH1ing; menn~ for balancin~ 
ont the effects of statiC d isturhnnccs. 

5. In a ~ig-nal rr.cC'iving- ~~·stem~ two nrlja-
~ent !lnt-tnp untcnnro of rlifferent llCit!'ht. 6~ 

G. ln n ~ignal rPeci·dng- Rystem. two adja­
cent flat-top :tntcnnrc of different hei~ht anc1 
simw 1 tra n~lati 11!! means controlled h:r tlw 
dtfference of enel'L'Y between sa.id antenn~. 

In testimonY whereof. I have hereunto 70 
suh~crihc1l my'nnm~ t.hi~- 2!lth da~· ·of Sept. .. 
Hn8. 

FRA~'"X CONRAD . 

• 
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To oll u·lwm -it Jnay concern: the transformer t .. is inserted in the earth 
Be it kno\\·n that we~ RoBERT HEr.zoa~ connection. The transformers t1 .and t2 are 55 

fl~idin,g nt Berlin~ Germany, ant1 l.F.o preferably with closed magnetic.circuit and 
llt·:\1;~:~ re~itling at Berlin-Cllal'lotteuburg, they pos.se~s ea~h two "·indings, the prin1ary 

\ 1 iermnny ~ both citizens of Germany~ have \Yinlling comprising many turns of a thin 
· ~,·entecl certain new and u:::eful Improve- wire anll the -se~ondary winding con1prising 

:Hl'llt~ in l{adio ~ignaling- ~ystems (for few turns of a thick wire. The secondary 60 
which I have filed upplicati(Jns in Gel'many windinas are connected with the kev in such 
l}!l the following dates~ .,J nly 1~3, 1019~ ...-1.n- a mniUler that no high frequency oscillations 
,,u~t :l. HH9. September 1G~ HllD, and ..:\pril :ll'e radiated in the position shown as the 
i. H~:20), of ·which the following is a spe;:·i- o~cillations produced by the .generator .g 
dl':ttion. traYel over ci~ c3 , .winding 'W1, c2• The key 65 
Thi~ invention rel:ttes to a kev connection a short-circuits the secondary winJing of 

fur the purposes of the 'Yirele~~5 transmis- the tr::.u~sformer t1 so that the choking effect 
; ,;itm of messnge5 which permits to control or the primary ''"inding is neutralized and 

lo1r!!e energies free from spark~ and without the condenser c3 takes up the output from 
· :li~tllrhmce of tlH• high freqnenl'y gc11eratm·. the generator g. ~:rhe oscillations circuit 70 

The in \·entiun is con5ef1Ueutly speeially C1• ( 31 l'.' 1 • C2 is earth connected. 1'11en tran.s­
:\11apted for such generators in whi~.:h the mitting signs the key is short-circuited by 

!'l ~h.ief object is the production of absolutely the .:::econdary winding lc 2 of the trans­
\·on:-:,tant o~cillations \\hich can be ea3ilv in- former f2 ~ the choking effect of the primary 
!iuenet>cl bv the control. "' eoil is neutralized and the oscillations of the 75 

In the I1oYel connection a transformPr i::: generator are radiated whilst the loading 
laill parallel to the generator, a conden::er contlenser c:~ is choked by the primary coil 

~ fot· t:tking up the non-radiate!] energy being ''-'1 of the transformer t 1 in which the short:­
in5erted at the ~ame time in this parallel cireuit of the primary coil is suspended b.y. 
branch. /~.n indepenJent transformer is con- the kev. so 
nected in the earth circuit. Lnt the two trans- As the example of execution shows the in­
formers are not continuously energ·izeJ. vention consisting in the u~e of two, not 

, The ::;eeonllary \Yintlings are in:;eticll ~n the continuous-current magnt>tizeJ preferably 
parallel branch t!J the generntor or m the clo~ell muanetic circuited transformers. 
earth connection whilst the primary ''"in;l- who~e ~econdary ·windings are connected 85 
in!!s are connected with the scnLler The '"itit the l~ev in such a manner that. when 
:-:ender short-circuits either the primary the key is ol)en as shown in the drawing~ the 

15 winLlin!! of the transformer in:-:erted in the cltoking etl'rct of the transformer arranged 
parallel branch of the generator or t!1e pri- in the parallel branch to the generator is 
mary ~·inding of the tran~fonner in~~.:rtell ~u:-:lH.'JHletl whilst ""hen the key is depressed 90 
!n the e~trth connection so that a couitl't'tion tit~ :-;ecnndary winding of the second trans-
i:: proclucell according to the ex;unple illu~- foruwr i~ ~hort-eireuitell ~o that the choking 

It) tratt'd on tlw <lrawin!.!·~. (·Jl'e~·t uf it::; primary coil is suspeudeu. 
Fi!!nre 1 is a diai"r~unm<ttic sketch of a Tlte inYention can be utilized eYidentlv 

tran8nittlll!! circuit .tll'l'all!:!:~cl in :lL'i..'Ol'\bn;_·e ;1]:-,, in economi,:al tram:former connection or D5 

with tlw in~ention anll emi.JloyiiJg t"\YO n~;;_l'll- \';it!i utiliz:ttion nf corre3poncling 5trong 
Iarin!! tran5tormers. t·l·o~~in!! roils without iron. The use of 

\5 Fi~nres :!. :3 nncl 4 are ~il!liLtr di~t!2T:m~.~ ,.],>.;;t•l.l Ill:t!!netic circnitell transfornwr::: has 
,hO\i:ing dili.'l'rent hook-ups rup1i rin!! t! ll' t:'e ho,·.-e,:er fhe ad vanta!!e that. o""in2' to the 
.,f onh· nne reanlutin!! tr:mdonner. n.u-r()''' coupling re~uhing herefrorn. com- 10.0 

On ·Fi!!. 1 1"/~ is the ~!!eHl'l':lror. ":hi··:1 ran p:ti::lti\·ely .:-:m:J.ll coils can be U.!=eu so that 
··tJn.--:i.-:t for in~t:mce oF a Ponb~ n arc·. "·itlt tilt:' kvy apparatus. TI"hich can be arranged. 

!t, • I 1 1 l ' ' ' > 
~Jiq,_·,-~ conden.3ers c1 ~ C:.:· _\ n:ey nmc ~n,:t>r ,.:; at :my tram:nattm~ pmnt. are of small di-
ts in~erted in the parallel IJI·ancll :: Tlt.l ~~·;:e..:- n:t:n:-:iun an(l of little \\"ei!!ht. 
''onnected with the primar:; \':inclin;! of tht• The inYention pre.::ents tT1e further advan- 10~ 

..__ ... .._..,.....__t-ra-n-:3f_·~_)r-mer: Th~·ill1a:win=~~e th=n a:rate~ontrol oi the hig~ 



~J2 l.~:r: 
.. frequency current can be carried th"ough keying of Poulsen-generators either the an­

with full ~ecuritv of ~ervice so that the key tcnnn was desyntonized or the arc was re­
arrangement is ;dapted :3pe~ially for rapid versed from the antenna to a key circuit 
sen·ice ior tlH~ control of great energies. which usuall): consists of a greater"' e~lpacity 

The no\·el kev a1Tan~~1uent C<.Ul Lc canied and of a resistance and alters as little as 
out: diitering t·om ti7l! form of con:::rruc- possiLle the ratio of loading. The first 
tion shb,Yn on the dr:tY:ing, "in using only methocl suffers from the defect, that the de­
one tran::ifonner t 1• lu thi::: case there is syntonizing "·ave is set out with almost full 
howe,·er nu t'O!.llpletc· i:nerruvtion of the energy. The second method is comp~irated 

10 high frequency current dL~ded so that high by the indispensable interruption of th~ : 
frequency cunent flO\YS in the antenna in- antenna circnit and the cuttin!!-in of the 
dicated on the Ul'a wing: eYC11 Ut the position ke:r circuit~ this being COllnectecl with !!Teat 
of rest. tlitficulties ::ipecially at the rapid telegy·aphy. 

The inYention relates further to a kev The invention has further for its object 
15 COnnection in which the choking eifect Of a to UYoid these inC011Yenience::. in laving COn­

transformer is utilized abcJ. onl\- one trans- stantly a capacity or a self:incluctjoil or :1 

former being howeYer empfoyeJ, which, ac- combination of the two parallel to the arc> 
conling to the position of the key, closes or this capacity being dimensioned so that on 
opens the radiating circuit: the transformer the one hand an increase of the efficiencY of 

20 being for in:;bnc:e inserted in the earth con- the _arrangment is produced (energy con- f~ 
nection. or it cuts out this earth connection nectwn) and on the other hand the arc can 
being cut out '1"hen the key is open. The work exclusively without disturbance upon 
connection nmst l1e arrnn!!'ed so that. when this parallel circuit ·without simultaneous 
the key is open~ the genei.·ator is in' dosed cutting out of the antenna. Exhaustive ex-

25 circuit anu the ~upply of energy: is not in- periments have sho\\"n that it is po::sible to {IJ 

terrupted. make the arrangement such that the ~rc is 
I-Iitherto the ~ei:clinl!: uf si!!'n:o:: has been not disturbed and not extinguished during 

. e.ITected by conducting .... the high frequency the operation of the key. The kev is oper­
os<:illations oYer a capacity when the key is ated in a simple manner by interrupting the . 

30 open. antenna circuit in the intervals between the lb 
This method as \Vell as similar methods types and the earth connection whil~t d11rin~ 

present the inconYenience that the source of the rotating period the parallel circuit t11 
current and the generator are equally loaded. the arc is not interrupted. A reYersing of 
At transmitting with great telegraphing the arc from one circuit to the other doe5 

35 speed the ~econd transformer according to not take place so that consequently the incon· 1 
·· 

the inYention can Le aYoicled by inserting Yenienee::: resulting from thi~ are a\Oi(lctL 
only one tran:dormer in the radiating circmt Experiments haYe further shown that it i::: 
(antenna). The key is arran~eJ this time in not necessarv with an arrangen1ent cle::cribed 
the transformer so th:.J.t the dwkin!!' effect of to maintain~ constant the loading of the an: 

40 the same is utilized. ...... generator in order to avoid disturbnncrs or 1 
. 

ConsequentlY the source of current and extinction of the arc. It is possible to selt:ct 
the generator .. are fully loaded during the the condition so that durin~ the inten·ub 
Sending of signs while only Yery little CUr- the connection '\YOrks with small loaclin!! Stl 

rent is con~umecl in the intervals. This is that an economy of energy and in the -size 
45 rendered possible by the arrangement ac- of the machine is realized. 

1
: 

corclin!!' to which the !!t:ner::tor is ~itnatecl in The method can i be utilized with special 
a closed circuit when tile i.:ey i,:;: open and the ac.h·anta!!e in connection \\ith coils with irnn 
earth connection is cut out. cores wfiose saturation is Yaried bY snper· 

Fig. 2 sho".s a form of exe-cution of t1te position of a continuous current i11a¥neti· r:· 
50 connection in wltich the gener:ltol' (}: which zation or bv short-circuitinrr of windill!!~· 

can he for instance an nrc !!'ene:-atot· or a The operation of the keY is etlected bY drer· 
machine, i:: in5e!·teJ in a ci1:Cuit conjc:;t!ng ation of the 5aturation ~SO that all ren:r::d. 
of a capacity cl ancl c~ nnd :::elf iihlnd:mce s, and the alteration itself arc snppressetl. . 

55 in w·ho~e earth conne·~·tion the trn1:~former t Figs. ~ and 4 show example:-3 of exect:tl'-1:: 1;. 
with tlte kc\· a is in:~f.::·~e~.l. Tlw !.!'eiH!~·~ttor of the method. 
can Le shot-t"'-circuited Ly one capac.~ity or by In Fig. :J a is the are ''hich works upon d~·' 
se,·er:tl serie=-connedecl cap:lcitie= ~.. In- antenun circuit. 7.J is the auxiliary circ-u!t 
stead of the tran.~fl)l'l!Jet t t\\·o c!l'Jkin!! coi!s which i.s parallel to the :;rc nncl "llich l·o1~: 

60 could Le u:::ed. of which one lw~ a~: irol1 core bins fur in~tnnce the <.:npaeity. e i:: :1 ......... :! 1~: 
and j_,;: alternateh sliOa-circi;itf~(_l :il1d c1:t-in with iron con' Y1l1o~e "in1lin~ c is cut :nt,· 
b,· the kev. TlH~ anun!!ell~ent c•Juld furtlter the e:1rth connecti,~n of the ttntennn. "·:til:-: 
be such titat the trun::fon1i.er or tlw c:hokin!!' the \Yintlin:! rl can be short-cir<·nite~l l1\· :l 

coib are not directlv cart!t-eonrH:•:teLI but in': ke,· t. ...\t ·shmt-circuitin!! the field in ·tht' 
serted in the anten:'ia br;>nch. coli ie suopen,led s0 that i:he antenn:t t:•k··~ ~ 

According to the kno"·n utethods fo~ the· ~p the :ull <'ur~nt. -: suppression of th~ 



~~~~-~~~~ 

t,Mt,aa4 a l~ 
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rt-circniting the antenna 
' 1t~..:.:t'll IJy the iron core. 

current is sup- nnd back contacts connected with the oppo- ~ 
;·f'.\~con11ng to Fig. 4 an iron coil is used 

• • 1 for the operation of the key but the 
.. :·'. 1 .. ttion of the saturation is caused by a 
J•(l ' fl . . l . eli .:1 • · 1 inuo11s current owrng In t 1e w1n ng Ut 

:--.
1

1

1

1
\ elo'seLl by the key t. The circuit b. whic~1 

~: ptLr~dlcl to .the arc pre\ents also In tins 
· , .;::nme ns In the arrangement shown on 
/:~·.· 3. that the arc is extinguished at the 

J1 • ,·rat inn of the key. 
:1 elaim :-
I _\ hi!!lt frequency signal transmission 
,.~em cnli1prising in combination a gener­

~;!lr 11 f hi~h frequency oscillations, a radiat-
:.2 ··.:., l'ircuit connected with said generator, an 

;."~~illatory circuit connecting with said gen­
..... 1tnr in parallel relationship to said ra­
::·i;tting circuit, a pair of independent trans­
;11··:11ers eaeh having primarv and secondary 

'$ .:.,;.mlings~ with the primary" winding. o£ one 
,·:tndormer interposed in said oscillatory 
.'~rruit a1Hl the primary winding of the other 
t;:wsforme·r interposed in said radiating cir-

;.J •iit. sai<.l secondary windings being connect­
•· I to haYe a common terminal and havin~ 
, 11 niH'C'tions to a keying circuit whereby said 
:·rinwry "·indings may be alternately made 
."·til·dire ns high frequency chokes in accord-

... ;11 H:e ''"ith the procludion of signals. 
~. A hi~h frequency signal transmission 

.,·=-rem comprising in combination a gener­
;;t.,r of high frequency oscillations, a radi­
atin!! circuit conneded with said generator. 

,.j an oscillatory circnit connecting with said 
!.!'l'nerator in parallel relationship to said 
::ttliatinu circuit. a pair of transformers each 
h<tYing primary and Secondary Windings with 
the primary windin:r of one transformer 
mterpo:::ed in said oscillatory circuit and the 
primary winding- of said other transformer 
:nrerpo~ed in said ratliating circuit, sa.id sec­
"ndan· 'Yinclin!!S be in!! connected to ha 'Ve a 
··onm1~m terminal, a keying system compris­
!11!!' a circuit closing cle,·ice haYin!! front and 
n:~r contacts. n cormection between the com­
u:on terminals of said secondarv windings 
:lill l said keying system and connections be­
t ·.·;een opposite ends of :::a ill secondary wind­
in!!;;; with said contacts whereby said kevin.!! 
.. y:~tem may be operated in acc"orclance with 
.. i!!nals to alternatelY shunt said secondarv 
wi'ndin!!S. · · 

:t _\. ~ high frequency signaling system 
.:nntpri~ing -in combination a source of high 
!l'L''l'teih'Y oscillations~ a radiating system~ a 
··ircuit interconnectin!! ::aiel source of hi!!h 
fn·quencY o::::cil1ation::~ with said radiating 
:::ystem~ a pair of transformers each ha \-ing. 

' !:!'~mary and secondary ''inL1ings with said 
i ·nm:ny win ... lin;rs cunnet.:tecl inLlepenJently 
:n ~·in·ttit "·ith sai(l r:tdiating system nncl in 
-~tid tirst mentione<.l circuit.._a common con-
1\e•_·tiun between the ends o.f said seconclarv 
·,vindings: a double-acting key haYing fron~t · 

site ends of said ~econdary winLlings. and a 
key le'Ver connected with said common con-
nection for alternatelY short circuitin[!' the 
respectiYe secondary ;dndings for the~ pro- 70 
duction of signals. 

4. A higl-l frequPney signaling system 
comprising i:n comLination a source of high 
frequency oscillations, a radiating circuit 
connected therewith. an oscillatory circuit 'iG 
connected in parallel with said s'ource of 
high ·frequency oscillations~ a pair of trans­
formers each having primary nnd secondary 
windings, with the primary windings of 
each transformer independently connected !:10 
in said radiating circuit and said oscillatorY 
circuit respec.ti,:ely~ said secondary windinis 
being connected to haye n common terminal. 
a clottLle-acting key haYing front and bacl~ 
contacts. a kev }eyer for alternately makin!! SJ 
connections ":ith ~aid front and back con': 
tact s. a connection between said keY len:r 
and the common terminals of said £ec~onclan­
windin~s and connections between said fron't 
and bnck contacts with the opposite ends of Du 

said secondary windings, whereby said sec­
ondary windings may be alternately shunted 
by said key leYer and said contacts for 
nPutralizing the choking effects of said pri­
mary windings nn(l en~ih1ing said source of 9j 
high frequency oscillations to he alternately 
e.ffectiYe upon said radiating circuit or s:lill 
oscillatory circuit. 

5. A high frequency signaling system 
comprising in combination a source of high lOO 
frequency oscillations, a radiating circuit 
connected therewith. an oscillatorv circuit 
connected. in parallel with said ~"ource of 
high frequency oscillations~ a pair of trans­
formers each haYing primary and SeC011U:ll':- 100 
windings with the primary winuings of each 
transformer independently connected in ~aid 
radiating circuit and said o~cillatorv circuit 
respecti,-=-ely~ said ~econdary windings being 
connectecl to lun·e a common terminal. a 110 
don Lie-acting kt'Y r ha ,-in!! front anLl Ltck 
contacts. a keY le'n~r for ~'lltern:t tPh· makin!! 
connections ":ith sai(l front :11111 lnlck con~ 
tncts. a connection between said keY 1en.·r 
anll the common terminals of said secondary 115 
windings. and connections between ~ai~l 
front al1d back contads w·ith the opposite 
ends of ~aid secon,larY winc1in!!5. said pri-
mary win(lings rach lla\-ing a 1)1ura1ity of 
turn5 of re1atiYeh· fine wire awl normalh· 120 
sen·ing as a choke to the pas~a~e of h:~h 
fre,ruency o:.-:cillation:;:~ ancl saic1 ~econd:uy 
win, ling~ compri:'ing a relati n~ly smnllmu:l-
ber of turns of hea\-y wire~ ''lwr('by upor, 
shuntin!! of emls of said seconll:tl'Y '"inl1- 12~ 
ings tl1e choking etfects of sai1l i~rim:tr~ 
win ... lings may be alternately su:::pencled for 
making eti'l'ctiYe said high frecpu~ncy o~cil-
lations upon said radiating circuit. •••• 

6. In a high :equency signal tr:ulsmi>;io~ 

_A_~ ~ ,.....,. ~ 
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system the combination with a source of high 
frequency oscillations of a radiating circmt, 
a parallel branch circuit connected with 
said radiating circuit and with said source 

5 of high frequency oscillations: a pair of 
transformers E':tch h~n·ing primary and sec­
ondary windings~ otw of said transformers 
being disposed in the radiating circuit and 
the other transformer being disposed in the 

10 parallel branch circuit~ means for shunting 
either one of said secondary windings when 
the other of said secondary windings is 

. open, said primary windings each function-

ing as a high frequency choke coil when 
cooperating secondary windings are open. lJ 
the choking effects thereof being suspendt>d 
when the cooperating secondary windin!! i~ 
open, whereby said secondary windings n1ar 
be opened or shunted in accordance with 
signals for alternately rendering said sourcf' tr 
of oscillations effecti,·e upon said parallt·l 
branch circuit or said radiating circuit. 

In testimony whereof we haYe siQ"necl this 
specification. ._ 

ROBERT HERZOG. 
LEO PUNGS. 
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}Iv in¥entio~ .relates to ~erials for use in as .are generated by such closed current cir­
f 4 svstems of radio commUnication and has for cu1ts. 

its object to increase their radiating power. An action at a di~tance is only imagin-
.A.ll the transmitters of radiotelegraphy able, if l~nes of current of reversed direction 

r, hitherto constructed have a very low effi- have stv~h a great distance that the fields of 60 
ciencv owin!r to the fact that onlv a small the single line of current interfere with each 
portion of the energy converted to oscilla- other so that they do not' neutralize each 
tions in the aerial is utilized for the purpose other, ·but sum each other, if possible. In 
of radiation. A portion does not leav~ the the normal aerial svstems hitherto used the 

- 111 aerial system and is gradually damped by action at. a distanci' is cl,)ne by at least some 65 

its ohmic resistance. ·Of ·an energy really lines of the displacement current running at 
radiated only a small portion is radiated to a large distance from the conductor, there-
a sufficient <Ustance required for the- work- by an action of interference being made be­
ing of the transmitter. tween the fielll of these lines of current and 

· lii The manner of viewing things hitherto as the current in the conductor. 70 
to the action at a distance of a straight wire I may essentially improve raclintion-ac­
does not lead to an idea. which allows the cording to n1~~ proposal dating from the 
arrangement to be effecti,~ely accon1plished. year 1911-by giving the conductor a cliam­
The ideas ·which ~Iaxwell has deYeloped in eter as brJe a£ possible, by y;hich more 

20 the last century about the propagation of lines o-f force a·:e forced outwards. so that 75 

electrical oscillations, have not yet been more lines of current take part in the inter­
taken up by technics, which would be nee- ference ac\ion. Thus bv increasinrr the 
essary to utilize them fully for the present diameter I can increase r;_cliation nearh~ at· 
task of improving radiation. my will, I do not yet obtain, hm-reYer:H the 

·2:> In space telegraphy the ·action at a dis- maximum of radiation which is possible at so 
tance must be imagined to be caused in the the actual diameter of the aerial sYstem .. 
following way : . In order to obtain this ma:ximum radia-

As the displacement currents generate in tion it is necessary that as few displacement 
the dielectric magnetic fields in the same currents as possiblP run in the neighbourhood 

~~~ way as currents 'do in; conductors, and as of the contluctor. 1 obtain that-just as in S;) 

:further in a freely oscillating circuit con- the former proposal-by subcli\iclin!! the 
sisting of capacity and self-inductance, the conductor into many single lines and by 
displacement curre.ntiin the capacity inust making all the single conductors oscillate 
be feferring to time in phase coincidence in phase, bt~t by distributin~ · the single lines 

· 35 with the currents in t e conductor, the mag- in such a way that as h.r as possible no lines 90 

netic field of an oscillation circuit can onlv of force can circulate from the upper end 
be such a one as can be produced by closed of the lines between the single conductors 
current lines. This law must be valid for but that, if possible, all the displacement 
all the current circuits, for closed ones as current lines are forced outwards. For this 

40 95 well as for. open _ones. The displacement purpose the lines individually tuned, ac-
currents must be in phase coincidence with cording to the density of electric fields gen­
the line~curre:h.t..,,sinr.e at the times when the eratecl bv them. are distributed over the 
whole energy is in the:condenser, both cur- whole area COYered bv the aerial. For the 
rents, displucement currents and line-cur- first approximation !t will be sufficient to 

._.a rents, must.:be zero. ·_~The .form of the con- distr.ibute the conductors upon a ring- which 100 

