
VRIL 
COMPENDIUM 

VOLUME 
10 

VRIL 
AND 

ELECTRIC RAY 
TRANSMITTERS 

VASSILATOS 
1995 





VOLUME 
10 

TABLE OF CONTENTS 

COMMENTARY 

PHOTO PHONES 
AND 

RADIOPHONES 

RAY GENERA TORS 
AND 

TRANSMITTERS 

VRIL SIGNALS 
AND 
RAYS 



L. 

u 
L 
L 
L 
L 



SECTION 
1 

COMMENTARY 



r 

I 

I 

L 
L 
L 
L 
L 
L 



VOLUME 10 

VRIL AND ELECTRIC RAY TRANSMITTERS 

10.1 VRIL AND CONSCIOUSNESS 
No treatise which deals with energetic rays and beams can be 

considered complete without discussing the conscious interactions 
which they stimulate when passing through the terrestrial 
environment. New understanding always begins with basic 
examinations of how we perceive and how we know. This 
epistemological examination of the world becomes experiential only 
when combined with qualitative method, the ancient scientific 
means. Conscious examinations of the world require guidance and 
discipline. It is only then that students are able to recognize the 
distinctions in experience which normally eludes their ordinary 
perception of the world. 

Conscious examinations engage the process which modernists 
refer to as metacognition. Examining one's awareness is a skill 
which quantitative analysts do not any longer engage as a valuable 
world-examining tool. Nevertheless, our own consciousness is the 
laboratory through which the most remarkable realizations 
concerning the world are made. In fact, it is only through the 
laboratory of our consciousness that we discover the most wonderful 
fact concerning the world and its condition, a fact which children 
innately know and experience: that the world is based in 
consciousness, and not in matter. The world is a magickal composite 
of projected realities; a nexus of blended experiential terraces. 
Of this however, deeper mention will be made as we progress in our 
treatise. We must first address certain accessible modes by ~hich 
the world may be known in the deepest manner. Rediscovering the 
conscious foundations of the world is rediscovering the magick by 
which it is both generated and sustained. 

Before we begin, we must clearly distinguish the terms 
"inertial space" and "experiential space". Experiential space is a 
shared reality. Experiential space does not stop at the boundary of 
our skin. It permeates us completely. We are thus completely fused 
with experiential space. The Vril Matrix is this experiential 
space, a stratum from which consciousness and sensation are both 
drawn. More than this, the Vril Matrix is a stratum where our 
deepest feelings and imaginal representations can be wordlessly 
projected and shared. Vril changes modify our experience. our 
experience modifies Vril. Through Vril connectivities, real 
connective discharges through our bodies , we are in total communion 
with our world . Rare and furtive in occurrence, there are times 
when it seems as though a window to this world communion opens. 
Other times this experience is absent. We notice that these world 
communions occur with greatest frequency in certain places. What 
then is it which blocks and resists us? 

Inertial space occludes the full experience of the deepest 
Vril domain. How does it accomplish this? Vril experience, eidetic 
experience, occurs entirely in the auric anatomy. The aura is the 
seat of all sensation and consciousness. Vril is the source and 



sustainer of the aura, feeding it through innumerable connections 
which permeate the skin. These thready and feathery discharges 
enter into the specific physiological locus associated with the 
solar nerve plexus, exiting through the lumbar region. We infer 
that auric "terminals" indicate auric anatomy, a structure which 
remains mysteriously cloaked in flesh. Only medieval drawings 
reveal somewhat of the auric anatomy, having been intuitively 
derived by visionary sensitives. The chambers and interdigitating 
layers drawn by these pre-dissection medical practitioners reveals 
physiological infrastructure which determines physiology. Auric 
threads continuously enter and exit physiology because they 
maintain auric integrity. When this process is in any way occluded, 
greatly diminished perception, consciousness, and physiological 
vitality are experienced. 

It has been found that personal experiments, conducted in the 
immediate accessible environment, best stimulate and initiate the 
student. such personal experiments are simple. They form the 
collective thesaurus upon which the ancient sciences were based. 
Subjective experiments deny the explanations and filters which have 
been absorbed by academic encounters. This is a qualitative science 
which has not been widely proliferated in our time. Through it, 
one may acquire sufficient initiatory awareness before reaching a 
complete appreciation of the Vril thesis. 

Penetrated focus on any specific world point brings the 
examiner into and through layers of conscious experience. Continued 
penetration of matter through this conscious focussing process 
reveals the power of mind over inertia. Matter can be permeated by 
the mind. One can literally think through objects. But our 
intention is first to present the reader with a small personal 
experiment which will initiate awareness on the interactions 
occurring between mind and matter. 

Vociferous objections to this experimental procedure usually 
come from objectivists, whose worldview is completely quantitative 
in nature. Nevertheless, what they refer to as "Ganzfeld phenomena" 
are not satisfactorily explained as visual displays entirely 
produced in the retina. Ganzfeld phenomena are only partly 
explained by assuming them to be the projections of mind on the 
eye. They are most certainly the result of conscious projectivity 
through the ocular region, producing photochemical effects. 
Assuredly, the actual experience gained through this method is not 
photochemical in nature. Photochemistry follows the flow of energy 
which joins observers and objects. Knowing the photochemistry does 
not in any way inform experience or modify that experience. 

Because these visual displays are most certainly modified by 
object geometries and substance, they indicate a fundamental unity 
between the observer and the observed. Experiments have been 
performed by using identical objects made of differing substances. 
The results would produce a revolution in the quantitative camp, 
were they not ignored. In Ganzfeld phenomena we recognize the 
forgotten and often derided visual gates of consciousness. 
Furthermore, observers experience Ganzfeld effects when gazing 
toward objects in absolute darkness! The Baron Karl von Reichenbach 
proved that this phenomenon was not produced by changes in retinal 
photochemistry, but by an energetic emanation from matter which had 



previously not been known . Photographs of these luminous emanations 
were produced. Were it not for the resistance with which academes 
continually thwart the acceptance of experience-derived facts, we 
would not suspect them to be entirely predisposed and prejudiced in 
their approach to natural phenomena; a poise unbecoming for those 
who claim to be seeking truth. 

Ganzfeld phenomena were not always considered to be the 
autonomous projections of mind chemistry as they are today . 
Representatives of the very highest scientific credentials 
considered Ganzfeld phenomena to be visual displays produced by 
body-external energies which were actively permeating the 
examination space. It is yet possible to utilize large white 
screens in order to prove the Victorian doctrine. One has simply to 
gaze into a white screen to first sight the visual displays which 
emerge. These displays alter considerably when calmly shifted both 
the screen and the viewing angle within a test space. If the 
displays were wholly projected by the retinal chemistry alone, why 
then would new screen positions produce such drastic and diverse 
visual displays? The eidetic television system of Nikola Tesla was 
entirely based on studies of visual phenomena and the nervous 
system. 

The experimental art of GAZING is ancient and initiatory, 
requ1r1ng guidance and detailed identifications. Gazing into 
objects reveals a most startling series of observations, phenomena 
which reveal a new domain of experience. This process is gentle, a 
quiet consideration of qualities and aspects observed around and in 
any object. The realizations received through this process are 
valuable to the acquisition of further knowledge concerning Vril. 
What we will see through this method signifies a forgotten skill 
and perceptual awareness. The visual changes which are experienced 
when viewing objects are normally ignored. While these fundamental 
perceptual processes are not normally noticed or valued, ·they 
nevertheless form the infrastructure of our daily consciousness. 
Personal experiences form the sum, the fund of our being. Personal 
experiences are the foundations of our being, constituting ultimate 
proof of reality. 

Our experiment is simple, but profound in its implications. It 
may be conducted in one's study or living room. The short time 
during which we will examine some very ordinary objects requires 
patience and sharp observational skill. You will require fifteen 
quiet minutes. There is to be no disturbance during this time . 
Though simple, it is a process which few ever undertake. If and 
when they do, few are ever equipped to externalize their experience 
enough to isolate the sequence of displays which they see, Fewer 
yet can communicate what they have observed. Nevertheless, on 
concentrating the gaze on any ordinary object, one experiences a 
gradually process by which the object becomes transparent. 

One gazes intently on any chosen object, taking care to focus 
all attention there. One must continue to blink, not maintaining 
any unnatural condition. One must not keep the eyes opened 
continuously. This is not hypnosis, nor is it trance. We do not 
wish to engage these states at all. This is not meditation in the 
modern use of the term. We want to make visual observations of 
objects with completely focussed attention, the necessary 



component. We must maintain our sharp level of conscious focus, 
never lapsing into passivity. This requires practice. Choose an 
object in a room. For reasons elsewhere mentioned, choose a large 
iron object. If possible, the iron object should be close to the 
ground. Although all objects produce variations of these results, 
grounded iron gives better success. This first experiment should be 
an encouragement to the process . 

Focus your gaze on this object, keeping alert and conscious. 
While intently focused on this object, notice closely the visual 
changes which transpire with time. The experiment requires no more 
than fifteen minutes. If you decide to make such observations a 
part of your scientific method, rest between experiments. Prolonged 
gazing will fixate too much of your conscious focus on the eyes. 
You do not want that to occur, since headache often results. Be 
patient, .this is a natural process which requires time. Once 
successfully engaged, one learns to perform the experiment 
everywhere . The simplicity of the process is alarming to some, but 
in qualitative method we utilize our own consciousness as the first 
tool of world exploration. 

From the moment you begin you will notice changes in the room 
space. You will note that a strange shrinking effect seems to be 
occurring, with the chosen object being the center. This shrinking 
effect reveals striated lines which enter the objects from all 
sides. You may sense that a current of energy is passing through 
you, entering the object. This effect indicates that the process is 
successfully engaged. Proceeding into the object, you will feel 
that you are actually approaching the object in some mysterious 
manner. The object and the surrounding space seem to be sinking 
toward the ground. You also may sense that you are sinking into a 
deeper position. What you are experiencing is the expulsion of 
excessive inertia from the object and its surrounding space . . Your 
gaze is driving out this pressure field. It is t r u 1 y 
fascinating to watch the vertical expulsion of this pressure, and 
the groundward settling of both the object and yourself. You will 
begin to actually feel the pressure release. Now the object will 
become mildly luminous. The object first gradually acquires a 
bright surface layer. This layer becomes flooded with strange 
rotations and swirls, thready discharges constantly radiating from 
the surface in different directions. Amoeboid-like shapes in your 
visual field will suddenly develop, dissolving objects in the 
surrounding space. Some parts of this space will actually vanish! 
Blink your eyes and keep gazing. Do not lapse into sleep. Keep 
alert. Each time you blink, keep alert. You will notice that as 
your body is engaged in visual focus, your awareness is being 
heightened. The two seem to be separate. Nevertheless, maintain 
alertness and keep gazing at the object. 

At this stage in our procedure, sudden puffs and foggy 
expulsions may be seen. These foggy emanations suddenly emerge from 
the whole object, gradually beginning to flimmer and swirl. swirls 
such as this often follow the form contours of the object. These 
puffs and foggy expulsions are an excess surplus of absorbed 
inertial space. The object releases this surplus under the force of 
our penetrating gaze. It is a necessary stage before we are able to 
permeate more of the matter. Moving toward us, these inertial 



expulsions dissolve in the intervening space. It is interesting to 
note that they move toward the source of attentive focus: toward 
the experimenter. The penetrating power of our visually projected 
consciousness is a forgotten and unused sense. It is curious and 
instructive to note that each object differs in its luminous 
displays. Each object passes through these luminal stages at 
different rates, revealing different color species. 

Some visual afterimages move when the eyes are moved, 
evidencing prolonged auric emanations from the eyes after staring. 
But these are not such afterimages, occurring while gazing. 
Repetitious such experiments convince that the effect is object­
specific and not merely ocular or photochemical in nature. Notice 
that these luminous discharges do not disappear from the object 
even after blinking the eyes. our focussed gaze has actually caused 
matter to · behave in a peculiar responsive manner. This can be 
realized by suddenly looking away toward another object in the 
room. One finds that the new object does not sustain the displays 
which we have seen in the first object. In fact, if we suddenly 
look back at the first object, we see that it actually maintains 
the state in which we have last left it. The very response which 
matter displays under focussed consciousness, is a phenomenon which 
quantitative science is not prepared to make. 

While Baron von Reichenbach performed these experiments in 
absolute darkness to eliminate doubt, his sensitives were 
effortlessly able to sight these preliminary "Odic luminations" in 
completely illuminated rooms. We require more effort, and must 
intently focus our gaze on a single object before eliciting their 
energetic emanations. Having begun with the surficial inertial 
products, which are expelled as foggy white puffs, we have 
progressed through the several luminous layers radiated from 
matter. In this material lumination under focussed conscious gaze, 
we rediscover a long lost secret. In it is contained the very heart 
of ancient science which declared that "all is light". Realize then 
that our simple experiment reveals that matter contains light and 
radiates light. One may apply successive such projections upon a 
single object and never drain its luminous surplus. This 
fundamental light is an eternal source (Reichenbach). Each object 
may thus be permeated when concentrated gaze is focussed thereon. 

The luminous layers are permeated by our gaze in successive 
stages. Each stage represents a luminal energy which different 
Victorian investigators discovered and named. Each luminal display 
is distinct and different. Objects "open" and "blossom" in succinct 
layers. Each object releases each such layer in differing 
proportions. Continuing this process does not cease revealing new 
stages of permeation. It is important to realize that we both see 
and experience each of the transitions through which matter passes 
under our focussed attentions. In other words, the matter­
permeating process also affects the viewer. We ourselves are 
permeated when gazing into matter. Realize then that gazing process 
exceeds our surficial sight with which most of our living is spent 
away. We see but do not perceive (Doyle). 