denser cannot haYe auy influence upon it. _: is most fa\O-lrably f~d with energy from the 
.,.·The prior_ ·conception .of .the :action· at ~ centre. Since all the fields .oscillate in 
dist_ance of a conduCtor,~· ·g.~ a straight wire, phase; the~~ generate fields 9f the same sense. 

~~~an -no more .be _ffi:~rintaimid ~ ~the ·consider- Thereby the back running lines of current 
105 ~ · -ations a~ut the· action at- a: distance-started of. ~the _ displacea currents find their way 

fro_Jn"-fh~ .m_agneti~ :field o~ a- st~a.ight: i~t- between: th~ cond.uctor~ ba~red, and these are 
ed .rondt,clor, which·-:f0!' -I~elf cannot ~:nst .forceg outwards. -By ·the .f~r~ of the area. 

___ ari!! .e~~o:- .b? -!ea~ze<:l !here:ore .. ~i~ce~all I_ £~n. pre~er· .~e._radiatio_n ·~ ~~ ~~r~~. di· ,p 
~t the .. li:'lt!S t>f ·<c'lirre'nt '1JCCUr oonly --as closed .rection Which lS ~ell known. . .. . .. , .. . . .. lQ ~ 
~ 1 pathS; -:thti~ arl\ it\:tea_IJ.~Y :ohly -fi~q~ J~¥.¢JI -:£B}' th~ 4•Mll· arra~~t ot ~he dij!er~ ~,~ 

~ I ... --~ ---~ ~ ~-~ ~ ~ ~ I Zii 
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.. f ~:~~::s ~"~b:ain in the same time that the ation .~f. s~id ~:r:~ .and"~educ¥.tg ~losses 

earth area belo'w lhe :wliole radiator system therein.-~ :\'~':.. 1 .• ~·-:... · •.. :; --~;,, i.. .t ~il,;. \..) . :-_ 
is covered with. the earthinG' devices some- ___ 2. In a multiple antenna structure the· 
what -~qually, so -that gre~t densities ~f.--~~:>I~Rin!J-tion of.~ central e~~·~~-~~--92~~.~~t~r, 

-~ e!lrth-cu~rents ~i~e ;.avoided _and in the sa1n~-. :a ~1gh ~reguency s?ur~ fo._r.en~giZing sa1d ._ 
? trme ~he development of displacement cur..;· conductor, a plurality of eart~ed co~ducto?-"s · 

rents fn cm:trary direction within the aerial .· as.rrapged ~.-~round and all united with said 
system is effectively counteract.e"d ag~inst. central coriduct?r, sai~ plurality o~ eart~ed 

Bv way· of example of my InYEmtwn the ·conductors· 'having ·heights decreasmg With. 
10 accompanying drawin~s show un aerial the distance from said central conduct?r 

which mainl:r is carried by one sinzle high and with their respective distances one fron1 
mast, and which is to radiate in u1I direc- another proportioned according to the den-· 
tions lmiformly. sity of the electric lines of force generated 

· Fig. 1 shows the elevation, therein by them. 
Fig. 2 half the plan. , 3. In a multi pie antenna structure, the so .. 
As the height of the aerial decreases out- combination of a central earthed conductor, . · 

. 1:3 

wards the vertical lines a, b, c, d are ar- a high frequency source for exciting said 
ranged Closer together. ·When A. is the conductor, a plurality of concentric rows 
highest point of the line a, the tuning of of earthed conductors united all at their 

20 b, c, d can be effected in such a n1anner upper ends with said central conductor, each 85:r 
that reflection of the ener:rv oscillating in row of said last mentioned conductors de-· -'·:·' 
these lines take place in ~\.. """<;orres~o~ding- creasing in height _in an outw.ard d~rection '. ·-~ 
ly, when B marks the JUnction point of c und each concentric row having said plu- ::~ · 
at. the highest poiJ?-t of b, 9 the junction ral~ty o~ c~nductors ~ecreasing in_spaced re- ~~ 

2:; point of d at the hrghest pomt of c, on the lahonsh1p In proportiOn to the height there- 90. ~~ 
other hand the tuning of c may also be ef- of. . .. : 
fected in such a way that reflection takes 4. A Inultiple antenna structure compris-
place at point B, that of d so that reflection ing in combination a central vertically dis- . .:· 
takes place at C. The exact position of the posed grounded conductor, a source of high ... 

30 reflection points is not essential for the utili- frequency oscillations connected .with _said 95 ' 
zation of my invention provided they do conductor., a plurality of tuned conductors -~.: 
not lie on the single lines a, b, c and d, for positioned in radial lines with respect to \' 
in these lines all the currents are to oscil- said central conductor, said last mentioned ,·;; 
late at the. same time in the same direction. conductors being spaced from each other . ·1 

35 a having the smallest capacity, here the at varying distances and each having vary- 1~~­
wattless currents will -be smallest, practi- ing heights with the upper extremities r: 
cally a carries only the whole watt current. thereof connected with the upper extremi- .! .~.~ 
Therefore the whole transmitting set may ty of said central conductor for increasing :• 
be made smaller. As the distance of the the radiation of said source and reducing 

4:J upper part of d to the earth is less than the losses in said antenna structure. lOS. 
say of b, there is a risk that considerably 5 . ..c\.. multiple antenna structure compris-
mor·e lines of force run to eartl1 between c ing in combination a central vertically dis- · ·:· 
and d. Therefore the intervals between c posed conductor, a high frequency source · j 
and d and between the single lines of d for exciting said conductor, a plurality of ::;~ 

45 (Fig. 2) are chosen smaller than in the mid- vertically d.isposed conductors positioned l~:o/ 
cUe of the system. In case the uniformity in radial .lines -,vith respect to said central /~ 
o:f radiation at an aerial system according conductor, said plurality of conductors be- (:j 
to Fig. 2 should not be sufficient, the num- ing spaced one frmn another at varying -dis- . ·:·~' 
her of the lines going radially fron1 the tances and each varying in height and h~v- · ::~ 

50 middle of the arrang-ement and directed ing the extremities tl1ereof conn~cted with 11~.1 
downwards such as AD (D being the high- the extremity of said central conductor for :~ 
est point of d) can be increased as may be increasing the radiation of said source and ·::£ 
required. reducing the losses in said antenna struc- ::r 

l\:Uat I claim is : . ture. J 
1. A multiple antenna structure compris- .6. A multiple antenna structure compris- 12~j 65 , ing in combinati?n a pl?rality of earthed ing in combination a vertical ~entrally -~_is-. ;~ 

conductors, a. s?urce ~f lngh frequen~y c?r- posed c~nductor:, !1- sour~e of high frequency.- ·.~~i 
rent for excitmg said conductors In _like current for exCiting said conductor,· a plu- , .\-: 
time phase, means for ~~~r~liziilg substan.: rality of vertically extending conductors po- .. -·::~; 

60 tially :all electric lines Wit1iin the antenna sitioned in radial lines on either side of said 1~4 
structure .· and .f~rcing ~th~m · oy.rts~de said central vertica} conductor, said plurality Jof ' ·(J 
structure _.by ·.suitably-~ dimenswrung . the conductors 'being ·spaced one from:.another ... J~ 

~ 

~ 

~ 

~ 
I 
~ 

~ 

~ 
~ 

earthed ~ conauctors·: arid. :distributing them and. :from said central .conductor ·.over dif- . : 
in proportion to the strength of the electric fereri.t dista.nces and each -of said plurality ~B"·_... ..... _. ..... 

~elds-~nerate:eb:i:: of:u:a:: hei~ts·m~;_'3 
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f: .. ·· respect to said central conductor, with- the 
t· upper extremities thereof connected with 
~:~ the upper extremity of said central conduc­
f · tor for increasinz the radiation from said 
~~ 5 source ·and reducing losses in said antenna 
ti structure. . 
~ · 7. A multiple antenna structure compris­
~~:. ing in combinatiqp. a central vertically dis­
:~~- posed conductor, a .plurality of vertically 
~ 10 disposed conductors arranged in radial lines 

\ 

with respect to said central conductor and 
in concentric circles around said central 
conductor with the distances between the 
concentric circles in which said pluralitv of 

.Jii verti~ally disposed conductors are arranged 
varymg one frotn another and with the 
heig~ts of said plurality of conductors 
varying one from another and connected at 
their upper extremities with the upper 

· 20 extremity of said central conductor for 
increasing the . radiation from · said an­
tenna ;5tructure and reducing electrical losses 
therein. 

8. A multiple antenna s~ructure compri:';-

·" 

in(J' in combination a central -rerticallv dis- ! 5 

po~ed conductor, a source of high frequency 
oscillations for exciting said conductor, .s 
plurality of Yertically dispoSea conductors 
arranged in radially extending lines on op­
posite sides of said centrally disposed c?n- ~l: 
ductor, said plurality of conductors be1~g 
arran(J'ed in concentric circles with the di~­
tance:' between said concentric circles grow- \ 
ing smaller as said plurality of cor:ducto~ .. ~ 
extend outwardlv and with the he!ghts of ·'·l 
said plurality of conductors growing smaller 
as said pluralitv of conductors extend out­
wardh·. with connections extend.ing- from 
the extremit-r of said centralh· di5po:;;ed 
conductor in· a downward direction to th~ ~n 
extremities of each of said plurality of co~l­
ductors for increasin(J' the radiation of 5~nd 
antenna stn1cture ·-aria·-reducin; the lo~~t-:3 
therein. .~ 

In testimonv whereof I haYe affixed my ·r..l 

signature. • 

OTTO SCHE~LER. 
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Th~ present invention relates to radio com- to generate respectively the two frequencies 
m.l;lllication apparatus by means of which two !1 and f.!. to be transmitted. The alternator 
transmissions are sent out simultaneously by At is connected to the antenna circuit bv two 
one and the same antenna. inductive couplings ~!1 and l\f::, the former 

e -It has already been suggested for this pur- bein!! in the antenna lead-in wire while the 5~ 
. ~~.to ~ivide the antenna used for trans- latt€r comprises the inductance L 2 as one of 
·~~on Into two parts, and to compensate its elements. The alternator A .. is connected 

.. , .· a~~e .base the exchange or transfer currents to the antenna by similar inductive couplings 
· · . .-:~~~~en said two parts by the aid of indue- )I:~ and M •. 
< .·•.:. ti:wt~ .coupl~ng of conYenient kind between The equivalent circuit diagram shown in 60 

··:< <=.tliem. This scheme however~ among other Fig-. 2 makes it clear that the system com­
~:~i:. :~~dr~}?acks, involves the inconT"enience that. prises, as a matter of fact. three circuits in 
:::.~"~:,~ .. on-.account of the fact that bnt one half of electrostatic coupling relationship. 
'sj:t~tt~~:·~:ritenna is used for each transmission~ In this diagram the capacity between the 
'.; Dltlie:.aerial resistance is reduced. two portions of the counterpoise is repre- 65 

, .. . ;The prese:r:t invent~on ha~ as its object to · sented by .c~ and that between .the aerial and 
. ~edy the Inconveniences In arrangements each portiOn of the COUnterpOise by C1 • 

. , . prey,iously disclosed, by the simultaneous use The operation of this arrangement is as 
fo~ .. each of two transmissions of the entire follows: 

· '': IOltxi.nSinitting antenna. For this object two If self-inductance coil L 1 is connected 70 
·~ counterpoises are used provided in the neigh- exactly at the middle of coil L:l, on exciting 
... ·-:· hQthood of each other and utilized to diminish self-inductance coil L 1 by means of an oscil-
.:r . in. Jm.awn manner the resistance of the aerial- lation generator, there is obtained a single 
:( · ··~.01md. circuit, and to play the part of en- resonance period which is independent of the 
i .. •.cp~i~i i~ ax: auxil}ary re~onant circui!. w_ith value which 9 may. be.gh·e~. in~ee~l, the _latter 75 
.,.. t}\~.e~d l:l1 vie~ of Impartu~g to tl:e aerml two may. be varred within ~nde hm1ts w1thont 

resq~ance periods. The In\enhon further- altenng the current flowing through the self­
niOi-e provides a simple arrangement adapted inductance coil Lt. This goes to show that 

· · bf.p.revent the flow of current from one of points A and B, by virtue of symmetry. are 
JO~e.alternators into the other. at the same potential. But if the self-indue- so 

:lJle basic idea of the present invention will .tance coil L 1 is not connected exactly in the 
he.better understood by reference to the ac- middle of coil L::~ aver~· precise and definite 
companying drawin~ in which value for condenser C will be found for \\hich 

Fig. 1 is a circuit diagram of the arrange- the current in coil L 1 undeqroes a decrease. 
a:tmenfs, while This \alne of C corresponrls to the condition 85 

Fig. 2 shows an equivalent diagram in where circuit L~C is tuned to the transmitter. 
which the capacities between the counter· If. then. while not changin~ conden~er C 
poises and between the aerial and each of which is set to this \alue~ the point of con-

40}he counterpoises are indicated in the form nection b.etwee? coils L 1 ni?d L~ is Yaried. two 
·of condensers. frequencies w1ll be ohUunecl located upon 90 

Referring now to Fig. 1 an antenna is either side of the orif!inal frequenc~·. in the 
shown at A. having- in it:;; circuit a tunin!! in- presence of which a certnin cnrrent flow·s in 
ductance L 1 connected to an intermediate the coil L 1• ~forem:er the farthe!· the tap or 

4&· point of a second indnctnnce L:!. who~e ter- connection at coil L:! depnrts from the midr1le. 
·hlinals are connected to diffHent nortion::; of the more the~e frertnencie~ differ from thC' 95 

.a double connterpoi~e D. The two portions mean frequency. Hence. the ~~·stem has now 
of the latter are placPd clo~e enon!!h togeth~r two resonnnce frequencies. If. then. two 

·.so that the required electrostatic capncity eqnal conp1in!!.;: are prm·ided at :\I. )f~. cur­
~ f exists between them as explained below .. Two rent ...,.;]] be found to flo...,. in induc~ance roil 

Iii . ~ ~~~ternators are s:own a~-\.., and~-\.., designed· L, only for one :f the two frequencies bef•>~ 
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~ obtained, say, the lower one. If, next, one first and means for coupling it thereto to per- ;:~~ 

of the couplings is reversed, no current is n1it energization at the second of said £re-
found to flow any more in self-inductance quencies and prevent energization at the first 
coil L 1 for the lower frequency, but only for of said frequencies. 

1 the higher frequency. This evidently goes 3. An antenna system compnsmg an an- 70 
to shmY ··that. for one sense of coupling- of tenna, an inductance having said antenna 
the coil ~1~, for instance, the reaction of the connected thereto intermediate its ends and a 
sender upon the system is zero. A current separate counterpoise connected to each end 
of this same frequency flowing through the of said inductance, the capacity of the~e coun-

10 system will furthermore not induce any elec- tcrpoises forming with said inductance a 15 ··· 
tro-motive-force in the assemblv of the two resonant circuit . 
. coils ~11 and l\-Iz. .. 4. An antenna system comprising an an-

In carrying the basic idea of the invention tenna, t"·o unequal inductance sections each 
into practice, one of the two generators, .. A.1, having one end conneCted to· said antenna, a 

15 for example, is connected with the antenna- counterpoise connected to the other end qf so 
ground circuit by means of an electromag- each of said inductance sections, said counter-
netic coupling ~11 , and with the auxiliary cir- poises forming with both of said inductance 
cuit through the agency of a secorid electro- sections a resonant circuit. 
magnetic coupler ~l2. The generator A2, on 5. A duplex transmission system compris-

20 the other hand, is united by electromagnetic ing an antenna, an inductance having sepa- ~ 
couplings ~13 and ~I.. with the antenna- rate counterpoises connected to each end and 
ground and the auxiliary circuit, respec- formina therewith a resonant circuit. a lead 
tivelv. connecting the antenna to an intermediate 

\Ylth proper connection of the four cou- point of said inductance and two separate 
25 piing means before-mentioned~ it is thus pos- energizing n1eans of different frequencies for 90~ 

sible to obtain and insure perfect independ- energizing said system. 
ence of each of two transmissions. the fre- 6. A duplex transmission system compris-
quencies of which correspond, respectiYely, to ing: an nnt,_•nna, an inductance having a sepa- · 
each of the two natural freque11cics of oscil- rate ccuntt•rpoise connected to each end and 

ao Iation of the radiating system. Contradis- :fonnin!! therewith a resonant circuit. a lead 9a: 
tinct to what happens in an antenna divided connect1ng said antenna to an intermediate 
into two parts, no interchang-e currents will point of said inductance~ two sources of high 
be pro<.luced in the down-leads of the anten- frequency current, inductive means for cou­
nas; and these~ as is well known, caused a piing each of said sources to said inductance, 

35 -:onsiderable reduction in the etfedive height and means for coupling said sources to said lOQ 
in the system previously disclosed. lead. . 

The provision of the counterpoises is of the 7. A duplex transmission system compris- . 
lowest possible ·cost, the potentials set up be- ing a single antenna~ an inductance associat- .· 
tween the two parts of the counterpoise are e<.l therewith through a variable connection, a _ · 

40 ·not hig-h, and this in turn means lower ex- counterpoise connected to each end of said lOS 
pense for insulation~ while preserving the ef- inductance. the arra.naement beina such that · 
fici{mcy of operations at the same order of said inductance and~ the capacii}· between 
magnitncle as in simplex working. connterpr:>i~es forms an auxiliary circuit 

Tile fad that for eac-h tran~mission the posse~sing two resonant periods~ and a pair of 
45 total capacitance of the ''"nve radiating sys- oscillar:on generators each coupled to both no 

tem is available contributes in br!!e measure the antt•nna and sdid inductance for simul-
to an incre!lse of the etfecti Yene~s ..... of the sYs- taneou~h· enenrizit1!! !:aid antenna at both 
tem. w said resonant period~. 

60 
HaYin!! described m,· inn~ntion I claim: HEXRI CHIREIX. 
1. .A lltlplex transmission system compris-

ing n sin!!le transmi:;;sion condnctor. means 
connectecfthereto for simu!taneously 1m part-
ing t-r.-o re:::onant frequencies to the system 

55 and lllPans for supplying energy to said sys­
i:em at e:H.:h of ~aid frequencies. 

2. .A duplex transmission system compris-
ing a transmission conductor~ means connect-
ed thereto to impart two re:::onant frequencies 

eo to the .system~ an energizing Ineans for sai<.l 
system ant 1 means for coupling- it thereto to 
permit energ-ization at one of said frequencies 
and preYent energization ut the other of said 
freq ueneies. a secund eEer~izing means for 
:::aill sy~tem acting simultaneously with the. 

ns· 
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· ~Iy invention relates to wirele:-:-s teleg- in order to neutralize the leakage inductan-ce ~;:; 
raphy and more particularly to means for of the system, as indicated at 10 ·and 11 in 
controlling· the priwer output of a trans- Fig. ·1. · · · · 
mitting antenna ~-y:-:t,~m. In Fi!!. 2. I htn·e shown a similar s-vstem. 

5 One of the ohj(:r:t.' r1f my inYention is to in whie'h the usual antenna circuit ~6 ha~ 
nentra lize the'· cour,Iin~ betwef'n the ~upply been replaced by a multiple-branch antenna 60 

circtiit niHl the ar1tenna circuit to preYent circuit ·t~ -induding two adjacent antenn::c 
the transfer of f~I!~rgy th~rf::between. 1:3 and 14. The antennre 13 and l! are 

~-\. further obje(:t is to aY(Jid all arci11g shown as comprisin~ alternate wires of a 
10 between the contad point:.: (A the ::ending sinzle antenna const1=i1etion 15. said alternate 

kev. wi1:-es being connected. in bYo 'groups~ to an- 65 
:t\. still further (,~bjf::d i~ to proYide means tenna leads 16 and 17, respectiYely. · Con­

for quickly ab~or~-in~ the re.3iduul energy nectefl to the ends of the antenna leads i:S a 
stored in the rad~at~n!! c~rcuit by causing Lalancing coil 18 havirig its mid-point con-

15 the residual oscillations to ~et up ~a brancll': nected to ground through the secondary 
to-brnnch __ c.tit;renr·jn a riihltiple-branch an- coupling coil 5. · 70 

tenna. The antm1na lends 1G and 17 rna\· induJc 
~Iy invention u,n~]:-ts in the nwth()d:; aml tuning coils 1D and 20, respecti...-ely: "~lwreh~­

apparatns de::.:critJ~:d in thr~ f()]]~rwin~ de- the antenmc may be tuned to the frequency 
20 tailed description :H••l i11u~rate!l in the ae- of the source 3. l\fean::; are proYiUI'Il. abo~ 

eompanying drawjng. wherein: as bY makint!: tlte tuning coil 20 lar~er than ';'.-:; 
Figure 1 is a di~::!mmati•.: ,·icw of an em- the tuning coil 10 a1i<l.inscrting a ··compen­

bodiment of my i~\·ention employing a com- sating condenser 21, ·whereby the time con­
mon form of antenna. and stunt of one of the antenn~ is made lnrger 

25 Fig. __ 2 is a similar ·.-iew of a modification than that of the other for n purpose which 
employing ·a mu1tiple-branch antenna . in will appear hereinafter. . , · · _ FJ 
accordance with m~.- invention. In operation, the switch 8 is manipulated 

In the system ~!0v.n in Fig. 1~ I provide as in the system sllo'\fn in Fig. l. , During 
a hi!!h-frequencv source 3. which· is con- transniission o£. signaL impulses, the· current 

30 nected to the p~...mary coil ·4 of a coupling diYides equally· between the two· halves of , • 
transformer · hanng a loo~ely coupled sec- the . balancing· -coil·-18, ·and energy .is tr:ins- S.J 
ondnry coil 5, whi·;h is included in an ·an- mitted -froin the two ·antennro operating in 
tenna circuit 6. Crmiiected in shunt relation unison. ·1\7hen the ·eriei;gy of the soiu·cc is 
to the primary cr.~:I -! is a closely coupled, diverted from the secondary cotipling· coil 5, 

:;s oppositely wound t~=>rtiary ·coil 7 indwlinu- the residual stO'recl ~nergy in the antenna 
in circuit th(.\rewith :: controlling key 8 an:l circuits raiises the· oscillations to contimw lJ0 

a resistor 9. for ri few cych·s, deiwnclent ni)()Jl the tili1e 
By Yi_J'tue of th~ arrang·~ment ju~t clc~- con~tant of the systeni.. . · . · · · 

seribed, power i~ ~pplied to t1w antt•nna In order to "iiH;rx~n:-;e the· r~tte · nt which 
40 circuit 6 when tlif::' ~ey 8 i:-:; open. \Yhen the the oscillations \Yill decr.e:tse. ~ifter the in­

key is. cl(_)~eJ~ cur~nt flow:' througl~ tlw pri- terruption of the source . of sitpply . to tlH' U3 
mary and tertiary t.'1lil.s in oppo:-nte diree- antenn~, . the system is' so ·de.signed that 
tions. therebv sul~ta..T.Itialh· neutralizing· the one antenna hils a lart!:er ·time constant than 
c<;>upilni of these ·~ili to "the secondarj· coil the other. 'vher~ebv Circulating curr;ents are 

45 .5: and the energy CJf the source 3 is absorbed established in· the"' circuit inciucling the ca-
b-v the resistor 9 ruir;h mav be of such value pacitance ·between the two_· :antenna:-, ·'the 100 
as to maintain a FJ'IF-tantiallv constant load tuning coil 19, ·.the balancing .coil 18, ·the 
up9n :the·. s~mrce. '\\hen the key is again tuning coil 20 and the condenser 21. The 
opened, there is I!Q tendency to arc, as the circuit jusf mentioned is designed to haYe 

50 secondary· circuit t.E-zins at mice to deprive ·a. natural period COITesponuing to the· .fre-
t he tertiarv circu._=t of its eneriV. . . :' , quency of the source 3, whereby local OSCIJln- 1~ 

· l.Jnder C'ertain circumstances~ it may be tions will be . set ,;Up ·:therein which .will. 
found aclvaritageo-~ to ind!lde a capucith·e quickly absorb ;the stored erier~y·: :without 

: ~ -re_act!l~ce in the yrilnary oi- terti at'.)~ cirCuit causing aD); SP,a~kin~~a·t ~~= s';i~ch 8 .... :;'/' ~ : 

---~--· - ./.1 ./.1 A .A-"-- ......._ ......_ ......._ ~~ 
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\V_hil.~ I: .h~v.~ ~e~cr~bed .cert;airr forms ?~ wh~r~bY:· _a ~ranc~.-to-b,r_p.n~-~;S~ITept,.. i.s set 
my Invenho:il. m aetall, and ·whlle :I .. ha\e up __ w.h.e~ tlr~ ~ne.rgy ~l!PPhE@ J.b ~a~l~ an­
pointed out certain of the most ol;n:im1s t~n_I}a __ by the high-frequency sotirce ·Is re-
p:,ig~iple~- .. a~~. p:ur~?.ses tl~~r~_Qf~ _I c~? not . duced~ __ 7.· • ___ •• , _ ·- ,, _ _ ... __ •• ___ ••. __ -- ... 

6 1ntep.g. t~.!;lt .~~-e .}~ngua~e .. e~plQyed .. _tn _th~ .. 6. A -~e_l)lhn~ sy_~ten~ .·.~o~~_:p:~si~g:_ }~~-~on.:. 
follow1ng claims shall be hrrirted to the pre-· fmnous-w:r\?e - source o·f- · lngb-freqnencv 
cise features described, but I intend that.the. _ oscillations, a multiple-brancJ1: fiiiteiiii<i COll­
daims shall be construed to con~f 'iill.coin:.: t>led thereto~ means for controlling the cur­
binations which are _fairly- in~lu.ded in _ _the rent _supplied to the Innltiple-branch nnten-

10 language thereof, when read in Yiew of the na~ and me:lnS for cmising resiclnal charges 
·prior art regardless of. the.details and func~ to set up current-flow in a. branch-to-branch 

tions mentioned in-the description or illus- circuit. . . -~ . . ~. ~ 
tratecl in the drawing. ·r. A sending system compri~ing a ·coij: · 

15 
I claim as rily invention:- - tinnous-wa\·e ~onrce of hi~h frequencY oscil-:.; 
1. In combination .with . a ttmtsformer lations, a primary. induction coil energiiea 

having an anxilia1·y demagnetizing wind- therefrom~ a sec6ntlary in(lnl'tion t·o~l rela­
ing~ an antennit system •. ~aid tntnsformer tin·ly-loosely coupled to ~a ill prim~lry eoit. 
constitnti~1g a_ loose coupling for supplyi1~g' a tertiar~'- .iudtH:~ion coil. rebtin:-1~~-tightlf 
energ-y to smd antenna. a load for s:ud eoupled to the prunary cotl~ the ternary cml 

~~n auxiliary winding. and means for tran~fer- being so wonnd as to oppose the eifect of th~ 
ring energy from said nntenna system to primm·~· coil on the secondary coil. nnd a 
said load by. dema·gnetizing- srlid driver nuiltiple-branch antenn:t energized from 
transformer. . . ~ ~ . said secondarv coil and includini! u reso-

2. A coupling system comprising a pri- nnnt branch-to-branch circuit. _ ~ .. ·: -~ 
~;; mary induction coil, a. secondar.v induction 8. The combination with _a pair of anten~ 

coil. a tertiary induction coil~ the primary nn-to-groun1l circuits haYing _different ti~e 
_and ·t.ertiarv ~ coi1s=;·being ·relatively-tightly constants, of means for energizing said_ qi~·~ 

· coupled anct the secondnr~? coil being 1;ela- cuits from a con1mbn source~ and means for 
tj,·ely-looselj· eonpled to thP primary <'oil. provi<ling a tuned antennn.-to~antem~a cir: 

30 the tertiai·y coil being wound to oppoS~ .. ' the cnit for inerea~ing the dumping: of the cii:­
etfect of the primary coil on the se~onuar.v eui ts with re:--peet to sait1 eo min on t:'Ilt!rgiz~ 
coil, means for controlling the flow· of ('\11'- ing lllt:'ans. . .. ·. 
rent through the tei·tiarjr coiL ·and a con- 9. A wireless tran~mitting system it~C~\~d:. 
densi\.·e ·reactor in circuit with the tertiary ing two m1tenn::e, antenna-leads conne~t~4, 

3 ·~ coil to res<;mate with the leakage inductance thereto, an impedance ~eYi~.?~ joinipg,_ ~id 
of the system. . . _ . leads, a ground connection from an . m~e.r:.7 

3. A· coupling system comprising a pri- mediate point of saicl inlpe·clfl,DCe .~le~!~e, 
mri.ry ~inducta.iice coil,· a seconqal'y .indue- means asspci~ted with saitl grou:qcl ~oi;ll!ec­
tion coil, a .tertiary induction coil, the· pri- · tion for energizip.g said ant~nnre .fq:r ~ t!!d~: 

40 ·marv ·arid tertiarv · ·coils · beiiur relati\·elv ation in unison. tneans for tuning: the- an­
t~ghtJr colJpled and the secondary coil.bei.rlg t~nn~-to:-grom:~a : .. and __ an~~:pna~to-aJ!t~P.;}~ 
relatively-loosely coupled to .smd phmary circuits, and rneans for c~tnsmg. op.e an~enn.a~ 
c'oil, the tertiut·y ~oil being wound to oppose to:gT'ouncl circtiit to .ha.n~ a ·differ~nt ..ti~~f. 
the effect of the primary· coil on the second- constant than the. other. ·. ·, . - .. : ·' . : t_\] 

45 ary ·coil, means for controlling the flow of _ 10. Th~- combii~aLion with a. pair :of _an1 

curi·en~ through the· tertiai·y coil,_ and a _1:e- tennm . niltl . ·a. . sO',urce 9f . high-frequen~y -
sistance deYice and a _capacitanee· device ih energy. of means for eau::5ing .suid ,~nergy 
circuit with the terti:.u·y coil. shid capaei- to eli Yide substantially t:'(lttally between ~aid 
tanre deYice bein§r of such size ns to resmbte antenn::-e during tr:tnsmi!::sion of signal ;~m.-· 

50 with the leakage -indtictiuiee of the· s}·:stem. ·!JUlses, iht:>ttn~ for· di \·erting the ~nergy.. 1 pJ 
-· 4. A s'encling system corriprisin:r u ~nulti- said source fTom said nntt'llni.e, an·d me:l}!S 

'ple-bi·anch rncliatin·g ·circuit including an foi· causing a tinie lug of the :residual o.~.U­
. anterlnn •. means :for . suiJplyirig current .to lations iii one antehiire with -respect to. tho~ 

_the multiple-'brunch circuit~ and n1e:ins for ·in the ·other, arid means for_.pro,iding-.a~· 
So -modulatin~ said CUrrent, said radiating- cir- antenna-to-antenna ~Circuit ~ffectiYe to_;f.!ir­
: cl.1it including m·eans for causing residual cti.late local currents resulting :frmu; _said · 

a~:,~eiina:charg~s to 'se~ up·a.brach-to-brnnch time lag .. ~· . '/~_:·_, '.,: ,_' ·: ·:v;: ::_':::::·::;: ._,j ~~ · 

·current. ·. _ ~.: ·. . .. : . . . .. . . · _ · . . 11. A wireless sign'aling -·t:;ystei)l_ :in~_h.Ig­
j·-·5~ A serrd~ng.sySte·m :comprising=_asource ingan antenna-to-j!round.cii·cuit and a:Joop 

60 of .. high'"frequency: oscillations. ·a· 1nultiple- circuit associufed ther;e'\tith; said lQbp ,c;h:-
. ~i:unch llntenria -coupled. thereto. nn _indue- cuit including two branche~ ·_tuned. tp j}le 
tun~~ de\·i-ce:fn each };>ranch~ and fueans for signalina-' frequency a-nd :ha ·dn'g :dU;{efent 

. c~mtrolling· ~he current sn.pplied to tlie' rin~l- tiirie constants,_ said loop cir_cuit,: a~);1l :whoJ~, 

~
i. 

6
_
5 

hple .ante~na ·:iro'm . .: th~ . ~ig!t'"freqitency · : bein·g also· tune~ t~ the· si~n.aJing fl:eqlle:n~Y~_ 
source, . said antenna mcludmg 1neuns 12. In a rnclw-transmitbng system,· the 

-'~ ~ ~ ~ 
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combination with a continuous-wave source, 
~--~of a pair of oppositely-wound and indue­
;:·, tively coupled coils connected thereto, mean~ 
·- · for varying the energy in one of said coil~ 

·.~ .. whereby the magnetic flux is correspond­
. ;;·_in¥1Y \·~riecl. an anten~a system. coup_Jed to 

'·said co1ls. and meuns mcluded 1n salLl an­
tenna :.:ystem ancl providing a local circuit 
tuned to the fn•qnency of said source antl 

10 so disposed a;-; to carry circulating emTc•nb 
only upon a chan¥e in the amount of eneq.!y 

· supplied to said antenna system. 
1a. In n radio-trunsmittin!! svstem. the 

combination with a eontinuOI1s-wi\ n~ ~onrce. 
' 15 of an antenna !'y:4em collpled thereto, means 

for <':lll:--in!! a ehan!!e in the amount of 
. ener~y :-;upi)Iied to :--a.itl antenna sy::;tem. and 
mean:-: included in saitl antenna sy~tem anll 

_ .·. 'providin~ a local circuit tune~ to the fre­
·~ ~~: quency of said source and so disposed us to 
··~~j$:carry circulating currents only upon a 

-~~:.;~·. 

change in the amount of energy supplied to 
said antenna system. 

14. The combination with a high-fre­
quency supply circuit, of a pair of~ shunt 2.1 
circuits including oppositely-wound trans­
former coils connected to said supply cir­
cuit. condensive reactance means in one or 
more of said circuits for neutralizing the 
inductive reactanee therein. a tuned seconll- ~n 
urv eircuit in in<lncti ,.e relation to saiJ coib. 
nriJ means for varying the enerh''Y supplietl 
to said secondurv circuit. said means includ­
ing means for \:arying t~1e relative magnet- -
izin~ effects of said cmls and m(lans for· :::-, 
maintainin!! a substantiall v con~tant total 
load on sai.ll supply circuit." 

In test imonv whereof. I ha YC ht•retmto 
subseribed mv ~name thi~·lSth daY of Oeto-
ber, 1921. • .. 

CHARLES LE G. FORTESCUE. 
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It is known that~ "for· the. purpose -of im- minimum. Due- to the- act that the ·ct'trrent 
proving the ground connections ·cif ·an ·:rn- ·flowing in antenna 4 and. ·counterpoise :2 ·are 
tennu, a counter-poise-maybe associate~·with ·not necessarily equal, owing to the -fa.--t:that 
this ground connection. ~The-present tnven- it is desirable to have some current·llowing 

. 5 tion makes provision for- a ··novel- method of in- the ground connection: in order to minimize no 
such association, and by-means ·of-this· inven- the· total resi~tan{'e los:~es in the ground· -eon-
tion the nw.xi.mum re~ults·.n.re_obtnined:from Rectinn and counterpoise, ·u ·certain voltage 

·this association without affecting the economy will exist in the svstem between the -eounter-
of the installation. · poise and ·ground ... ·This voltage is due to the 

10 ':A!v inTention is illustrated -in·-t.he aeeom- ·fact that more -lines ·of force are !lmanatinQ' o;j 

punying drawing in which ··from~ the- antenna 4 nnd ·eutting the eounter~ 
Fig.-1 shows an· arrangement old in-the art. · poise-2 than-are·emnnnting·from the ~ounter­
·Fig. 2 shows the .application of my mven· ·-poi.se2·and cutting the-antenna 4. ~It:is desir-

tion to an antenna such as·shown m1fig.·1. · able to control·this·vdltage. This· is a.ecom-
15 ·Fig .. 3 shows an arrangement for multiplex · ·plished ·by inductively ·eo~·pling· the::induc- 7o 

work according-to my invention and tanees :6 und ·7. whereby• the --reactanee- 6: ·has 
Fig .. 4 shows my invention ·~q7plied. to an ·a --suitable electromotive:·farce induced in: ·it 

anhmna of the radial· type. · bv the cnrrents_ flowing :in reactance1 7 ·-to- en-
·The circuits are_ u5nlt~y arranged in· -the able· the currents· to; ·be· di~-tribnted' bet-wf.>en 

20 following manner· CFjg. ·l) ;.;the :point 1 lo- •the ground and: the eouriterpoi~e 2-so ag-to·ob- ;.; 
cated.in the conductor'between the: source 3 tain minimum ohniic losses. 
and the ant-enna ·4 is· eonnected -with the !The ·present· inTention~ is particuhlrly·~ttp­
counter-poise 2. The source is .grounded at plicable to antennre -whieh :are divid~d 'for 
5. "This -arrangement· necesSitates· the· inser- mult:iPl~ wotking. "-Each ·antenna--section; is 

2~ · tion of a reactance ·6 ·between- 'the counter- · provided ·with· -a· counter--poise~ which- may-be Hl 

poise and the antenna, which reactance is tuned-~y any suita-ble arid "Well kno,-m~means 
greater t.hnn the one connecting-the-antenna to·the wave·Iength individual-to·the--geriding 
with ground. · · · · .antenna se~tion~ ·On or' between the various 

On the other hand, in accofdance·with the ·count-er--poises· compensating arrangements 
;;u p1·esent inYention, as shown in1Fig~ 2;the con-· -.are· proVided_ (resonance plugs~ ·mutual in- ..... -. 

necting point 1 of the counter:poise is 1o- ductance, self. inductance) 'for annulling pr 
cated in the junctiori between-the source"3 arid reducing·the-·induction effect of-one counter­
the ground 5, the source being connected with poise on the other. :·Th~e- devices may be com­
the antenna 4 through an'.inductance 7. 'In ·bined··with those usetf:for compensating .the 

35 this manner I economize on~induttnnce, the reactions of ·the antenna sections ··between 90 
necessitv for which was painted ·out. in. the -themselves. 
a bon~·~ t1ntl notwithstanding--this,- the· maxi- Assuming that niultiplex work is -m:;e'd,· the 
mum effe,~t is obtained ·'from the elements installation wi11" be ~N"an!!ed in the ·manner 
used. i.e. the ground connection losses nre re- illustrated in;Fig. ·3. This. fi~ure-exempli.fies 

40 dnced to :1 minimum. ·without limiting the application of ·the in- 95 

As a matter of. fact, if: the effective ohmic vention to multiplex working. The junction 
resi~bnce of the counter~ poise· is :designated point of the connter-poi.ses 2 nnd 2' is alwuys 
by p. and the QTound connection by""R~ there- lora ted between the sources·3 and ·3' and the 
s11lb obta inetl from my exper;mental research ground 5. Compensntin!! elements such ns 7 

45 show tbnt tl1e currents'I1·qnd1 I;:flowi~-in the and 7' .are provided (formed e. g. --by in- too 
two branches. and which are in phase because .-ductances· hnving a mutu~l ·induction ro--e-f-
by its nature the counter-poise is tuned~ will ficient. which together with the self-indue-
be to each other us inverselv- as the resistanr'es tion of the antenna maY be tuned. or bv anv 
which they traverse; .. .. other equh·alent system) whereby the re--

no I action of each section of antenna -! -!' on its Iu5 
...! =!!.. respective counter-poises. 2 2' is annulled in 
I:z R a manner similar to that in which the reactiou 

_\s kno,Ya. this condition is necessarv and su£- between nntenna 4 and counterpo~e 2 in Fi!!. 
~ 

6 
ficient t·• insure that the sum of ihe ohmic 2 is annulled as explaine,] nbow. Another 

~' ~5 losses in the :o re:wces ~lll ~t ~ ~mpen:i~g e=ent s:1as 9 (formed e. ~ 
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by two inductances having an adjustable 
mutua_l induction coefficient, or by any other 
equivalent arrangement) makes it possible 
to annul the reaction of counter-poises 2 2' 

;) on each other. The adjustable inductance 10 
constitutes the compensating element of the 
reaction between the antenna section 4 and 
4' by reason of the fact that the inductance 
10 together with the capacity between the 

Ill aerials 4 and 4' fo£Pl.S a series circuit of high 
impedance and coilsequently functions as a 
trap circuit to prevent a reactance of one an­
tenna 4 on the other antenna 4' and vice versa. 

ObYiously, in certain cases some of these 
lJ compensating elements may be combined 

without departing from the spirit of the in­
vention. 

It may also be possible to eliminate some 
· of these elements. For instance; if the two 

:20 antenna sections are of the radial tvpe, the 
wires of counter-poises 2 and 2' are., prefer­
ablv staggered as shown in the plan view 
(Fig. 4), and it will not be necessary to pro­
vide a special compensating element for an-

• 2.J nulling the reaction of one counter-poise on 
the other, the effect of this reaction being to 
cause the circulation in the detuned counter­
poise of a current, which is in phase with the 
one flowing in the tuned counter-poise~ .The 

30 whole counter-poise is used for each send­
ing. The above described arrangements may 
be applied to multiplex working, in which 
~ore than two messa~es are sent, by ·provid­
Ing for each group ot antennm and" counter-

35 poises arranged for a determined frequency, 
compensating elements which annul respec­
tively the actions of other groups operating 
at different frequencies. Obviously .. each 
installation may be simplified by combining. 

40 certain ones of these elements. 
· Having now described my invention, I de­
clare that what I claim is: 

1. An antenna system for multiplex trans­
mission~ comprising a plurality of sections. 

45 a counterpoise for each section~ and mabTfl!~tic 
coupling .between counterpoises for neutraliz­
ing capacity coupling therebetween. 

2~ In a multiplex transmission system~ the 
combination with an antenna having a plu-

50 rality of sections, a counterpoise associated 
with each section~ a high frequency source for 
feedin!.! e:1ch section and each source bein!! 
connected to a common !!round. an antenna 
loading coil inserted between ·each section 

55 and its associated source~ and a coil in mag-

netic reactive relation therewith inserted be­
tween each ·counterpoise and the conn'ection 
between source and ground. 

3. In a multiplex transmission system, the 
combination with an antenna having a plu- 60 
ralitY of S(lctions. a variable sel£-incluctance 
connected betweei1 sections for neutralizing 
the reaction th(lrebetween. a counterpoise as­
sociated with each section~ a high frequency 
source for feeding eaeh section and each 65 
source being connected to a common ground, 
an antenna loading coil inserted between each 
section and its associated source, and . a coil 
in magnetic reactive _relation therewith in­
serted between . each counterpoise and the 70 
connection between ·source and ground. 

4. In a multiplex· transmL~ion system, the 
combination with acn antenna havinu a plu­
rality of sections, a variable self-inductance 
connected between sections for neutralizing 7~ 
the reaction therebetween, u counterpoise as­
sociated with each se~tion, a high frequency 
source for feeding each section and · each 
source being connected to a common ground, 
an antenna loading coil inserted between ·so 
each section and its. associated source, and a 
coil in magnetic reactive relation therewith 
inserted between each counter.poise and the 
connection between .source and ground, and .. 
magnetic coupling between counterpoises for · 85 
neutralizing the capacity coupling therebc-
tw~a · 

5. An antenna system comprising a plural-
itv of sections and a counterpoise for each sec­
tlon~ means for _neutralizing the capacity 90 
coupling between .. antenna sections, and 
means for neutralizing the capacity coupling 
between counterpoises. 

6. An antenna system comprising a plu­
rality of sections and a counterpoise for each· 95 
section, a variable inductanl.:e connected be­
tween antenna sections for neutralizing reac­
tion therebetween,: and magnetic C()npll"ng bt•­
tween cuunterpoises for neutralizing cnpac­
ity coupling therebetween. 100 

7. In radio signallin~ apparatu~. thP <.:uli1-

bination of an antenna haYin!!" a pluralitv of 
sections. :1 counterpoise for~ eu...:h section, 
means for neutralizing the re~H:tion between 
eaeh antenna section and its counterpoise~ 105 
means for neutralizing the rea.:tion of the 
counterpoise>s upon each other. anc.l means for 
neutrn.lizin!! the reaction of the antenna sec­
tions upon' each other. 

"H. CHIREIX. 



..... ~ . . ~ 
Radiation of Elec.tric Waves Jlainly Conflutd to Certain· 

Dlredions. -·: · 
By G. lliRCONI, LL.D., D.Sc. 

(Abstract •!T note ~v;nmuni~:ated to the R<.ri.L Soou:T"i by br. J. A. 
_ Plemi11g, F.R.S. Rcceit:ed .Jll.trch 15th:- .Read Jfm·d, 22oo, 1006.) 

Tms note relates to resultJ observed when for the usual vertical 
anten~.;a employ-ed as radiator or absorber in wirele'38 telegraph 
statiou, thue is substituted a straight.hoiizontal tonductor placed 

at a comparatively small distance above the aurlace of the 'gro'Und 
M~~ .· • 

When an insulated horizontal wire.& B, ~ch aa is shown in fi.g. 1, 
is connected at one end to a sphere of.~o spark gap, the other &phere 
of which is t>arthed, and spark& are caused to pass between the 
fopheres. it will be noticed on investigating the apace around mch 
an oscillator that the radiation• emitted reach a maximum in tlie 

A B 

d - -

Fla. 1; 

-vertical plane of tbe horizontal wire.& s, and ·proceed principally 
from the .end .&, which is connected to the _spark gap, whilst the 
_r_adiation is ?til, or reaches a minimum, 1n directions which ~ 

. approximate!] 100• from. the· -direction in which the- maximum 
. · elfect. OCC'tlll. · _ · · · · -. ~ '·. · "' . . .. · · · · · · · 

-~I have also noticed that any' .h0r1.z0ntafcon~uctor of sufficient 
-Ien~h placed 'apon or at a abort distance above the surfice of the 
groun~, and-connected a1; ·.~e ·end through· a euitable detector to 
~:will receive with maxim.llDl" eftlciency only waen- the tran!· 
.mitter il Jitaated in the verticaLplane _of .the said horizontal 
rerei ring conductor and in aneb A. direction · that the end connected 
to the detectOr and to the ground · is pointing towards the trans· 
mitting station. • . - . _ .- · . · · 

If, therefore, mch a horizontal- eonduc•or be' swi veiled about ita 
earthe~ ~d in-a )3-~nt.:U plane, the beari~g or directi_on of. any 
transm1ttia~t stahon w1~hm range of 'the receiVer, can be ascertained. 
' I have. carried out a number . of tests ·with tranamittera. and 

receivers having radiating or _receiTjng ·anteD1Ue or .. conductors 
arranged as fullowa :- . . - . "' - : .. ·- _ · · · . . ~ : ' 

· · 1. Transmitting couducton cqnaiating 9f honzontal 'Wires, the 
radiations being received .at a· distance· :b1 ~meaDB_ of the uaal 
vertical wires'!Uita">ly attuned. ·· .. _· · . -··· · -:..;··': -· - · -- _ ·- · · • · 

2. Both transmitting and receh'if!g'oondticiora oomi:ting.of hori-
zontal wires.- .. ~ _ ·.' _ .. , .. ·.:- .. _.r , •. : . 

3. Transmitting conducton consisting ef. one~or more ~-.ertical 
wires 'l"ith or without capacity areas at the top, such &9 have_been 
generally employed in wireless telegraphy, the rAdiations being 
reeeived bv means of horizontal eoildncton. •· .. · · 

With arrangements such aa &H .referred to- in {1), the following . 
tests have been carried out:--:- · :.- _ .· .- ·; 

a.-... 

llJ: 
... -m :lOr 

l:J 

. 

~c"'"'"i ~ 

... ... 
-· ~· 

~ 
.... 

"' .. -Di 
Zl 

Cllrve showin~ ot.sen·ed current in micro­
amperes at earthed entl of recei,·ing conductol' 
;:nder the conditions of olirection sho\\'11 below:­
T~ansmittin:; cuudtlctor.- Horizontal. rotatin~ 

from IT' to :i(j() 1·5 1nenes abo~e ground. 

Cun·e showiur; obsen-ed current in micro­
ampt:rt"s t\t •·anbo;d end of receiving. conductor 
under th.,- c<>nditiuns of direction ~hown below :­

Tran.;n&itunl.( l'unductor.-Horizontal. Hxed 1·50 
lll'l!trcs frou1 ;:rut.Uld. 

Cun·e showing ob-;er..-ed cnrrent in micro 
amperes as earthed en<l of r"ct!inng conduc:<>r 
under the conditions of dire-ction ,;iw••n below:­

Transmitting condllctor.-\.~i~ai. :b:o,d height 
i-&1Jleu-es. 

R<"Ccl\·in~; con•lactor.-\'euical, !!:ted bd~ht 1~ .n .. cdvin; eonuuctor.-Horizontal, roJ:ating froru 
•f to :lliu l·JO Ult:tres from tb" "round, 

Ltm>::th •>l :ran~mJttmg conduct.or.-ao metres. 
Lton;th of rtccl\·inq conduct.or.-30 metre:i. 
Loi.t.mcc -A tran>mission.-225 metrc:o. 

Receivin~t conductor.-Horizcntai. rotatin'! !rom 
It' to :JtiQ" 1·50 metres abo\'e ;rround. tLlt:tns. 

Lo:n~th of tr:lnsmittiug con•lucwr.-f,O metres. 
Ll'll~th of IE<'t:i>·in~ comluct.or.-lt! JOt'tres. 
Dbtaul'e of tr:u••mi~•ion.-:2.ti0 metres. 

Lt;ngth of.transmittin<; coadut·tur.-t;; metres. 
Length of receinnt: conJuctor.-.rl rr.e~res. 
Distance of tran~mission.~ !!lt:~r.,,, 

FIG. 3. 

Trtrnsmi/1-:r.-Horizontal wire 100 metres in length, direet exci· 
tatioo. sp:uk length 2 em., wan-length approximately ;)00 metre!!. 

r..c~iur.-A vertical ~e 8 metres in length, tuned to the period 
of the tr.lnsmitter by means of a syntonising coil, and connected to 
a m~netic detector and tO earth in the usual manner. 

r..:mlU. -S~ quite distinct at 16 kilometres iB the ver­
tical plane of the horizontal transmitting wire and in the direction 
of ita earthed end ; weak at 10 kilometres in the same vtrtical 
plane, but in the reveJse direction; inaudible at 6 kilometres at 
right llngle·s to the directions above mentioned. 

Polar diagram D gives the values of the received current i:~. 
mi<:ro·amperes, with conditions as marked under the diagram. 

\Yith the amwgcment mentioned at (2), i.e., both transmitting 
:u:.d recei..-ing conductor,. horizontal, the result.s over short distances 
are shown in polar diagram B. 

Fro. 4. 
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Transoceanic Radio Telegraphy 
By E. F. W. Alexa.nderson.. Ohie! .Engineer, Radio Corporation o! America. 

(Abstract of paper dclh:ered before American Institute of Electric~l Engineers) 

The radio engineer is, more than any other, compel­
led to work with conditions which are not within his 
control, and only partially understood. The law of 
probability and ~verages must therefore figure largely 
in ·his calculations. 

A good many of ·our readers are undoubtedly radio 
amateurs. When you have received some clear sig­
nals from Kansas or Cuba this is an interesting fact 
and you relate it ·tq -your friends. Many of you_ are, 
no doubt, fond ·of ·fishing, especially when you have 

.caught a big trout. This is an event worth mention­
-ing. ·These are single facts highly subject to the law 
of chance. Nevertheless the professional 'fishermen 
succeed in providing fish· for our dinner tables with 
great regularity. · It is the aim '"of the radio_ -e~gineer 
to charter the sea of Ute ether, to weather its ~orms 
and tq pro~ide 3:. c<;mti~uo?s service of com~nic~tion 
day· and mght. -· · -
Th~· transoceanic radio station is a power station. 

Its input is kilowatts and its output is "words. The 
problem of radio engineering :is to -~stablish the rela­
tion between kilowa-tts "hi put and woros 6utput. This 
relatien between kilowatts and words _is a ~ain com­
prising four· .. sep~rate subjects "which" are··betng stud­
ied bj. specialists iri those subjects. They a~~-= 

!.-=.Relation between kilowatts consumed and wave 
energy radiate.d. · · · ·· :-:- · · · 
2.~Relation'-between wave energy at the transmit­

ting station and wave energy at the receiving station. 
J._;Relation between w:ave energy at the receiving 

·station and the spe_ed. at which words can be re~eived. 
4.--;Infiuence·· of atmospheric disturbances.· · · 
The first subject deals with the radio power_ station 

and-the antenna. The Radio Central antenna_ is de­
signed from the ground up. It has six ground connec­
tions distributed over a distance of one mile and 150 
~miles of wire buried in the ground. Through these 
·devices the ground resistance has been reduced to 
l/10 ohm. The best antenn\1 of types previously used 

, have ground resistances of about 2 ohms. The losses 
·in the ground have thus been reduced at the rate of 
20 to 1. 

The second subject is wave propagation. \Ve have 
now ~ ~re~t cJe~l of practi<;:al d.~ta which can o·e ~urn-

med up in the rule that the most eco~10mi_cal wa ':e 
length for communication over a certam dtstance b 

about one five-hundredth of the distance. 
The· third subject d~als with the design of the r~­

ceiving station. It his been found that the speed 111 

wor<,is per minute. at which it is possible to re~eiYe 
telegraph code is directly proportional to the amphtude 
of the wave. · ·A signal field strength of 50 microvolts 
per meter corresponds under . average conditions to a 
speed of 50 words per ·minute. · _ . 

The fourth ~ubj~¢(deals witb the atmosph~ri; dis­
turbances. Our ·modern receiving sys~em ehmmates 
about: 9/lOths of the· disturbances, but. the residual 
which is ·not eliminp.ted determines. the ·speed of recep­
tion by_ the law of inverse proportionality.· 

For elimination o£ ·disturbances we use a new type 
of antenna about.ien miles long. It is a simple tele­
graph wire moti~t~d ori. ordinary_.poles .. It is not tuned 
for any particular-·freq~.t"ericy, and waves of all lengths 
travel· along th~ wire·:with_ the_velocity of light. ~he 
ether wave thus starts a· wave on one end of the wtre. 
and this -wave trave(s.alqng the wire while the original 
ether wave folloW'S beside it in space, c.onstantly adding 
energy to the waye o~_ the wire, just as t~e wind starts 
a ripple at one shore-of a lake and rolls .it up to a large 
wave as it travels along. Thus the. wave intensity in 
the wire grows and_ become_~-~ maiimu~ at the far end 
of the wire. F_ortunately _on the .~tlaiJ.tic coast most 
of the· disturbances come ·from the west, whereas the 
signals come from. the eait. The wave antenna thus 
separates the signal from: .the disturbance so that the 
signal appears at the east -end of the ·wire and the di~­
turbance at the west end.·· The energy of the disturb­
ance is destroyed by absorption in a resistance at the 
west end of the wire, whereas a practically pure signal 
can be collected at the east end. 

\Vith the data that! is thus available the planning ,-,i 
a ne\v radio system is no longer a matter of guesswork. 
Before designing the South American system we ~er: t 
an expedition of engineers to chart the atmo.....;phen~ 
disturbances. Their findings led to a modification or 
the original plan because. it was discovered that at 
the location first selected the principal disturbances 
came from the ~arne direction as the signal, and there-
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FIG. I3i .-C mbrella aerial and earth arrangement. 
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CoNDUCTED }jy DR. E. E. FREE 

Earth Screens for Radio 
Reception 

.THE use of an earth screen, composed of 
Wires stretched along the -ground under the 
antenna, is already usual in transmitting sta- -
tions and it has been proved that a considerable 
lowering of the antenna resistance can be ac­
c_omplished in this way. The theory is a little 
complicated but what happens essentially is 
that the wires of the screen serve as an attach­
ment for the lowl'r ends of the lines of elec­
tric force the upper ends of which arise from 
the antenna. 

Another way of looking at it is to consider 
the antenna-to-earth's-surface system as a con­
denser. The antenna is one plate; the earth's 
surface is another plate. A metallic-wire 
screen placed underneath the antenna acts as 
a substitute for the earth's surface. The screen 
becomes the lower plate of the condenser. 
NaturaiJy a set of highly-conductive wires has 
a lower resistance than the earth. Also it is 
more perfectly attached, electrically, to the 
transmitting apparatus. The net effect, then, 
is as if you substituted a good, metallic con­
denser, with its two plates exactly .opposite to 
each other, for an imperfect condenser one 
plate of which was made of poorly conducting 
material. 

In the case of transmitting svstems all this 
has been well-known for two or three yef!rS. 
Recently, however, two scientists at the British 
National Physical Laboratory, at Teddington, 
England, have completed a series of experi~ 
ments on the application of this same earth­
screen idea to receiving antennas, including 
antennas used in ordinary broadcast reception.* 

There is no theoretical reason why this 
should give any especial improvement of recep­
tion. The problems of transmitting antennas 
are very different from those encountered when 
the antenna is to be used for reception only. 
Nevertheless, actual tests proved that an earth 
screen reaJJy does give a considerable advan-

• ••Some Experiments with Aerial and Earth Sy~· 
tema for Reception.'' by R. L. Smith Rose and F. M. 
Colebrook. Es/l,rimenlal Wireless (London), voL 2, 
paaes 207-217 (January, 1925). , ·_ 

. .. 
~-

to 

tage in reception as well as in transmission. 
With three of four wires arranged ·a few feet/ 
above the ground, underneath the antenna and 
parallel to it, the received current was found 
to be approximately twice as great and the 
antenna resistance approximately one-half that 
found when a water-system ground of usual 
type was used. -

In order to make use of as many as three or 
four such wires in an earth screen it is neces­
sary to fence off the land under the autenna, a 
procedure which is. seldom possible to the 
ordinary radio fan either in England or in 
America. But what can be done, in many in-;· 
stances, is to provide tu•o wires stretched par-
allel to the antenna and more or ·Jess under­
neath it. For example, if the antenna wire 
runs the length of a long narrow lot or ~rden 
like the usual city .. backyard," it is possible to_ 
stretch the two· wires along the tops of the: 
two side fences of th~ yard. 

. This procedure was tested by Dr. Smith 
Rose and Mr. Colebrook ~nd was found to be 
almost as satisfactory · as the three_. or four 
parallel wires with which the main experiments : 
were made. In one test the two-wire; screen. 
system gave an antenna resistance· of-13,5 ohms, 
as against ·10 ohms for the four.:.wirei screen.' 
In contrast with th~se low values, the antenna 
resistance when a 'water-system ground was 
employed was in the neighborhood of 25 ohms. 

It is apparent, of course, that the ad vantage: 
of low antenna resistance is of much greater 
practical importance with crystal sets or other 
sets having no great amplification and no· 
source of local energy than it is in the multi­
tube, high amplification sets now common in 
the United States. Nevertheless there are many 
circumstances under which the two-wire, gar­
den fence screen device of Dr. Smith Rose and 
Mr. Colebrook is well worth trying. 

In the same paper these gentlemen report, 
also, some experiments on the effect of the 
height, length and wire spacing of the antenna 
on the strength of the received signal and on 
the antenna resistance. The signal strength 
increased with the antenna height up to 25 feet 
above the earth screen, which was the greatest 

-height tested. The signal strength also in-



HO\V T\VO \VIRES l\£AY BE USED FOR AN EARTH SCREEN 
The ·wirt's .flrtm_q alnny 1/r,• lop of /Ill' t'l\'n .fc-11as mal.·,· em tarlh .tcn•c•n li~·r lhn.re 
leslcd by lJr. Smith Nou and ,1{ r. C n/,•/Jroo/.·. Tlt,·n· is .mid to he• a consiclcrabf~ 

imprm.•c•mt•Jtf for ,·,·crf'lioll lr.t ·wl'll as f<»r trau.wtission. 

>C:rea!ed steadily length o,. the 
:.:"(single) antenna wire up to (,() feet. lletwccn 

•
1

.·• (.~ and 90 feet there was some increase of 
-----··. ;·Lignal strength, hut much less in proportion 

;, :than oc~urre'l wi!h kngth incn:ases ~1p to l10 
··. Jeet. Wtth two-wtre antennas the spacmg made 

.. 'comparatively little difTerencc in the sig-n~ I -.r:./1/11¥JJ,_ .. , 

• : ltrength, although there was some increase a's 
: ; the spacing was increased, between the limit~ 
:.:of one foot ami eight feet. 
~ · The entire investigation marks what mav 
·.:.,rove, it is to be hoped, the heJ{innittg- ·of the 

:application to broadcast reception prohlems of 
the same precise and careful methods of in­
\'estigation which have h~~n u~cd with ~o much ·• 
success in the d~si1;n of transmitting equipment 
for the larger stations. ~ 
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THE PERFEX 'PRINCIPLES 
1. The wire being carried on rectancular spreaders, 

broadcastinc can be received equally well from all direc- · 
tiona. 

2. The spreaders act as conductcws for the energy col­
lected, enabling it to flow to the dowalead over the shortest 
path and thus reduce resistance, avoiding loss from this 
cause. 

3. The terial wire being in a vertical plane, advantage 
is taken of the proved fact that a vertical wire collects a 
greater amount of wireless eneri'Y than a horizontal one, 
and also avoids capacity losses. 

4. The special "PERFEX" ·Aerial Wire is the most effi­
cient yet invented, takinl' the form of an open woven tube 
with the whole surface of each atrand exposed to the on-
cominl' ether waves. · 

5. The posiUon in which the aerial ia erected and method 
of installation are as important as the desil'a- The •realer 
the effective beicht and the clearer it is of surrounding 
objects, the creater the efficiency. 

Mt~nufactared in Canada by 

To the set owner or buyer­
NATURALLY, YOU DESIRE THE 
BEST! INSIST ON A DEMONSTRA­
TION OF THE PERFEX AERIAL. 

To the dealer and jobber­
BY SELUNG THE BEST, YOU GUAR­
ANTEE SATISFACTION. GIVE YOUR 
CUSTOMER THE AERIAL THAT 
BRINGS THE BEST OUT OF HIS SET. 

SELLHIMPERFEX! 

FEDERAL RADIO COMPANY, LTD. 
57 COLBORNE STREET TORONTO 2 

PHONE ADELAIDE 1885. CABLES "FEDRAD," TORONTO. 



I 
I 

J 

-

\, 

I 
I 

~- ....___ 

~ 

... 

" . ,. 

() 

.... " 

v ... 
.. 

~ 

r . .... ... 
~ . , -~ . 

\ 
,. 

" . 

'/ 

t'· 
\;l 

4. •• 

'.: r . , 
'\.. 

\ --: . ·~~' I 

~-I ~-' 

... 

/ 

~ 

. . 

. f: ; . 

r \ 

I, • ...,_ 

... 

"' ·\ 



... _ 

\ . 

A. 

. \ ·' 'Jt. -r 

I' 
.~..._ 

.., 

.,, 
\jr • 

~.i>' 
·"-1.-..J 

,.. •' 

.,,.. .. 
..... 

" ' 



;~.JI/~·~1 0 • At.~Mf I;J__ ~ .•.. ~ 

Indoors .. Anywhere ! ' ' • • 

T ALKING TAPE doesn.'t have to be carefully 
strung outtioors or on th.e roof-you don't have to 

buy lightning arresters, or insulators. Just put Talking 
Tape i11doors-anywhere you find_it convenient, and 
you'll be surprised-and delighted-at the results. 
It's tl1e answer to indoor reception! 

Use Talking Tape i11stead of a loop-the results you 
can obtain by following a fe,v simple directions, sup ... 
plied with eacl1. roll of Talking Tape will prove a 
revelation in Radio entertainment. 

Ask your dealer about Talking Tape-he knows the 
story. Better still, buy a dollar's wortl1. and try it 
yourself-that's th.e inexpensive W:ay to better Radio. 

1\.tanufacturcll hy 

HOPE \VEBBING COlVIPANY. 
For Forty Years 

The World's Largest Manufacturers of Electric Tapes 

PROVIDENCE, R. I. 

The Pe:r.fectlladioA.er.ial 
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So~ething Brand New 
in Antenna Wire 

That will at once appeal to you. 

50 
It ia different and better than any · 
makeahifta to date, being hard 
drawn from the finest copper ha v- · 
ing a· corrugated surface with 10 

PER 
HUNDRED 

FEET 

collecting points on its circum­
ference. This gives a greater 
collective and gathering surface. 

~. The result is extreme sensitive­
ness, and an increase in the range 
and clearness of any set from the 
simplest crystal type to the finest 
V. T. Receiver. , 
P•cJc.•d in ne•t cartons OJ 100 IHt 

:JOO feet •nd 500 feet. 
Dept. R 
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Kadel & H er~rt 
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,\ ~ 0 \-" E L ''SPIDER-\ \t E 8 :\ E R I.-\ L.'' 
i4 circular lonp, such as the Ollt' b1tilt iHfo an 
t'ffiL"i,_·ttt spider--zceb dL'st"g1: by llarold. Ht.,rhcrt 
of .\re'i' }",Jrk, should pro7.·t.~ to Cl1HfaiJ'l a lar.tJt.., 
i H d u. c t a n c e 1. 'alu !? 7. i.' It i It.' s t i I l p r ,_, s t" r 7 ·in .'/ l, 1 1. ( ' d is­
I rib u t e d c d J."' a t: i! .\'. F o r l' r ( ' u d c a .j- t r c c l, f' t i ( )/ r I h e 
l o o p s h c..nd J h a 1./ e o b u " t I 1 !I ! f t Jz c >llf 'H b c r of 

··. / l(Hf. '--F-:. ··-~ ~ .. ~/ 
AJrlAJ . \ ~ 

TESLA PANCAKE SPIRALS 
RE-EMERGE 

1/A 
/.~ 
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.?6. 
IS your set·~ 
suffering from summer / 
liissitude? lJoes it recci \'e ' 
oul_y \Vith difliculty st~1tions 

. ~ 
\\'!tich · were qu1te strong ~ 
<~uring the \Vinter tnouths ·t 
] f )"OU \\·ere to co us ul t a 
specialist he \\"auld prou­
ably diagnose a severe 
c.ttack of high frequency 
lusses f.nd advise you that 
the only rernedy is to fit 
"Efficiency'' Inductances. 

'!"he I(·su.t 1~ in11Hediate a11ci gives to )"Otlr set that 

'' I·: rlieie n cy feeling." Belo\v nre so1ne of tl1e reasons 

\\·lty '' EH1ciency, Inductances al\va_ys effect a cure:-

-~l!~:~ -.-. Low Self Capacity. 
. / .,. 
.~ 1 ~' )\V EtfecL ve Resi~tance. 
~ U nifJrm Size for all Wave-lengths. 
·\. L 1' . R 

Maxirnurn Inductance . 

Uniform Di~tribution of Current. 

Great ~1echa1nical Strength. 

~ , · argt~r un1ng ange. A Backing of 30 year:;' Coil \\rinJ­
ing r:xperier. ce. 

A PostcarJ will brin] copy of our lta/!d on indu.la nces. 

GAMBRELL Bro~., Ltd. 76, Victoria St., 
S.W.l. 

..~ 
IV rsl J· . ."nd A J.:en.t: 

J. V. MULHOLLAND, 
4. Blenheirn Street, 

Bond Street, W .1. ... . 

, .. -·~(··t 

I~· .. I ,. ·.,;.!~If" ·_,;' ; ~·· .. , 
• • '· .. . r- ·J , • ;, . 

.::)" .. ~~·~~·· ~ ';,;tr'": otf" .~ . . .... "/ 

'Ph~"'t : ~ 
Victoria 9938. \ 

I v Of'kS: 

Southfteld.s,S. W .18. 
l 

'V 
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Lls. SENIUM LISSENAGON TUNING CHART. 
. · r---N~ote:"::':"":tbe~lnt-erm-edia..,.....te e_oils_, 30_, 4-0 an_d s_o. -l 

. TAIIL£ I, 
WaYIItnJth ranee ·"'"used u TABLE II. 

TYPES- OF. ·. MAGNETIC 
CONCENTRATION 

Primary Coils wiU. Standard 
P.M.a. Aerial and '001 mfd. 

contlenllf in parallel. 

Wanlen&tJI ranee wbtn uud u 
aec.ndary COils witla '001 .rd. 

CGIIdtnset ill parallel. . 

Minimum lfuimum Minimum Maximum 
No. of . Wa,·e- Wave- Wa\·e- Wave- PRICE. 
Coil. le~gth. lengtb. length. length. 

With many types· of coils the magnetic 
field is mostly concentrated in the centre 
of the coil, and the field does not extend 
to any appreciable degree. . The char~ter­
istics of the magnetic field in such coils 
is closely analogous-to the ordinary solenoid 
inductance. 

185 
131 
285 
110 
-48o 
IOct 
6oo 
820 
g6s 

t,sss 
2,]00 
2 ~00 

u~ 
m 
= 1,JOO 

. 1,700. 
2,]00 
3,200 
],Boo ..6oo 

100 
131 
t6o -;; 
]6o 
500 -
100 
925 

1,100 
1,400 

325 
425 
4Qa 
635 
lloo 
100 

1,100 
t,sso 
2,1.50 
3.000 
3.6oo 
•• 100 

-1--~-· 
4[10 
4l10 
4J13 
4;10 
&f­

'&/4 
il4 
ezs 

:rs ·-.,9 
lit 

In the case of LISSENAGON (pronounced LIS.s~.:4GON)· coA~, ~owefir, the magnetic field, in IF YOU. EVJm •. wAft 
addition to being. very strong in the centra_ ol_the coil, is also .distributed on ea~ side of ~e eoit COILS WBICB-;-DTD-
rhis accounts;. fer: the 'i-emarkabli ~~· magiieti~_ilJ$ag~ ~ob~·~ with tiSSD§OOH coils ~~~~~ ·:.c= 
L'l reaction-·cfrctilts;and:At~(rto.il· .. i'HE·_PE9~L\R .E~F.IcjiiUY OF ~TBE. ¢oiLS WPm - · --~·· · .. · 
EDDY CURRENT TUNiNG.-' .. -- . . . :- . -.. -- ·. ·.-. ·-· . -~- 1 

•••.•• -·· • •• ____ .... - .. -· . - ~- .·:::.~:.:.:~~: _: 

. · -, ·_ ~ ~;.: >·:;- '. · ·_. ~ > •• ":., :.:1lGNAts~-~::Xif~:1tt;WAYS. :stRONGEif:-:._ 
~-.:<1.::·:. wh~~;~.-1s-to~>~Jni~c~~~ .. iS-higb. ·,n,w~~---iay ·a -~~-·-~il is 

·.·_ . __ . • ~--·~or~~~:.¥~:~!'~~~ ~aclty.to tune it 'to a ~:~a!;l~i)l No. 60 
~ · ·. · · ·. ·- ~ojl .. can~·'!_e·~~·~ ~0~ ADDED CAPACI'fY, -oUJ,er. things being 
· ::-.·--: ·~eqliil;U fOJJow~iiipaiS-.would be stronger. . .-.~-~·;.;~-.: · ' 
-· ·-- . -.-·in ·iJie: n~~:iiSsilf:~YS~AL ·SET . a form of tuning has -~~;jj~ced 

. __ ~ : .. ~~lP~ ~& ~o~ &: Jlo. -, 60 · LISSENAOON (pronounced ~«JJB). coil 
b~~ ,!18~ ~a~~!' ~~- the need of added capacib: to tulle~<~ A big 

....-:-:----_signal .. ..,Hate _is - ~1JuDt- up~ -; But apart; from ita bigJi -:l:iliUetance 
.. ., .. ~ dlci8aoj~· ~iilife-_-u.··qther considerations whlch ~ tbil :ftCi8ttei far 
; - - '. ~ ~oove-an··~•·o~J~ta~· ieU,~I'o-IIATTER WHAT THE :PRIC&"~:~~--- . 

... ... •• .. • ~-- • ··~~ ... .;:•.. • • • 4, .. -. ... -~·· • . 

... __ ... ;._-:. TBERE· IS .O·-miDmro:RBEB ELECTRICAL CIRCUIT, for instalioo~ ·The 
'On!y.mavmfpart ii'ihe 'metal ptate; and although this is entirely unCGmiected 

-~ ::;~~ ~- With~~b'e eieetticalCirQuit~ its miuence on the inductance is effectively applied 
~.:.·. ~ .. ::. · .. ·. :,thi-OliP:.the memuiii. oi:tile mametic-fleld created. . 

. . .. . .. · .. -_ -·. - .. - . . -~ --~ . . 

_ _~_ . _ - . ·. __ ··. _ ··- , ~~- Jn_ c9~iunction with.'tbe .Plincip}e of EDDY CURRENT TIDJIHG employed 
Price of receiver·. 'pnclu~ei: · :-]· 0 -r_· . :-~ ... in tJ:tiS_ lie~·~ ~!STAii SET,. LISSENAGON COILS· ARE PECULIARLY 

crystal), patent pending •.• -. I EFFICIEN·r v- ··th- · ils ~ · th · ults . · · ~· · - - - · - · . . ; ""~ o . er co g1ve . e ~ame res • · 
No. 50 .· LISSENAGoN· coil.· ·-· - By fttting ·tha ·approPriate ·tissENAGoN (pronounced LISSEN-AGOH) coil, 

covers 3·oo to --~~0 metres~-.. ." . ·5/- ·_ -. lh6-Ll88EN' CRYSTAL SET can ~-1useil for any station within range. Two 
tru!: receiver) • • cons would be· ne~d.ed for iondmi and Chelmsford, for instance-to change 

No. 60 LISSENAGON coil 
covers 350 to 400 metres on 

this receiver) .. 

No. 75 LISSENAGON coil 
! covers 400 to 500 metres on 
this receiver) .. 

No. 250 LISSENAGON coil for 
Chelmsford 

.~/4 

5/4 

8/9 

ovar from. one station to the other, take one LISSENAOON coil' out, and 
pl:lg the other one in. 

On Ion! a~r:ah it wo:1ld b3 pJ:n:bJe to use a c:>:l o~~ size le3s in each ca;; e 
e.g., No. 40 in;teaj of 50 ; 50 iost~a:l of 60 ; 60 instead of 75 ; 200 instead 
of 250. 

NOTE.-One LISSENAGON coil must be ordered with each set-the receiver 
will not be sold without a LISSENAGON coil because the use of these cojt; 
ens11res very high efficiency. 

"No pap3r-no cardboard-D) loo3a co~tacts--no loo3a wires-connection~ are 
stamned-out strips-the whole r~c~lvar is a'!l in~trument throughout-robust-and THE 
MOST EFFICIEN·r CRYSTAL SET MADE-WITH THE MOST EFFICIEN·r INDUCTANCE. 

LIS SEN LIMITED, 
20-24, WOODGER ROAD, GOLDHAWK ROAD, SHEPHERD'S BUSH, LONDON, W.12:-
T::u-:t·Ho~E:'> : Ri.-el""ido 3380. 3381, 3382. 1072. 



Simplifies 
the build· 
ing of aRa· 

_....._ . dio set by 
eliminating 
loss produc· 
ingtapsand 
reducing tuning operation to setting 
of one condenser reading and ad­
justing tuner to maximum volume. 

High efficiency is obtained by prac­
tically eliminating solid dielectrics 
from the coil field. Vernier control. 
Single bole panel mounting. Wide 
wave band covered without changing 
coil units. 

This is one of Mr.Flewelling'sma~­
ter designs. It will enable you to build 
an efficient set at a minimum cost. 
Requires little room but produces big 
volume reception. Price includes 
Tuner complete with dial. 

SOCKETS 
E. T. Flewelling 

Sockets will make 
your set more effi· 
cient. Price S1.po. 
At your deol~r's or 
postpaid. 

$ 

BUELL MANUFACTURING COMPANY 
2•1• Cotta1e Grove A venue 

CHICAGO ' -
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A Loop Antenna That You 
Can Tune 

J.Yame of instrument: "Tun-A-Loop." 
Description: This loop antenna consists of 

two separate loop winding:5, so ar­
ranged that the position oi one can 
be varied in its relation \vith the 
other, in this \\yay varyi.ng the in­
ductance oi the entire unit. The two 
windings, in other word::;, act like a 
variumc::t~r. The frames upon which 
the wire is wound are of bakelite. 
The winding-:5 are of the spider-web 
type and are oi silk-covered phosphor­
Lronze win:. The positions of the 
~cctiuns :.Lre varied bv means oi a knob 
on ont! oi then1. Three tenninal:5 are . 

provided 59 that the loop may be used 
in circuitS: which require a center­
tapped loop. There is a calibrated 
scale on the loop base ior use in 
noting the settings of the loop. 

Usage: As a coil antenna for use with 
any radio receiver that is capable of ~--~ 
operation with a loop antenna. 

Outsta"ding features: The inductance of 
the loop ·may be varied to match the 
loop tuning condenser used. Also, it 
may be varied until its inductance is 
such that the settin~s of the loop tun- r.•r!rwfiTI 

ing condenser will approximately cor­
respond, for a given wavelength, with 
those of the other tuned circuit.) in the 
receiver. Good eiticiency. Carefully .~/:;-, 
made. 

.JJ aker: English-\Vhitman Product:;, Inc. . . :J .. · . 

.... ~~##•·.·/ ~ ~ - ,. - ; ; ." ~~ 
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\ell Telephone Laboratories, Inc. 

HE TRACES THE 'TRAILS OF R.-\DIO \Y:\VES 
Raymond A. Heising, shou.·n above, is knou:n evr·y&.;:lzere that broad· 
casting riists as llzr in·ventur of the Htising nzodu ation systrm, usrd 
in all radioteleplzonr transmit!.t:rs. He is an aut hor:ty on all plza.H'J 
o j radio t runsm issiv 1l, and t Jzis articlt.• incorfJO rut rs sonu of his mu. !. 
rr:cr:nt Jiscot•eries vn tlze behavior of radio wavei in the upper regions 

of lht: earth's atmosphere: 

) 
~\· ,, .;, 

' ' - '· \' •, 

/ 

' '1: 
f 
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.lt Large Loop with Good 
Pick-Up Qualities 

.Vame of instrument: Loop antenna. 
Description: This folding loop measures 

approximately 46 inches in height by 
19 inches across. It is tightly wound 
\Vith silk-covered loop wire on slotted 
composition spreaders that are mount­
ed at the extremities ·of the mahOJ!· 
any framework. Metal parts are of 
satin-finished brass. The loop frame 
fits into a socket in the base, in 
\\'hich the loop may be readily re­
volved. The terminals are in the 
form of three wires that terminate in 
metal tips for direct connection to 
the receiver input binding posts. Twn 
of these terminals are taken from the 
ends of the loop winding, while the 
third is a center tap. 

Usage: As the antenna for use with espe­
cially sensitive multivalve receivers, 
particularly with superheterodyne re­
ceivers. 

Outstanding features: Large size and good 
pick-up. Excellent workmanship, ma­
terials and finish. Center tapped. 
Folds into space approximately 6 
inches by 6 inches by 2 feet. 

J'W aker: Mathiesen-Sandberg Co. 

( 
I 
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Rotatin2 Frame \. ' 
Aerial. 

Thf' 1\('('0lllfHlll.V-

i ng p h o t o g ,. a p h 
shows a rot.a ting 
frame nerial in use 
at PCG (Snmbeek, i 
Holland)foreXpt'ri- I 
menta) purposes. I 

PCGistlwDut<·h ~ 
rec~ivingRt.ation for -
dir£>ct. <'ommnnica-
tion with BHnd()('ug ; · · · ~ 

(PKX) .Tanl. ~. Tlw fram(• u~rinl - -
ifl 31 mNrf'li squnre • 
nnd hn~ 40 turn~ of • -
insulnted wire. • ! 
Honeycomb coils 

:ore used in the · 
J'(IC<'h-Hr nnd a .fh·e­

· · v n 1 ve high f r P.. 

quem·y nmplifie>r. 
\Yith thi!'i S<>t PKX 
can be read dnilv. 

Trn nsmissi~us 
frnm PKX nr(" from 

1 

5.40 p.m. to 10.40 
, p . m . fL :\I. T. o n 

· -1 1. 8.80(! met res. C.\\ •. 
nr·c. 

Rotatiny Pmmr A rri(1l in u~P fll }JC(i (·""am bal.-, JfiJllawl) jvr 
f:r pc riml ntal pur p:JS('.<l. 

.... 

. '• 
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Note 
Adjustnten t! 

-
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. r 
Patented 

8000 Mile Record 
Thf' Quail-Tout~ Lou11 ph!tUrt.'«l aiJU\'t.' holcls t wn 
\\:orhl ftt"(•ord:i, h:L\'lug hruu~o::ht. lu slalluu:i ~uuo 
Ulllt·s away. 
\\·'r1tc fur \'erlll<~atlon of tht.'M<' rt•rorus for 1u1~taut 
re<~l~Ptlou. Ex,· I u:-~1 ve Th uau bHl'rt~w Ad J lL~t IIH't& t 
kt.'"t~Vs wlrcs taut alway:-~. U tt:1rnu Lt. -ell t•.t luq.Jru,·,. 
the perfurruanct: of any rcccl\'cr. Prlct• .... ~lu 

Quali-Tone Speakers 
(luaii-Toru~ Spcu.ker:i nrc uraexcf~llt.U for \'.ohmw. 
urt l:nlc tle•slg-u :J.Ilcl llUrtty or t uue. ~~ aalc· lu ruur 
auutlt•IH prlc·t~l fruua :S7 .50 to $:![,. Llr.Pt·auu·t· !'it'll r. 
lii.H.tla re~qut·~t. 

t~uall-Tunc fi~~fllo Units $() :uu1 ~7 .!iO. · 

DEALERS- \Vrite [OT disco1lnts-JOBBERS 

DURO METAL PRODUCTS CO. 
2655 N. Kildare Ave. · Chicago 
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From a photograph maLic for POPl"t.AR RAntO .. 

A rXIQrE ALL-ALl:~II:'\t:~I RECEI\"ER 
, !Jere :~s tire Ei.~ht-tube Superheterodyne Reflex receh:er that '<~'as described i11 the Ja1llt(:.ry 

192() 1ssuc of Port~I.AR R.\DTO. It is re·markahle i11 that all the metal parts employed nt 
tire rereir:cr (e.rcep! tire rheostat ;.;.'indi1l.P,s) ha1.·e heen replared 'i.4.'tllr alumhrum pflrls-c:cn 
clo1.~'ll :'v !lrr. foil rrsed as (Ondcnser plates £n the mira _fixed rrnrdenser. The hui!dcr. J/r. 
R irha r:ls, has bcc11 demoustrat in f!. t!Je set at radio shmcs: he is slro'".L'11 lrcre demn~t str'r.1 :'1lg 

i! i11 !Ire PoPCLAR RADIO LABORATORY. 
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FLAT-FACED CAPACITY LOOPS 
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NEW· MU-RAD RECEIVER 1\tlfA-17 
~EA~S of scientific achievement anticipated 
1 in this super set, the l\1u-R..An lVIA-17. A ne\\-' 
sensitivity, greater distance, fuller volt.~me- \\' ith 
the absolute simplicity and substantia~. ~onstruction 
of the famous 1\t1u-RAn MA-13. Most ·recently 
discovered principles are embodied and the future 
thoughtfully considered in the designing of the · 
Mu-RAD l\-IA-r 7. · · ,.. 

Three stages of radio anJ ~wo cl auJio frcquencr ampdri.::l­
tion anJ detector. On~ tuning dial and two sdccting 1-ii.:~:s, 
each independent of the other. Plug-in trpe r. f. trans­
formen to care for changes of tube type or wa...-e lengths. 
Panel-muuntc.-J volt-meter for quick rcaJiug uf .\ anJ B 
batteries. Solid mahog:wr, Adam Brown hand-rubbed fini:1h 
cabinet with loop fitted into top and compartmc.-nt in bal\e· 
fc.:r "B'" batteries. Guaro...ntced ior 1000 miles reception usiug 
emir a 2-fc..u•l lll{lp. 

WKITE FOK BOOKLET A:\ U THE S A~tF. OF :'\EAR.E:\1" UE:\LER 

.Mu·RA:n LRBORATORIEs.INc. 

809 F1TTH IIV£ JISBURY PJIRK. NIW JERSEY 
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THIS De .Forest D-7 Reflex 
Radiophone• is the 

famous receiver which has 
bee~ attracting nation .. wide 
attention by receiving half the 
Continent on an indoor loop 
aerial, under most adverse 
receiving conditions. It is 
notable for the elimination 
of extraneous noises and the 
absence of distortion, and its 
sitigle .. knob control makes it 
particularly easy to operate. 
This is probably the most 
copipact, beautiful, and highly 
selective receiving set in exist­
ence. De Forest dealer& carry 
both De Forest and Radio 
Craft sets.. 

De Forest Radio TeL&. TeLCo. 
Jersey City, N. J. 

The 
RadioCraft Co., Inc. 

139 Franklin St. 
Jersey City, N.J. 

H ERE'S the regenerative 
receiver that has 

worked a transformation 
in manv a home! Radio 
Craft's D-4 offers the lone· 
diatanc:e reception of the 
regenerative circuit, and 
the D·S z .. step amplifier 
actuates a loud speaker so 
that the whole room can 
enjoy the broadcast. When 
you add to the regener· 
ative principle the long 
i tested reliability of the De 
, Forest parts of which these 
sets are made, you get a 
combination which at a 
low price touches the high 
spot in present-day radio. 
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A PRACTICAL SYSTEM OF 

· TE-LEVISION 

SHORT· ·WAVE 
RECEIVERS 
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J.Vine-1tleler 1/ ... ,zl'~s i1z [lse i11 

FrtlJzce 
THE radio authorities of the French 1\rtll\' 

continue to be at the fort!frnnt of expcrinteti··_ 
tation \vith unl.tsually short \Va\'CS. 'fransnli~­

.__... .. sions on 45 and 25 n1cters have ht·t·n t·arricd 
out at the Eiffel 'T'o\\·cr. \Vith tltt· t:o·npt·rati .. ll 

~_...., •• : .... · ... ~-----~ ... of the I~rench an1atcurs all t•ver the cnuntr\· 
·as to receptinn. l\o\v expcrintellt:' arc tttHl~·r 

., way with transnti tti ng and rect'i vi ng set~ u:'i ng 
a nine-meter \vave. The results arc dt!scrihe'l 
as very good, both ·for transrnission and re­
ception. 

\VHEI{E SIIORT \VAVES AT~E GEt\Ef{,\TEl) ,\1" 'fiJI~ EfFFJ::L. T()\\rl~1' 
r 

T h e Co u 1 "1 a 11 d a H t of I h e .t 1 r r a I I; r r H r h r n d i o s I a I i 1 HI n t I h , · I~ i 11 c l 'To 7.'- ', • r , i 11 I 'u r i. , .. 
is dcuro11slrating In J'lr. [),·/uno, /'uris corri''Jfollcltnl of J>ni'L'LAR 1~ .. \IJIO, a f'cu·t ,,/ 
the apparai14S used to .fJcu.·role the 45-111,'/,•r 'li'll'i.'l'S alld ntlrcr 'i('tl'Z'c'S of /,·ss th<JH 

100 nzclcrs 'lt.'hic:h lza'i.'t: bccu us,.,d i11 rcc,·nt lt'sls fr(JJJl this station. 
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High Power Stations r· 
Some Features of the Long Distance 
Stations of the American Marconi Company 

By C. H. Taylor 
Bngin11r, TronsoceCJnic Di'llilion, Morconi Wireless Te/egrapls Co. 

(Continued from June WIRELESS AGE) 

TABLES and curves can be drawn up (see figures 4 and 5) showing the relations 
between the coupling, the number of oscillations for various wave lengths per 

unit of time, and the stud velocity. The size of the studs and of the electrodes in 
the direction of motion can be ascertained from them. 

The length of the stud at right angles to the direction of motion of the disc 
is determined by the current capacity of the circuit with which it is to be used, 
and the side electrodes are built to conform to the dimensions of the stud. The 
density of the current per inch of sparking surface on these studs should be 
kept low. From observations made under operating conditions it would appear 
that one can go beyond the useful maxima that disc studs will handle. 

The inductances forming the secondary coil of the coupler, and the loading 
for the antenna circuit, are built of wire stranded in a manner similar to that 

. described for the primary coil of the coupler. As this wire must be flexible, 
and as the current maximum is not so great, the amount of copper in this cable 
is reduced. The cable comprises a number of 7 strand cables laid around a jute 
core 2}4 inches in diameter. Each of the wires of these 7 strand cables is insulated 
with a double covering of cotton, and the cables spiral arQund the jute core. A 
covering of coarse black braid binds the whole group together. Cable of this 
type is invariably employed in the antenna circuit between the leading-out insu- . 
lator and the ground connection. t 

The type of antenna circuit adopted by the Marconi Company is very familiar. 
'The illustration, figure 6, gives a very fair idea of the general arrangement. 
Advantage is taken of the directive properties of the inverted L type of antenna 
both with regard to the adjacent receiving stations, as well as to the distant receiv- ;' 

·. ing stations. These aritennre are set with their major axes along the line of the ' 
?true direction of the distant receiving stations. The general dimensions of the 

circuit depend upon the wave length to be employed. 
. As the stations we are dealing with were designed to be operated on damped 
wave trains, and with tone reception, attention had to be given to the dimensions 
of these circuits, so that the emitted wave trains might have a low decrement, and 

·.so that the most might be made of tuning and selectivity at the distant receiving 
. stations. A compromise had to be effected between the antagonistic claims of low 
decrement and radiation efficiency. The resistance losses of th~ various parts of 

. ·the antenna circuit were brought to as low a value as possible. In order to 
·minimise the losses in the ground portion of this circuit the usual group of earth 
plates were supplemen .. ~d by a second group, placed under the antenna near the 
first row of masts, an<! wires were carried out from the main group of earth 
plates under the antenna until they reached beyond the last row of masts. These 

' wires were distributed over the surface of the ground in a manner corresponding 
with the wires in the antenna. In this way the soil of the ground around the 
station and under the antenna was not entirely depended upon to carry the cur-· 
rents in this circuit. Wires were also extended from the power house, in the ·---• 
opposite direction to that of the· antenna, in order to minimise the losses in this 
portion of the circuit. 
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.-..:~~·~ rjr As will be plainly evident, it is easily possible to make the decrement too low 
for the other constants of the installation. -By this we mean that continuous 

. decreasing of the decrement will bring us to a value at which the antenna circuit 

If' 
\ 

has just ceased emitting one wave-train when it is called upon to absorb energy 
for the next wave-train. A further decrease will bring us to the state in which 
the antenna has not completed one wave-train before the energy for the next is 

: 
0 • 

\ l> • a 

Figure 4-5parki11g time, wave-length and coupling i 

thrust upon it. Such a decrement as this would be too low for a: circuit operated 
as these are, unless there were complete phase harmony between successive wave· 
trains. As an instance of this we may point to the New Brunswick station. It 
has a spark frequency of 240, and may be using a wave length of 15,000 meters. 
Eighty of these oscillations would completely fill the time interval between two 
successive sparks. Now we must subtract from the complete time interval, the 
period required to transfer the energy from the primary to the secondary circuit, 
so that only sixty-eight complete oscillations in the decreasing portion of each 
wave-train as it left the transmitting station could be allowed. Any lessening 
of the decrement, that will permit of more than this number of complete oscilla· 
tions after the antenna is left freely vibrating, will not be of advantage unless the 
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successive wave trains are in correct phase with each other. On the other hand, 
any increase in the decrement to give a useful clearance between wave trains 
might involve a breach of the Government regulations. Even the effect of over­
lapping wave trains, when they are not in correct phase relation, may give the 
station an apparent decrement that is higher than the real one for the circuit. 

It will thus be seen that, so far as the antenna circuit decrement at the trans-

~~n.,>f 
UON{ffr-u s:~ .... ,~ ,. 

Figure 5-Sparkiug time, ·z.vave-/ength and comf'lct.-: oscil(atious 

mitting station is concerned, all the demands of the receiving station are not pos­
sible of fulfillment. That station would like a very low decrement to the received 
wave train and a high spark frequency. . 

In connection with these big antennre; and in fact, with any antenna that is 
to be used fqr continuous commercial work, the atmospheric conditions at and 
around the station must be taken into consideration in the design. For instance, 
around New York and north of that city along the Atlantic coast one must expect 
to experience each winter high winds, snow and sleet storms. Consequently the 
antenna must be designed to withstand the most adverse of these conditions. 
Gales can be guarded against without much extra work, but the most severe test 
is that arisi from a combination of snow or ice sleet and wind. If the atmos-
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Figure 6-Kahuku receivi~•g station. General view of wireless link between U. S. A. 
and Japan, in Hawaii 

pheric conditions are such as to favour the formation of ice upon the exposed 
wires of the aerial system; and if, after this has gone on until a cylinder of ice 
of appreciable diameter has been built around the wires, a wind of moderate 
velocity starts to blow there will be great danger that some of the antenna wires 
will break under the increased load. Practical experience has shown that the best 
method to overcome this trouble is to melt the ice as fast as it is formed. To 
enable this to be done the antenna wires are grouped together in pairs which run 
as a loop from the power house to the free end of the antenna and back to the 
power house, the open ends being at the power house. For normal radio work 
all these logps end at the power house, and are joined together to a common bus; 
but in case of necessity they can be cut off from the bus, and each loop (either 
singly or in groups) can be joined to a suitable 60 cycle circuit, and sufficient cur-

. rent passed through these loops to raise the temperature of each and melt the ice 
cylinder. At the station in New Jersey an occasion to test out this heating scheme 

· during the early part of 1915 occurred, and it was found that it required 100 
amperes per loop to do the work at a reasonable speed. When usil}g this amount . 
of current on wires that were very heavily coated with ice, the ecttt was apparent 
within two minutes. The·coating of ice had then been melted so that it began to 
break away, and the loop was quite clear in seven minutes. It is needless to 
remark that care must he exercised that the current put into the loop is not suffic­
ient to soften and weaken the wire. Treating the antenna wires in this manner 
interrupts the service for a few minutes, but avoids a possible interruption of some 
hours. 

Another point of interest is the distribution of the current from the foot of 
the antenna to the grounding system. At these stations the main grounding system ·: 
comprises two semicircles of metal plates sunk one on the side of the power house 
nearest to and one on the side opposite to the aerial system. The wires fan out 
to these plates from the leading out insulators, set in both of these faces of the 
building, and on that side which is towards the aerial system, the connections to 
the wires that are laid under the antenna are made over these ;same wires. With­
in the power house these two insulators are connected by a copper bus or a length 
of high frequency cable. At the medial point of this bus the connection to the 
coupling coil is made, and on either side of this junction a thermal-ammeter is 
inserted into the bus. In this manner we can see at a glance the values of the 
current flowing out of the building to each of the two sets of earth plates. These 
sets of plates are metallically connected together so that the complete ground plate 
possesses the appearance of a very short cylinder with semicircular ends. It is 
found that the distribution of the current is not at all equal; the larger proportion 

. flows out on that line that leads directly toward the antenna and the smaller pro­
portion flows out in the opposite direction. This proportion may be as high as 
2 to 1 and with the load . ., 
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At these long distance stations particular attention has been paid to the receiv­