In the Vril model, consciousness infuses the eye with a 
special extra sense. When consciousness combines with sensation, 
there is a more communal experience of what is perceived. The eye 



can behave as an independent ornament which is capable of blinding 
consciousness. This occurs only when the eye acts independently of 
conscious involvement. It is possible to see and not perceive. This 
condition is greatly desired by quantitative analysts who insist 
that observers withdraw from experience and subjective examinations 
of the world. 

Gazing involves more than the sense of sight. Gazing involves 
consciousness . Gazing suffuses the eyes with a conscious emanation, 
the emanation identified with the aura. These emanations are 
thready, feathery, and highly organized. When we stare or gaze, we 
focus and externalize our consciousness. In a very real way, our 
consciousness moves across space to permeate the objects upon which 
we gaze. It is obvious that such focussed attention actually 
radiates from the eyes, out into space. This phenomenon is well 
known by esoteric science, and was termed the VISUAL RAY. 

Gazing intently at objects reveals a communal interaction 
which suddenly joins the percipient and the perceived, the seer and 
the seen. As we focus attention, we project conscious emanations. 
These emanations alter matter and space. Matter and space which is 
thus permeated by our consciousness begins to open up to us. The 
alchymysts referred to this process as the "blossoming" of 
materials. With progressive permeation of successive luminous 
shells and layers, materials open and emanate their essence to us. 
Materials have an auric nature. Gazing causes materials to reveal 
their auric anatomy to us. This continual blossoming, in shell-like 
manner, is a progressive permeation of material auras. 

We then become permeated by the matter which we have opened 
through gaz ing. This interaction is a process by which percipients 
merge with the objects which they have opened. This is the heart of 
the ancient theory concerning vision and consciousness. In this 
theory, perception wa s tre ated as a conscious fusion with the ~yes. 
Rayic emanations, termed "eidola", were projected through the eyes 
of observers. Objects also had "eyes", specific points from which 
objects projected their "eidola". The ancient theory teaches that 
only the blending of eidola, between observer and object, 
constitutes true perception (Platen}. 

In this startling concept, we realize that the eyes of both 
observers and objects project and absorb a fundamental 
consciousness across external space. Objects project a 
conscious ness to us. It is only when this kind of perception occurs 
that we truly commune with nature. The process does require 
patience. Such focussed attentions are not our usual experience. 
It is for this reason that the personal experiment, which we have 
just described, requires a small amount of personal discipline and 
exertion. Practice makes perfect . With a small amount of practice, 
one can enter these quiet studies without exerting any effort . The 
process becomes skill. All of ancient science began , with such 
simple subjective observations. 

The successive luminous layers, which we have examined, were 
identified and named by Victorian researchers. The specific initial 
colorations of minerals, chemicals, metals, elements, plants, 
stars, planets, sun, and moon were first discov ered (Reichenbach). 
The phenomenon of space axial luminations (Watson} and human 
lumination (Kilner) came toward the turn of the Century. Having 



discovered successive luminal layers in matter, the succinct 
luminal species, excited experimenters made errors in judgement. 
Thrilled by what they had experienced, each declared their 
discovery was the fundamental energy of the world ... the world 
foundation. One can understand their excitement. The rediscovery of 
these spontaneous material luminations proved to be revolutionary. 
Discovered during a time when quantitative analysis was beginning 
to dominate and dictate the "permissible science", these 
experimenters had proof positive that the world required the 
qualitative approach. Indeed, this attitude followed its former 
course well into the mid-Twentieth Century. 

There were those who discovered the lumination of iron 
capacitors, erroneously assuming it to represent some permeating 
world condition or biological space (Reich) . But no luminary 
discharge; save the black radiance, is the fundamental space. The 
black radiance floods all world reality, being the very core of all 
experiential creations. Vril is the all permeating creative black 
radiant space from which all world reality springs. 
A few who discovered new luminous layers in matter by these methods 
became so fixated on their findings that they declared their 
discovery to be the only world foundation (Reich) • 

Such qualitative observations were reviled by the academes. 
Changed by qualitative experience, researchers evidenced that a new 
conscious state had been conferred to them by their very method. 
Nevertheless, new discoveries in this realm of qualitative research 
continued to make their appearance. A great plethora of luminous 
species were discovered, named, and circulated. The resulting 
confusion required a unifying frame in which all of the phenomena 
(mostly displays of strange light) could be cohesively 
interrelated. A few experimenters, fixated on their unique 
discoveries, resisted this kind of mutual sharing to the detriment 
of qualitative science. Had they known what was about to develop in 
academic circles, these Victorian researchers would have willingly 
participated in the project to find the world fundamental energy. 

Perhaps the most astounding aspect of all these luminal 
discoveries remained concealed until the very end of the Century. 
A few experimenters found that patient, progressive, and continued 
gazing does not cause the visual phenomena to cease. There exist 
experiential stages which exceed these succinct luminous layers. It 
becomes apparent that most Victorian experimenters, excited with 
what they had found, did not continue the process long enough for 
the deepest foundation to begin appearing. Making observations in 
the last stage of the gazing process requires great patience. 
Patience and care, for not every object will yield its deepest 
manifestations easily. The deep foundation from which matter 
emanates may be experienced through the gazing method simply 
because our consciousness exists at that foundation. Matter exists 
at this deep foundation, and can reveal these manifestations. 
Unfortunately, the interactive process between percipient and 
perceived causes a strange resilience, slowing these last stages. 

After gaining familiarity with the first sequence of displays, 
one may yet continue the gazing process to the very last stages. 
There are deeper manifestations to be reached. Though all materials 
can reach this stage, there exist specific substances in which this 



very last stage occurs with speed. We may bias our experiment to 
best advantage by implementing these materials and ground 
connections. Considered to be elaborate and complex, most 
laypersons do not seem willing to engage such arrangements. In 
order to complete this very last phase of the experiment, we must 
then be patient, avoiding every inclination to be distracted and 
leave . Can we leave the experiment and continue our familiar daily 
routine? To what advantage? Is there anything else to be desired 
but obtaining this mind altering information once and for all? Yes, 
it is natural to suddenly want to rise and wander about. But we can 
resist this natural inclination for a few more minutes, deriving 
greater conscious benefit. Here is seen the biological activity of 
the body, and the weakness of the conscious focus. Here is seen the 
patience of the ancients, who often engaged these exercises for 
hours. Sc~ibes wrote what the conscious navigators experienced, the 
thesaurus of ancient seers and visionaries. Through this method, 
the visionaries peered through the world. 

Stars, moon, planets, trees, mountains, seas, meadows, wells, 
caverns, metals, minerals, crystals, geometric forms ... all 
blossomed b e fore the trained gaze of visionaries. Most dismiss all 
of these phenomena as optical or ocular, effects which are produced 
in the eye. We are one with the world when we apply and maintain 
our awareness during sensation. Sensation does occur without 
awareness, but no deep knowledge of the world is gained by this 
passivity. Qualitative observations require focussed gaze and 
focussed attention throughout the experimental process. The 
tendency to sleep i s actually a precursor to the last stage, the 
fundamental manifestation which we seek. We must avoid every such 
tendency, maintaining our conscious focus on the object. One must 
not withdraw the conscious attention, lapsing into a gaze without 
awareness. This slows the dissolution process, bringing a halt to 
the rate at which materials will blossom. 

You may have noticed that the object was surrounded by a 
strange rippling wave phenomenon, like the appearance of heatwaves. 
These black ripples seem to be heat emanations, but are not 
(Blondlot). Return your focus on the object once again. It is at 
this stage that one experiences a variety of patternate colors, 
normally associated with ocular "phosphenes". Only the object of 
our attention becomes covered with these strange patterns. No other 
part of the room displays these patterns. One may notice that a 
lobate space immediately surrounding the object has become 
affec ted. proof that consciousness modifies space. Astute observers 
will note and map the outline of this lobate region. They will also 
notice that the shape of this region alters with objects, being 
modified by both geometry and material. 

The eyes have been opened in the gazing procedure, not 
pressured by any force save that which the object is radiating 
toward us. What we see are therefore not ocular phosphenes. They 
are deep layers within the material, possibly containing residual 
inertial occlusions. With continued focus, the most intense tiny 
spots of various sizes and colors then appear from the object's 
innermost regions . The visual display is not photochemical, since 
each object reveals its own luminous species in these regards. This 
sparkling phenomenon continues a good long while until the very 



last is reached. Remember that the great experimenters left the 
process at this point, being satisfied that they had reached the 
"ground" of such visually derived manifestations. Have you noticed 
at all that your whole being has been very gradually suffused with 
a glowing blackness? When you blinked your eyes to clear them, this 
black glow did not disappear. It began almost as soon as you began 
the gazing process. 

one eventually begins to perceive a dark and uniform 
coloration which spreads across the whole object. This glow will 
focus and hold the concentrated gaze on a specific part of the 
object. It is impossible to relax and not be drawn to that part. 
Each object has such a focussing point. These are the material 
"eyes" of which the ancients spoke, the "eidola" from which spring 
material auras. The very last stage is about to open now. Keep 
alert. You· may have noticed a gradual darkening of your perceptive 
space while engaged in this last phase. The effect is not a 
"retinal washing", the effect of fixed gazing which most suppose. 
We now begin to recognize a uniform and gradually suffusive black 
radiant light, emerging all around and through the material surface 
on which we have been intently focussed. 

The black radiance brings a warm and vibrant sensation when 
contacted. Consciousness will begin to elevate at this stage. 
Ideations which suddenly occur to us are actually receptions which 
objects discharge into our minds. Specific objects discharge 
specific kinds of impressions. Prized for the specific mindstates 
which they yield by grounded treatments, ancient mystics and 
visionaries employed certain minerals, metals, stones, and 
combinations thereof. That the black radiant light appears in 
matter as well as in lightbeams, revealing its fundamental presence 
in all things. Experiments, made through thick ebonite filters, 
produced remarkable photographs. Clear images of outer gardens .were 
made through laboratory walls, proving that a dark light floods 
space (LeBon). Layered structures of iron or steel produce the 
black radiance almost immediately. Grounded iron objects produce 
strong black radiant emanations at the edges almost as quickly. 

one quickly discovers that certain room angles best facilitate 
and hasten the process of gazing experiments. Viewing angles which 
produce exceptional black radiance are the Vril Axes of your 
neighborhood. In learning of these axes, we begin to glimpse the 
permeating and absolute structure which courses through our living 
space and neighborhoods. These may be mapped, being exceeding 
complex and not at all predictable. The structure resembles an 
organic crystal, complex beyond recognition. As such, one must 
empirically determine these axes in each locale. 
These can be mapped by various such means, each requiring the 
laboratory of human experience for their delineation. 
In these considerations we have an experiential base upon which to 
comprehend the nature of radiobeam systems and their associate 
anomalies. How are materials and material systems modified by 
geometric shape, ground-aerial placement, and electrification? 

There will be some who doubt the reality that consciousness 
can be projected through the visual gates. First, there is the 
"nerve effect" by which the rapid sweeping of eyes against one's 
own hand causes a distinct and long lasting irritation (Constable). 



The ordinary observation that a glance can disturb other persons 
proves to be an exceptional display of visual ray projection. This 
is especially true among the opposite sexes. The mere passing of an 
individual, though completely out of sight, causes a literal whole 
body movement in that direction. It is not uncommon for us to sense 
the presence of "piercing eyes", when upon turning toward the 
source, we locate the individual who has been watching. These 
remarkable displays of long range visual ray projection should 
serve as some consolation for the doubters. nevertheless there 
exist other more "objective" proofs of the visual ray and its 
abilities. 

Numerous qualitative experiments have brought forth some 
intriguing facts in this regard. Plants which have been connected 
with galvanic skin response meters reveal amazing displays of plant 
sensitivity (Bose, Backster, Lawrence, Theroux). The method 
irritates plants with a small electrical application, monitoring 
changes in conductivity through leaves and stems. These changes 
indicate the modifications brought about in the articulate 
structures of the plant. Ostensibly, an articulate influence could 
enter and merge with this structure, In so doing, the structure 
evidences minor changes in conductivity which then can be amplified 
and read. Because of the electrical irritation, the plant becomes 
11 hysterical" for a brief time before failing altogether. It is 
during this "window time11 that plant sensitivity reaches maximum 
expression. It is also during this time that we are able to observe 
and identify extraordinary feats of sensitivity. 

A point is reached, in these curious experiments, where plants 
become suddenly and exceedingly sensitive to all surrounding 
perturbations. In this method one may show the sensitivity of 
plants to auric stimulation. A mere approach of the hand toward the 
instrumented plants results in wild signal variations whose overall 
forms do not appreciably differ from those obtained through direct 
touch. It had been found that a mere glance at a highly sensitized 
plant produce the same response. Radionic instruments have proven 
capable of projecting such auric influences toward plants from a 
distance (Vassilatos) . Radionically instrumented persons have 
produced more powerful responses in plants at greater distances 
than is ordinarily observed. Finally, it has been found that mere 
visual glance can perturb a plant. Glances can perturb inorganic 
systems also. Glances have proven capable of altering the 
conductivity of an articulate sensor at a distance ( Bradford, 
Vassilatos) . 

There are those who wonder whether the visually projected 
consciousness can be harmed when "thrust beyond" the body proper. 
Can one's aura experience harm when projected out through the 
eyegates? Is the aura vulnerable at all to inertial assaults in 
such a case? Note that the experiment brought a certain few moments 
where inertial currents and pressures may have been experienced. 
This is the only exposure with which we would ordinarily be 
concerned. When these exercises are aided and magnified through 
Radionic instrumentation, we experience very little inertial 
assault. Radionic instruments, of the kind with which we engage 
physical connection, actually enable the dissolution of all such 
inertial currents through direct grounding. One's aura cannot be 



harmed, though projected outside the body in these exercises. The 
Vril Matrix rules the inertial space which has suffused the ground 
surface. Vril is the natural and primary terrestrial environment. 
It is therefore most accustomed to coursing beyond the body along 
its threadways. By this means we are able to enjoin remote views 
and other anomalous perceptual phenomena termed "paranormal". 