~~~...,..1111 ing end of the circuit: In the early days of commercial radio work the reception 
was invariably carried out on the same antenna as that used for transmission. 
This meant that the design of the antenna was treated more with a view to getting 
good radiation, and the reception had to take care of itself. This was not objec­
tionable so long as very ·small powers were being used for transmission, but as 
soon as larger powers were brought into use it was found more expedient to use 
a separate wire for reception. Although this is an improvement, yet, since the 
wire is suspended from the same masts as the transmitting wires, the receiving 
wire is still influenced by the proximity of these other wires, and the response 
to the incoming signal is not so good as when the receiving wire is suspended from 
masts with no other antenna connected to them. This pointed the way to a com­
plete separaton of the two functions of these stations, whenever there would be J 
a circuit that had sufficient business to justify the increased expense. At such 
a station, only considerations affecting the reception of the signals would be 
entertained, and the antenna would be designed for this separate function. 

At these long distance stations this separation has been made, and in con• 
sequence each of the two functions of a radio station can be carried on simultane­
ously-that is to say, the transmitting station can send messages continuously, and 
the receiving station can receive messages continuously, during the same time over 
the same circuit. 

Advantage was taken of the directive property of the inverted L antenna at 
these receiving stations. These are located, with respect to the distant and nearby 
transmitting stations, so that their receptivity was a maximum for the distant 
station and a minimum for the adjacent one. In order to annul the effect of the 
adjacent station a compensating antenna is added, also of the jnverted L type, 
and so located that it has its maximum receptivity in the direction of the adjacent 
station and its minimum in the direction of that of the distant one. By this 
means the effect of the distant transmitting station can be left unimpaired while 
that of the adjacent station is reduced to a negligible quantity. 

Since the reception is carried on at some point ~t a distance from the trans­
mitting station, it is found expedient to arrange that the radio operation of the 
transmitting station be controlled from this same point. This is not a very hard 
problem. The switch keys that control the condenser circuit are operated through ; 
a polarised relay which is inserted in an ordinary land line circuit erected between 
the two stations. The operator at the receiving station works a land line key, 
and energises this relay, which, in turn, operates the switch keys and thus con­
trols the radio transmission. 

The receiver designed for these stations is of the usual type, with loose 
coupled circuits built with especial reference to the long waves that were to be 
employed at these stations. It can be used with both the crystal and the valve 
detector. 

In addition to this, special arrangements permit of the amplification of the , 
incoming signal, so that it could be recorded on a dictagraph cylinder. This record 
would be made whenever the volume of business necessitated more rapid operation 
than could be done by hand and ear. , 

For the operation of this circuit automatically there was installed Wheatstone 
apparatus with the necessary perforators. Signals sent at a high speed were 
amplified and recorded on the dictagraph cylinder and transferred from that 
cylinder by an operator working at a good manual speed. In this manner the 
circuit could be operated at a speed of from 75 to 100 words per minute. 

One advantage that is gained by the separation of the receiving from the 
transmitting function of these stations is the ability to "break" the operator trans- · 
mitting. In this there is a great saving of time, and it is found that traffic is moved 
forward at an appreciably higher rate of speed than when the same stations are 
not able to work this "break." 
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It has been found that. these independent rece1vmg stations ·possess very 
good receptivity, and, in consequence, were rather bothered by the usual atmos­
pheric disturbances and by interference from stations in the vicinity, although 
these were using much shorter wave-lengths. Some tests were carried out on 
the comparative receptiveness of wires of shorter length than those proposed 
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Figt~re 7-Radio-goniometer trsts 

for these stations, all wires being suspended at approximately the same height 
above the earth's surface. It was found that, when shorter wires were used, it 
was not till the natural of the antenna was increased until it was approximately 
equal to that of the standard long-wire antenna, did the signals on this antenna 
attain the same audibility as those on the long wire. Tests were also made on 
wires suspended from 50 to 30 feet above the ground; these gave signals of less 
audibility than the standard wire, even when the quantity of wire in each antenna 
was approximately the same. 
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elegraphy• 
By E. B. I I 

Ceowal Marconi Wlrelea!e Tele&rapb ComPiihJ ol Am•lca, New York 

HE history of ·wireless telegraphy' . unqualified/" dis· · ! J 
repeats once more the :old story as Lodge, Alex· 
that is so often connected with , ~~ uirhead, Hlcm-
¥reat inventions. The world be· ing, Thomson and ~uth .. 

. mg possest of a new: scientific erford. Slaby, A reo and 
nninciole. many r;ninds in many parts of the· Braun are the namd'best 

sil~ultaneouslv bent upon its known in Germany. I iThe 
application. with the result that French are retl~es,cmted 

the iuljldamental principle finds embudi- I by Ducretet. llrauly, 
ment in various methods of· accomplishing' Rochefort and Tiss~t, be­
a similar purpose. The startling nature•: sides other men of lesser 
of the discovery of electric waves wai' I fame. Italy has COJ\trib­
bound to give rise to unprccedent~d activity . uted largely tb the :sub· 
in the field of exp''e'rimental invc .. •stigation, ··1· ject, principally. /'t·h r u 
and such experiments as were particularly :Marconi, lldlini, Tossi 
sUl'cessful were bound to prompt investi·· and Righi. 'Denmark is 
gators to seek patent protection on their i represented by Poulsen. 
modifications, and this in turn gave rise to' : Spain, Austria, I Bel­
several systems of radio-telegraphy. '· gium and Argentina have 

A voluminuus list of names could be giv..: ; all produced systems 
en of those who have contributed to the ! which have been uion: or 
advancement of radio-telegraphy: in regard : less used in their r!!spect­
to both theory and practise. Among the. ive countries. 'fhe Jap- _ 
bl·st-known American investigators are Fes- : anese have also devi=-ed a 
scnden. Shoemaker, de Forest, Clark, Stone · system that successfully 
and Massie. Each of these men l:as devised · stood the test of ;service 
a system which bears his name.: Jn Eng-· in the Russo-Japanese 
Jaml the work has been carried on by men: I War. 

~=====:'I 

lntereatlng VIew of a Bank of Hlgh-apeed, Automatic Sending 
Keya and Bua·bar Connection• In a Typical Hlgh·power Marconi 

· . Radio Station. 

The development of 
the art in the various 
countries has been car· 
ried on largel,a by repre· 
sentative investigators, 
and in many instances 
the governments have 
actonted a system ex· 
ploitcd by their subjects. 
The V nited. States gov· 
ernment, however, has 
expcrimentl•d with most 
of the prominent systems 
offered, and, as a result, 
the army and navy equip· 
ments are comprised of 
quite a variety of appa· 
ratus of different inven· 
tors. 

· \Vin·less telegraphy 
In v.ras the subject of e'ar­

nfst experimentation as .... , ... ., .. 
_-,..,. 1 ' r, ·~ , 

early as 1838, but, as far as the public mind 
is concerned, the science began when Mar· 
coni sent his first message across the At­
lantic from Cornwall to Newfoundland in 
1902. This wonderful accomp.Jishment had 
so much of the spectacular element in it 
that wireless telegraphy and Marconi be­
came famous at once and, measured by re-. 
suits, he has eclipsed all other inventors. 

Marconi first mterested himself in the 
problem of. wireless telegraphy in 1895. In 
the followin~ yt>ar he took out the first pat­
ent ever .l.!r:mh1i m England for a practical 
system ,,i wirdds teleR"raphy by the use of 
electric wan·s. In tm7 he successfully 
commu .. ic.tt:d across Bristol Channel· a 
distanc:· uf nine miles. At the invitatio~ of 
the Italian gon:rnment. Mr. ·:\larconi sub-
sequen:' · wen: to · where his 
was pt.i '" pr ,,.: 
alian I ( :k,',j,. jjiii~ii1iiiV~[IlJiiir'Ll 
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An Acc~unt ~9f~ Resu1ts --~bf.~·iri~~:,i~~~~~-~ri~~q~~~-W~rk'~-5~.~-~~-~§~~~!A1te 

_;. -~: _-- _- .-~~ ---- .:7:."~-:if:;~:k~~~~~:!i~:~;;;t~ss.,- .-~~,-; ~'~-~::~~1&iiE:~t}~7i~ 
EXPERIME-NTAL stations empl~.yiilg .. )li~~~~ani · ·· Next ~a ~~iver~:\yas ~tted ·.~·"a{~HC?fyoead, i~~ 

prin~iple h~ve .be~n erected b(t~)-lareoni ~o.· ~t - miles fr~~: ti)e. ~amarvo'n. .~tition~ -~~--~ strenK!h::~ 
Hendon, BI~mgham, --~k~~~~ ~~ .. S~utll-~ore- .... :s~e;ch recelv~d._~ere .:was_ so e~~aglD~· that pe~m~s_s~:.flt 

land,. and at Poldhp; The p10neer work: ~n~e4,· -o-ut at . -to tnstalt a ~1ver .on ·c;me of. the·- Dublin Steam ,p~r:: 
Hendon, Birmingham, and· In~~eith' was descri~d by · Co.'s baits was sought and.obtamed." ·.The ship steam~ 
~fr. &. S. Franklin in a paper before the ~nsiitution · ()f away from Holyhead ·to· Kingstown, ·Ireland, and speed~; 
.Electrical Engineers in May, 1922. · ·.' · -.: - _ : . - was heard right up to and after entering thatpott. ·:·: ·:· 

In 1919, experiJll.ents ·with: \•alve transmitters· were· An intere~~g point was that there _was no reduction . 
carrietl out at :Carnarvon. · E___xperiments. were fi:rst made or cutting of! of these short waves _{15 x:nettes) even when 
with \vaves of a hundred "liletres or so, an_d gradua}ly r · the ship was·._well dow11, ~ver the ·horizori:Jtom Carnarvon .... · 
step by step, the length· was reduced, unti~ waves were This distance was .. seventy nautical miles over sea~ ··It": 
-produced which could be employed in conjunction- 'vith was now decided to experiment. entirelr over land.~ ·- -~~ 
reflectors of moderate dimensions. · · · A site for a station was· sefected'"- at Hendon, and· ]i -~ 

Wavele~alth of 15.1\.letres' Chosen. 

Finally, a wave of I5 metres was selected, and efforts 
?."ere then made to· increase -the power which might oe 
transmitted and to improve the receh·ei:. .. . _ 

reflector .erected· pOinting t_owax;ds _· Bifi!1ingham: -·This. 
reflector is iliustrated. in the photograph _at the head. of 
this article .. ·· ·· · · · · · . · ·::· . · 

A receive·t'· was install~d in a motor car, a fishing -~olt. 
was carried to serve as a mast, and the car started toward's 

/ 

. The distance over which speech could be transmiUeu 
.\\"a;) very small at first; it was, in fact, some time before 

":the stations could be sep:trated inore than a ·few miles 

Birmingham, making halts by the roadside and testing 
with Hend<?n. The speech was excellent up to Edge 

. f: ... ' 

·'i~part. The struggle· ·went on steadily, and ri.~ last sub­
~~stantial improvements, principally in the receiv~r, ~n&"Hle 
· possible to jump from ,.some three milel? to a 'dis_tance 
of twentv · miles .. 

Hill, but after that it began to fall ~!f ·somewhat. In . .' 
general, it would be fair to say that \'ery good sp~ ( 
w.as obtained up to :i~~- mpes, ·and fair_ speech when~~~ 
h1 land eYen .;~s B1rmmgham was ~ppro~che~.{.... :~ -: ::j \ 
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Trans-Ocean Wireless Telegraphy 
New Transatlantic Service. 

THE ENGLISH STATION DESCRIBED. 

A 
L\IO~T ewrywltNt) thP trimllph 
of win•lt•ss telegrn.J>hy is comvlt•tc­
on land awl on ~ea, in pPaf'e and 

in war-and one recall:-:; with considerahlt• 
anliiS<'HIL'llt the t•xtrnortlinary manner in 
which :\lr. ~larconi was treated by HCit~ntifie 
11\I'H whih· solving the great. prohl('m. It. is 

• 1111ly a fpw yean; ago since 1\lr. l\larconi 
annouJH't'tl to th<' world tl1at he hatl snc­
t·t·t·d"d in ~t·lltlin~ a win·l··~:s signal across 

--~~'-tlw Atlantit:. ]rumt·diatt·h· tl11• detmeton; 
wen· up in arms. It wa~ nonsl'nse; the 
rt>atlinor was an error, it. wa~ a ddilwratc 
tl••e<'llt'ion. 'fo-<ln.y we know that. the Ri::mal 
was n·ally sent. ancl really receivcrl, and 
('\'PJ\tfl have 1n·oved it to be the forerunner 
uf a I\1'\\' mea.ns of hringing th<' corners of 
tlu• wmld Hel"l.fl'r than 1.'\'f'f before. 

It was in 1!10() that i\Ir. Marconi, en­
<~tt\ll':l''''d Lr the ~uccess of his cross-Channel 

: and ~her· Pxperimcnt::; over varying di:->­
tanet>s, arrived at the decision to makf' a 
sNiou~ attempt. to sewl an Plcct.ric wav<' 
at.TO."S thl• .\tlanti<: awl tld.cct. it on thl' 
otlll'l' :-idt•. n.~ had long lwld in view tlw 
applieation of l1i:-; :-;ystcm of wireless tPle­
;_!ral'hr to transatlantic workin~, not. 
mer<'l~· as an experimental feat., hut. with 
tht• ohjPct of making it a means for com­
mercial communication. 1 t. was obviou:-;, 
howev<'r, that. if sueh a }lllt'po::;e was to be 
hroH!.!ht to fruit.ion it wouhl Jli'CP~sitat<' tlw 

. t•mpl(Jyment of more }JO\Wrf.ul PIPctro­

. m:t;.!llPtic wa\'<'S than tho:-;e prcv10u~ly us<'<l. 
alltl it was, ahovt~ all things, necessary to bt• 
l"'rff'f'tl~· certain that the pro<lnttio!l of the:-;c 
wa ,.,,s would nnt prcv<'nt or cnpple t.he 
alreadY c~tablisl1"tl wireless communication 
ht"twc~n shi1)s atul the :-;hon•. .:\Ioreowr. 
the nature of the plant to be employP<l 
rf'quired careful consideration . 

. \ftf•t· many <'Xlwrimcnts. tlw construction 
of rht• pl<lllt was commenced .. Poldhu, on the 
Cornish coast, was the locnhty chosen for 

I . 

•, 

t ht> ~itf', a.nd t !tat naiiiP will go down in 
h:story as tlw hirthplaeP of t ran~atlanti•· ~ 
wirl•lt·MH t<'l<'gmphy. 'l'lu• eon~truct.ion uf 
appropriate building~ was Potnm<'ncetl in 
Octob<•r, 1900, ln· l\lan·oni's \\'irdPSH Tel•·· 
graph Company: In the follo\\·ing month 
t.hf' nmchin<'ry L··~an to lw Prt'<'t<•tl. 'l'lw 
l.l.<'rial was to consist· of a riH~ of h\'l•nty 
mast:-;, each 200 fppt. hi.uh. nnange1l in a 
rircl•• 200 fp.,t in dialn••t('J', th .. group ,,f · 
111asts l"tq•portinoo a I'OIIi1·al ~IIT<LII~~'t'lllf'Ht of 
wires insulatt·tl ~LI thl' t up a11t( gaihPn·J 
togetlwr at the l<nn•r points in the :-:ha.pf' n{ 
a funnrl. In Decemll<'r, l!lOO, the hniltlin)! 
was ~n fat· arh·a.nced that. dra\\·illgt'l Wt·n· 

pTepa.r(•d showing the arr:mg<'ment. J>ropo:-t·tl 
for t.lw 'electric plant in the station ; this 
being deliverPu, f'xprrinwnts Wt'l'f' carrirtl 
out at Jloluhu in .JanuarY, HHll, for tho 
purpose of aHcettaining ho~,. far it would l,t. 
efllcif'nt for the ohjecti\'C in Yif'w. 1\ t Ea.shr. 
1 !"!01, Ly mPa.ns of a f;hort t<·nqH•rary n<'l'ial, ; 
t>Xpt>I'iments were con•lurtt•d hl't\\'t'~"ll Puldl111 
a.n<l thl' Lizard, a. dil'tant.:P of ::~ix JlliiPs, whirh 
was suflieient to sl1ow thnt the work was 
heinl! conduct<·tl on til(' right li1ws. 

During- the next four months Illlll.'h work 
was <lone in modifyiug awl JlNft·d.ing the 
wn.ve-g<:'neratingarran;!l'llH'llts,aud Humerou:s ~ 
tele!:!rapl1ic test:-; \Yt're conduch•d (lurinrr the 
neri.od hv ~lr. ~Iarf'oni hetween Pohlhu in 
( 'ormmll: Crookhawn in tl11• 8nuth of 
fn·lantl, awl Niton i11 tl11~ J:..·l" of "'j~J,t. A 
tll'lay oceUJTP<l owing 't11 a ~tOJill ;,n ~ .. p· \ 
temh1!r lRth. Hl01. \\TPd.:iJll! n lllllllhPr of· 
the masts. lmt suftieiPnt fP~torntion of tlw r-­
aPrial was made l•Y thP <>IHl nf ~on•mht>r, 
fflOI. to enn.J,J~ Mr~ :Mnrf'oni to •·nnh'mplatr ~ 
ma.kin:t an expPriment a('J'o~s t hP At lantil'. 
He left En~land on X(Jwmhl'r 27th. }!;Ill, 

in the steamship Sardioi:"'· fnr Ke\\'fnti!Jtl· 
land, hu,·ing with him two a:;:sistaut:;, 
l\Iessrs. Kemp and Paget, nnd also a numlu~r 
of hallnnns and kites. He arriv1•d at 
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_ John's, Ncw(oulllllallll, abuut l>ct·cm­
. bcr 5t.h, a.nd mac.lt! arrang•·nwnl~ for :-;eliding 
up a balloon and an attac•hcd aerial wire, 
having previou~ly in~trudcd his assi::t:111ts 
at Poldhu to send from 3 p.m. to (j p.m. 
each day a programme consisting uf the 
lc:ttcr" S" (which in the )lurse code cuu.sists 
u( three successive Jots) at short interval:-:. 
~ignals began to be sent out iu this way 
from Poldhu on Wednesday, December 11th, 
.1nd, after some difllculty in elevating the 

.• ,cri1\l wire in Nc\vfouudlanc.l Ly means of a 
kite, l\-lr. Marconi received the " S" ~:;iguab 
at Nt~wfoundland on Thursday, Decem­
Iter 12th, 1901. On Friday, December 13th, 
he confirmed this result, uml on Saturday, 
Ucccwber 14th, he was ahlc to send a 
mc::;:;age to :Major :E'lood-Pagc, one of the 
Uircctors of Marconi's Wireless Telegraph 
l'ompa.ny in London to this eltcct :. 

"St. .John's, Ncwfoumllantl, Decetu­
Ler 14th, 1901.-::\i~tlUls arc being receivt~d, 
weather makes continul•ll:-l t,~st~ \'Pn· 

tlillicult, one balloon canicd away )'L'StP;.­

duy" 

Iu these experiments the actual power 
employed in Cornwall for the production of 
the waves was not J1V)}'C than lO or 12 kw. 
lu ~'ebruarY, 1902, :\Ir. )larcoui ma1le 
arrangemcnt"s f~>r the ereetio11 at Puldhu of a 
t)l•rma.nent structure . 
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The plant; autletluiptm·nt at Pohlhn have 
sitH't! hel'n modified to adn pL the de:-~ign u[ 
the :;tatiun to the rt!•tltirctllf:llts of modern 
radiotelegraphic practice, but it cea::;cd to 
be t!mployetl fur transatlantic work in 1~07,:. 
w ht-n a new station w:ls opened at Clifden, on 
the W-:!st coast of lrC'land, to communicate 

·direct with another station at Glace Bay in 
Xuva Scotia. These two large stationH began 
to t~x~:hangt~ radiutdegraphic messages across 
the Atlantic on Octulwr 7th, 1~07, and 
millio11::; of worc.ls in l'ress and JH·iva.tc 
messages have since been transmitted. The 
long history of this gt·Pat achievement was 
related hy .Mr. l\Iarconi in a lecture at the 
Ho\•al In,titution of U rcat Britain, delivereJ 
un ·)larch 1 :Jth, HlUt\, in which he recounted 
the various stage::~ of the work and the steps 
by which success had been finally attained. 
After au interval of interruption due to a 
fire which destroyed part of the Glace Bay 
:::ltation in August, l~JO~, cotumercial com­
munication wa.s re-establislw(l across ·the 
Atlantie at tho eJHl of April, l!)JU. 

Now to the Clifc.len-Ulace lla v ~ervice is 
about to be added another, which 1scalculated 
to more e1Ycctively bring together the two 
Continents and to cope with the enormously 
int:rcasing use of transatlantic telegraphic 
communication \vhich the cheapness and 
elliciency of the l\Tan·uni system has made 
po~sible. 
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LONG· WAVES FOR TRANSATLANTI~C 
TEILEPHONYo 

An Interview with M. Marius Latour. 

~. COXSIDERIXG the re'cent trend of opinion in 
-- favour of the shorter wa,·elengths for long-distance 
· wireless communication, the dews held on this sup-

, · ject by the famous French wireless scientist, M. Marius 
__ Latour, arc of more than passing interest. 

M. Latour, who is at present in Xew York, is the in­
._::. \'_entor of a high-frequency ahernator, and many other 
,:·._.radio de...-ices in general use both in Europe and America. 
:: In the course of an· inten·iew with a reprcsentati\'e of 

~Tlu Wirclt'SS n~orld ~I. Latour discussed the possibilities 
·· of a regular telephone sen·ice across the Atlantic. 

" I believe," he remarked, " that transatlaq.tic tete­
will be an ordinary medium of communic'ation in · 

f~w years' time. But, in~tead of the uncertain,_ low­
short waxe with which most experimenters are 

~~Min~<nv working, I cannot help feeling th~t the high-powered 
r:31~~1on:~r-wave station will ultimately be adopted. I admit 

occasionally the short" waxe has proved of immense · 
~"!§~<uue. and that for high speed '\\"Ork it is superior to the 

wave. Consider, hm-rever, ·the sensitiveness of the 
wa,·e to atmospheric conditions, and particularly 

:ull!i-·Sl.ISC:::I~D[ibilit~: tO fading. 

High Broadcastin~ Wavelengths. 

their long-distance work, do the big American 
l!i~~lt~~e~rci'tal stations experience the same difficulties as the 
~ ... ~-:;{~).toadca~itirt~ stations? Hardl}~, for they always use high 

.. generally in' the xo,ooo metre band. 
r Turning to the Eur~an broadcasting stations, look 
Eiffel Tower, Daxentt'y, Konigs,rusterhausen, Mos­

·::-Ra,dio-Paris, and Radio-Vienna. These are the 
·popular and well-known in Europe, and their wave-

~..,uJ:c.L&Jt~ are all compar~tively high, ranging from x~ooo 
metres. 2 ' 

. Latour referred to the recent test transmissions be- · 
a--.JlWE~ :·European and .. \merican broadcasting stadons. 

t did these tests prove? According to the Press~ 
_ But to me they proved somet~ing quite definite, 

~1113ilieJlv the ,·alue of the long-waYe high power station. 
~.~~..tl.'!'-"4-·lY no one in America heard Daventry, which 

on r ,6oo metres, because American broadcast 
are tuned to the lo,rer band. For the same 

Radio-Paris and Eiffel. Tower "·ere mute. The 
·were a failme, the stations on the lo"·er \vavelengths 

~ly being heard at all. 
.. '~ .. 

·"• · A ·Forecast. 

<~:_·,~.I am firm I y com·inced, from this and many other 
·:observations, that the radio telephone sen·ice between 
.;ilondon and N cw York, when it d0es come, will use a 
-~,l<?!iger v;a,·e than has been expecteJ." 
~.~.-:;.-At. Latour's forecast on this point is specially note­

·~ ).~hy in the light of the results obtained during the past 
.~1:f~~ · )Veeks 1n the transatlantic telephony experiments 
tb.~~een Rugb;: and Xe\v York. 
*~·;'~13 . -
.:.~-:~· ... 
~:.lJ-J...;. -

M. Martus Latour, the c=elebrated -Freneh wireless inventor, 
wbo, ln · the lnterview reported on this pate, expressed the 

· opinion that Jolla waves, rather than short, should be used for 
transatlantic wirelesa telephony. 

" Recent experience would seem to indicate,". said . 
M. Latour, " that a suitable wa\·elength would He between 
4,000 and 51P,OO metres, tran~mission being of the . 
" carrier-less " type now being investigated by the Bell 
Telephone Laboratories. It \vould -be necessary, of 
course, to use high power. 

Elim!inatlng Interference. 
" One serious drawback might aris~ from the use of the 

higher wa\'elertgths, this being interference· between 
'stations. The lower wave bands undoubtedly possess 

the advantage that frequency variations are very great 
even on a slight variation of wavelength, whereas, with 
higher wavelengths the frequencies ,·ary but slightly. 
This would necessitate a limitation in the number of tele-
phone stations working simultaneously. . 

'' On the other hand, it must be remembered that direc­
tional effects are not impossible on the higher wa,·ebands, 
and <t judicious use of this property would diminish the 
risk of clashing.'' 

M. Latour propounded an interesting theory regard­
ing the relationships likely to exist in the future bet,,·een 
cables and wireless for transatlantic work. 

" It seems quite possible," he remarked, " that some 
A 31 



Long Waves for Transatlantic TelephoDJ.­
-day wireless bet\veen Europe and ~merica. will co~sist 
· en~irely ~f telephony, while telegraphic work will remain 
with· the cables. \Vhile the cables are more suitable for 
code work, wireless has shown its superiority in the trans­
mission of the human voice. If such a scheme material­
ised, the higher wavelengths· woultl be free for telephony. 
another important step in the elimination of interference 
bet,\·een stations.'· .. 

" Do you consider that it will be possible to secure 
pri,·acy in wirelesS telephonF com·ersations? " M. Latour 
was asked. 

~ " I do not yet kno\Y, ': he replied. " Others are work­
._.ing in this ~lirection and deserve e,·ery encouragement, 
.. but. I should like to sec practical proof of some of the 
.·Claims now being made., . 

.... ~ : 

· ·-: , .. ·. - Television. 
, - . 

~; _::on -the inevitable question of televi$ion M. Latour ex~ 
p_re~sed his ~nhesita"ting belief in.the feasibility.Of trans-

-P.ljtting scenes by wireless. .. . · . . .. 
.: ·u The problem is to increase the speed of photo repro­
·ductioii,'' he added. ~' The .four or five minutes·. now 

.~ • • . ·. l . 

-~ 

·required for anything to be- '_got over ' must be 
to a twentieth of a second, or less. If I may 
believe I was one of the first to suggest the 
photo-electric effect of light applied to a., metallic 
to ·replace the old selenium cell, in which there "~~ 
too much inertia. _ · ·· 1 ; _;·: 

"Furthermore~ I suggested modulating a high- . 
current to obtain an amplified current exactly 
tionate til' the actual varying. output of the- cell. ·: 
we have the potassium cell, and we may 
some· other photo-electric element, ha,·ing · 
inertia, will be discm·ered. No further basic ;·, 1v~_ntti~ 
required to make teledsion_ a success_:.all that" i' 
is an appropriate photo~electric element." · . · 

At the conclusion of the interview M. La 
his intention of returning ·to. Europe very 
resume his wireless research~s; which haYe been . 
abeyance, ow-ing to his enforced_visit to AmeriCa. 
purpose of upholding paten f. -~rights. ,-:: 

"":Meanwhile," said -~L- Latour.·"- remember 
- have . said regarding 1orig. waves fcit transa.tlan~<;~ 

phony. They ha,·e been u~fai!ly treated, _uu, ....... ~ .. .:r· 
ha,·e a great potential-v.al~~~Y . ·· 

l ·~·~~ .. ~ 
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CONNECTING 
CALIFORNIA 
WITH HAWAII 
Op~n-utg "ri':M.MArco/\i 
:frA-"'\.S-PA.cific St?.rvic'" 

_ __........ 
HAWAI• 

·,WITH simple but imprestiive cere­
monies the trans-Pacific sta­

tions of the :Marconi \IVireless Tele­
graph Company of America at Bolinas 

· and Marshalls, Cal., and Kahuku and 
· · Koko Head, Hawaii, w.ere 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 globe .. 

The Marconi Company entertained 
representative citizens taking pi:l.rt 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 after nine 
o'clock on the morning of the opening. 
They rode in a special car provided by 
the Northwestern Pacitlc Railroad, ar­
riving at San ;\n~elmo at fifteen min­
utes after 10 o'clock. Here they en­
teretl autom0hilcs ancl wcrl' driven to 
Bolinas, which they reached at noon. 

Among the guests of the Marconi 
Company were James Rolph, Jr., !\fay­
or of San Francisco; R. P. Schwerin. 
Vice President and General l\Ianagcr 
of the Pacific :\Iail Steamship Com­
panv; Captain Robert DolJar, Presi­
clent the Dollar Steamship Company: 

.? 

M. H. De Young, Vice President of 
the Panama-Pacific International Ex­
position; C. F. Michaels, President of 
the San Francisco Chamber of Com­
merce; .1\fr. Forbes, Secretary of the . 
California Development Uoard; F. S. 
Samuels, assistant to the President of 
the Oceanic Steamship Company; C. 
H. Gaunt, General Manager of . the 
\¥estern C11ion Telegraph Company, 
Pacific Coast Division: George E. Mc­
Farland, President of the Pacific Tele­
graph ancl Telephone Company. 

.:\. P. Taylor, San Francisco rcpre­
sentatiYe the Hawaiian Promotion 
Committee: P. S. Tl..'llcr, President of 
the Commercial Club: J. A. Buck, Sr., 
President of the Honolulu Plantation 
Company: ]. Hooper, Vice President 
of the Fir~t Federal Tru~t Comp:my; 
n. D. Dean .. \ssistant Cashier of the 
Crocker National Bank: R. B. vVool­
verton. United States Radio Inspector; 
Thomas P. Rovcl. Diitrict Attornev of 
1Iarin County·: M. J: Pedrotti. Presi­
dent of th<' noard of StqH'rvisnrs of 
1\farin Countv; F. A. Kolster. A!'sistant 

• Physicist of "the Department of Com­
merce: ~[r. Gardner, Supervisor, 'Marin 
County; John D. 1\'fcKec. Presi(lcnt of 
the ~Iercantile National Dank: A. vV. 
Foster, SecretarY of the Panama­
Pacific International Exposition; A. 
\V. Foster, Jr., President o'f the Marin 
County \Vater Company; C. A. Horn, 
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_.-1 representing the Associated Press; E. ·: 
,~. • H. ·~amilton, r~presenting .th~ $an., messages a:e not ~lurred, by. thf.i.._ noi~e 

~..,~..,· ~~~:~ Franc1sco Exammer; E .. S. ~ellogg, - · of the sendmg station. "1 he cur~nt 1s 
. r~presenting the San Francisco .Chron- , rec~ived on underground cables· frolJl. 

icle. · .. the Pacific Gas and Electric. Company's. 
Charles H. Taylor, supervising en-. ' transmission line at a voltage. of 2,200 

gineer of the Marconi Company, ex- and sixty cycles: It is :first trans· 
plained the operation of the system. formed to 440 volts, all the mechanical 
An idea of the power of the stations parts of the plant being operated at 
.may be gained from the statement that that voltage, including the motor that 1 . 
·they have an installation of 300 kilo- ~ drives the alternator, changing the .... 
watts and a voltage of 13,000. There current to 210 cycles and 2,000 \'Olts. ~ 
are uine steel masts, each 300 feet in ·· It is then stepped up in transform- · 
height and carrying thirty-two wifes, , ers to 13,000 volts, at which volt- .1 
each 2,000 feet in length, from which. age it charges the condensers and is 
the messages are flashed across the ' sparked ·across th~ discharger which t\ 
seas. · . . is mechanically connected with the · 

. The duplex system is used at Boli- · alternatc,r by a shafting and run at · · 
nas, messages being rec:eived and sent 1,800 revolutions a minute, the number · 
at the sall)e time. This is accomplished . ··of studs in the discharg-er g~ving a 
by means of the station at Marshalls,· ... spark frequency of 420. From the con­
twelve n:tiles to the north of Bolinas, · denser banks to the discharger the./-

THE OPE.VIXG CERE.\JONIES AT BOLINAS. Standing in the background (left 
to right): A."' H. Ra11, C. F. Uiclraels, R. P. Sc~hwcri11 Hon. James Rolph, A. H. Git~man, 
C. C. Forbes. Seated in doorway (left to right): . McFarland, George 1 essop, M. H. 
De Young, Robert Dollar, C. H. Gaut~t, F. M uels. Left hand corner table: C. H. 
Taylor cmd newspaper representiJJit:es. Right hand corner tabl1: /. A. Buck, Sr., Hawaiian 
Plantation Co., P. S. Teller .• At table in frout of fireplace (left·to right):~- B. Woolverton, 
l. Hooper, £?. B. Dean. lu tlae foregrormd: F. A. Kolster, T. P ... /JO.Jd.:.- ____ _ 
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:">Interior of the tra11smitting station of the great Marco11i trans-Pacific plant at Bolinas, Cal. 

current, instead of being carried on 
copper wires, is transmitted over con-
'.tinuous copper sheets more than a foot 
in width. 

. In order to facilitate the inspection 
· d the plant by the visitors, the latter 
·were divided into groups and placed in 
·.dtarge of a representative of the ·Mar­
coni Company. Under the guidance of 
'1he Marconi men the visitors spent an 

";hour looking over the plant and listen­
~ing . to detailed explanations of its 
-workings. Then they went to the Mar­
coni Hotel where they enjoyed lunch­
<eon. 

The luncheon was the occasion for 
·."congratulatory remarks on the opening 

r -of the link connecting the United 
States and Hawaii. Mayor Rolph was 
introduced by R. P. Schwerin. The 

· Mayor spoke of the advantage of the 
:Marconi service to the world· at large 

:_'-and California and Honolulu in par­
·~ticular. He recommended a vote of 
'thanks to the :Marconi Company, and 
proposed a toa!'t tn the succe!'s of its 

. \ 
undertaking. A. H. Ginman, General ._. 
Superintendent of the Pacific Coast 
Division, the Marconi Company, re­
sponded, thanking the Mayor for his 
expressions of good will. . 

Luncheon at an end, the visitors re­
turned to the power house. 