10.2 BLACK LIGHT 
Gaze into space now and see. Gaze between the stars into the 

glowing blackness. See its radiance. It is not a dull or absorptive 
blackness. It is a glowing blackness. Look into the stars. Do you 
realize that starlight comes out of the glowing blackness? Can you 
discern the black striations which flicker within starlight? 
Starlight proceeds from space ex nihilo. Light emerges from 
blackness, the sensate projection of qualities. Within every shaft 
of sensate light there exists the primary and persistent black 
light presence. We call this VRIL, the primary black light. That 
presence is the core and axis around and along which all light 
shafts proceed. Look deeply within light sources, you will see and 
feel the black radiance. Black light is everywhere. It is in 
everything, and can be discerned in everything. Black radiance 
suffuses the world, both generating and sustaining it . Black 
radiance exceeds the power of light. Staring long into light 
sources of insignificant intensity floods the visual field with 
black radiance. Black radiant Vril permeates light, all luminary 
spaces. 

Deeper examination of this primary light reveals it to be 
capable of flooding its recipients with vibrant thoughts and images 
of a greatly magnified intensity. Black radiance reveals itself as 
the most fundamental ground of consciousness. In this Volume of the 
COMPENDIUM we will undertake a primary study of light and rays ~ The 
manner in which Vril interacts with irritating beam energies will 
form the necessary substance of our discussion. Why radioelectric 
communications systems operate, whether through the ground or 
through aerials, has little to do with processes termed 
"electrical". The conjugate nature of inertial energies, and the 
manner in which they contour and follow primary Vril actions, 
constitutes what engineers have traditionally called a "dynamic 
action". One must learn the difference between fundamental cause 
and subsequent effect before true understanding can be obtained. 
True understanding permits new progress in Vril Technology which 
can forcibly expand our consciousness. 

Egyptian observers had long known of the black radiance, 
having mythologized its beginnings. Ornamented with metaphors and 
verse, the black radiance formed the foundation of their sciences. 
It is in fact the world foundation . The black radiance which floods 
space is not the annihilation of reality. The radiant blackness is 
the very basis and generative source of reality, the foundation out 
of which all experiential reality emerges. The black radiance is 
the backdrop and contrasts against which all consciousness, sense 
perception, observation, and empirical tests are made. This is 
VRIL, called by Anglo-saxon geomancers for the "weaving" paths 
which it carves through forests. VRIL is the black radiant core of 
all energetic manifestations . VRIL vectors define the nature of our 



terrestrial experience; the fundamental world energy. 
Though Baron von Reichenbach made extensive dark room 

observations of aetheric luminations in consortium with sensitives, 
he failed to recognize the singular fact in which he was daily 
immersed. All natural luminations emerge from the blackness of the 
primary stratum. The blackrooms he constructed for the deliberate 
study of natural Odic radiance formed the necessary prerequisite of 
all such observations. In this blackness, luminous displays could 
extend their noumenous and paranormal permeations on sensitives and 
insensitives alike. The archane knowledge resurged throughout the 
time after Baron von Reichenbach's brilliant work was completed. 

Experimenters discovered energetic manifestations which 
brought them closer, and finally into, the very black radiant 
light. These naturally sensitive visionaries found themselves in 
possession of technological artifices whose function in a new 
domain made mind expansion possible. A close examination of 
grounded iron masses and iron composites, such as those arranged by 
Franz Anton Mesmer, stimulates several remarkable personal 
experiences. It is within these experiences that we will recognize 
logical pathways leading first to explanations of communication 
technology anomalies, and then to a thorough comprehension of both 
ancient world models and their forgotten technologies. 

It is also through the agency of subjective sensation that we, 
once again, recognize and validate the existence of a fundamental 
spatial domain in which we are absolutely suffused. Through these 
special and repetitious experiences, we realize that subjective 
experience is a summit; a singular and immediate access to the most 
fundamental world space. It is through our own senses, our 
perception and the field of our own consciousness, that we are 
empowered toward superlative science; a science through which the 
most unusual and potent technologies may be forged. . 

The careful and sensitive examiner notices, on approaching 
grounded iron rods and iron configurations, that a mysterious black 
aureole permeates the surrounding space. Entrance into this black 
space zone produces an instantaneous and extraordinary clarity of 
mind and body, the very precursor to phenomena noticed by Mesmer. 
When driven into specifically Vril active points, iron poles or 
ground rods become highly energized with black radiance. Rendered 
noumenous, these rods flood over with continual eidetic discharges. 
Those who merely approach these become filled with a gentle and 
penetrating flow of images, often foreign to one's experience and 
memory . In this we recognize the eidetic flow. Eidetic images 
are not "memories". They are not products of mind chemistry, not 
solipsistic experiences produced wholly within the percipient by 
neurological process. Eidetic images are visionary dioramas and 
landscapes, communications of real places which have "never been 
seen before". Later investigation revealed the existence of an 
auric anatomy which was bound in the physiological agglumeration. 
It was found that eidetic images are received through connective 
Vril discharges. These proceed from the ground, entering and 
bypassing neurology. Eidetic vision occurs within the auric 
anatomy, experienced by the recipient first as a remote view. This 
magnified conscious state becomes permanently fixed in the 
recipient, so that continued exposures become cumulative. Beginning 



with small initial sensitivity, great and magnified consciousness 
is thus gradually acquired. 

Thready Vril discharges are the generative agencies 
responsible for remote viewing. Discharges proceed from the ground, 
usually passing through the abdominal region. Spreading out into 
the auric anatomy, these currents convey their visual treasury, 
discharging back to ground from the lumbar region of the spine. We 
are continually receiving these energetic floods, being sustained 
and directed in Vril currents. Quantitative science has difficulty 
separating cause and effect. Unable yet to meter the eidetic 
currents which proceed from the ground, quantitative analysts 
observe biochemical changes in eidetic recipients which they 
conclude are the source, and not the effects of eidetic reception. 
Subsequent inertial examinations of eidetic recipients reveal only 
physiological effects and by-products. 

One experiences brief eidetic visions when walking across a 
small section of certain grounds. Whether covered through 
architecture or city planners, such eidetic grounds pots retain 
their activity and power. These points continually discharge 
imaginal energies, feeding emotive tone to the neighborhood which 
is built about them. There are natural places in which the black 
radiance reaches great intensity. These are the sacred spots, each 
one of which exhibits the fundamental black radiance as it reaches 
magnified states on ground surface. Within the black radiance, one 
experiences eidetic light ..• images, moods, and remote views. They 
are experienced when recipients move toward an eidetic groundpoint, 
terminating when recipients move off the point. At times, depending 
on the projective focus of the point, we experience these eidetic 
transitions with dramatic sharpness. 

There are minor eidetic points and major eidetic centres. 
Eidetic ground points are not distributed in a symmetrical ,grid 
form. There is an asymmetric distribution of these eidetic 
powerpoints across the ground surface. Black radiant points are the 
deepest energetic centres, identified by certain sensitives as 
luminal sources, as ley lines. They convey eidetic consciousness to 
the sensitive observer, the deepest conscious reception. Eidetic 
powerpoints are the most fundamental of all the energetic 
manifestations, being the generative black radiant centres of world 
dioramas. These are the points which ancient science referred to as 
the "pillars of the earth". These are the points through which 
consciousness may penetrate and surpass inertial space. It is here 
that the ground suddenly becomes "hollow". It is here that 
percipients pass through the world, reaching its "hollow centre". 
The "hollow" is the inertia free black radiance from which emerge 
qualities, sensations, archetypes, visions, thoughts, ideations, 
dioramas, and experiences . The black radiance is the world 
foundation, generating, projecting, and sustaining solid objective 
reality. 

There are those whose sensitive examinations bring only 
identifications of luminous phenomena, of ley lines, when near 
these powerpoints. The more experienced examiner first recognizes 
black radiant foundations from which the luminosities actually 
emerge. The black "radiant" zone has been consistently observed and 
identified by those who have experienced its remarkable presence in 



natural settings . Ground emanating black radiance has been 
identified throughout the anecdotes of rural people, as well as in 
the scientific bibliography. Contained in the folklore of more 
rural people we find remarkable identifications of these phenomena. 
The "black damp", well known to farmers and woodsmen, is a "cold, 
shining blackness" which hovers in distinct weblike formations 
among rocks and trees. Different from ordinary shadows, the cold of 
the black damp passes directly and completely through the body, 
chilling "from the inside out". 

Experienced in meadowlands as very sharply delineated spots of 
exceptional cold, the black damp habitually glimmers and shimmers 
among certain rock and tree clustres. While usually having a fixed 
locus of manifestation, the black damp seems to wander across the 
woods and meadows in a fixed perimeter. It is a defined black 
radiance, ··different from shades and shadow, varying in intensity 
during certain times (W. Williams). Not the "black damp" known to 
miners, the phenomenon is distinguished by its permeating effects 
on humans who are intercepted by its discharges. Observers of this 
phenomenon have referred to the mysterious "black damp", described 
as a shining blackness which flimmers among trees, rocks, and 
meadows, as a source of great fascination. 

When the "black damp" shimmers near the ground duri ng the 
darkest night, it appears to form a glowing black crown. Hovering 
and often moving above a fixed surface of earth, the "black damp 11 

produces strange visceral effects. Revealing its smooth and uniform 
glow, the black damp radiance often discharges sudden striations 
which contain potent personal transformations. The characteristic 
frigid sensations, experienced when touched and permeated by this 
glowing blackness, brings with it a clarity of mind which cannot be 
explained by conventional models. Such Vril cold spots, and their 
complimentary hotspots, are experienced in a far deeper manner .than 
temperatures explain (Reich). Evidencing a more permeating 
presence, these temperatures are permeating, being felt "from the 
inside out11 rather than from the "outside in" (Williams). 

Instances in which this mysterious black radiance extends from 
grounded iron poles are not rare, they merely require proper ground 
emplacement. Specific natural groundpoints draw the black radiant 
energy up to the surface. Iron gives the sharpest and most potent 
transaction with this ground flow. Copper softens the surge, but 
diminishes the total power. The black radiant aureole from such 
ground rods expands so much during certain seasons, that sunlight 
is visibly diminished. The effect is often observed among certain 
evergreen trees and rocky ridges. This black radiance is no mere 
removal of light, the result of material absorption . Vril permeates 
all apparent realities, revealing their ephemeral poise upon its 
rugged existential foundation. This black radiant space is the most 
fundamental consciousness, the ground of being. 

10.3 BLACK RAYS 
The Victorian Epoch not only overflows with numerous instances 

of natural "black spaces" and 11 black light" manifestations, but 
includes accounts of "black radiant11 laboratory phenomena. Plucker, 
Faraday, and others had observed electrostatic light phenomena in 
mildly evacuated glass globes . Geissler tubes represented a new 



step in these regards, revealing a world of light and fascinations. 
Physicists noted that long evacuated tubes gave striated electrical 
discharges: alternate bands of light and dark in fixed positions. 
These alternate white black bands processed along the tube at 
various velocities; the driving process never adequately explained. 

When better vacuum pumps had been developed, a new study of 
discharge phenomena commenced with one individual. It is Crookes! 
A defined humorous twinkle is seen glimmering through his sparkling 
eyes, evidence of a spritely nature. The very name of Crookes is 
associated with the most magickal of scientific artifices and 
studies. Sir William Crookes spent years examining electrical 
phenomena in highly evacuated glass vessels. His initial reason for 
doing so are shrouded in a deeply personal theme. Believing space 
to contain invisible spiritual worlds, he surmised that electrical 
discharges in highly evacuated globes might grant a telescopic 
window on the angelic or aetheric material of those worlds. 

Spending his time in passionate search of ectoplasm, Sir 
William is often pictured at various locations, holding the globes 
along various sight angles. By now, these globes were fitted with 
concave mirrors; the improved electrodes for a new breed of 
scientific instrument. Pointing his large globular scrying devices 
in various directions, he directed his "spirit telescope" in order 
to find his beloved long lost brother. It was with these highly 
evacuated globes that Sir William first proposed that aetheric 
communications systems could be developed. Stimulating the 
tremulous aetheric spaces, Crookes stated that resultant glowing 
pulses could be visually observed in large receptor globes. These 
magick lamps could effect communications despite great distances. 

It was while intensifying the electrostatic potentials applied 
to his special globes that sir William made a rare discovery. He 
identified a mysterious "dark space" which appeared over his highly 
charged cathode plates. The velvety dark or black space held an 
essential secret which few investigators have appreciated. Was this 
blackness itself not a superior presence which actually entered the 
electrified space .•. and repelled it? Recognizing that this dark 
space effectively repelled and eradicated all electrical 
manifestations from his globes, Sir William began speculating on 
the nature of the blackness itself. 
If analyzed in a hydraulic or aerodynamic sense, one could have 
considered this black space to be a deeper vacuum; intensified and 
separated through the active elimination of residual glowing ions. 
But, if this black space was an absence of ions, then Sir William's 
radiometer tests proved it to be remarkably dynamic. Thecrookes 
radiometer was connected in series with a large interrupted 
induction coil. The vane support stem was connected to negative, an 
external tinfoil wrap was made positive. Voltages being properly 
adjusted, the black space was electrostatically stimulated to fill 
the radiometer. When and only when the black radiance filled the 
globe, vanes spun with incredible speed. He began referring to this 
dark space as a "radiant state of matter". What he, in essence, 
suggested the existence of a "fourth material state". 