At Kahuku. in faraway Hawaii, was 
another representative gathering. Here 
were Governor Pinkham and 200 repre­
sentative men of Hawaii assembled at 
luncheon given by the Marconi Com­
pany. The first message was sent 
from the luncheon table, being from 
Governor Pinkham of Hawaii to Presi­
dent \Vilson. · 
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·I rear .,.;,.,,. ~~~ the· IWIJI lin,• of 8oliuas, th,_ .. lrall.\"111111111!1 .ria/ion of /h,· .1/arcuui lra/1.\'­
Pacific 'Wi1·e/,·.\'S lin/~ iu California, from liz,• ranch buildiny.,·, in /ill' forc·yruuud, adjtlL"t'Jl/ , .. 

~ 

-· 

/ 

to tht. .. stati011 proprrl)'. T/r,• line of IIHJ.\'Is is a mil,· iu lenylh, c.r/,·ndiug to th,• 
oc,~an. Iu till' barkground ar,• slwtvu th.: P01.CJt'r lwust• and the .1/arcoui hold 

for e11g;,,~crs and operators. Jl!cisay.·s drstincd for 1/m.vaii a11d .Tapa11 
nr,· llush,·d from this station 

-. A~~- ~WlVdiJ\, 1~r '-· / l ~, · \~~L \J\,, \ 

MARCONI AERIAL 
ONE-MILE 

INTO BOLINAS LAGOON 
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VLF POWER STATION 
·, 

Tit,· rllolt.I_!;JtiPII tlbtl~'t.' tllld /11,· tlllt' bt"/(1~,· ·;,·,·r,· 1111.·,·11 till S,·rt,'ll/,1t'r _., /1/.d, dllrill!l 
til.· c,·r,·m.nli,·.,· ai/,•Jldill!l '"'' ciPt'llilly C'} '"'' llt1;\.'tlii-( ·,J!i/cll'llill .\lcll"t"CIJli (l'ci/1.\'-

·H t'tlll j ,· ·;.-i r,·/,•.,-,,· .~c'r"i·j,·,·. .'-.·,··i·,· I" a/ II It lid r,·,/ l't' f r, '.f, 'IIIII I j: , · /111 S i II•' S.\" lllc'll, ! /r, · 
,~tu;·,·rll,,r aud /11,· 111•1\'0I' tlllt'lldc·d /II,· luu,·/:,·,,11 i11 (,,,._,,,( /f,,ll,,flllll. /'r,·_q·­

d,·llt ll'il-l·on a11d tit,• c'•'lllllry's lli,!:,ll,·.\'1 .dtl/,· ,,f/i, ·i,tfs. _,:;.11di11!1 "''·.,-.w!/t'S 
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Fig. 1. General view of the aerial of one of the coastal beacon stations. 

THE PROBLEM OF BEACON STATIONS. 
The subject of the employment of beacon stations as an aid to navigation is 
one of very considerable interest. The author of this article, who has had a 
wide experience in the development of this branch of wireless, describes the 

purpose of the system, and discusses its advantages and limitations. 

By Co~nfA~DER J. A. SLEE, C.B.E., R.N. (Ret.), :\I.I.E.E. 
i 

A BE.-\COX station is one whose 
primary duty is to aid in the 
navigation of ships by emitting 
wireless signals of such a character 

that vessels equipped with their own direction 
finders can obtain bearings of the beacon 
with a degree of accuracy sufficient for the 
purposes of maritime na\;gation. Some 
stress must be laid on the fact that the 
stations dealt with in this article are intended 
for marine and not for aerial na\·igation. 

---1 

~· 

-. 
"' 

t!Y ... 

The requirements of the two arts are similar 
in principle, but differ so widely in degrt:t' 
that they cannot be grouped together unck:r 
an invariable or even under a general n1k. 
although every opportunity must be tak•·n 
to serve the t\vo purposes with one stati• 'n 
whenever it is practicable to do so. 

As far as beacon stations are concc[!J~·~l 
the chief difference lies in the fact· th,tt . 
navigators of ships are seldom in need of 
~earings of point:; of land at distance; 
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. .:~ , 0 me fifty miles, whereas, d'ue to 
t'n1~ 111 ~ ) 1iCYh speed of aircraft and the 
ch·· \t'

0
11
·\·c difficulty of fixing their position 

• lJ' tr.t h . . f . 1 ,.,,n ·
1 

-r ml'ans, t e reqmrements o aena 
t·,· ::~.1

1;ilm demand b~arings of fixed poi~ts 
n.t\ I:--· ·h greater distances. The manne 

t 11111( • . b t . f 
.J . tor requires eacon s atwns o com-
='·'' 1 1-!~1 . ·I\· short range placed at salient 

f;ltl\ I • f"'' · . which themselves constitute dangers 
ltlllll=- 'd d h'l th . 1 J Jt must be avm e , w 1 ~ e aena 
r h ... (IJ. 1,)r requires beacons of long range 
il·'' .1 ~ 1 J.t spots which he can approach in rlat ('l ~ 

.... lf,•t\'. . t ft 
• 1 ~~...."acons for ~~nne purposes mus o e? 

WIt:~ .. ~ ~ 

, . . )IJ.Cl'd in positions where the sea traffic 1s 
~·.·r~· dense, and such places are usually 
, 1 ,>~l' to dense.ly populated areas where other 

·r ·1·''.:: serv1ces are verv numerous, and 
h ·refore the requirement that the beacon 

\ 1 ~~,·ice shall not interfere with. and shall not 
~ ' ht' imped~d by other serVIces becomes 

wn· ~::xactmg. · 
fn the present state of \\-ireless communi­

cations there is room to fit in a marine 
hl'acon service ·on a wav~length of. I,ooo 
rnt:trt'5, though the range of waves which can 
bt: made available is not large, and consider­
able precision of tuning is necessary. 

Starting from the idea that the range of 
the tvpical marine beacon station "'ill be 
about~ fifty miles, it becomes necessary to 
translate this measurement into some more 

. tangible figure which can easily be verified. 
The· main factor which determines the emis­
sion from a wireless transmitting station of 

f ordinary type and working an any particular 
wavelength is arrived at by multiplying 

( 

together the aerial current and the radiation 
. height of the aerial. This latter figure is 

some proportion of its maximum height, and 
~ for all forms of aerial likely to be used for 

· beacon purposes this proportion will probably 
lie between o·s and o·7. It is therefore 
reasonable to make an arbitrary assessment 
of the emission in terms of the product of 
aerial current and ma.ximum height, and if 
this product is called the " metre-amps ".of 

• the station it may be stated with sufficient 
accuracy that reliable bearings can be 
obtained by a modern marine direction finder 
at a distance of about It miles per metre amp. 
Thus 35 metre-amps is sufficient for a working 
range of 50 miles, and experiment has shown 
that emission at the rate of 35 metre-amps 
on a wave of I,ooo metres produces a 
negligible amount of interference with other 

'• 

~I 

wireless services existing at the p'resent day.-
In order that this satisfactory state of 

affairs can exist it is, of course, necessarv 
that the transmitted wave shall be of a high 
degree of purity. The qualifications of ... a 
pure wave are that harmonics of its funda­
mental frequency shall be as feeble as • 
possible, and the Fourier theorem clearly 
shows that this necessitates the slowest 
possible rate of growth and decay in the 
amplitude of the transmitted wave. This 
requirement can only be completely met by 
the use of an unbroken long dash of con­
tinuous wave emission, but experience shows 
that this method is inadmissible on two 
grounds. The worst trouble is that bearings 
obtained of continuous wave transmitters 
are unreliable during the hours of darkness, 
variations of observed bearing up to and 
even exceeding IO deg. being quite common. 
A theoretical discussion of the causes of this 
" wandering " is out of place here, but the 
matter has been explored in Mr. Keen's 
book on" Direction and Position Finding by 
'\Vireless,, and in the discussion on the 
author's paper read before the Institute oj 
Electrical Engineers and published in the 
journal of that instit1;1tion for June, I92+ 

The unbroken long dash, however it may 
be produced, is unsuitable as a form of 
beacon signal because of the difficulty of 
identifying the station of origin. The use 
of continuous wave being thus ruled out, 
the next best method must be sought. ThiS 
must be either some form of modulated 
continuous wave or a carefully selected type 
of spark transmission. 

It is a well-established fact that bearings 
obtained from spark transmitters are almost 
immune from wandering, except during a ~ 
period of about half-an-hour, embracing the 
time of sunset and sunrise, and during these · 
periods the band. of zero signal strength, · ._,. · 
whose position determines the direction, . 
becomes ill defined'. This gives the observer .' ·. 
warning that bearings are temporarily .-. 
unreliable. Careful investigation has shown 
that fully interrupted continuous wave is an 
equally reliable form of radiation, and as an 
interrupted continuous wave is more free 
from interfering subsidiary emission:; of all ' 

I 

~· 

kinds, and as there is no doubt about the.-. 
availability of completely reliable apparatu5, 

. f: ~ . 

the choice of transmitter for beacon purpo5es · ( ~ 
in crowded areas lies with the interrupted ~ 
continuous wave system. In order to ensure \ 

r ~· ..,.,_~ ':_, } 
';.' ·~~ . ... ... 
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~. the ··degree of reliability of bearings necessary 
. ) ~ foi- marine navigation, the interruptions 
.. · _ must be such that the emission is reduced to 

· · zero behveen the wave-trains. 
-~ ~ Experiments show that the proportion 

'· 

.... 

' between metre-amps and range for inter-
. rupted continuous wave transmitters working 
· to modern direction finders is the same as 

for spark transmitters. It is worthy of note 
. that this figure must be obtaine~ under 
. conditions of accurate direction finding._ If 

: ;; the amplifier in use is allowed to reach, or 
J'JII~ even to approach very closely, to a state of 

interrupted continuous wave than for spark·, 
transmission in the proportion of at least .• 
two to one. ( 

The site of a beacon station for marine 
purposes must be chosen with care. It must ... 
be placed so that over all the area it is 
intended to serve rio high land shall obtrude 
between the beacon and the ship making 
use of it. This requirement can as a rule 
be met if beacon stations are established at 
lightships or at lighthouses. If this condition 
is not fulfilled bearings observed in the arcs 
covered by what may be called the shadow 

Fig. 2. Spar!~ and C. W. ~ra"Mmitters. ! 

/ 

self-oscillation, the bearings observed will 
be quite unreliable, and this limitation must 
be strictly adhered to. Interrupted con-

, tinuous wa\·e -is well knmvn to be a highly 
efficient form of transmission if the receiving · 
amplifier can be worked at or close to the 

' state of self-oscillation, but under direction 
· finding conditions, when this state must be 

a\·oided at all costs, no remarkable efficiencv 
of transmission can be expected. \Yith an 
absolutely non-oscillating and non-integrating 
recei\·er, such as a plain crystal, the propor­
tion of metre-amps to miles is higher for 
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,kilkd ob.server to obtain a se;ies of ~our 
' -fh·e beanngs. At a few outlymg stations 
or oe~ greater than 50 miles may be desirable, 
r~o --uch more powerful beacons might be 
~i t~d to one ~riotd of transmission in 
, or perhaps IO mm~ es. . 
· The nature of the stgnals transnutted must 

i .. . beacon station. · 

\ ~ 

the signal, and the position of maximu~ ... 
reception by a frame occurs when it lies in 
the same plane as the source of origin, the 
former position being sharply .defined and 
the latter being very broad. Hence, if the 
instrument is in a position to determine the 
bearing of any one beacon it will at the same 
time be receiving maximum signals from 
any other beacon that may happen to lie at 
or anywhere nearly at right angles to the 

· be such that beari~g~ are easy. to ~bserve 
· ~ .tnd also su~h that 1t IS easy to·tdenhfy the 

_ · · Onh· protracted 
• trial can show what ~----.-----zl!ll"''l.,.---r--..,.---. 

- . .,.. {L'rm of signal i~ p:e-

bearing of the station 
under observation. 

If the times of 
transmission of two 
neighbouring beacons 
coincide, the obser­
vation of bearings 
becomes difficult to 
an unpractised ear, 
although a skilled ~ 
telegraphist is capable 
of taking accurate 
bearings under such 
circumstances. 

tcrred bythemaJonty 
.li observer~ .. but the 
1110~ t prom1smg form 
.;eems to be the steady 

· · ~epetition at a fair 
tele!ITaphic speed of 

\~1 e h a group of t ree or 
four letters forming 
the identification 
signal of the be~con. 
The alternative 
method is to transmit 
a few repetitions of 
the identification sig­
nal at the beginning, 
middle, and end of 

· the period of trans­
. mission, linked to­

gether by prolonged 
dashes, or by a 
regular series of dots 
and dashes. 

In order to get an 

(

ideal fix, bearings of 
three beacons should 

. be obtainable in 
* rapid sequence, 

Since· it is impos­
sible to synchronise 
all beacons without 
most elaborate and 
costly apparatus, the 
next best thing is 
to run neighbouring 
beacons de.fi.nitek out 
of step with " one 
another, making the • 
" one minute " unit : 
of transmission onlv ' 
nominal, but maui­
taining the in teiTals 

1 

of silence at four 
times of the length 
of the .Period of 
transmission. · 

though in practice 
t\\·o such bearings 
are of very great 
\·alue, and the neces­
sity for covering the 
more important parts 

Fig. 3. Arcs of good bearings. 

If th~ actual timing 
of one beacon is 
65 sees. transmission 

... 

~ ,. 

of the narrow seas with the emissions 
from two or more beacons introduces a fresh 
complication. The actual operation of all 
current types of direction finders takes the 
form of determining the position of some 
sort of frame when it is receiving zero signals 
from the beacon under observation. The 

· position of zero reception by a frame occurs 
when it lies in a plane at right angles to the 
plane of direction of the source of or:J.gin of 

and 4 mins. 20 sees. 
silence, and that of the next beacon 55 sees. 
transmission and 3 mins. 40 sees. silence, 
complete clashing of the two is impossible, 
and they will only interfere seriously \\ith 
one another three times in each hour. ~ 

The characteristic musical note of the · 
signal is governed by the frequency of the 
motor-alternator supplying the transmitter 
with power, and if standard alternators arv. 
used for all beacons the ,·ariation in timing ~ .... 
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~ . JUSt described can be achieved by running 
. ) ~ the machines at different speeds. This will 

' 

impart quite distinct notes to the various 
. signals, and ·will greatly facilitate the task 

. ..:) of picking out the signals of one beacon 
' from those of another. If beacons are 

worked on this system, there is nothing to be 
gained by attempting accurate timing. 

It would, of course, be of advantage if 
· neighbouring· beacons could make use of 

distinctlv different waves, but it is clear 
from the above that the service can be 

~ carried out with one wave, and the congestion 

as to be economically impossible. Tht 
necessity for beacon stations is not al":.'a\·~ 
due to fog alone. A prolonged spell 'of 
cloudy weather may have deprived shippin~ 
of astronomical observations for some da\·s 
before approaching the land, and in such 
cases one or more direction finder bearin:!~ 
are of the greatest use in making ~J 
landfall. 

The apparatus required to produce an 
emission of 35 metre-amps is quite simp!,. 
The power that must be supplied to tht­
aerial is not likely to exceed roo watts e\·c-n 

... 

The A.u.'ltin automatic potcer plant. ~ 

/-

of modem wireless traffic makes it much 
easier to allot one wave for this purpose 
than to find two. 

As the typical beacon station can be 
expected to have a working range of 50 miles, 

· and as it is impossible for a man in charge 
of a beacon to know what the weather is like 
50 miles to seaward, the only practicable 
plan is to keep the beacons always working. 
A satisfactory system of communication 
whereby ships requiring the use of 
beacons could ask for them to be 
started implies the use of so large a staff 

·. 

under most adverse conditions, and tb~- r. 
direct current power required for all purpo.~r:: ~· 
should not exceed 400 watts \vhen :~~t 
beacon is transmitting, and about half rn:=- • 
amount dming the periods of silence. ~ 

The photographs s~ow the prime m• .. \;~.r; ( · 
transmitters and aenal, employed duL··:- 1 · . i 
experiments just concluded at the ligh'th•:n~;· ·; 
at Nash Point, in the Bristol Channel, \\'lli' ·

1 

has been made available by Trinity Hou=..: 
for the long series of experiments which h.l.\·c 

been necessary to clear up the various pi'!!::= 
explained in this article. 
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•/ ~ r "fti_ For grou~dmg there haS .been put d9W1). approximately 
· · "'- .. ' : · '.' 25 miles of,. piping and copper cable wit~in the 72 acres 

' comprising· th~ t"aqio reservation . 1 I 

' \. ,.~ ~ At .. the statfon have been erected a group of six build-
~. ings in mission style to be used as. quarters f_or the 

. ~) ~ . . officers' and enlisted men on duty and the housing of the 
~- .. . sending and receiving instruments and the generators 

. ., =~ · . .:) The radio. apparatus installed is known as the 
'.. . ' . 

Poulsen system of rad1o transmission, invented 11 
years ago by Valdemar P~ulsen: ~he. patent rights for 

·~ · • . which in the United States are held by the Fed~ral 

· .' ·' dtrec~ current arc of from 600 to 1,000 volts; ·butn1ng 
-..: . M. _ T_ele~aph -Co~pa~y. The Poulsen system employ~ a 

.. · ~- · ; ~ { ·--«···:.~· .. in a closed chamber of 
.. _ · _ .~.- .• · ·1 ·. ~ ~ hydrogen, the terminals being 

. . . . · \ ·~ · _. pl~ced at. right angles in a 

/ 

MARCONI . pow~rfui'. magnetic field. A 
200--kilowatt, 1000-volt drrect 

GROUND SYSTEM .current generator, drive~. by 

.. 

•, 

a 300-horse-power ,, 2200-volt 
60-cy~le induction, motor. 
furnishes the electric current 

.. '· 
for the set .. 

T_he San Diego, ~~ation 
represent8 an . expepd\t..ure 
by the Gov~rnJAent= of ~3.00,· 
000, and about .. two Y.ears 
have been occ.up(eq I iA . _.the 

·' •. It "\ " • I 

erec~iop.. an~ -~~qu~pp~g ~Cthe 
plant. · r.the .. ~ta.tio~:~ \a.~.· -the 
necess~r~ powerf4~~PP~~~tus i~~Df 
for sending meSB~ges_Qv~r a . , 
distance of i2,0o0 . iniles, .. 
and ~an reqei've tro·~ ·a· like 
dis.tance. '!'he_ . mea~a.ges 
between t.he stai-Jo~} ... and 
Arling~on on .. ~he opening ·day ~ 
were sent by Lieut.-Com- F. 
mander Hooper·, . who · used 
a silver-plated teleJiaph key 
prepared {or the o~casiou 

" a~d lil.terpresented to him as 
. a aouv~wr. · Lie¥~· John ~ 
.Ashley will. be the command­