But, where was this special matter sourced? Sir William began 
looking OUTSIDE of his globes for the answer to these perplexing 
mysteries. Believing the black glow to be evidence of a finer space 



substratum, he suggested it to be an ultragaseous agent capable of 
passing through glass and entering the active space. Hi torff, 
Lenard, Spottiswoode, Aston, Tesla, and many others searched for 
more anomalous examples of radiances such as the Crookes dark 
space. Victorian investigators examined all natural luminous 
phenomena, many new found discoveries proving that manifestations 
of the "black radiance" flooded nature. Electrophotographs, made by 
Lichtenberg, reveal the effects of electrical discharges in dust. 
Those made by cathodes in air prove, on examination, to be 
interspersed with black dendritic trails. 

Nikola Tesla often observed the black radiant spaces without 
evacuated bulbs, one of the many phenomenon which originally 
attracted Sir William Crookes to his work. The high intensity 
electrostatic transformers of Tesla not only produced whitefire 
discharges, but also effectively developed a deeply suffusive black 
radiance. In these regards, Tesla discovered that suddenly 
interrupted high voltage fields projected special electroactive 
rays. These rays were described by him as being "not unlike light 
rays", and elsewhere as "dark rays 11

• They had nothing to do with 
electrical waves, propounded by Maxwell and supposedly proven by 
Hertz. They had nothing to do with the waves of light which 
physicists define. Tesla consistently claimed that sunlight 
contained several "species of light11

, each having special 
characteristics. 

Though invisible to the eye, the "dark rays 11 of Tesla 
performed remarkable feats at great distances from his systems. It 
was with these energies that Tesla effected all of his claims; 
effects impossible to obtain with other systems. These remarkable 
phenomena have been corroborated by a few researchers (Dollard, 
Theroux). Tesla also conducted extensive studies on cathodic rays, 
improving the Lenard tubes in order to discover aetheric ga$eous 
components. Not as intrigued with the X-Rays as some Tesla students 
suppose, Tesla searched for a means of externalizing the Crookes 
black space. In this, he recognized an extremely potent dynamic at 
work; one which he would later summon to achieve otherwise 
impossible goals. 

He tested several forms of raybeam projectors throughout the 
years following this period of research, having finally claimed 
success in developing a tube which would not explode under the 
severe electrostatic stresses required for its operation. Teslian 
"black field" discharges through gases have been more recently 
observed (Dollard) . single electrode low pressure discharge tubes 
were found to maintain their dark state despite the high potentials 
employed. This evidences the severe potential drop at the free end. 
Pointed toward receptor tubes, they transmit measurable dielectric 
current through space. Such experiments, where black radiant space 
is externalized through electrostatic discharge tubes, proves 
Tesla' s claims that "very special rays" can be produced by such 
means. Black rays. 

Elsewhere, Nikola Tesla describes a spatially voluminous black 
radiance; a radiance which suffused local space for miles, taking 
specific topographic directions in the natural environment. An 
"inky and vel vet blackness" , both during and long after the 
operation of his Colorado Springs Experimental Station was 



reported. Never recognized as such, the deliberate reports made by 
Tesla in these regards suggests that he began investigating the 
perceptual modifying power of grand scale electrostatic discharges. 

When properly examined, black radiance was at the core of all 
energetic phenomena. It was found in magnetism, light, and minerals 
(Reichenbach). Black radiance was found in evacuated discharges 
(Crookes), electrostatic fields (Tesla), in natural environments 
(Le Bon), in physiology (Kilner), in lightbeams (Goethe, G. s. 
White), and in beams of sound (Watts-Hughes). This mysterious 
presence, inherent in every release of energy, seemed to be the 
fundamental manifestation of natural intent; the very foundation 
upon which all inertial energies simply subsisted. 

Careful examination of the black radiance convinced many that 
it was THE primary energy, that generative axis from which matter 
emerged directly. Matter and energy, emerging from the black 
radiant space "ex nihilo". Numerous researchers were surprised to 
identify black radiance as the fundamental space from which matter 
seemed to both emerge and dissolve. The scientific bibliography is 
suffused with physical evidence of the black radiance. Careful 
examination of all photographic, electrographic, and sonographic 
records will convince that each energetic trace has an intensely 
concentrated black core axis. 

Prof. Gustav Le Bon dubbed the black radiant emanations with 
the phrase "dark light". Neither referring to infrared or 
ultraviolet spectra, Le Bon insisted that "dark light" existed as 
an entirely separate energy domain; a distinct permeative space. 
Its presence persistent, Dr. Le Bon was able to expose special 
photochemical emulsions to this naturally extant "dark light"; 
producing remarkably clear images of gardens directly through thick 
laboratory walls. 

Other research focussed on the phenomenal realm between 
fundamental black radiance and ordinary light; researchers 
compiling a very thorough accounting of black space phenomena 
(Kilner, G.S. White). Dr . Walter Kilner discovered the suffusive 
black radiant core of human auras. It was this black radiant space 
from which all subsequent layered auric luminosities were observed. 
Dr. Kilner observed that this black radiance not only spatially 
preceded the manifestation of luminous auric shells, but also 
extended beyond the luminosities into space. This extension to 
indeterminate distances formed the basis of a true mystery. In this 
spaceward e xtension, Dr. Kilner and others saw the auric connection 
with upper space worlds. Congested striations in the black radiant 
zone revealed the physiological presence of disease, a diagnostic 
tool of the greatest importance. 

Other aspects of the black space were noticed, aspects through 
which attention itself •.. consciousness .•• was powerfully drawn. 
Crookes was powerfully attracted to peer, for hours, into the black 
radiance. It seemed generative and projective. Stimulating thought 
and ideation, Crookes applied the discharge tube to the 
investigation of other worldly phenomena. Having noticed that the 
extra-cathodic space was darker than the space surrounding the 
tube, it was clearly suggested that here was an instance of 
aetheric expansion. on these concepts, Tesla built and demonstrated 



a technology which successfully implemented true aetheric currents. 

Black space, unfettered by inertial resistance, directly fuses 
perception and consciousness. It is the bridge linking the physical 
and metaphysical worlds. Examining black radiant phenomenon from a 
deeper metacognitive poise, one recognizes an absorptive attraction 
between this blackness and the observer . The crookes dark space, as 
with other related manifestations, seems to attract and hold 
attention. All thought lines seem to move into the densified black 
space. Black radiance is a zone into which perception is powerfully 
focussed. Scrying devices of the Electrical Age, his attentions 
were drawn to mysterious behaviors surrounding his apparatus. Black 
radiance and luminous forms conjointly passed and permeated one 
another in the flickering ghostly blue light. It was Sir William 
who first - suggested that signals could be sent between a system of 
such glowing bulbs, whose medium of exchange was found in the 
world-suffusing black radiance. 

10.4 VRIL AND GROUND 
The construction of iron capacitors produces extraordinarily 

powerful suffusions of this curious black radiance. such capacitors 
yet demonstrate the power to eradicate and heal away certain 
maladies on simple contact. There are numerous variations of iron 
capacitors, no one of which qualifies as the "only design". Mesmer 
designed his capacitor in imitation of natural settings; using 
contact layers of iron slag or powder against germinating seeds or 
moss. Others combined iron layers with crushed coal, wetting these 
down with spring water. Yet others combined layers of sheet iron 
with cotton or wool. Each of these combinations with iron obtains 
wonderfully varied results. Despite the rigid and dogmatic 
assertions of some in regards to these designs, one must see .that 
the presence of iron and carbonaceous materials together conduct a 
fundamental energy whose presence is ground sourced. 

The employment of iron, in excess of all other metals, most 
powerfully endraws this energy to the surface. The exact nature of 
the carbonaceous matter used in such iron capacitors modifies the 
aspects and qualities of this ground emerging energy with new 
definition. Despite the blue aura which iron and carbon together 
project, one must recognize that the black radiant energy forever 
precedes the luminous products. Black radiance holds a most 
powerful secret; a remarkable realization which revolutionizes our 
thoughts concerning energy and true power. Through such knowledge, 
our experience of the world obtains the "missing qualities" and 
"details" which academically acclaimed inertial forces can never 
explain. 

When rediscovered by Reichenbach, the natural radiance of 
matter was no minor announcement. Threatened by the implications of 
a flowing, biological, conscious world foundation, academic 
colleagues actively rejected Reichenbach. Himself a veritable 
laureate of highest esteem, with proven scientific record of 
greater academic proportion, the Baron derided their frightened 
response in his numerous privately funded publications. Baron von 
Reichenbach remains a scientific giant who spanned the research 
world with achievements in both quantitative and qualitative 



sciences. He is the modern father of Radionic Science. 
Radionics first studied and employed the natural luminosity of 

matter in various applications. It was employed in medical 
diagnosis (White, Abrams), in therapeutic modes (White, Drown), in 
analysis and field survey( Hieronymus), and numerous other 
scientific functions. The natural luminosity of matter was thought 
to be the most fundamental world-energy, but subsequent focussed 
examinations proved that much deeper energies lay within the 
former. In its more recent development Radionic Science examines 
the most primary black radiance of world-matter. It does so now 
specifically for the primary eidetic functions inherent in Vril. 

While all of these luminous phenomena were observed and 
studied, successive discoveries proved that the very core of all 
these luminations was, paradoxically, a black radiance. Thready and 
endowed with other remarkable properties, the black radiance became 
the focus of intense research during the latter portion of the 
Twentieth Century. Being the projective center of energetic 
emanations , the black radiance was studied through subjective and 
ultimately personal contact. Access to this black radiance was had 
through several grounded means, iron poles and driven rods being 
the primitive first sources. Testimony to the glorious power 
radiating through these iron poles, rods, and buried plates is the 
uncorroded state by which they are preserved for centuries. The 
earth batteries of several inventors were notable for their 
uncorroded performance {Stubblefield) . 

Wide varieties of natural substances, examined by Radionists, 
displayed spontaneous black radiant phenomena. Black r adiance was 
visibly increased when system components were directly connected 
with the ground, and powerfully magnified when "tuned to ground" by 
means of rheostats and variable capacitors. Black radiance was 
visibly increased when system components were directly conn~cted 
with the ground, and powerfully magnified when "tuned to ground" by 
means of rheostats and variable capacitors. 

While numerous radion:i,sts observed and focussed attention only 
upon aerial black radiant phenomena, it was the "ground-radionists" 
whose discoveries reopened an anciently forgotten secret. This led 
to the development o f ground communi cations systems. In the systems 
of Stubblefield, electrical power is not utilized. While this 
sounds fanciful at best, it must be recognized that the 
Stubblefield system was never deactivated. Operation with any 
single one of his famed earth batteries persisted for weeks on end. 
During this time period, several thousand watts were expended in 
driving motors, powering arc lamps, supplying telephone exchanges, 
and maintaining heaters. Never once was there a power loss or a 
cause for replacing the earth batteries. 

Through an extensive series of experiments, designed to 
discover its more external characteristics and behaviors, the black 
radiance was directed into varieties of material media. It was then 
found that both material form and behavior actually proceeded from 
the energy, if energy is what we might call it. The black radiance 
proved to be the most fundamental agent, found actively present and 
central in every bioform. Black radiance was found to be the 
discharge form of the most foundational energy yet known. When 
constrained to transit across spaces, the black radiance 



spontaneously constricts to form thready veins. 
These thready veins may be glimpsed in among objects, both 

natural and humanly made, in the natural environment. There, 
emanated from the ground, these manifestations evidence their own 
natural expression. It is not uncommon to watch the progressive 
absorption of humanly made artifices in the ground emanated black 
radiance. Thus "accepted" into the Vril matrix, these objects 
frequently become one with the natural surroundings. This is the 
often made observation throughout older neighborhoods and 
districts, where old cottages and their gardens , towered churches, 
iron posts, and rockwalls visibly flow in black radiant currents. 

Connective and glowing, one glimpses these "fascia" among and 
between certain natural topographies. Vril manifests in inertial 
space as black radiant threads. The sometimes faint observation of 
black radiance and black radiant thready veins derives from 
interactions between the black energy and inertial space. When 
inertial space interactions are strong, one literally sees the 
black radiance. When inertial space interactions are weak, one sees 
a faint luminosity with an equally faint black radiant center. 

During the earlier years, Telegraph System engineers employed 
local dowsers to delineate the appropriate or "right path" of the 
line. The dowser was hired by local telegraph companies which 
sprang up throughout the countryside. These sensitives determined 
the meandering course which wirelines took. When being settled in 
woods and across meadows, it was the telegraph-dowser who felt the 
"right path" which the line should take for it to best perform. 
These lines became the famed "self-activated" lines which required 
no applied battery power. 

When station groundsites were sought, dowsers employed their 
sensitivity in determining the presence of necessary telluric 
currents. It was then believed that these ground currents act~ally 
facilitated and empowered the subterranean "charge return". Systems 
constructed by this means demonstrated a superiority over those 
later telegraph projects bui lt by engineers and geologists alone. 
By then, the oldtime dowsers were replaced by an armada of 
insensitives; early geophysicists. Armed only with their electrical 
meters, these engineers found it impossible to determine "good 
ground" despite their accurate registration of high soil 
conductivity levels. 

The dowsers already knew that electrical soil conductivity 
alone did not always make "good ground" for telegraphic signals in 
single-line systems. Other subterranean energies were obviously 
determining the success of both electrotelegraphic and later 
electrotelephonic systems. These subterranean signals were 
erroneously termed "electrical waves, magnetic waves, underground 
water channels" and other such inappropriate metaphors. When 
neither electrical, magnetic, and hydral currents were physically 
found, academicians derided and rejected the entire issue 
concerning telluric currents. 