. -~ fn:g .· ~ffic~r_ o_f the _San Diego t 
~· · atatioJ;l, ·. and will , h~ ye -a 

~~~·cava9lo_~ ~o~~. ;of.·~-r~Q elec­
._ Vjr.i~ .-un~er JU.~ .in Cf~ing 

" :·~ Qu~ the __ st~tion'-' :~Qrltr- · .. 
~., .. •· . . :;. ., .. ·;· . . . - .. ' , ....... .., '.• 
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f>"oto] [Bilek. Waslrin~tl• 

.\ \'IE\\' OF TilE THREE <~1.\:\T TO\\'ERS .\T THE \\'ASHI:\GTO"S (.\RLIXGTO";\) 

IL\Illo ST.\TIO:\. TilE :\1·:.\REST STRLTCTURE IS 6uu FEET HICII. 

,' ''l\'~~ ·fl ·,-,·~· 

MILITARY VLF STATION 
ARLINGTON VIRGINIA 
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In our large illustration we are able to give an excellent view of the three on 

stt:el to\Ycrs, one of which (that in the centre of the illustration) re3;ches a height of 
()oo feet. The other two are 450 feet high. The centres of the towers form an isos­
cele~ triangle, the ba~e of the triangle being 350 feet long. The ~etalwork of the 
great ~tructur('s i:-; in~nlatc1l from the ground, but switches are provided on each leg 
~o that the towers may be "earthed " when required; 275 tons of steel. were used 
in the construction of each of the smaller towers, and no less than soo tons in the 
larger. The steel was furnbhed by the Carnegie Steel Company, and the erection 
untlertak"n by the Baltimore Bridge Company. 

Three-pha~e zs-cycle alternating current is supplied to the station from the 
.,.._ ...... ins at (),(ioQ ,·olt:;. It is then stepped down to 220 volts, and led to the \Virelcss 

tran~mitter, uf ,,·hich thL'rt: are three. The first is a roo-k\v. spark set of the Fessen­
dl'n :',Y~tt'lll, thl' ~t'CO!Hl a 5-k\\'. :;park set manufactured by the \\'ireless Improvement 
Cumpany, the third a roo-kw. Pouben continuous wa\'e t. 
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TIME SIGNAL MODIFICATIONS 

T l-IE Superintendent ·of the U. S. 
Naval Radio Service, under date 

of June 10, 1914, announces certain 
changes of wave le.ngths used in sending 
tin1e signals. These signals \vill here­
after be sent by the Naval radio sta­
tions as follows: \Vave 

length, 
meters. Station. 

stations at Newport, New York, Nor­
folk, and Charleston. 

The titnc is sent. fron1 the Naval Ob­
servatory, \Vasl1ington, for the Atlantic 
coast and fron1 the observatory at 11are 
Island Navy Yard for the Pacific coast. 

\Vhen sent. 

Arlington, Va. • •••.•.•••••..•••..•.•••••••• 2,500 ));aily at J 1.55 a. m. to noon ami 9.55 to JO p. m., 
Standanl Time, 75th meridian. 

Key \Vest, Fla .•.•............••....••..... 1,500 Same as Arlington. 
New Orleans, La .......•....•.........•.... 1,000 Daily, 11.55 a. m. to noon, Standard Time, 75th 

· meridian. 
North Head, \Vash .•...•...•••....••••••... 2,000 

Eureka, Cal. ...............•..••.••.•.•..... 1,600 
Point Arguello, Cal. ...... ; • • • • • • . • • • . • • . . . • 7 50 
San Diego, Cal . . . . . • . . . . • • • . • • • • . • . • . • . . . . • 2,000 

Daily, except Sundays and holidays1 at 11.55 a. m. to 
noon, Stan,Jard Time, 120th meriu~an. 

Same as North Head. 
Do. 
Do. 

~-

M;~re Island, Cal. ••••...••.•• : • .•..•••••.••. 1,600 Every day at.. 11.55 a. rn. to noon and 9.55 to 10 p. 111., -. 
Standard Time, 120th meridian. ~ 

If for any reason the Arlington station 
is out of con1n1ission, the tin1e signals 
wi11 be sent daily at noon, Sundays and 
holidays excepted, by the Naval radio 

... 

This n1odifies the inforn1ation relat­
ing to this service published on the Pilot 
Chart of the North 1\tlantic Ocean for 
Aitgust, 1913. 
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OUR TRANSATLANTIC BROADCASTING TESTS. 
Further Reports of Reception. 

:\arne and District. 

R. Darbyshire. Altrincham 
P.R. Purves. Bickley, Kent 

G. S. Dobson. Rothwell, nr. Leeds 

joseph Xoden, Xantwich .. 
Leonard Hirschfeld, London, X.' 

Ernest Humpherson, London, S.W. 

T. F. Lox. X. De\'on . . . . 
Alfred H. Workman, London. ~.:::: 
H. R. Goodall {2IL), Southampton 

D. 1\'ess, Drem., !\.B ... 
Tom Lt't', Jersey.. . . . . 
A. Richardson, London, S.W.:z .. 

\\"alter Thos. Tayler, nr. Barnsley 
R. W. Taylor, Warrington 

C. Prosser, nr. Cardiff .• 

Stations 
}:il'ard. 

WGY 
WGY 
W1Z 
WHAZ 
WGY 
WOR(?/ 
WGY 
WGY 

WGY 
~z 
WGY 
WGY 
WGY 
WBAN 
WGY 
WGY 
WGY 
W!JA~ 
KSD 
WGY 
WGY 
WEAM 
WGY 
KDKA 

Frederick Cooper, Northwood, ::'lliddlcs<';c WGY 
A. H. Robinson, Tyldesley, nr. ll:m-WGY 

chester KDKA 
D. Lomas, Wilmston, nr. ::'llanchester. . WGY 
\\'. 0. Bentley, S. Kensingtuu, Loudon, W. WGY 
H. Platt, Windsor . . . . . . WGY 
D. J. Martyr, London, S.E.zs . . WGY 

Type ot 
RecriV('r. 

3 vai\'C'S. 
1-\'-:-I 

1-,·-o 

1-\'-.:! 

I-C-O 
(dual) 

1-\'-0 

1-\'-I 

o--\--I 
I-\'-I 

o-v-o 

0-\'-I 

0-\'-1 

:: \'aln:s. 

H. Cameron Beaumont, Hudd("rstield.. WGY . . I-\'-1 

. ~ W. :-1. Harrison, Longbrldge, Birmingham WGY . . o-v-o 
. ~C. Warriner, Birkenhead. . • :. WGY .. )[arconiphone 

WHAZ ('l \':. 
Walter llcC. Armstrong • • • • WGY . . -

' WHA~ 
· W. A. Haworth, High Lane, Cheshire.. WGY .. ::\Iarc\·~phu_ne 

• E. Seymour Clarke, Godalming. . WGY r-v::..O 
., A. C. B. Smith, Colwyn Bay.. . . WGY r.....:..v-o 

• C. \V. Smit~: Harlesden, ~.W.ro . . WGY. . . r-\·-~ 
A. E. P. ~Itham, Frome . . . . WGY(~l-. 3 vah·es. 
~'. Brian Parker, :\IonkseatrJn, Xorth· WGY 1-\'-I 

umberland. 
W. H. Harding, Cardiff.. • . . . WGY 
C. Hartland Shropshirt" .. • . . .WGYI?).. t--\··--o 
\\"alter Horsl<'y, B.Sc. Han:,!•,r . . WGY .. .:\I..Irroniph .. ne 

]. B. Colt:, jersey • 
\\'. G. Pauman. Birmin~eham .. 
]. R. Randall, Sutton Coldtidd 
j. Howells, Newport, Salop 
H. Hall, Birmingham .. 

H. Jones, Cannock, Staffs. . . 
D. E. Price, B.Sc., Hinckley. Lt:t~l:> 

F. ]. B. Whitfield, ::\,·wpurt. Salop 
A. J. Bromley, L·icest<·r 
]. E. Roberts, \\"idnes .. 

\V. }fattbew~ •. \>ton, Binniu;;harn 
R. Stephen, Pontypool .. 
F. G. Lang. Grays. Essex 
H. ::'IIaitlaDol Colt-. Lomlnn, :'\.:1 

WGY 
.WGY 
WGY 
WGY 
WGY 

WGYf?J .. 
WGY(?J .. 

WGY 
WGY 
WGY 
WHAZ 
WGYI?i .. 
WGYC?) .. 
WGY 
WGY 

,-~ 

I -·\··-I 

.J ,·aln·;. 
Burnckpt 

l'ltra n·. 
I-\'-1 

3 \'ah·r~ 
plus cry~ tal. 
1-\·--z 

1-\-I 

:-\·--o 
0-·\'-I 

::'I;;J.mc and Di"trict. 

Hy. Rogers. llfracomtx-

\\'. \\'.Allan. Jr .. (;Jas~tow 
j. R. Christie. Abcrdet•n,. 
Redway, Exmouth ... 
\\.iifred H. Powell, S. Xorwood 
C. V. H.illier. Croydon .. 
F. Lang, Bideford, X. De\'on .. 
T. A. Alcock. rir. Stoke-nn-Trc·nt 
.f. Bishop, ·Gt. Yarmouth 
L. E. Smith, Eccles 

A. E. l'ndP-rdown, Eltham. S.E.9 
J. cle Burgh Daly :\I.D., Cardiff 
E R. ::'llartin Worksop .. 
H. Andrews, Highgate .. 
G. Lait\·, Launceston .. 
E. (;. Griffiths, lpswicfi 
:\Iortimer W. Larkin. Esse:t .. 
.J. A. SomeJ;:\'ille, llonks~aton .. 
T. )looney, XPwcastle·on.-Tyue .. 
A. C. Smith, Sidcup 
\',A. Pask, Gnsforth 
]. K. Bridle, Durham 

Eddv Pearct•, Xewcastle 
R. T. Haywood, London, S.E.q 
E. H. Blackwood-Price, co. Down 

H. \\'. \\'illiams, Wakdi•·lu 
A. H. Hawkestvrd, Altrinaham, Cheshire 

B. Draper, }filii Hill. London, ::'1;.\\'.i .. 
W. H. Tunstall. Earlestown, Lane<> . 
A. Simons, ::'llablethorp.:, Lines. 

\'. 0. Jones, Glamorgan ... · 
A. X. C. Hom<'. Que.:nstnwn 

1'. Xicoll, Burnley 

l~arrHt J. Spi<·rs, Lond•m. S.E.~ 
T. A. St. J•>hnstnn, Ariu.:::f~Jrd, EsS<.·x 
Harold E. Boume, Loudon,"S.\\'. 
El Cnndl' de Alha. Salamanca, Spain 
\'cm••u Fost<'r. Barrow-in-Furnt·ss 

r;. A.\'. Sowtt-r. B.Sc., Loudon, ::'l;.r 
Beaumont, Bath.•. · 

C. \\', :\klland. O~tl Culwyu, X. \\'alt·s .. .. -... 
E. I'. 5..-ntan.:e, Grantham . J • 

A. S. Cutclitic. Ilfracombc 

ll. .H. Atkinson, Hawkhixrst, Kmt 

~tat ions 
Heard. 

WGY 

WGY 
WGY 
WGY 
WGYI?) .. 
WGY(?) 
WGY 
WGY 
WGY 
WGY 
KDKA 
WGY 
WGY 
WGY 
KDKA 
WGY 
WGY 
WGY 
WGY 
WGY 
WGY 
W1Z 
WGY 

WGY 
WGY. 
WGY 

WGY(?) .. 
WGY 
WBAZ 
WJZ 
WGY 
WGY 
KDKA 
WGY 
WBAZ 
WGY 
WGY 
KDKA 
WGY 

WGY 
KDKA 
WGY .. 
WJZ(?) .. 
WGY 
WHAZ 
KDKA 
KDKA 
WGY 

WGY 
KDKA 
WGY .. 
KDKA(?) 
WGY 
KDKA 
WGY 

~. KDKA 
A. E. Crisp, \ro.)l\.-ich .. WGY 

... KDKA 
j. R. Forshaw, OmlSkirk .... · KDKA 
A. ]. Rowt", Golder':i Gr,·t:ll, Lnw,l"ll, WGY 

N.W.u. ,· 
\\'ilson Rt'id. Hawick, X.l3. 
A. S. j(·nsen, Laurberg, Denmark 

T~-p.· ' 
Rert:l\··~. 

:-vah··: 
Gecoph ·n•:. 
r-\'-: 
r-v-' 

1-{'-: 
1-V-: 
4 vah·-::s. 
o--v-. 

r-v-; 

()--\'--') 

1'-\'--') 
1-~·-: 

2-v--r 
4 va!v~;. 

-J-••-) 
I-'1.·-: 
Z-\o·-.) 

Gecoph·.me 
:! Val\'~. 
r-v-: 
Q--V-1 

)larconiph •ne 
Vz 

r-v-: 

0-V-i 
I-,·-: 
o--v-: 

I-"·-: 
c-v-~ 

Bumd,·;:-·t 
t:lt~a !\'. 
0-\.•--tj 

z-;·-: 
1-\·-; 

1->--. 

\'.\:'. 

0->·--; 

~-' ~-' / 

I 

,..,. 
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THE 

WIRELESS WORLD 
THE OFFICIAL ORGAN OF THE vVIRELESS SOCIETY OF LONDON 

No. 50. FEBRUARY x8TH, 19:2 FoRTNIGHTLY 

New York Radio Central 

THE high-power wirt>IP~<oq ~<tation, whic•h is 
being erec•tf>fl nt>Rr Port .• Jeffenmn, Long 
l11lanrl, about iO miles from New Yor·lc, iH 

desi~tned for intf>nULtional wirt'leAA c·ommunic•Btiomc. 
The station waM formally opened by Prt'!sident 
Harding, on November 5th, 1921, with a messs.ge 
of greeting to tht'! worlcl. 

-The station hl\ll heen planned by the en~ineers 
of the Radio CorporRtion of AmeriC'a, in r-onjmll'tion 
with the Gt'nt'ro.l J~ledric Comp~ny of ,\meric•n. 
The station is designed to suppl!'ment the C'xisting 
eommuniPn.tion fnl'ilitie!'l q( the U.S . .-\., nncl to 
provide clirePt r1ulio ~<erviees with OrcRt Britain, 

Franc·t>, Norwuy, GI'Mnl\11)." und otht>t' European 
\ e~mtries llS wAll a"' with South Americ·a. 

The site oi the qtntion Ol'cupiel'l an ure1l of «orne 
i,-lOO acrt'l'l, and thfl station will f'>ventul\lly I.'Onsist 
of a number of 10epRrate RntPnna ~'YRtems, Pn<'h 
provided with the neeP!lAAry trnnsmittinjl pl~tnt 

for simnltnn<'oll!< rl\llin c·ommnnic·n.tion o\·t'r 11 

numh!'r of diiTPrf'nt. routt>,.. Fi!o(. l i!l a birr!'>~ f')"e 
viow of the stution n>~ originally plnnnecl. 

In thr- piouPt>r dny>~ of hiJorh-pnwer radintt>legrl_lphy 
a station fnnf'tir.ned nlternatelv R!l n transrmtter, 
1\ rt>e<'iw•r· nnd a telellrnph ofu!'e. Tlw~ involvecl 
muC'h loss oi time and grl'atly r~cluced the trullil' 
ftwilit ies, for n station hnrl to stop sending while 
it. rec·E>i\"ecl, tmd vi,·e l'l!r·"''· It therefore hePame 
1\flfll\l'ent thtlt the ideal radio station should C'Or:n· 
priso thrt>e s.>pnrl\te but C'losely l"Onnected umts 
opf•r·utf'd by remote •~ontrol, thei<O units compri>~ing 
rt>~per.th·ely the trnn«mitt~>r, the receiver, ancl the 

t·entml trafli•· otli•·<', the luttPr preier·;lhly in the 
heart of the hu,.in<'><S cliHtri..t in large Pitiel'. 

Jn tho r•use oi the ::\ew York H.1dio Centml, the 
first two of tlH-!"1' units are loC'atecl nt Lon~ Islnnrl 
and tho third in ~ew York ('ity. The trunsmis<~ion 
plant is loc~ated at Rocky Point, !lome seven mile!! 
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east of Port Jefferson, on the northern shore of 
Long Island. The receiving station is at Riverhead, 
L.I., about 16 miles from the transmission plant, 
and has been so planned as to be able to receive 
simulhmeously messages from as many countries 
1\8 can be communicated with simult.RnP.ously by 
the tl'ansmittin~ station. The cetntral traffic 
office at 64, Broad Street, New York City, i.~ fitted 
with special remote- I'Ont.rol apparRtus for opet·A.ting 
the trunsmitters dirPct from that. office. The 

, 

commenced in July, 1920, anrl tho first test signals 
from the first part of the station were sent out in 
October, 1921. .Thi.~ is considered to be a record in 
the building of high;power equipment, colll'Ji.dering 
the great amount of work thut has been carried out 
on the station. 

The aerial trRnsmitting ~<ystE'm was originally 
planned to I'Omprise twel\·c arms for the various 
communication routes, the.;;e arms rndiating out . 
from the central power house like the spokes of a 

,_ ~ • !'. ~· . 1 

.• '. · .. ~; . t . ~.' 
'9': 

· ·, :.\~~~~fX:' 
, . 

t".;..' .... 

~f~~~~-:-

Fig. 2. Vie1u of the PotoPr HotMe sho·wing the Cooling Pond in foregrowuJ. 

I iiJJ· 

inl'oming '!ignals picked up at the Riverhead receiv­
in~~; station are also automatically tran.~ferretl over 
the landlinf's to the central traffie office. The· 
incomin~ signals can there either be tr11.nscribed 
by ear or automl\tically received on recording 
apparl\tus. 

The con11truction ·or the Radio Central Station was 

t:· 

-., 
1-

tiY 
'· 

wheel. l.Tp to the present two arms of the aerial 
sy<~tem have heen built, eKch arm having: six towers 
.410ft. in hei~ht. The distance hotwcen adjl\cent 
towers is 1,250 ft., ghring a total of nel\r1y three 
miles from end to end of the lino of twelve towers 
already erected (Fig. 3). Each tower required 
neRrly 150 ton11 of steel, the total amount uRed in 
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•he iwelve being · l ,800 tons. The croes-arrns 
from which the antenna wires are suspended on 
the!top of each tower are each 150 ft. long. The 
steel work incidental to the constnJction of the 
towers and station ·buildings \V&S erected by the 
American Bridge Company under the supervision 

v 

'• 

. I 

Each antenna. i'l of the Alexanderson multiple­
tuned type-i.e., it is provided with several earth 
connections along its length, each connection 
including a tuning coil, these coils being set up iD 
the open air. 

The foundations for the twelve towers nooeesitated 

Fig. 3. The jirBt twelve TuwcrB of the Aerial SyBtem. i 

of the .J. C. White Enl(ineering Corporation of 
~cw 1York. The 23,01)0 volt transmis"ion lines by 
which enerJ!y i'l supplieci to the station run from 
Port Jefferson, a di11tan•·e of flt>ven miles, nncl were 
Prccted by the LonK lKlnnd Lighting Compnny. 
The control lineR betwr.f'n the tran11mitting and re­
reiving stations and New York City were erected 
by the New York Telephone Company. 

"' 

the \L'!C of 8,200 tons Of concrete since thP basE" 
nf each tower Ie.; is sunk !I ft. bPlow the ground 
level and has a bii.RP areu of 3fill "C(llllre ft. 

For the con,.trn<'tion of etwh nrm of the nntenntt 
llj strnmled 11ilicon-bron7.e cables, ;t in. in diameteor·, 
are IL'Ied, 50 milf\!1 of this cable having been employed 
in the two above-mentioned Rutenna urms. Four 
hundred ru1d fift.y miles of copper wire have Rlready 
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heon buried in the ground to form the t'l\rt.hing 
system. The erection of thfl remaining arms of 
the wholE' antE'nnn syst.cm is now being proceeded 
wit-h and will eventually comprise 72 towers. 

Th" first. puwl'r-house Hection i11 loca,ed in the 
c•entrr of th" t11w••r lino, 11hown in Fig. 3, nnd covers 
u 11pace nf 1:10 ft. loy no ft. (J:'ig. 2). It accom­
modate.; two :!OO kW. high-frl'quency altemo.tors 

The reports of the recept1on of the opeoiq 
message and of the preliminary test signals have 
shown that the range of the station is practically 
world-widP. since its signals have been heard in all 
partll of Europe, in Australia, in South America 
and in .Japan. 

The- Community Housa for the stnfl is a low one· 
storeyecl building containing lH !:lingle rooms, an 

Fiy. 4 Two of the 201l k W. Alternators. 

,.:..!J.,, 
'·i; • 

with anxiliiiJ'iP!< nncl equipment (1-'i~. -1). These 
llllll'hines, with tho necessary switchboard, tunin~,t 
coil,... Ptn., are ench cnpnble oi a continuous output 
or 200 k\\'. nt sny wavelength between I;;,soo and 
:W,ooo metn~~. 

A !;ignnlli11g speed of 100 words por minute is 
utt~tinnhiP for ench of the transmitting units, so 
that the equiprnE'nt. at present completed is thus 
rnp~t.hle of del'}>ntching traffic at the rate of 203 
word·· per minute. 

·t:· 

official suite, a large li\·ing-room and diniug· 
room, as well as qunrten~ for servants, the 
engineer-in-charge with a staff of 15 asaistantll, 
comprising the per,onntl at present necessary 
to maintain the station in operation. The 
fuial installation will include ten Alexandt>rson 
high·frequency alternators whirh, when all opAr· 
ating together, will give a total power output oi 
2,000 kilowatts. 

, 
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A photograph of the atation building taken ahortly before ita completion. 

"LPZ"- THE .. HIGH POWER STATION 
BUENOS AIRES. 

AT 

(By A SPECIAL CORRESPONDENT.) 

A NOTHER of the world's giant 
'\Vireless stations has reached 
completion at Monte Grande, near 
Buenos Aires, in the Argentine. 

This station has not been built entirely by 
one commercial wireless company, but is the 
outcome of the efforts of several companies 
which have combined in the production of 
·Ar~ntine's largest wireless installation. 

The station is erected for communication 
not onlv with the continents of both North 
and South America, but. in addition, con­
ducts traffic and maintains communication 
between the Argentine and nearly all other 
countries of the world. The fact that the 
station has been designed and erected by a 
combination of the greatest :wireless com­

J 

-~· 

~ 
A 

tiY . 

panies in the world facilitates this object. 
because, in planning the station, considera-
tion was given to the fact that it was destined 
to communicate with other stations belongin~ ~ 
to various compapies, or installed b\· them. · ... ·' •. 
all over the world. • 

The transmittmg station is erected on a 
site some 12 miles from the City of Bueno=' 
Aires, whilst the receiving equipment i~ ~ 
located at Villa Elisa, some 30 miles from tht· ~ .. 
city. The aerial at the transmitting station \" · 
is directional north-west to south-west-
that is to say, directional to Europe-an(~ 1 
it consists of two halves forming a giant 1 · j 
supported by ten high. masts of approxim_atel;· f 
68o ft. each. Each half of the T aenal 1~ j' 
composed of 16 wires about I,270 metre::- ; ... ..., 

, 
l 
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Aerial lead -in to the transmitter build·ing. showing the method of support. 

Fi'). 3. (',.~unter-u·eight.~ to maintain the requ-isite 
tem~iott on the neri~l 1cires. 

Six of the masts are built by the 
Telefunken Company, and the remaining 
four by the French company, C.T.S.F. 
The aerial is supported in. some 200 places, 
and .I,ooo insulators are used for this purpose. · 
The masts which support the aerial wires 

· are in pairs, with supports of steel cables run 
between them. These supports carry the 1 

aerial wires, which ·are on insulated rollers, 
and at either end of the aerial the wires are 
weighted as shown in the photograph, Fig. 3· 
these weights being 40 kg. each, and serving 
to maintain the req:uisite tension and to 
compensate for ·any variation in the length 
of the aerial wires due to differences of 
temperature. It is perhaps difficult when 
one is in the habit of thinking of aerial wires 
of, say, roo ft. in length. to realise the 
enormous strain \vhich can result from 
expansion or contraction of the \\;res con­
stituting the aerial system of one of the high 
power stations. r. 

By employment of the compensating 
weight, these differences in length due to 
yariations in temperature are self-adjusting 
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~ witho.pt exerc1smg any additional strain 
either on the aerial wires themselves or on 
the supporting masts. 

\• 
\, 

-~ 

•!it 

:f. 

/ 
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'•ii 

. ..$ 
The earthing arrangement consists of a 

buried network, and in addition, overground 
wires supported at a height of Io metres 
from the ground. Fig. I shows the appeqr­
ance of the main building, which is of an 
architecture similar to that adopted by most 

" 

,.i#· 

of the designers of modem high power 
stations. The central power station at 
Buenos Aires provides the electrical power 

.: for operating the station. On arrival at the 
statio.n the supply is transformed down from 
12,500 volts to 3,200 volts, and supplies two 

• motors, which drive the dynamo and other 
• machinery utilised in the equipment of the· 
. · station. 

Two high frequency machines are installed, 
· one being employed for transmission whilst 
~ the other is in reserve. The high frequency 
;Ill generator gives ·an output of I,ooo amperes, 

/~ 

750 volts at a frequency of 6,ooo. Fig. 2 

shows the method employed for leading in 
the aerial wires to the transmitting room. 
Fig. 4 gives an indication of the method of 

Fi~. 5. 

·1!· 

~ 
A 

t!Y 
'· 

. . 
supporting the aerial lead-in as it is brought 
to the station in order that all strain should '· 
be removed from the. actual leads as they .• ( 

, 

r . 
Fig. 4. Anchorage for the aerial lead-in. 

enter the building. Fig. 5 is a Yiew taken 
inside the transmitting building. Fig. 6 
shows the interior view of the receh·ing ' 
station at Villa Elisa. 

The station which is now conducting 
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An excellent view of the wireless station, which stands on the sea-shore, a few 

miles from the city, will be seen on this page. The aerial is supported by two lofty 
masts of the well-known tubular stee~ pattern, the wires being led down to the 
station building, which is placed centrally between the two. The method of working 
the masts can be well seen from the two small photograp~ on page 297. After a 
suitable concrete foundation has been provided, the lowe:;t sections of the mast are 
bolted together and to the foundation, and the remainder of the mast built up piece 
by piece. The method adopted is to insert a wooden mast in the sections already 
standing, and by means of pulley blocks to haul up a kind of working cage as each 
new section of the mast is bolted together. Step by step the wooden mast is placed 
in a higher.section and piece by piece the steel section:; of the mast are hauled up. 
In this way very high masts can be erected on very restricted sites, which would .. 
not be possible had the whole mast to be assembled on the ground and hauled up 
into position by a jury mast. 

The station building:; are commodious and well designed, providing not only 
accommodation for the apparatus but also for the necessary operating staff and 
engineers. A 5 kw. set is installed, the prime mover being a Gardner oil engine, which 
drives a direct current dynamo. This engine is well shown in the upper illustration 
on page 2<}5, which also depicts the main switchboard with its switches, fuses and 
indicating instruments. The D.C. dynamo can serve two purposes, (a) that of 
charging the large accumulator battery shown on page 295, and (b) that of driving 

THE WIRELESS STATION AT LEIXOES, OPORTO . 
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the motor generator connected to transmit­
ting apparatus. Normally, however, the accumu­
lators provide the necessary current for the 
motor generator, which is seen in the centre of 
the lower illustration on page 295. 

.... 

• I 

.... : 

- /' 
4 ...... 

I ,.¥!· 
--~ 

In the same illustration, mounted on the 
wall to the right hand side, will be seen the 
automatic starter, controlled by a push button 
from the operator's desk. This starts up the ' 
motor of the motor generator when it is required 
to send. In the operating room a transmitting 
key controls the alternating current which 
pas~es through the transformer which will be seen 
immediately below the automatic starter. The 
high tension current from the transformer passes 
through the secondary tuning inductances (see 
on the floor to the left of the transformer) and 
thence to the condenser, which it charges. These 

THE C"\GE. sec~ndary inductances are made variable for the 
purpose of giving low frequency resonance. The 

condensers of the primary oscillating circuit, immediately to the left of the motor 
~-t...r:•• generator, are held in glazed ironstone containers filled with oil and discharged 

''", 

through the primary of the jigger, the variable high frequency inductance and the 
rotary spark gap. This rotary gap is of the synchronous type and give5 a pure musical 
note which can easily be read through interference and atmospheric disturbances. 

The coupling of the jigger can be varied by means of a screw adjustment so 
that a weak or strong coupling may be used 
as desired. The earth lead from the jigger, 
which will be seen running from the top right 
hand terminal, passes to the earth arrester gap 
mounted on the wall, immediately above the 
aerial ammeter seen on the further wall. The 
two leads from the top and bottom plate of 
the arre5ter gap to the receiving imtruments 
can be clearly seen, and pass through the 
wall to the operating rGum immediately on the 
right. The aerial lead from the jigger will 
be seen to pass out from the picture on the. 
extreme left. 

The station has now been working for some 
months, and we understand is giving excellent 
service. On the completi•m 11f _ the larger 
project, which will link up the Atlantic 
Islands, Portugal will be in possession of a 
wireles,; sy~tem on which she will have every 
reason to congratulate her:-;elf. 
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THE TQ\\"ER5 AT THE :-;E\\" llERXE ST.\TIOX OF THE :\1.\RCOXI R.\DW-BERXE. THESE TOWERS ARE 300 FEET HIGH 

AXD SELF-5l"l'l'OltTrXv; THEY C.\RRY THE :\1,\J:\ .\El<L\L SYSTE:\1 
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·DENMARK'S 
DESCRIPTION OF THE EQUIPMENT AT LYNGBY. 

SITCATED two miles to the north of 
Copenhagen is the Lyngby station, 
which is cqnipped for t~legraphic and 
telephonic transmi~5ions. The in­

"'tallation {'S~entially comprise::; two indepf'n­
dent eC]uipments, one a telegraphic set which 
h;mdh·:' the European correspondence of 

counterpoise consists of a nct\\·ork of "·irt·' 
clos~ to the ground, all leads being carefn!i~· 
laid out to produce equal tuning effect:-. 
In addition. a number of copper pla-te·s h::l.\··.· 
been snnk into the water-carrYing- ~trata. :.u:d 
the conntrrpoi:'e and actual earth connectirl:\ 
are balanced through suitable indnctanrr:--. 

The aerial .system at Lyn')by. TJ,c masts are of ~·oorl. thu .. ;;c in the frJrcgruund bei11g ,,_.,,.,, 
for :supportin') tltr r:crir1l of the teleyrrrplt set, wl11"f.st th" .mwila Ollf-" ;,, the di:>trnu:e flrr 

u.~('d for telephony tmiP<mi.s8ions. 

Denmark. ancl a r~·kphony :'t't fur CIJtnmuni­
cation with the Island of Bornholm and, 
iri addition. apparatu:- for the broadcasting 
1 >f concerts. · 

The aerial s\·::;tem con:-;i:'t;o; of four ma:'t:-;, 
4.·ach 230 ft. in height, between which an: 

' :'US}wndt·tl r0 wirc5 <:>ach about 250 ft. long. 

The transmittin~ apparatn:; cun:;i:-;ts or 
two Ponl:'cn arc g·L'nerators, one of \Yhich 
dates back to the cla.\·~ of :\Ir. PrJul::•:!l 
him~df. The other is of murl' recent 
con:;trnctic 111 and ha:-; an outpnt ()[ frnm 
25 to 40 k\\'. 

Tht: tdcphony in:;tallation nperatl'S o:1 
The ma=-ts are built of teak. 

Owing to tlw bet that tht> stat inn i:-; situatc·d 
on tlu: slnpt· of a hiMo:- difficnltiL·:' wen· c·x­
p\·rienct·tl in pro\·iding a n·li;ll'k cnnnc·ctiun 
,,, t·arth and. a:::. a n·:'1i1t of t·Xp•·rin1t·n~al 
t•.-=-t:-:. it ha.!' bc·t•n found that the· tl~t' of a 

an incl•·pt·n~_knt ~E·!'ial of \'ery ~imilar co:1-
strpct!un t0 th:1 r n:-t·d on t hL· tt:h-;!Taph Se!. 

Tht· Ponbvn ~~·:-:tt:lll i:; ,·mployt.:d h··!'r.: agai!l. 

-~ . 

.. 

. ~-I 

"' 'f'· , . 

~ <"1 1lllltcrpoisv gan; imprnn·d. rt·:::ult:'. Till~ 

th(' ~:pparatl!:-: !win;.! ~npplictl b\· tb· (.;t·rm~u~ 
L<lr,·nz, (·,,mpan~:. th,· ;-;anw c_'Oilt•·rn th~~! 
otJt·ratt.'~ ~h·.· Eb·-r,;wald HadicJt•·lt·phon_,. ·· 
s'tation 11• ar Bt.·rlin. Tht• pnm·r h;;rvlkrl U!l ..... .J 
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;e. tmmnnUting room of tlte tdcphony oset. (a) Pou[.yen generator; (b) tuning 
(c) aerial ammeter; (d) speech control and modulating equipment. 
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the arc 
IO k\\7• 

set is approximately 

. The telephony transmitter is arranged 
for connecting up to the ordinary land-line 
telephone service for conversations between 
Copenhagen and the Island of Bornholm. 
and for this service it is necessary to arrangl' 
for duplex working. Reception is effectt•d 
hv means of directional frame aerials, 
it; order to eliminate interference. Th(•se 
frame aerials are housed in large weodt>n 
towers,· so that thev mav be rotatable and 
at the same time protected from the weather. 
Ry th_e ·use of a pair of frames, simultaneous 
working is affected with two stations, 
which are connected up to four-stage high-
frequency amplifiers. · 

A broadcasting service is now in operation 
from this station between the hours of 
7.30 and 8.45 p.m.. excepting Suncbys. 
The wavelength employed is 2,400 metres 
and the call sign 0 XE. 

Listeners-in \\ill appreciate the difference 
in quality between the arc operated telephony 
set, such as is installed in this instance, 
and the valve operated transmitters of the 
type with which we are familiar in England. lVooden towers in which the frame aerials are 

hou-sed. 

I 
~ .._ ~· J, 

..; ~-::. . 
~· :~~ 
~ ... ·~· 

Some fJj thr receit•ing apparatU8 U8cd for duple.r-teleplwny u·orking. (a) loW~e-coupled 
tun.tr; (b) rejector upparatU8; (c) H.F. lrtlll·'~former; (d) Mgh-frcquem·y ampl1jier; 

(e) low-Jre'Juency amplifier. · 

The operation of telephony apparatus with 
generators 

as it is no easv matter to mv<lulate oscilla­
tions as st't up by the arc. 
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-7 - · .. •. -· c;.;:;_,-c:::;~-:-:' :.. · - The '"'P door at the t"P. 

suspended aerial .. (2,ln::!lse showin~ tbe" earth 
. (1) Showing :\last ='lo. 2 :';,~rtJ';~-eye view of tbe ~o~·e~be radiatln~ earth wires. "'"~ 500rt. m~"- \'he ;e<iai lead-in trunk •• o • . I' rtn~. ( -1, tnset 
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Some Unusual 

Viewpoints. 
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'l'hl' aerials art' the mast 
and the grotm(l hy vulcanisl'<l st.rop insula­
tors. Leads nre taken from the hot.tom of 
the two legs to a Bradfield insulator fitted 
in the roof of the power room. 

It was originally intended to stren!!;then 
t.he roof and to anchor the aerials to it, hut 
t.his idea was abandoned. A special plat­
form is built on the roof of the power room. 
The leads from the 600-ml'tre at>rial go to 
one of th~> outside insulatms, and the lead 
frnm tlw 300-metrc aerial 1-{0e~ to the ot.ht•r, 
the t•arth leacls being joinc·d to the centre 
one. The in:;idc terminals of t.hese insulators 
go to corrrsponding points of t.he internal 
apparat.us. 

The 300-metre aerial consists of two 
parallel wires 160 ft .. in len~th and s<>parated 

I by wooden spreaders at t.he top and hot-tom. 
The earth sYstem consists of two sets of 

ten gah·anised ·iron plato('s, f'ach 6 ft. by 3 ft. 
arrangE>d in two segments of a circlt• of 80ft. 
radius having as rt•nt.re tht• mid-point 
between the nuu;ts. 'l'he plates art.> huricd 

• as vertical as possible without ha.viug 
' recourse to blasting the ground, which is 

of a rocky nature. 'l'he longer edges arc 
placed horizontally and bolte(l togt•t.her at 
t.he upper corners so as to form a continuous 
sheet.. To the centre of each plate a lead 
of bare 100-lb. H.D. copper wire is soldered, 
the wire being passed in and out through 
three holes in the plate so as to form a good 
mechanical as WP.ll as a good electriC'al joint. 

The earth leads are canied over short 
posts projecting 2 {t. a hove ground 5 it. 
from t.he centre of each plate, and thence in 
a single span to a special earth bar canied 
on insulators on the roof plat.form over thP 
hi:.dt-tension room in the operating houst•. 

A wire connecting each set of earth leads 
is carried to the centre insulator in the roof, 
the under side of the insulator being con­
nected to the earth arrester gap. The earth 
bars on the platform consist· of T. iron 
carried on third rail insulators. 

The prime movers are two semi-high-s}wed 
engines, each capable of dP.veloJ>ing 10 H.P. 
at. 800 l'evs. They arc fitted with owrhead 
valve gear and govern on the throttle. 

In each engine the tarburetter .is of the 

~-, Jf:f._, I. 

/ 

... >---. 
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-...:~~~ .;1 single-jt•t uut.umn.tic t.):pe 
']Ill'~··...,. t•xlululit heated vnpOl'i~et·. 'J'he carburetter 

is n.nan~ed for a petrol start. and is turned 
over t.n pnrn.flin when it wurmM up. Hi).!h­
tenMion magneto i~nition is t>mployed. Each 
prime JllO\'Cr is connected to a D.C. generator 
designed fui· an output of 5 kw. at 100 to 
14:0 volt.s at a speed not exceeding 700 revs. 
per minute. The D.C. generator char).!es a. 
ba.ttery of 52 cells suitable for a discharge 
of 378 ampere-hours at the !l-hour rate. 
The battery supplies ener).!y to a motor 
alternator; the motor is 100 to 140-volt 
compound wound of sufficient power t.o 

. } 

te arra ngt•mt•nt. Ul'e for eolwrn 
ji).!gl'I"S. This set ha11, howt>wr, only hf't'll 
inHt.allNl temporarily, and will be supt•rse!h•tl 
lat.er hv a stawlanl set. as at Fi11hguanl. 

Jn t~ning up thf' station atHl tcstin).! witl1 
Crooldmven, 200 miles west, the signals were 
giwn : " Clear as a bell and very strong."' 
A boat, 300 miles west, gave the signals a:-: 
stron". It is impossible to sav exactlv at 
prese~t what t.he ran~e of th~ statio~ i:-:, 
but it. is cunsiderabh· in excess of that of 
Fishguard. • 

The following i~; a list of the stations whilh 
comprise the P~:st Otlice scheme:­

C'l'LLERCOATS. 

NoRTH FoRELA:-IlJ.­

The power plant to he 
duplicated and the exist­
ing apparatus improved. 

NITO~.-A new station 
to be built to rcpla( e 
the existing one and the 
power to be inneast:d 
from ! kw. to 1~ kw. 

LIZARD.-A new st-ation 
to he built at St. .J n~t. " 
to replace the Lizard, and : 
the ·power to be increased 
from! kw. to 5 kw. 

RossLARE.-A new 
station to be built at 
Fishgua.rd to replace the 
Ro~:~slare station and the 
power to be 3 kw." insteatl 
of l kw. 

Fig. 6. St. Just Wireless Station Motor Alternator filled with 
Rotating-disc Discharger and Htgh-tension Apparatus. 

l\lALI~ HEAD.-A new 

station to be built tu 
replace the existing tme 

and the power to be increased from ! kw. 
to !:1 kw. 

drive the n.lt.ernator and tlisc di:-~chai').!PI"; 
the alterna.ttH· is design<'d to give a single­
phase CUITl'nt. at :300 ~·olts, 20il pt>riotls }ll'l" 

spcontl and a total out.put of ij kw. at unit.y 
power fador. :;pan' n.t·mn.t.un•s Hl"l' pro\'itlt•IL 
for all thr maehines. 

\\"it.h n•ganl t.o t.he r<'ceiYing st't. in eon-
. junctio11 wit.h tht• multiple turwr, t>it.IH•r a 

mugnd ic dl'tt•ctor or crYstal dt•tector may 
be. used. The atTange~nent of t.he air:­
tran~furmer, with a spiit secondary wiwling 
having the t<'lt>phones at the split and t-he 
cn·stal detector across the out.er terminals. 
\\';::; sug!!t~st.ed hy )Jr. J. E. Taylor, and 

. '• 

VALE:-:•·u.-A new 10 kw. station to be 
huilt. on Vall'ncin. Island. 

A mu~ieal nott' i~ provided fur the la~t 
fivP Htat.ionl', the ~'park frequencies bein;,! 
aoo, too. :;on, 1110 and 600, respectively in 
t.lt~• onl"r ~i \'t~n. 

~I.ilin lit>1Hl will follow closelY the desi)!ll 
of St ... Just, but there will be o1;ly one mast. 
and one aerial instead of two. 

~Ialin He1Hl, Yalencin., and ~iton Wirele&o.; , r 
:;tat.ion:; will be completed early t.his / 
year . 
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VLF AERIALS 
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German Wireless In 
Particulars of a Captured Enemy I nstallaiion 

FoRTY-NINE years ago-in August 1870 to be precise-the French under Bazaine 
were compelled to retire into the fortress of Metz after a vain endeavour to beat off 
the enemy hordes. The siege which then commenced was of long duration, ending, 

~LMiiii"''JJII~._ as all the world knows, in the yielding up of the great fortress to the Germans. 
Thenceforward, and until the Armistice was signed in November last, Germany 
remained in occupation, ever increasing the strength of this wonderful circle of forts, 
and jealously guarding its secrets. 

For a long time it had been known to the army of the Allies that a powerful ..; 
wireless station was in existence in Metz, and one of the first steps taken by the 
French authorities on re-entry was to photograph the installation throughout. 
Thanks to the excellent French official news service, we are able to give this month 
a set of photographs which clearly indicate tbe chief characteristics of the station. 

Our readers will see that the whole station buildings are below the level of the 
ground, a good gen~ral view ·Jf the situation being given below. Whilst this sunkP.n 

l
, position may affcrd a certain amount of protection, the exi~tcnce of the station may 

be perceived at a distance from the masts and aerial fittings. Furthermore, we 
doubt whether the thickness of concrete shown in our second ilJustratiCJn would be 
sufficient protection from a modt>rn high-pcwer bomb, while curiously enough the 
sides of the station in the trench seem particularly vulnerable. 

The aerial system is held aloft on two main ma'5ts and a number of shorter 
poles. One of these masts, as shown on page 675, is of the well-known R'=!ndahl 

(1'-'olo : Frmd U§i&ud. 

GERMAN WIRELESS STATION AT METZ: A GENERAL VIEW. 
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THE AERIAL LEAD IN AT METZ STATIO!>l'. 

type, construc.tet\ of metallic tub~~ bolted together, the whole being of tria.~gular 
shape and resting upon an insulated bas~. This type of ma!"t, while being particnlarly 
light and strong, ha.c; the great defect that the brP.akage of any iPcividual tube may 
bring about the immediate collapse of the whole structur*='. In this way a flying piece 
of shrapnel might bring the whole aerial system to the ground. A further peculiarity 
of these masts lies in the fact that the metalwork forms part of the arria.l. A seconrl 
mast, entirely of wood, is of the same height as the Rendahl mast-i.e., 250 feet. 

The aerial, as will be observe!\ from the photograph on this page, is led into the 
station by three down leads supported by heavy porcelain insulators. The interior 
of the station geems to be quite roomy, and contain,;; several sets of apparatus, with 
arrangements for transmitting and receh·ing both damped and continuous waves 
on a number of wave-lengths. The damped wave transmitter., which we have not 
illustrated here, possesS(3 S no point of novelt being a standard frelefunkcn quenchf'd 

installation of moderate I '· v.... .... • 
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IN GERMANY. 
Left, the aerial and one of the towers Of the 1\Iiinster broadcasting station, \Vhich Conducts 
daily transmissions on a wavelength of 410 metres; below, the aerial of the Miinchen 

· · station, operating on a 485 metre wave. Both 
~- .· · ·· :)·. these stations transmit afternoon and evening ·· 

. -·{:J';;_,_:: .. ;:~,-:-w:·:~£ -·· · - ~~~~~~~::;~~:ts~~;:~~ \J:.~~£:~::~~~:!e: 
:r. i! A. G., whilst the .:\Iiinchen station belongs to the 

Deutsche Stunde in Bayern. 

The site of the 505 metre station in Berlin is 
shown in the picture abov~, whilst the building 
which carries the Stuttgart masts and aerial is 
shown on the right. This building also houses the 
studio and the transmitter. 
The wavelength of the Stuttgart station is 443 
metres, and the station belongs to the Suddeutsche 
~und~unk Aktiengesellschaft. 
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Signal Strerigth Distribution 
Over the Home Counties. 

By W. H. F. GRIFFITHS, A.M.I.E.E., Mem.I.R.E. 

JI 
N a recent article in this journal, by R. H: Barfield, 
an excellent contour map of 2LO was g1ven. All 
kinds of maps are fascinating, especially to· those 

possessing a bent for geography, and contour maps are, 
perhaps, the most fascjnating of all. '\'ho among the 
scientifically minded has not experienced a thrill upon 
being shown, for instance, the contour model or map of 
an ocean bottom ? . . 

The field strength contour of a popular broadcasting 
station should appeal equally to one's imagination inas­
much as it portrays that which c:-tn be measured, though 
it cannot be apprehended directly by any of the senses-
a charting of the unseen. · 

If the field strength over the whole area served by a 
broadcasting station is to be shown on a single map there 
is no other manner in which to do so but by means of 
contours. Unfortunately, this method does not always 
give the true situation at a glance, due to the fact that 
the law connecting field strength with distance is non­
linear. If, however, a single diagram be drawn to show 
the field strength at every point at a constant pistance 
from the station, conditions at this distance are much more 
quickly apprehensible. In this way, using the data given 
in Mr. Barfield's article and m the paper read by him 
before the Institution of Electrical Engineers, diagrams 
haYe been drawn showing the field strength at Io, 20, 30, 
so and 82 kilometres radius from 2LO. These are 

t 
(8) 

FIE!...D 

gh·en in Fig. I, A to E respectively. The radial ...... .&U?!L&~;·•~n.~. 
sion in any direction is proportional to the field StrE~ng1tn 
obtained in that direction, the diagrams being plotted _to. 
varying scales so that, whatever the distance from .the · 
station, the representation of mean field strength is con-·:~ 
Stant. The thin circles represent this mean strength and: 
help in quickly forming an idea '){ the reception con~·:. 
ditions prevailing in any particular direction at a given 
distance from the station. 

(Cj (D) 

\ 
I 

(E) \ 

STRENGTH AT- 10 km :6·2 mls) RAD. 20km(12·4mls)R-1.0 30km.(18mls·, RAD 50 km :31 mls) RAD. 

1·8 mV/METRE 

82 km.(50 mls) RAO. 

0·6 rnV /METRE MEAN FIELD = 24 mV/METRE 
STRENGTH 

10·'2 mV/METRE 4·9mV/METRE 

Fig. 1.-rield strength contours or 2LO for various distance!> up to 50 miles. 
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'fhe Field of 2LO.- ·· . 
. . l ... ~2 .. , 1T1e gre:.1t diffcrenc~, at this dis-

. :~tance from London, between reception conditions in north­
. west~rly and south-westerly directions not being empha­
;~ised by the corresponding contours. \Vhereas with a 
:glance at Fig. r, E, it can at once be confirmed that 
Hampshire and "-est Sussex are " deaJ spots" to ret:ep­
tion -from 2LO. 

' N 

t 

densest Part of London Is here shown as ao e~a­
shaped area to the east or lLO. 

the diag!ams are nnt plotted to a distance 
eJ the River Thames, and in ·some cases a pQrtion of 
coast lirie, :njay ·be included, if desir¢d, to a 'scale 

. · · 5ome relation to the radius for whiCh the diagrJ.m 
plotted in order _to simplify c_omprehension still further. 

scale of the map drawing can, for example, be fixed 
·\·eniently by making the mran fie-ld str~ngth circle 

with the distance circle at whic~ the fielJ 
is being shown 

Each diagram can l>e made complete, quantitatively, by 
· . . ting the value of me~m field strength . 

. :~~s-Jn any particular direction, moreo..-:er, the rate of 
:~ttenuation above or below the normal value, due to local 
:;~:~riations of the earth's surface, can be at once juJged 

.>.~.: · · ~~y -notihg the mO\·ement of the field strength curve relath·e 
-~~~o .. the circumference of the mean circle _at that point in 

Jr~ . ;~uccessi\·e di~grams. 
·Ti •• 

. ..,. The Attenuation Due to a City. 

-~~-· In his article and· paper ~Ir. Barfield deals very com­
. plt·tely with the effect of "·ell-wonded country upon attenu­

ation, but there appears to be required some explan~til)ll 

for the want of uniformity of the initial attenuation at 
cl•)se range before reaching the really well-wooded parts . 

The only explanation (except for slight directionJ.l 
effects of the transmitting aerial) can be that of a reduc­
tion of apparent surface conductivity due to ab.surption 
by the more or less conducting structures in the m~re 
Jen~dy constructed p~uts of the l\letropolis. As :.1 crud~ 
:1ppruxinurion, the Jcns~·st part of London can be repre­
:-ented as an egg-shaped area with the City of Londvn u.~ 
its centre, as. shown in Fig. 2. In this ti;.;ure the pn:':'ition 
of 2LO is indicateJ as the centre from \rhich tbl.! 
r:ldial lines of transmission are drawn corresponding ''ih 
tht: directions taken uv ::\lr. Barfie!J. If the lcn:.::lhs o,:. 
ob, Ot", etc., of these lines be me:1.suretl an:l r:-~c·i:­
reciprocals be plotkJ in the same directions, a dia.s-r.:m 
(Fig. 3) somewhat like that of Fig. I • .B, is uLtained. 
That is to say, it corresponds with the ti.e!J strength actu­
ally obt~ined at a radius of 12.4 miles-the point w:1e~·~ 
all City absorption has ceased, but before any veiy great 
,·egetation absorption ·takes place. lt is not claim~J that 
this is sufficient proof of the initial uneven attentlJti·.:.!l 
by the City, but it must, it i5 thought, have som(! bearing 
upon the matter. 

t 

Fl~. 3.-If oa, ob, oc, etc.,. n Fig. l be measured and their 
reciprocals plotted in the same directions, a diagram like 

Fig. 1, B, ls obtained. 

In conclusion, it should pcrh.1ps be mentioned that te.:,ts 
in a direction E.S.E. of Lonuon at a radius of ahJut rc 
miles, in October of last. year, ga\·e a field strength of I z 
millh·olts per metre. The tests were m:tde by measurin;; 
the resonance volts across an inductance in series \vith =tn 
aerial of known constants, and the re<;ult apparently 
a~rees well with the value gi,·en by ~Ir. B.utield f·Jr this 
di~t:mce. 

I 
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April, 1923 MODERN WIRELESS 

TIMES OF REGULAR TRANSMISSIONS 

TIME CALL-
(G.li.T.) SIGN. 
~lid-
night GBL 
ooo5-} FL 
0205 
0100 POZ 
0100 ICI 
OI20 GBL 
o2oo GKB 
o2oo GFA 
0230 UA 
0300 HB 
0315 FUA 
0330 FL 
0400 UA 
0430 FL 
0550 ICI 
o6oo GFA 
o6oo IDO 
o635 LP 
o6so LP 
0700 POZ 
o7oo FL 
0715 FL 
0730 UA 
0735 GFA 
9740 SAJ· 
0750 BUC 
o8oo EA....o\ 
o8oo GFA 
o835 GFA 
o84o LP 
o845 CNM 
o85o GFA 
o85o LP 

1 o855 STB 
0904 YN 
0915 GFA 

! 

0923-}FL 
0930 
0925 FL 
0928 ZM 
0930 IDO 
0935 GFA 

~i~}FL 
1000 FL 
1003 FL 
1028 ZM 
1035 FL 
1035 GFA 
1036-} FL 
1049 
1044 FL 
1050 Z::\1 
III5 PCH 
1128 Z.:'d 
II30 FL 
II35 GFA 
II3o-} FL 
1205 
II3o-} FL 
1300 
II50 Z:\1 
IIS5 POZ 
12oo GBL 
12oo ICI 
1228 Z.\1 
1230 t:A 
1235 GFA 
1300 LY 
130Q-l FL 
q.rs f 
1306 A.:-l. 
1328 Z:\1 
1335 GFA 
qoo GFA 
I4oo G~F 
I4I5 UA 

This list, tho-ugh shorl, incltula only those stations artuall.v heard in England. 

NAME OP STATION. 

Leafield 

Paris 
Nauen 
Guglielmo Marconi (Coltano) 
Lea.field 
Northolt 
Air Ministry 
Nantes 
Budapest 
Bizerta 
Paris 
Nantes 
Paris 
Guglit"lmo· Marconi (Coltano) 
Air Ministry . 
Rome 
Berlin (K6nigswusterhausen) 
Berlin (Kanigswustcrhausen) 
Nauen 
Paris 
Paris 
Nantes 
Air Ministry 
Karls borg 
Bucharest 
Aranjuez 
Air Ministry 
Air Ministry . 
Berlin (Konigswusterhausen) 

Air Ministry 
Berlin (K6nigswusterhausen) 
Soesterburg 
Lyons . 
Air Ministry 

Paris 
Paris 
Le Bourget 
Rome · 
Air Ministry 

Paris 
Paris 
Paris 
Le Bourget 
Paris 
Air Ministry 

Paris 
Paris 
Le Bourget 
Scbeveningen 
Le Bourget 
Paris 
Air ~linistry 
Paris 

Paris 

Le Bourget 
Nauen 
Lea.field 
Guglielmo Marconi (Coltano) 
Le Bourget 
Nantes 
Air :\Iinistry 
Bordeau:~: 

Paris 

Nimes 
Le Bourget 
Air :\linistrv 
Air ~IinistrV 
North Foreiand 
Nantes 

WAVELENGTH. 

"~' .::8,750 C.\V. 
. · ~·~::~,ooo . 

}2,000. c.w. 
•' .'1' .5,2.50 c.w. 
·; '8,750 c.w. 

6,8.50 c.w. 
··-4,100 c.w. 

9,000 c.w. 
-4,250 
S,ISO C.W. 
6.500 c.w. 
9,000 c.w. 
7.-400 c~w. 
5",250 c.w. 
-4,IOO C.W. 

u,ooo c.w. 
. .5,250 c.w. 
. 5,250 c.w. 

3,200 c.w .. 
6,5oo C.W. ·. 
9,000 c.w. 
r,68r C.W. 
·4.300 c.w. 
7,500 c.w. 

.• 6,']00 c.w. 
4,IOO C.W. 
t,68o C.W. 
:5,250 c.w, 
s,ooo c.w. 
4,IOO C.W. 
s,259·c.w. 
1,68o C.W. 

. 15,000 c.w. 
._4,100 c.w. 
2~6oo Spark. 
2,6oo Spark. 

-1,68o C.W. 
n,ooo C.W. 
I,68o C.W. 

2,6oo Spark. 

2,6oo Spark. 
3,200 c.w. 
I,68o C.W. 
2,6oo Spark. 
1,68o C.W. 

2,6oo Spark. 

2,600 Spark. 
1,68o C.W. 
I,8oo Spark. 
I,68o C.W. 
2,6oo Spark. 
1,68o C.W. 

7,000 c.w. 
'],ooo C.W. 

I,68o C.W. 
3,100 Spark. 
8,5oo C.W. 
5,900 c.w. 
I,68o C.W. 
3,400 Spark. 
I,68o C.W. 

23,500 C.\V. 

7,000 c.w. 
I,68o C.W. 
1,68o C.W. 
1,68o C.W. 
4,Ioo C.W. 

6oo Spark. 
9,500 c.w. 

TIME CALL~ 

(G.M.T.) SIGN. 
1425 OPO 
1428 Zl\1 
I430 YN 
1435 GFA 
1435 FL 
15oo . FL 