Weak electrical currents, when hunting and registering 
telluric flux, does not imply weak cause. Telluric currents, Vril 
currents, are not sufficiently sensate and do not sufficiently 
interact with inertial space to manufacture electrical products . 
The telluric currents thus appear "weak" and "subtle". They have a 



far greater, and insensitively unrecognized eidetic content, which 
is their principle strength. The currents which are received 
through grounded rods in wooded areas evidence a strong and 
continuous eidetic flow, a dialogue among trees. The weakly 
received currents evidence the weak interaction which occurs when 
insensate eidetic currents penetrates inertial space. 

Carbon, incapable of producing strong electrolytic currents in 
seawater baths, produces prodigious registrations at specific 
"sensitive" groundpoints. The use of carbon ground rods reveals 
that eidetic currents are present and active in subterranean 
depths . These currents are enormously powerful with increased 
depth. They are eidetic currents, their effect in passing through 
matter is to produce electrical manifestations. This is the source 
of all the observed anomalies in grounded technologies. Vril 
currents, .drawn from iron-carbon ground rods, grow in strength with 
time. When these energies are hastily brought to the surface, they 
radiate a dangerously powerful Vril signal. In such cases, we 
experience choking congestion, the result of inertial hysteresis in 
the potent Vril emergence. It is not wise to incur these kinds of 
Vril currents to the surface. Insensate and semisensate Vril 
currents require special Radionic instrumentation for their 
conversion into accessible sensate expressions. These are truths 
which Father Athanasius Kircher clearly outlined in the Sixteenth 
Century, knowledge obviously gleaned from contact with the 
Templars. 

Nikola Tesla inadvertently proved the existence of deep 
metaphysical strata, those propounded centuries before by Fr. 
Kircher, by deriving a continuous stream of whitefire electricity 
by the application of but a second's worth of impulse energy. 
Struck like a bell by a single hammer blow, the ground delivered up 
well over twenty minutes' worth of free electrical power in 
Colorado Springs. Careful examination of his cryptic notes, 
captions of photographs made, reveal the "secret" which Tesla 
wished to keep from Morgan. Tesla, focussed only upon the 
electrical aspects of the earth, did not immediately recognize the 
implications of this strange electrical manifestation. It was 
during this time however, that Tesla began observing powerful 
perceptual distortions all around his experimental station. These 
lingering conditions permitted extraordinary and truly paranormal 
perceptions. Stimulating him with fresh insights concerning 
perception, space, and consciousness, Tesla was inspired to design 
a radically new kind of television system. 

Well before this breakthrough however, and with far less 
complex means at their disposal, inventors of telegraphic systems 
began making strange observations. ANOMALIES. Through extensive 
contact with ground applied and ground derived electricity, a few 
astute and scholarly observers recognized that the true source of 
static and static disturbances in lines was not electrical in 
origin. They recognized that these anomalous manifestations were 
due to the incursive influence of a neutral energy. Having origins, 
most certainly arriving in systems through the ground connection, 
a few inventors went directly to this source for various 
applications. Some used these energies to raise the efficiency of 
lightning rods (Bryan) . Others utilized these energies for 



therapeutic purposes (Mellon) • Yet others obtained the ground 
energy in multiple plate and wound receivers, employing it to 
operate electrical machines (Bain, Snow, Dieckmann). 

These energetic currents were thought by some to be the result 
of mere electrolytic action, a product of ground moistened metal 
plates. When it was realized that this energy could perform far 
more work than was actually determined by measuring it, theorists 
remained completely baffled. Stubblefield managed to obtain 
commercial amounts of power from ground receivers whose 
electrolytic output rarely exceeded four watts. The fact that this 
energy could actually operate machines termed "electrical" was 
equally baffling. In these anomalies was glimpsed a forgotten 
reality. It seemed as though "electrical machines" could operate in 
two modes. This curious "double function" continued to haunt 
experimenters until the advent of Radionics. 

It was about this time that such individuals began noticing 
the "other effects" which the telegraph lines had on natural 
environments. Some noticed that the space surrounding large tar­
clad wooden telegraph poles seemed surrounded by a violet aureole 
at times. Usually at sunrise and at sunset, the violet aureole can 
yet be seen by astute observers, One notices sharp black striations 
which flood the interior of these mysterious violet aureoles. In 
addition, several experimenters noticed the black radiance which 
surrounded iron wirelines when supported by these poles. The black 
radiant appearance which surrounds such wires also extends a 
noumenous state which is difficult to ignore. one sees a flood of 
black radiant discharges extending toward the wires from specific 
grounds over which the lines pass. These lines also discharged 
black radiant discharges to the ground, when having conducted them 
from specific grounds to specific grounds. The telegraph system 
actually became a means for deranging district Vril current 
integrity (V.4). 

Of all the elements which one may employ in experiencing Vril 
consciousness, one stands out above the others. IRON. Iron 
evidences a Vril articulation impossible to duplicate with other 
substances. It is no wonder then that iron wires, far inferior to 
copper lines, operated with great efficiency in grounded telegraph 
and telephone systems. Small iron masses have far greater Vril 
articulate capacity than any other metal or substance except for 
one other. CARBON. Iron, Carbon, and Vril are inexorably linked. 
Handheld iron, extended outward across space, produce strong 
visceral "thrill responses" along very place-specific axes. 
Likewise, handheld Carbon rods produce an inimicable sensation of 
"nullification". Together they form an important diadic component 
of Vril systems. 

The attributes of Iron and Carbon may be successfully tested 
in any location. The resulting axial distribution produces a map of 
extraordinary implication. one finds that such maps give the very 
axes along which strong ideational pulses continually flow. 
Matching personal experience against such a map reveals surprising 
continuity. It may yet be observed that properly poised iron poles 
flood nearby objects with a powerful and uncommon clarity. This 
black radiance, this Vril space engages the percipient in those 
extraordinary experiences with which the ancient geomancers were 



familiar. Experience in Vril space is different from normally 
inertialized experience. Vril space is radiant, the generative 
source of all consciousness, ideations, thoughts, and visions. One 
cannot be exposed to Vril space for long before being flooded by a 
host of wonderful mindstates and abilities. Vril space grants 
special senses and sensations. Vril space is consciousness. 
Suffusion in Vril space gives us our consciousness. 

It certain instances, technicians found that simple non­
electrified ground connections were capable of discharging simple 
eidetic images directly into physiology. The mere connection of 
responsive systems into ground strata made intercommunications at 
the most fundamental level possible. These anomalies revealed the 
fundamental mode in which natural communications are accomplished 
among local districts and wider regions. In certain cases, these 
eidetic -transmissions from the ground produced sufficient 
electrical impulse to drive telephonic systems. 

Iron rods, whether handheld or grounded, draw Vril threads 
into a constricted focus. Such access is necessary for scientific 
examination of and conscious expansions in Vril. Iron produces a 
stinging response in the human percipient, requiring "softening 
agents" for smooth auric transactions with the ground Vril. Carbon 
and iron together form the basis of a successful auric transactor, 
but other metallic additions secure much smoother transitional 
coatings which the experimenter will find increasingly necessary 
with frequency of connective exposure to Vril threads. 

Quantitative analysis interrupts direct conscious examinations 
with mechanistic measuring devices. Measuring devices are placed 
between ourselves and the world. They filter and interpret what 
only human experience should engage. Objects filter conscious 
projections into space. These projections are inhuman ones, being 
reserved for the realm of objects and their dynamic processes. We 
cannot receive filtered conscious data through measuring 
instruments. We do receive magnified conscious energy through the 
connectivity which Radionic instruments bring. Radionic instruments 
do not behave inertly. They become suffused with Vril, becoming 
quasi-organismic in nature. Only Radionic instruments connect us 
with the consciousness which suffuses world space. 

In this we glimpse the forgotten - knowledge which Templars 
inherited, employed, and improved. Special placement of 
architectural mass renders a structure capable of powerful 
correspondence with specific distant locales. Such buildings relate 
directly with others in distant locations, behaving as if directly 
connected through the ground.The bilocational aspects of certain 
architectural placements are unmistakable when experienced. We each 
know buildings whose mere presence provokes sudden sensations of 
distant locales. Placement in certain groundpoints makes building 
foundations Vril conductive. The interconnective nature of the 
subterranean Vril Matrix reveals local points in which it is 
possible to engage eidetic communications with specific greatly 
distant points. New York can connect directly with Paris. 

Finding the best location for establishing VLF radioelectric 
stations began with Marconi. Needing these Vril advantages in 
establishing radioelectric circuits across the world, marconi 
placed heavy emphasis on geologically advantages sites. Marconi 



stations were always found at the very sea edge, usually near a 
saltwater bog or marshland. This feature was used as a conductive 
"wavechute" or "launchway", ostensibly for the conveyance of 
radiowaves out to sea. We find that Marconi engineers chose sites 
which also had some rocky inlet or valleylike geologies. Placing 
his aerial deep within these sea openings gave the advantage 
afforded by stone conductors in seawater. These wavechutes were the 
most highly prized. It is no wonder then that we find his stations 
in numerous rocky sea openings, having large saltwater lagoons. 

When early wireless systems were later connected both to 
ground and to extensive aerial capacities, effects such as these 
both strengthened and modified. Determined by the aerial alignment 
and station placement, operators discerned that each station became 
suffused with a characteristic mood and tone. In this respect, 
stations · displayed their peak manifestation during specific 
seasons. Because of these station-fixed emotive tones, certain 
observers recognized a mysterious connective correspondence with 
space energies. In other related radio transmission phenomena, 
researchers noted that shortwave stations operated with greatest 
efficiency during certain astrological times (Nelson). 

It is intriguing that certain ground-coursing Vril Axes do not 
connect with Vril lines in every bordering neighborhood. In these 
features, we will learn of the world structure and true geography, 
whose experiential dioramas envelope "unknown" regions. Wherever we 
find "broken" Vril Axes, there we will find a "hidden zone", lands 
which r emai n curious ly insensate and unmappable. Local lore is 
replete with tales of "disappearing lands" whose appearances and 
disappearances are d e termined by georadionic process. VLF and 
shortwave stations noted numerous "blindspots" where no signal 
could ever be heard. These anomalies d e fy conventional explanations 
which involve purely electrostatic or electromagnetic parameters. 

In certain cases, wireless stations demonstrated ground­
relationship with other stations, as well as aerial relationship 
directly through the aerial strata. The secret listening device 
which T . Henry Moray developed required no electrical energy for 
its operation, detecting and tuning into biologically related sound 
activity . In the case of certain beam transmitters, resultant 
multiple groundward beams were capable of directing signals through 
terminal contact with upper space strata (Tes la, Uli vi, Hettinger) . 
In these phenomena we comprehend the fundamental operation of Vril 
in radioelectric signalling. In rare places where Vril axes are 
submerged, there can be no radiowave propagation or "passage". Vril 
makes radioelectric communications possible. The electrical 
components simply irritate the Vril Matrix into radiating magnified 
eidetic patterns. 

The "stationary" approach to communications lost popularity, 
when mobile military requirements during World War II employed 
shorter wave transmitters. Then it became possible to establish 
point to point communications from any position. These systems 
employed the Aerial Vril Matrix, antennas behaving as terminal 
connections within the insensate matrix . But these zones are 
peculiar indications that insensate geographic lands are present. 
The curious complete absence of signals, the radioworld "dead 
zones", requires serious Vril examination on an expeditionary 



level. The famed "Fata Morgana" are an astounding species of 
mirages, repetitively observed in specific locales (Corliss). Not 
at all being the optical mirages of temperature inversions and 
other such atmospheric disturbances, the Fata Morgana is a free 
standing anomalous "geographic presence". 

Having historic repetitious appearance in a region, they are 
noteworthy living remote views on an astounding huge scale. One 
cannot see through them. One frequently sees persons and animals, 
machines, trees ... all the evidence of a settled habitation, where 
no mapped lands exist. The phenomenon has occurred in the Straits 
of Messina, near Sicily. There it gained it first fame. The 
phenomena has been observed in Portbalintrea, Ireland, and is not 
unknown in New York Harbor. 

It was well known by operators that a mere brush against the 
mammoth capacity aerials could result in death. Not rare in 
operating these stations were the dark blue discharges v;hich 
launched from aerials and room sized inductors, striking operators 
and rendering them unconscious. There were those instances when 
operators became suffused with an elevating energy. being "under 
the influence of the spark" made them light-headed and giddy. In 
this state of mind and body it was possible for them to know which 
station would signal next, and what the nature of the message would 
be. When more developed shortwave systems were established 
everywhere, newer paranormal phenomena began making themselves 
apparent. These stations were more potent eidetic transactors than 
certain VLF stations. As with the mammoth VLF stations wireless, 
mere proximity to shortwave systems brought sudden eidetic 
discharges to the operators. 

It was found that station sites, even when non-operational, 
frequently continued to discharge such eidetic signals for hours. 
A condition was often reached, in well used stations, where eidetic 
discharges remained the common paranormal feature. Bilocational 
experiences were especially powerful for specific distal sites. 
This repetitive observation of specific distant locations, complete 
with moods and emotions of those places, was a reminder of those 
phenomena well-known to telegraphers. If a shortwave station was 
properly placed, it had its connections to a specific distant 
location. 

This Vril psychotopographic effect was realized by military 
station operators. The signals frequently displayed eidetic images 
of the very same unrecognizable landscapes, magnified remote 
viewing through an artifice. In this function, stations behaved 
both as eidetic receivers and transmitters. But a single electrical 
activation was sufficient to bring these effects to a station. Once 
this focalizing process had been established, one could deactivate 
the system and continue receiving the eidetic images. Land 
surrounding these stations also became suffused by eidetic 
energies. Mere proximity to these systems is sufficient for these 
eidetic discharges to suffuse us, bringing their remote views. 