~~~} FL 
1505 STB 
1525 OPO 

•15_28 ZM 
1535 GFA 
1625 OPO 
1628 ZM 
1635 GFA 
1'715-} FL 
z8oo 
r8oo POZ 

.. , ·t8oo FL 
I830 POZ 
1~30 STB 

. 1900 OUI 
1900 GFA 

· 1900-} FL 
1930 

. 1945 CNM 
1955 LY 
2000 GBL 
2ooo SAJ 
2000 EGC 
2015 LY 
2015-} FL 
2200 
2030 EGC 
2045 IDO 
2130 LY 
2200 FL 
22JO. UA 
2235 FL 
2236-} FL 
2249 
2244 FL 
2300 IDO 
2315 PCH 
2330 POZ 

NAME OF STATION. 

Brussels 
Le Bourget 
Lyons 
Air Ministry 
Paris 
Pari:/ 
Paris 

Soesterburg 
Brussels 
Le Bourget 
Air Ministry 
Brussels 
Le Bourget 
Air Ministry 

Paris 
Nauen 
Paris 
Nauen 
Soesterburg 
Hanover 
Air Miillstry · 

Paris 

Bordeaux 
Leafield · 
Karls borg 
Madrid 
Bordeaux 

Paris 
Madrid 
Rome 
Bordeaux 
Paris 
Nantes 
Paris 
Pads 

Paris 
Rome 
Scheveningen 
Nauen 

Operating almost continuously : 
FL Paris 
GB 1 Glace Bay 
GBL Leafield 
GKU Devizes 
GLA Ongar 
GLB Ongar 
GLO Ongar 
GSW Stonehaven 
LCM Stavanger 
IDO Rome 
MUU Carnarvon 
QUI Hanover 
POZ Nauen 
UFT Saint Assises 
\VGG Tuckerton 
WII New Bruns~ck 
WQK Long Island 
WQL Long Island 
\\'SO Marion 
YN Lyons 
LY Bordeaux 

WAVELENGTH 

I,68o C.W. 
I,68o C.W. 

15,000 C.\V . 
1,68o C.W. 
6,500 C.W. 
7,300 c.w. 
'],000 c.w. 
I,68o C.W. 
1,68o C.W. · 
1,68o C.W. 
I,68o C.W. 
I,68o C.W. 
I,68o C.W. 
1,68o C.W. 

'],ceo C.W. 

6,500 c.w. 
6,8oo C.W. 
9,000 C.W. 
1,68o C.W . 
9,500 c.w. 
4,100 c.w. 
'],ooo C.W. 

s,ooo c.w. 
23,500 c.w. 

8,750 C.W. 
2,500 Spark. 
I,6oo Spark. 

23,500 c.w. 
7,000 c.w. 
2,000 Spark. 

II,OOO C.W. 
23,500 c.w. :. 
2,6oo SJ>ark. 
9,500 c.w. 
2,6oo Spark. 

2,6oo Spark. 

2,6oo Spark. 
n,ooo C.W. 

I,8oo Spark. 
12,600 C.W. 

8,ooo C.W. 
7,8so C.W. 
8,750 C.W. 
2,100 c.w. 
2,900 c.w. 
3,800 c.w. 
4,350 c.w. 
5,tivo C.W. 

I2,ooo C.\\. 
xr,ooo C.W. 
q,ooo C.W. 
14,500 C.\V. · 
I2,600 c.w. 
15,ooo C.\\'. 
I6,IOO C.W. 
13,600 C.W. 
16,460 C.W. 
19,200 c.w .. 
11,500 C.W. 
I5,000 CW. 
23,500 C.W. • 

BRITISH CJ>AST STATIO~s WoRKI:sG Co:sTINt:ot:SLY ON 6oo 
METRES: 

GCA Tobermory, GCB Lochboisdale, GCC Cullercoats, GCS 
Caister, GKR Wick, GLD Land's End, GLV Seaforth, GNF 
North Foreland, GNI Niton, GPQ Parkeston Quay, GRL Fish­
guard, GXO Crookhaven. 
CONTINENTAL COAST STATIONS CONTINUOUSLY HEARD ON 600 
~IETRES: 

FFB Boulogne, OST Ostend, PCH Scheveningen. 
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·Station. 

1805 Borkum Riff Lightve8861 .• 
1810 Friedricbsort 
1816 Friedrichahafen 
1816 Lorient 
1820 Danzig 
1826 Brest 
1830 Frankfort-on-Main 
1830 Pillau 
1830 Sidi Abdallah 
184() Malta 
1846 Ain el Turk 

1846 Berlin 
1856 Breslau 

1900 Eilvese 
1900 Coltano 
1900 Borkwn 
1900 Mediouna 
1905 Konigsberg .. 
1905 Amrum Bank Light vessel .• 

1910 List "t 

1930 Naples 
1930 Prague 
1930 Taranto 

1940 Florence 
1946 Warsaw 
1960 Beirout 

lOOO Constantinople, Osmanie .. 
2000 Leafield 
2000 Karlsborg 
2010 Paris 
2030 Lyons 
2030 Nauen 
2030 Bordeaux-Laf&yettlt 
2044 Devizee 

2046 Coltano 

llOO Malin Bead 
2118 Land's End 
3130 Norddeich 

2130 Budap at •• 
2130 Monsanto .• 
2145 Brest 
2145 SwinemQ. 1de 

2155 Moscow, Khodynka 

Arlington (U.S . .-\.) 
Colta.no 
List .. 

2230 Lyons 

Call Wave- '-
Sign. length. System. 

KBR 
KBK 
FD 
FUN 
DG 
FUE 
FR 
KAP 
FU.\ 
GHA 
FUK 

DL 
BU 

OUI 
ICC 
KBM 
CNM 
Kl> 
KAF 

KAL 

ICN 
PRG 
ICT 

G'iF 
WAR 
UAB 

600 
720 

1,300 
2,800 
1,950 
2,800 
1,875 

600 
6,150 
4,800 
3,300 

2,000 
1,550 

9,600 
10,750 

600 
5,000 
1,150 

300 

1,250 

3,800 
4,600 
5,o_oo 

900 
2,100 
6,100 

OSM 7,500 
GBL 8,750 
SAJ 2,500 
FL 8,000 
YN 16,100 
POZ 4,700 
LY 23,450 
GKU. 2,100 

ICC 

GMH 
GLD 
KAY 

HB 
CTV 
FUE 
KAW 

RAI 

NAA 
ICC 
KAL 

YN 

10,750 

600 
600 

1,800 

3,1:0 
600 

2, 00 
1,800 

5,000 

5,950 
10,750 

1,260 

. 15,100 

Spark 
Spark 
C.W. 
C.W. 

c.w. 
C.W. 
Spark 
c.w. 
c.w. 
c.w. 
c.w. 
c.w. 

c.w. 
C.W. 
Spark 
c.w. 
c.w. 
Spark 

Spark 

c.w. 
c.w. 
C.W. 

Spark 
c.w. 

c.w. 
c.w. 
Spark 
c.w. 
c.w. 
c.w. 
c.w. 
c.w. 
c.w. 
Spark 
Spark 
Telephony 

Spark .. 
Spark .. 
c.w. 
Telephony 

Spark 

c.w. 
c.w. 
Spark 

c.w. 

Remarks. 

Synoptic report. 
Synoptic report. 
Weather bulletin. 
Meteorological report. 
Weather bulletin. 
Meteorological report. 
\V eather ·bulletin. 
Syxroptic bulletin. 
Tunisian synoptic report. 
Synoptic report. 
Algerian and· Tnniaian .. synoptic 

report. 
Weather bulletin. 
Weather bulletin. 

Tranaatlantic news bulletin. 
Naval traffic. 
Navigation warning. 
North African synoptic report. 
Synoptic report. , 
Weather report in plain language 

(German). 
Weather bulletin in plain language 

(German). 
Southern Italy weather report. 
Press message. 
East Mediterranean weather fore· 

cast. 
Northern Italy weather report. 
Preas meuage. . 
Syrian synoptic report. 

Turkish synoptic report. 
Foreign Office news message. 
News. 
News. 
News. 
News. 
News. 
Calibration signal. 

Italian Meteorological report. 

Weather forecast and report. 
Weather forecast and report. 
Synoptic I'E'port and forecast for 

North Sea. 
News in French. 
Portup,ueee synoptic report. 
Weather bulletin. 
Weather forecast for Western and 

Middle Baltic. i 
Time signals. 

i 
Weather forecast. 
Working with Halifax (Canada). 
Weather forecast in plain languapr' .. ,.. .. ~ 

(atn-n). 
Press meesage .. 

I 

.. ~ 



* • * 
The First. Amatcu' SigMl to Com.e. 

from Engla11d f . 
WHAT. are believed to be the first radio ~ 

.signals from ~nglish amateurs to be picked ru...,. 
up by Amer1can amateurs . have been re- ~~ 
ported by A. B. Tyril, ·of Riverhead) ;New 
York, and F. Kral, of Washington, D. C. ~ 
The signal, 2 F2, was transmitted by the Man­
chester Wireless Society of. Manchester, Eng- . 
land, -on· the night of December 22, 1922. • The ___ ..... 
reception of the signals by the two Americans 
was promptly reported to the American Radio !• 

it Relay League of Hartford, Conn. .It is pos- · 1 sible that this is the first recorded instance of 

/ 

an amateur sign~l to reach this country from ... 
across the Atlantic. · t; 

~-. ' .,. ... )'I· ,r-. 1 . 
,.• .. ·' I ' \~-· 

. .~ ( . ~ 
~ 
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-- · ENGLAND'S BEST-KNOWN "HAM" 
·. · · '!'him.sands of American amateurs are familiar with the signals of 11/r. 

Gerald Jfarcuse (2 N1H). Here ·is the radio shack from .which they 
come at Caterham, Surrey, England. Jfr. 1.llarcuse's re~iving ap­
paratus is shown at the left of the picture, while jtL8t to the right of his 
head may be seen the huge quartz tube used in many recent transm~sions. 

-

--

--
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New- 1916 Edition Wireless Manual A9 

READY MAY 1st, Send 1 Oc. for It 
YOU WILL GET YOUR 10 CENTS BACK ON AN ORDER FOR $1.00 . . . .\ 

New di.o~~erama. Nc:w rnatter. Everythlnac brouaht up-to-the-minute. Moat C:omplete Manual aa well aa liat of up-to­
d~tte, rt:luahle wireleu gooda. We n1anufacture a lot ouraelvea and handle the very beat that other• ma!'e· 

Our l .. odu:t Electrical Cat~tloacue W28, 248 pa!fea, mailed on requeat. Thia catalo(UO contain• practically everythinac in 
~~:eneriil u•c in the electrical line and ia in fact a amall pocket encyclopedia of olectric:al.rooda information. 

.EVERY. ONE SHOULD HAVE A COPY OF BOTH 

Mesco Rotary- Spark Gap 
I.JuU .. ;' ta~h JUI&.·dt•:ll ra••h• t ·~,. he• he..at•l at .rrnuh·r tJl,.tu.Ju·n• 

lh,,u rtw hull· fr·lfn rtw ........ ,,.,,..,r; ,.,,,.. C'auuur l~t• Julltl.a~•·u 
l••r .. , ;,rh· ,,, ••tiH·r .;atu••• ... l•lwrh· •JI.=.Jurlut.Jn·t.,. l"rt•lu•·•.,. anart• 
• ,.,\,. ••I '''"' .... ,.,,, .... , d•.,.·n·uu-uc IJu:re•H.'tl":t lrtuaatullllt•ll t·m· 
•·k·tt•'\ .:u t•• :su IM't •- •·ut 

J'lu• rt•l.atllu: IIU"IUIN•t fuUC '"'t•l\'t• .Mlj~kiUI&: JMtlJitll llutUIIlt•J Ill& 
·• hnr•l ruhht"l' •ll"'k uu•l b t'ali'Th<il uu tbe• IUUtur ~thaft ''M.U IH.• 
~-.wt• •••ar .:tva.rk e·uiL .. ••r lrttthf••run-rrt UIJ tu I K \\'. II&~~~ '"'• 
:~t;''""'·"" •·l····•r•"""' •Hh :-, .... ·t.al u•IJu:dhuc cJe•\t•·•-n. 

'"" tolool"· \l,.luf' In u ... •l \\Ill "l""r;llt• ull 1111 A. c· •or II I' 
drnuh "''"" .. ) ul ... :•••• IC J' \I. AL..,., uuule •·Uh ••ur Cil••ht· 
ll.tlt•·r\ \l••lur. •hk·h 1.:au lw .. ,, ... rah·d uu·a Ah.-,ult l'lr•·uu 
l.l ~t "•• J'rl•·•• 
.:.!~ \1••..-·u ltuttt.r\· !"4lmr.._ {;""· li \'•.tt . . . . . II~ UIIJ 
.!~I \lt•..,·u llur·•n· :oOI"""' lu•l•. 1111 •·, .\ c· ur II t' II 1111 
~••• llul4t\ l'ull ••uh. "llh '""'' :-.c.uluuO&t) I h·•·trutln• 

f••r ~~ lh au. ~h..aft 1 CIU 

Mosco Intensifying Transformer 

t ., •. L ,,,, luh·u.,lh 1:~..: --l.:ta:tl:-4 r ........ n .. J fruru aU)' ('f\ "'"'I •••.•• , .... , 
h. • ••11111""~~'111•.: .• n a&a•ll••ll •lt·l• .. ·tur uu rlw ttllu-r l"ltlt• u( llw trah.• 
~~~-~~·i·.:. 11~1•:.~·1~111, •• 7,, .~;~:.' :.!;!, .. ~\:,:;:• ,.,. . ., awlh•U ,J,-~t .. ·c.,,-.. .. -.hcu.,a .. 

\• u-.••··· • ._ .... lllre-.· uf lh•· .. · tr.,u ..... l••rru•·rot •·a.u h•· •·ufln• ... ·h·d 
'"'l\\ 1 '''11 .tl&•ll"ll •I• tt. ... rur ... lh ,.,, .... ·•·h·. lurra&lf&" "'u llllt·tuol'h•r 
u. '""'h..: u , ... , .. ,,,,. I•• '''"''' ~t.::r..,a .. 1110( twur•l •lfh ;,.11; ~lutt:h• 
._,;, '"''• ol..r •. , '·•r IH.'6:r.i.a.U& •.of ··oJUw•·U··•~ •Uh f•all •Ur•·•·lluu ... 
"Ill• •·.uta IIJ-.truuu-ut. 
Ja .. r "~.. t•ran• 
.;~& ltal•·h ... &I~Liu( •1 ru.u:duruwr ........ .. . . ••• uu 

Mesco High Efficiency Spark Gap 
\•l·•l•h,.J fur ... t ... ll••l•~ 

111• 1•• ·, h. \\ ··~•··u I 
t. H ....... 1" uf l•·lhtut& 
hartt ~·.l·h•·r ~'-'' •l .• r•l• 
oil I ,,f l~o11tl t\aflfM•f I ool!t 

~~~ :~~~-~~::~ ... t' 1 ·~·.r .. ~~~~ :•i•,:• 
ll.•t·1 n.r.t"·r ,.,, .... ••h 

u .•. l•r.L .... ''"''"' p•·ru.u 
trw l•••..:!t• ••I tlu: .:.q• 
lol In \06(1• .. 1. •)tlo~ 

.... ,,.u,.a: :""1•·•'"'- ••·ru .. ha:•h "''' .• r &It··· • ...,,,,1 ,,,,. :•·au·• .... •d•· 
I I•' ,,, P!'!•·•• 

••· · 11 . .:1, I ~!l•l•lw; :"'l•.af• '~·''' ~~ ~~ 

Mesco Universal Detector Stand 
11 .... a b•·•v>· l·r- ru1•. wllta fuur bhatllllll M'n·wa; •·111 

IP•Itl •·r)""'-""' uv cu '• In dlanu•rrr A bullu• ataudanl 
,.,.,.1,,....,. a hr- l.o~~ll Thruutrh au ttl't'llll'll 11 ltr"* anu 
.. ut. ha~tl rubb.·r I"''""'' a.. ... ·ur....t ,.,., lu ltOt· t....ll. lllt~ll.l"' 
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1 ................ 11•·· .. 1 
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un. t!n• batt.-ra... C "unlat•t l't•lnt.c uf bullY )I IJI&tt· 
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Mesca Flexible 
WIRELESS 

TRANSFORMERS 
Will uaakc(wlrt:h­

&LtiJMratu. :.wu ~~ r 
n·ut usure t:ml'lt. Ul 
\\ a ... u .awn clrt·~ott· 
t.'tl "r "·tun ctuuv· 
IJIIC c·cJUth'hiM',.. d• n• 
HUt f'ltiUIIUht' 1&11) 
IIUfrt! l.tu•nr th;:h 
llu: UJ&lfiCIIt'tlt: atuuat Ill,...,'"' c·ua IJt­
•·utllit"·tt-.1 tUllt'l ~~ 
"Jt•·rualh•K: drt·ull. 

,., ... ,,, .. 

Manhattan Electrical Supply Co., 
17 P•rk Pl•oe • - • New York 
I 14 S, 6th Avt:nue • • Chlo•go 
I I 08 Pine Street 5t. Loula 
804 Mlaalon St:, 5an f'ranolaoo 
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