10.5 VRIL IN ELECTROTECHNOLOGY 
Electrical energies irritate the primary Vril function. It is 

in this antagonistic relationship alone that radioelectric systems 
become communications systems. Their supposed electrical operation 



is an illusory result of "lumped" empirical observation. Lacking 
the detailed discrimination which comes only through anomalous 
observations, electrical engineers pursued their electrical 
objectives. Electrical theory then developed. This further 
entrenched awareness that primary Vril functions were solely 
responsible for radiosignalling. One has only to reexamine the 
powerful radiosystems developed by Loomis to learn again of this 
fact. Systems which used no applied current save those which 
suffused components from ground connection were not limited to 
Loomis. Those of Meucci (V.5), Stubblefield (V.7), Rosetti, Strong, 
Lockwood, Tompkins, and Brown (V.6) are only a few representatives 
of an armada in unpowered grounded systems. 

Readers must recall that the development of radiosystems 
proceeded from a convoluted science, one which continually confused 
cause and ·effect. The empirical nature of observations often leads 
to erroneous associations among conjugate phenomena. It is in the 
nature of Vril to drive conjugate phenomena. These form a veritable 
cloak which surround Vril black radiant threads, the generative 
discharges. One thus finds in every natural expression evidence of 
the generative Vril presence. Not knowing or recognizing the 
primary cause or function of components, subsequent academic models 
produced an "inverse technology". By this we mean that technologies 
did not deliberately develop around Vril black energy . Technology 
developed around inertial applications which stimulated the Vril 
energy. Were it not for instances in which distant communication 
was actually engaged entirely without electrical agencies in any 
stage, we could not make such statements. But the overwhelming 
conclusion, derived from thousands of patents and associated 
treatises, brings us to these assertions. More than this, we have 
the evidence of hundreds of corroborative experiments with which we 
have been engaged since realizing these facts. The discovery .that 
numerous apparatus actually did engage a primary communication mode 
altered our views on the subject completely. 

The principle need for study in the historical bibliography of 
patents, articles, and texts, empowers the development of more 
fundamental technology. The technology which we seek actively 
engages the deepest world foundations, enabling a new world 
condition. Both the anticipated technology and its foundation, 
whose components we perceive in the midst of forgotten treasuries, 
has materialized itself. Forgotten observations, stored up for the 
future in Victorian bibliographies, best chronicle the tale. Found 
in the plethora of forgotten Victorian texts and patents, we find 
information which contradicts the most advanced conceptions 
concerning radio and why it works. 

The functional relationships observed in ground system 
components were details which their designers could not immediately 
assess. Telegraphy, Telephony, and then early Wireless each brought 
an amazing archanum of associated anomalous phenomena. Such 
empirical discoveries were simply admixed within the scientific and 
engineering consciousness without question. The phenomena were all 
collectively termed "electrical". It was not until attention was 
actually focussed on each aspect of the strange associate phenomena 
that researchers made distinguishing critiques between their 
observations and the terminology by which they tagged the 



anomalies. 
Some of the observations were mildly electrical in nature. 

Others seemed to be "inflections" of electrical phenomena. Yet 
others had nothing at all to do with electrical effects. This 
menagerie of anomalies displayed a variety which threatened 
academic integrity on all counts. The invasion of these anomalies 
brought new questions which could not be tolerated, simply because 
they could not be answered. And answer-magick, not truth, had 
become the currency of academic science. 

Vril suffusion of radio systems proceeds from the ground 
connection. Permeating the components in distinctive fashion, the 
entire station often assumes the black radiant glow which is also 
noumenous in sense. Close examination of system components reveals 
a host of remarkable Vril responses and dynamic behaviors. When 
encountering certain component combinations, Vril arcs across 
connections, choosing its own desired paths. Passage thro';lgh 
components alters Vril to an extent which may trigger true 
permutation. Willingly moving into the components which bring it 
permutational change, Vril evidences intelligent motivations; 
avoiding certain components and tunneling through others. 

Vril discharges, which articulately cross circuit components, 
often connect terminals which normally would be physically joined. 
Vril automagnifies when crossing spacegaps in order to reach its 
next entry point. Radionic arrays which feature disconnected 
circuit portions have always brought derision from academes who 
mock Radionic circuits which "lack wired connections". Vril also 
evidences preferences which must be empirically learned. Vril 
current moves into and through iron rods. Vril ensheaths the outer 
surface of carbon rods and produces distinct nodes, called "rates" 
by radionists. 

Electric rays were first observed by Joseph Henry in 1862. 
Electric rays, accidentally released through Leyden Jar sparks, 
ruined a sensitive astatic galvanometer which had been housed 
several floors beneath the laboratory ... in a vault. Dr. Henry found 
to his amazement that steel needles, though hundreds of feet 
distant from these sparks, were completely magnetized. He published 
these wondrous findings in 1842. It was difficult for his 
contemporaries to conceive that such energetic transactions could 
result without wired connections. 

Elihu Thomson, a young high school instructor, accidentally 
observed the activity of electric rays in 1872. While experimenting 
with a large Ruhmkorrf induction coil, Thomson decided to intensify 
the spark display with an additional capacity. Connecting one high 
tension terminal to a large metal tabletop, he saw that the spark 
became more intense. Thinking that this intensity could be further 
boosted, he connected the other terminal lead to a cold water pipe. 
When this was done, the spark discharge took on an entirely 
different characteristic. The penetrating, and somewhat explosive 
crackle was accompanied by brilliant silver-white sparks. Surprised 
and excited by this discovery, Thomson attempted to contact his 
friend, Edwin Houston. Intending to run down the hall, Thomson 
received an unexpected shock when he grasped the brass doorknob. 
Though fixed in the midst of the large oak door, the insulated 
brass knob was highly and continuously charged. 



The astounded Thomson found that every insulated metal object 
in room was also highly charged. He and Houston ran through the 
building, drawing out long violet-white sparks with a penknife from 
every metal object in the building. They found it possible to draw 
off sparks . from metal objects several floors above the spark 
source. Thomson wrote up his accidental findings. Scientific 
American allotted him in a minor column for posterity, and the 
matter was forgotten ... until Nikola Tesla rediscovered the 
phenomenon by accident. In this remarkable account, the phenomenon 
of distant charging matches that discovery of Joseph Henry, nearly 
thirty full years before. The manifestation of these intense 
wireless energies provoked a storm of controversy among those who 
attempted their duplication. Unable to reach these intensity 
levels, most cast the account off as spurious and exaggerated. 

In 18.86, Heinrich Hertz attempted a more stringent search for 
the "electromagnetic waves" which James Clark-Maxwell predicted. 
His results were weak and furtive. Nonetheless, the entire 
scientific community seized on his findings with great zeal. All 
except for one noteworthy individual. Incapable of duplicating the 
electric wave experiments of Hertz, Nikola Tesla continuously 
performed several different experiments employing high voltage 
arcs. He discovered a great variety of effects with these 
experimental arrangements, mostly disappointing ones . One 
arrangement, however, produced astonishing results with 
uncharacteristic high power. With abrupt interruptions of high 
voltage direct current, Tesla felt powerfully shocks at some 
distance from his apparatus. His methodic inspection of this 
phenomenon proved that a powerful radiant emanation was dynamically 
projected from his apparatus "like rays of dark light". 

In this experimental accident (1891), Tesla successfully 
reproduced the results which, prior to this event, only Joseph 
Henry and Elihu Thomson had obtained. Completely determined by 
circuit parameters of val tage, capacity, and resistance, Tesla 
realized why this condition was nearly impossible to achieve by 
casual experimental arrangement. In most experimental instances, 
the component values chosen by researchers were insufficient to 
produce the strong "electrical rays". Tesla corroborated the loud 
crackling sparks of brilliant silver-white which Thomson reported 
nearly twenty years before. Tesla travelled to Germany in order to 
consult with Dr. Hertz on these findings. The two discovered that 
each had found completely different modes of electrical radiance. 
Hertz was shown that he had not in fact generated true 
electromagnetic waves. Hertz was deeply disappointed over this 
fact. His subsequent research shift to ultraviolet light and 
photoelectric phenomena was no accident. Tesla later stated that he 
was truly sorry he ever mentioned these things to Dr. Hertz. 

On returning to New York, Tesla published a seldom mentioned 
and rarely discussed article in The Electrical Experimenter 
periodical (1892) . In this he casually describes the fact that 
certain high voltage arrangements can be made to release 
"electrical soundwaves". He goes on to say that this condition is 
reached only when proper attention is given to the parameters 
comprising the circuit. When invited to speak before the Royal 
Society, Tesla saw this as an opportunity to announce his startling 



breakthrough. Taking his audience through the history of electrical 
phenomena, he demonstrated some of his early high frequency 
alternators. Intending to show the weak and furtive output of these 
rotary designs, Tesla planned the unveiling of his newer devices. 
His new electrostatic induction coil, a device which did not 
operate through magnetic induction at all, astounded the onlookers. 
He strove to explain that his discovery of electric rays was 
outclassed only by his discovery of a new kind of induction 
phenomenon. 

Electrostatic induction, he claimed, occurred when 
electrostatic shock fields collimated upon aircore solenoids of 
specific resistance. The abrupt application of the electrostatic 
field to these coils caused a remarkable transformation. This 
transformation was an unaccustomed one, resembling a short circuit. 
Electrostatic field lines actually leapt along the long coil .. . from 
end to end. In doing so, the coil voltage surged beyond predicted 
values, jumping as much as ten thousand volts per inch of coil 
length! This was not magnetic induction. The coils did not behave 
like magnetic transformer coils. They behaved like curious 
cylindrical capacitors. The coil resistance was the key. When once 
the sharp and powerful electrostatic shock field was applied to 
this coil, the strange voltage conversion took place. It was as if 
a new and more potent electrostatic energy had been discovered, a 
pulsating one having anomalous penetrating powers. This energetic 
ray passed through shields and substances alike. Tesla developed 
and patented numerous ray transmitters, each producing truly 
anomalous effects. 

Most associated his name and work so strongly with alternating 
current, that they were unable to grasp that Tesla had already 
abandoned that line of research. Unidirectional impulses being 
proclaimed as the only means for producing the electric rays, ~esla 
clearly states that these potent results should not be expected if 
very stringent circuit parameters were not carefully met. Most did 
not obtain them. The consequent response by such persons as Sir 
Oliver Lodge, was that the "emotional" Tesla was exaggerating. As 
Tesla predicted, those who did not keep to his parameters succeeded 
in developing only weak electromagnetic waves. Results obtained and 
improved by Tesla differed completely from systems developed by 
most experimenters of the day. Tesla developed true and penetrating 
electric ray transmitters . Others, notably Marconi, proliferated a 
radio technology which implemented the weak electric Hertzian 
waves. While Tesla developed a great number of systems for 
liberating these rays, the most powerful species are liberated when 
high voltage DC arcs are repeatedly disrupted "without alternation 
or oscillation''. 

Engineers and theorists have begun again to study these 
electric ray manifestations, attempting theoretical proof that they 
actually exist! Discovered through accidental arrangement, Nikola 
Tesla perfected the means for implementing these rays in a host of 
designs. Each of which representing technologies which have 
remained dormant for nearly seventy five years, their reemergence 
would completely revolutionize world power production and 
distribution. Throughout the twentieth Century, there would appear 
several inventions which clearly duplicated Teslian methods. These 



systems worked in their ray transmitting modes ( DeMoura, Reno, 
McCullough). As electronics and vacuum tubes came into vogue, a 
progressive divergence from Tesla electric ray technology produced 
pure Hertzian mode radio and radiobeam technology. This progressive 
trend eventually explored higher alternating frequencies and 
shorter waves. Engineers maximized "electronic" carriers and 
avoided electric rays altogether. Tesla proved that only the 
violence of DC arc "disruptions" could release the most powerful 
ray varieties. Inherent in the electrostatic field, Teslian methods 
prove to be the most prolific way for releasing these energies. 

Nevertheless, engineers sought the creation of Hertzian 
wavebeams in UHF and, eventually, RADAR. The invention of the 
single cavity magnetron tube provoked a revolution in Hertzian 
electron technology, producing the multicavity magnetron, 
powerhorse of the World War II battle arsenal. Eventually, all 
mention of electric rays was relegated to works of science fiction. 
Having lost the knowledge which Tesla plainly declared in all too 
numerous lectures and patent texts, engineers completely forgot 
that electric rays exist. Now they deride the notion, believing 
that electrical longitudinal propagations are impossible. Recently 
termed "electro-kinetic" rays, several researchers are studying new 
means for generating them (Aspden, Jefimenko) . Engineer Eric 
Dollard has had the earliest and most evident success in 
duplicating those results claimed by Tesla. His research remains 
unequalled in the study. 

Fragmental analysis of electrical systems often becomes 
nightmarish, especially with extensive combinations of components. 
It is relatively effortless to recognize the form-related Vril 
function of these very same systems, recognizing in this primary 
function the very reason why they worked in electrical parameters 
at all. These systems worked in electrical parameters only because 
they were good Vril conductors. Our research is a necessary 
retrospective survey of ele.ctrical communications systems with 
these facts in mind. To comprehend the exact features which should 
be sought in such study, one needs to learn more of what Vril is 
and how is behaves when engaged by a structural design. 

Vril is electrically neutral. Inertial space is neutral also, 
unless penetrated by Vril threads. The focussed Vril penetration of 
inertial space stimulates inertial cavitation and dissolutions. It 
is in this interaction that we see the composite nature of inertial 
space, which dissolves as a continuously infinitesimal series of 
droplets. We see electrical charge manufacture wherever Vril 
impinges a densified inertial layer. Proceeding from the Vril 
channel, the radiant flow of negative charges rides the inertial 
surface outward. Positive charges enter the Vril channel. The 
opposed charge flux occurs in radial lines from the Vril channel. 
The manufactured currents may be weak or strong depending on the 
degree of sensate interactivity. 

In this interaction, there are no fixed electrical charges or 
electrical masses. Contrary to academic assertions, one observes a 
spectrum of charges and masses which are manufactured in situ. Both 
Tesla and Le Bon made reference to this charge manufacture process, 
a fact recently brought to attention by radioengineer, Eric 
Dollard. It is imperative that we realize the constricted site in 



which charges are observed during this Vril penetrative process. 
one measures electrical currents only along the dissolving inertial 
surface. Beneath this surface is a far deeper world, one of sense 
and conscious reality. 

There is no detailed understanding in the reductionism by 
which engineers group and equate empirical observations. In truth, 
any whole observation is a composite of innumerable interactions. 
Knowing the most fundamental order and grade of interactions is 
critical to the improvement of any system. Knowing the most 
fundamental cause of an effect is the key to designing new 
technology. By what fundamental means are we then to obtain such 
knowledge? Electrical activities are not the most fundamental order 
and grade . Despite the fact that we apply electrical energies to 
radio circuits in order to "make them work", our thesis denies that 
electrical energies fulfill the function of communications systems . 

There are reactivities between Vril and electric fields, which 
are specific. Tesla noted that the extraordinary preponderance of 
electropositive charge in his ray transmitters produced the most 
exalted distant communication effects. Other investigators 
corroborated these observations, noting that such "polar" 
preferences produced very distinct black radiant phenomena 
(Piggot). It can be experimentally verified that Vril discharges 
enter electropositive terminals, avoiding electronegative 
concentrations . Vril patterns are especially magnified when 
pulsating electric vectors remain unidirectional. Early wireless 
system patents are replete with such observations. Enraged Vril 
responses to all inertial irritants occur on behalf of hie­
organisms . Vril moves toward the life of living things, preserving 
their life by auto-magnifying its presence whenever and wherever 
inertial occlusions are densified. One therefore finds that black 
radiant concentrations suffuse the ground just before and during 
storms. Vril automagnifies on behalf of bioorganisms, the electric 
rays serving as penetrating irritants. 

Why each communications system operates successfully has 
little to do with electricity per se. The action which 
radioelectric signalling systems engage, in the natural Vril 
environment, is a reversal of the natural process observed before 
and after lightning storms. There are aperiodic intervals in which 
inertial space has so densified in an area that Vril discharges 
autonomically intensify to pierce and dissolve its presence. 
Vertical black striations and thready discharges emerge from the 
ground, piercing the densified inertial layers. Normally this 
process is quiescent and continual. The minor daily variations in 
experiential consciousness do not find their cause in "humidity" or 
"air pressure". They find their variations in the accretion of 
inertial space as it is ground absorbed and metabolized in the Vril 
Matrix. During these times, it is possible to visually sight the 
faint groundward moving white beams. Some have erroneously taken 
these to be the direct sighting of vital energies (Reich). 

There are times when excessive inertial accretions require 
excessive dissolutions by the Vril Matrix. This is when lightning 
storms occur. Strongly constricted ground emerging Vril threads 
pierce the inertia, bringing down sharp white sheaths better known 



as "heat lightning". The white sheath is the inertia, not Vril. 
Vril is black radiant when sensate. When insensate, Vril cannot be 
seen. Lightning strokes are highly constricted white inertia 
sheaths, which surround Vril discharges and rapidly descend into 
the ground. There they are dissolved and dispersed. The cavitation 
of inertia against the central Vril core of a "bolt" manufactures 
electrical detritus in situ. This is the "electricity" which 
researchers measure in a lightning bolt. That lightning is 
fundamentally triggered by a natural Vril process is evident in the 
numerous accounts of "black lightning", which suddenly appear 
without shock and without thunder (Corliss). 

Numerous accounts had been given of "black lightning", and 
"black auroras", reports which have been continuous throughout the 
last century. Though numerous photographs of black lightning are 
fortuitously made each year, academic science cannot accept the 
physical evidence laid before their eyes. Taken by most to be 
"overexposures" in photochemical emulsions, black lightning has 
been visually observed. Obviously a breach of electrical science, 
black lightning proves much more ancient theories concerning 
natural environments and natural energies. A powerful manifestation 
of black lightning twice produced remarkably distinct thick dark 
forked shadows against a large terrace window (Vassilatos). The 
phenomenon repeating itself twice during a single storm, revealed 
far more than electrical dynamics could produce. In this instance, 
the "black lightning" forks literally stood out of the ground in 
the middle of a road. 

The electrical strikes which precipitated the black lightning 
had not occurred in the road . at all, but had brightened the sky 
further up on a hill. The black lightning was not a simple tree 
shadow on the glass, being radiant and deep and distinctly non­
electric in sense. In fact, while the electrical phenomena of the 
storm brought considerable physiological irritation, the sudden and 
unexpected appearance in the road of two distinctly different black 
forked shapes were accompanied by a warming sensation. In this is 
comprehended the Vril rulership over natural electroactivity. Vril 
precedes the appearance of electrical discharges, being the core of 
these white displays. Drawing out inertial currents, black Vril 
threads often become ensheathed in foggy white displays. The 
excessive constriction of primary Vril thread discharges reaches 
upward and powerfully congeals the residuum of aerial inertia ... its 
chief function. Thus, the natural Vril discharge is a protective 
function, where Vril cleanses the aerial stratum on behalf of 
bioorganisms. Furthermore, and most astounding, is the fact that 
black lightning displays are articulate manifestations. They are 
dendritic and highly detailed, the patternate emanations which 
proceed from the ground toward space (Corliss) . 

Thus, irregardless of transmissive mode or operational 
frequency, radioelectric irritations cause sufficient irritation in 
the Vril environment to provoke a greatly magnified Vril response. 
Thi s response brings the eidetic current strength beyond its normal 
levels or distributions. Magnified and expanded in size, these 
currents flood whole districts with their imagery, being often 
received by sensitive individuals as sudden "remote views". On 
close inspection therefore, any electrical irritant will stimulate 



such long range effects. Though this fact explains the successful 
operation of all electrical communication systems in general, we 
exemplify those systems which employed RAYS and not WAVES. 

10.10 VRIL AND ENERGETIC BEAMS 
The most effective Vril irritants are the electrical rays 

which Henry discovered, Thomson rediscovered, and Tesla developed 
into a revolutionary technology. In a previous investigation, Tesla 
describes strange and ghostly streamers. These were mysterious to 
Tesla, seeming to be externalized displays of phenomena to which 
Sir William Crookes alluded. When Sir William, in detailed 
descriptions of vacuum tube phenomena, observed the very same white 
flimmering streams, he strongly believed them to be ectoplasmic 
streamers. Flooding his special high vacuum tubes with their 
entrancing smooth glow, Crookes used the tubes as a telescope of 
"astral space": the spirit world. But here, in Tesla's sight were 
the very same displays. The difference was that these did not 
require vacuum enclosure at all. These "misty white" streamers were 
"cool to the touch". They projected outward into space " ... phantom­
like". In these yard long streamers, Tesla saw more evidence for 
the fact that his Electrostatic Transformers were channeling an 
aetherial gas. His terminology became quite "hydraulic", and later 
"aerodynamic" in describing these white flowing discharge 
phenomena. In fact, his later Transformers began appearing ever 
more streamlined. 

Raybeam systems were first recognized in the hands of Tesla, 
who used them in epochal power transmission systems. The potent and 
penetrating rays produced a great number of phenomena which 
indicating that a mysterious "extra energy" was entering the 
devices. One such phenomenon was casually mentioned by Tesla after 
public demonstrations of his remote control systems. In this, Tesla 
reported that the operation of his impulse transmitters produced a 
continual flow of usable electrical energy for an hour after they 
were deactivated. He also described an anomalous form of ionization 
by which it was possible for him to draw long silvery threads of 
light from organic matter everywhere in the demonstration space. 
The description of these clingy and fluidic silvery threads greatly 
resemble the phantomlike streamers produced in an oil insulated 
version of his Electrostatic Transformer. 

Tesla also describes an ever expanding column of electrical 
lumination which proceeded from his power transmitters during 
nighttime operations in wide open spaces. This manifestation of 
ever-expanding light indicated the articulate growth 
characteristics associated with his impulse applications. Grounded, 
these spiral transformers stimulated voluminous Vril currents. 
Described by Tesla in terms of spatial volume and surface area, the 
ever growing column of light is not one which radioelectric 
currents customarily exhibit. These luminal manifestations were not 
produced by electrical impulses, they were stimulated in the Vril 
Matrix by electrical impulses. 

Tesla later discovered the exact impulse frequency for 
stimulating extraordinary luminous displays in free space. These 
displays, surrounding his capacity aerial broadcasters with a white 
light, rapidly grew in volume and radiance. With these, Tesla 



declared it possible to illuminate the night. He also planned to 
beam such impulses skyward, stimulating voluminous radiance across 
great expanses. The applied energy, an impulsing current of intense 
electrostatic force, served merely to stimulate radiance, not 
supply the energy to generate it. The use of electric ray beams 
provokes a conjugate enraged Vril regime, a tightly constricted 
beam of thready black ray discharges whose first function is to 
neutralize the effects of the irritating beam. Intensified Vril 
beams remain in their enraged state until the electrical beam is 
removed. Vril then resumes its relaxed normal state after a gradual 
period of deexcitation. 

There exists a remarkable Colorado Springs photograph in which 
electro-impulsive discharges take on the appearance of smoothly 
collimated light beams. Beamlike arcs pass among several 
disconnected transformers. Clearly seen within the large Magnifying 
Transmitter array, one glimpses but one aspect of Tesla's research 
on which he was later to place total emphasis. Rays, conjugately 
propagating along with Vril threads, produced the most intense 
antagonisms. These antagonisms result in powerfully concentrated · 
eidetic exchanges. In pure ray propagation modes, Vril 
magnifications are overwhelming and linger with time. The 
experience of Tesla in these regards can be found in his Colorado 
Springs Diary. Perceptual distortions being the heart of his 
remarkable account, his Diary tells that both visual and auditory 
distortions suffused the region surrounding his plateau. Most 
imagine the account to describe the familiar effects of mountain 
living on city slickers such as Tesla. But Nikola Tesla spent the 
whole of his young life in mountainous lands, never observing these 
phenomena. Obviously he is telling us that a new effect has been 
observed; one which explains some ancient astronomical 
observations. Permitting the accurate unaided observation of train 
wheels and passengers across ten or more miles, Tesla tantalizes 
his readers with a new conundrum. 

It is assumed that, in this vast projection of black radiant 
phenomena into the natural environment, Tesla discovered something 
of the geoanatomical structure. It was obvious that these 
perceptual distortions were anisotropic in distribution, revealing 
specific paths through the ground and space; a vital piece of 
information which leads to special views concerning all wireless 
forms of communications. In addition to those truly strange 
empirical discoveries by which Nikola Tesla is principally known 
there came others, whose bizarre and often accidental findings 
produced equally paranormal manifestations. The use of rays and 
rayic beams occupied theoreticians in pedantic recapitulations. 
Expending all their intellectual energy in describing the anomalies 
associated with rays in conventional terms, certain discoveries 
refused to be so easily reduced. Strange and wonderful, each of 
these new anomalies has more to do with Vril than the electricity 
whose irritations triggered the natural response. 

The elimination of ground connections did not eradicate the 
dynamic engagement of the Vril Matrix. Shortwave and beam radio 
systems remained thoroughly suffused by ground discharged Vril. 
These systems also powerfully interacted with the aerial strata of 
the Matrix. In this manner, shortwave aerials and beam projection 



tubes became CONNECTIVE TERMINALS through which eidetic signal 
components were projected to great distances. With this primary 
mode securely in operation, shortwave, VHF, UHF, Radar, arclight 
projectors, Ray projectors, and other beam systems became effective 
extensions of the ground discharged Vril. Suffused by local and 
impressed eidetic currents, these beam systems effected strong and 
clarified transmissions of eidetic currents. It was not uncommon 
for these systems operators to experience repetitive and scene­
fixed eidetic discharges. Suffused with the primary Vril 
components, radiobeam systems operated primarily in Vril functions. 

Beams of electrical rays, impulses, oscillations, · or 
alternations each irritate the aerial Vril stratum by direct 
connection. Antennas act as terminals, touching specific aerial 
Vril strata. The powerful consciousness modifying effects of VHF, 
UHF, Radar, Arclamps, and other Rays are first experienced in the 
strong attraction which powerfully draws human attention. Beam 
transmission systems, whether for power transactions or 
communications, were extremely effective in certain parameters. 
Mysterious in their appearance and activity, such beams systems are 
pictured by Tesla as capable of intelligently tracking targets with 
no additional guidance components. Other designers successfully 
managed the detection of distant radio signals through compact ray 
tube receivers (McCullough, Moray, Farnsworth). 

Communications systems had always been developed by experts in 
the energy known as electricity. It was thus hastily assumed that 
electrical components and applications produced all the observed 
effects in these systems. The electrical function of radiosystems, 
imagined now as their only operative mode, contained too many 
"lumped interactions". Few ever perceived that the real function of 
electricity in these systems was to act merely as an irritant of 
more extant energies, energies whose role in human interactions has 
always remained primary. Since these systems had been developed 
through empirical observations, all the observed signal exchanges 
were thought entirely due to electrical applications. In this we 
see that the lack of detailed understanding in these regards 
promoted a erroneous theoretical base upon which all of modern 
communications theory is based. What is the chief benefit of 
unravelling these conundrums? The development of transcendent 
technologies requires a detailed knowledge of the Vril Matrix, the 
natural environment which it generates and sustains, and the 
responses of this suffusive Matrix to human artifice. 

The electrical components, whose operative functions were 
learned through empirical observation, served merely as Vril 
irritants. Eidetic signals exist entirely in the Vril Matrix, whose 
extent floods the world. Power is not required for exchanging 
eidetic signals. PATTERN CLARITY is the required function in this 
regard. But electrical irritation of the Vril Matrix does not 
require the detailed and complex componentry of radiosystems. 
Electrical light energy can produce concomitant Vril magnifications 
through specific kinds of irritation. It was found that certain 
electrified gases actually radiated emissions which had powerful 
effects on the Vril Matrix. Inventors experimented with the 
consciousness-modifying phenomena associated with low pressure 



gases (Crookes, Tesla). Besides the therapeutic effects, and 
exceeding the mere aesthetic beauty of colorful light, gases 
emanate perception modifying energies when electrified. Astute 
observation reveals that experiential space is considerably 
modified through exposure to the light of various electrified 
gases. 

It is possible to stimulate powerful visually sensate black 
radiant pulsations, waves, and currents by the use of a strong 
flashlamp. The impulse and intensity establishes black radiant 
conditions which may be seen. Irritated into a magnified state, 
black radiant Vril begins to move into the photoirritant. Sudden, 
isolated lightflashes produce an instantaneous black flash which 
floods the eyes. It is the familiar result of photoflash. When 
lightflashes are repetitive and continuous, the black flash becomes 
a continuous flow. Prolonged operation of quick impulsed Xenon 
flashlamps produces a special blackwave phenomenon. First flooding 
the eyes, a black radiant flood gradually works its way throughout 
the body. This blackwave is · accompanied by a distinct relaxing 
sensation. Peering around the white flashing light, one sees a 
continuous black radiance which moves into the lamp. The lamp may 
cease flashing, but the blackwave continues for a minute or more 
afterwards. 

Experience conveys exact information. Experience does not 
require the quantitative interpretations gained through inertial 
assessments of the world. The two approaches, subjective and 
objective, are mutually exclusive. Quantitative data cannot inform 
experience. Experience is the ultimate criterion, the only gateway 
into the conscious world foundation. Quantitative analysts judge 
the blackout phenomenon to be a photochemical reaction, one which 
occurs entirely in the retina. In their view, afterimages and 
blackwave phenomena do not indicate space suffusing conditions. 
They have not taken care to notice that unmistakable physical 
sensations follow the movements of blackwaves. Seeing the light 
itself does not produce the effect, the common assertion. 
Flashlamps do not cease producing these body permeating sensations 
when eyes are covered. They do not cease when we turn our backs to 
the light sources. The blackwave sensation may be felt both with 
eyes covered and with progressive distance away from the lamps. 
Blackwaves flood regions of space which have been substantially 
irritated by flashlamps. 

Lamp-stimulated blackwaves are a real external space 
phenomenon, a Vril manifestation which focusses on the irritating 
bright light sources. Vril responses flood space whenever 
irritations such as these are released in the environment. The 
responses match the irritant. Sensate irritants evoke sensate Vril 
responses. Insensate or semisensate irritants, such as shortwave 
transmitters, produce equivalent responses. It is not uncommon to 
visually sight blackwaves near intense shortwave radio 
transmitters. In all of this, we must see that focussed energetic 
beams become conscious channels. such channels permeate matter and 
space, opening them up and releasing their essential radiance. When 
this state is achieved, both matter and space change. The essential 
feature of the Naval dark wave experiment, albeit devastating, was 
contained in this kind of interaction. 



When one comprehends that communications systems require far 
more than code and code-carriers, one is faced with the singular 
problem of explaining the transaction of whole meanings through the 
ground or through aerial space. There are the eidetic functions 
which operators of VLF stations experienced. When absorbed Vril 
patterns are electrically magnified, they become powerfully and 
dangerously enlarged. Irritated into greatly expanded and highly 
clarified states, these patterns process into the surrounding 
strata. The enlarged Vril processions instantly reach those for 
whom the messages are intended. Vril engagement between 
communicants is truly complete only through Radionic 
instrumentation. 

The contemporary awareness that lightbeams contained vi tal 
energies began with the historic experiments of Baron Karl von 
Reichenbach. Baron von Reichenbach verified the Odic energies 
contained in space sourced lights. The isolated lightshafts of sun, 
moon, planets, and stars each flooded over with Odic energy. The 
Baron successfully treated these Od-rich lightbeams with large 
crystal prisms, discovering that select spectral portions 
concentrated specific Odic contents, whether vitalizing or 
depressing. He also observed and described the Odic interactions 
with both magnets and light. His classic experiments proved that 
the luminous Odic emanations from large magnets could actually be 
focussed by a large lens into bright mid-air suspensions. The Baron 
also successfully managed to photograph Od luminations with very 
sensitive emulsions. 

Thereafter in America, Dr. Albert Abrams managed to photograph 
lens-focussed auric emanations from the bodies of his subjects. T. 
G. Hieronymus discovered that the natural radiant emanations of 
materials could discharge from electrical components and circuitry, 
traversing optical components such as prisms and lenses. He termed 
this energy "electrooptic" or "eloptic" energy, since it 
demonstrated conductivity through wires along with lightlike 
properties. The energetic interaction between these radiant 
discharges and the quartz optical components proved remarkably 
revealing, especially when the discharges of various elements and 
substances were examined. Noticing the physiofrictive reactions, 
sensed in the fingers when contacting special plate capacitors, Dr. 
Hieronymus realized that he was able to analyze unknown chemicals 
by simply rotating the conductive prism. This proved that the 
radiant emanations were capable of being diffracted, each element 
projecting succinct spectral components. 

The interactions of lightbeams and magnets were implemented in 
a similar diagnostic instrument by the DelaWarrs in England. These 
interactions are especially potent when loaded with special 
Radionic combinations. The concept that directed beams of light can 
carry eidetic information is take directly from natural example. 
capable of suffusing other energetic substrates besides light, 
eidetic currents can be directed toward specific sites with 
deliberate intent. In addition, numerous eidetic currents can be 
combined to convey several eidetic messages simultaneously. 
Experiments have shown that Radionic signatures can be both 
impressed and detected through lightbeams alone. This is the 
central principle which rules all beam systems of communication. 



The endless collection of anomalies observed with beam systems 
originate with eidetic dynamics. It is in this frame that we 
comprehend why the designers of electric raybeam communication 
systems had observed their anomalies. 

Projecting their irritations in straight lines through the 
aerial Vril strata, the eidetic signals tunnelled pathways away 
from the transmitter site. Beam transmitters were characterized by 
unusual anomalies, whereby energies were drawn into the 
transmitters as if by "touch contact". Thus it was found that 
transmitters behaved as if extending some kind of physical channel 
through which contact from the outside could reply with rare 
entrant energies. Such penetrating beams stimulated the release of 
multiple vertical Vril manifestations. These simultaneously sprang 
from the ground in special groundpoints, and also rayed down from 
space from special spacepoints. In this, beam communications 
systems provoked an entire regime of lost Vril realities and 
behaviors which have great import in the With beams came several 
remarkable phenomena. Hettinger observed that vertical arclight 
beams could be pulsed by radioelectric currents, effectively 
forming aerials of extraordinary vertical length without the 
necessary wire conductors. In addition, these vertical beams became 
charged with groundward flowing currents similar in effect to those 
observed in the aerial batteries of Vion, Ward, Dewey, Palincsar, 
Pennock, and Plausen (V.l). 

Healing systems exposed the body of patients to a vibrant flux 
of numerous electrical impulses simultaneously. While many imagined 
that the electrical impulses held the principle healing function, 
most did not realize that the electrical vibrations simply acted to 
collimate the suffusive Vril flow which came in response to the 
irritation. One finds that medicinal applications of rayic energies 
stimulate vitality long after the initial exposures. It has .been 
reported that blackwave processions flow through a properly 
constructed Lahovsky double coil arrangement which employed 
grounding (Lehr). Healing beams were generated in various gases, 
being applied to the body directly. Their principle therapeutic 
power was derived from the antagonistic responses of Vril and the 
applied electrical beams. Having been derived through special gases 
and gas mixtures, these beams were Radionically active. Being 
suffused by the specific Vril currents of those gaseous elements, 
Vril response was biased toward those elements. Therapeutic 
absorption of these elemental currents was empirically found 
advantageous in healing certain conditions. Most of the time, 
various argon-nitrogen mixtures were employed. In one case, 
minerals and other substances were employed (Moray) . 

We again recall the observations made by Sir William Crookes 
with regard to vacuum tubes and the surrounding environment. The 
electrical action of a vacuum and low pressure gas tubes is not 
limited to the glass or metallic envelopes forming the containment 
structure. Sir William observed that space suffusive articulations 
of the most delicate fluidic varieties actually flood the discharge 
space of such tubes, having passed directly and effortlessly 
through the glass walls. Glass is transparent to these Vril 
suffusions, isolating neither the electrical irritants nor the 
gases contained from the Vril Matrix. Quartz glass seems especially 



transparent to these suffusions. Although we are taught to view 
vacuum discharge tubes as isolated entities, such discharge tubes 
connect directly with the Vril Matrix. They are infused with Vril 
threads, irregardless of whether they are grounded or insulated 
from ground. Tesla's early work with Lenard tubes reveal 
connections to ground. 

De Moura discovered that cathode ray beams could literally 
extend, focus, and magnify the projection of electrical rays. 
Reno also discovered the powerful radiant effects of rapid and 
abruptly impulsed electrical beams. His patent is a textbook on 
anomalous rays. Thus, true mysteries of the Vril aerial stratum 
were delineated through the antagonistic influence of energetic 
beams •.. an impoverished means by which to learn of Vril responses 
and Vril behavioral phenomena. 

In a ·more dramatic exhibition of space-suffusive interactions, 
we examine the most advanced . vacuum tubes ever devised: the 
remarkable work of Dr. Philo Farnsworth. Philo Farnsworth produced 
an enormous series of truly remarkable electron tubes, the most 
complex designs scholars will find in the historic archives. 
Anomalous in their exceptional efficiency, these tubes provided Dr.. 
Farnsworth with a powerful arsenal for creating beam energy 
devices. His attentions not simply focussed on the radio effects of 
these devices, Dr. Farnsworth recognized the purely aetheric 
implications inherent in the operation of multipactor designs . In 
the operation of these tubes, extra energy seemed to enter along 
the tube axis •.. from surrounding space. The multipactors of Dr. 
Farnsworth were miniature solar furnaces in terrestrial glass 
vessels. Farnsworth 1 s magnificent electron tubes were prolific 
generators of UHF impulses . The concept of photomultiplication was, 
in his laboratories, brought to an incredible level of perfection. 

Farnsworth multipactors reached anomalous levels . of 
efficiency, highly problematic for contemporary physicists. In 
effect, the multipactor tube is an "electron reactor", in which 
electron emissions from Thoriated filaments produce chain reactions 
through bombardment in Caesium. 
Electric rays from the multipactors proceed directly through the 
tubes, producing external effects capable of charging objects and 
triggering Geiger emissions. The effects are not caused by X-ray or 
other identifiable such energies. Others have duplicated these 
effects, having discovered that photomultipliers may be used as 
bioresponsive instruments (Dollard). 

10.11 VRIL EIDETIC IMAGERY 
The Vril discovery process is experiential, not objective. 

Those whose science tended toward an apologetic quantified 
treatment of QUALITATIVE realities, devised the Victorian aether 
theories. Originally codified in the elegant ectoplasmic theories 
of swedenborg, Reichenbach, and Crookes, scientific researchers 
began to isolate features of the connective bioconscious stratum. 
Glowing ectoplasm, the fine and hairlike space-filling medium, was 
identified through a number of intriguing and diverse experiments. 
Electrical discharges (Crookes, Tesla), biocrystallizations 
(Littlefield), sonic shadowgraphs (Hughes), darklight photographs 
(Le Bon) , black heatlike ripples (Blondlot) , sensitive responses at 



a distance (Bose, Abrams), these and many others found increasing 
evidence for the existence of the bioconnective Vril Matrix. The 
Vril Matrix is consciousness and life. It creatively generates 
bioforms within media which it has previously projected. 

While a few scholarly devotees maintained the integrity of 
this wonderful and revelatory thesis across the century's turn, 
some decided to construct a theory which satisfied all of the 
"academic requirements" for an interspatial medium. The ill-famed 
aether theory, put forth by Lodge and other quantitative analysts, 
proposed that a chaotic gaseous medium filled and permeated all 
spaces. All such apologies, based on quantitative 
maxims, are almost immediately consigned to failure. 

Normally indolent, but focussing all their efforts in these 
instances, academicians delight in picking such theories apart. 
Whether through criticisms of experimental accuracy or penetrating 
experimental proofs, no manner of quantitative proofs can ever 
satisfy academicians that any bioconnective medium exists. 
Predisposed against and fearful of the bioconnective medium, 
academicians consistently shirk the issue. nevertheless, personal 
experience constitutes personal proof. Ultimate proof. Experience 
alone is the personally cherished proof of value. Through repeated 
experience with Vril currents we learn that the world is not built 
on inertial matter, but rather on consciousness. Permeating in the 
black radiance, we receive the necessary penetrating vision to peer 
beyond the inertial bounds of our environment. once this reality is 
securely fastened in our minds through direct vision, we can begin 
to intellectually accept the notions anciently written and here 
expounded. 

There are too numerous experimental demonstrations clearly 
indicating the existence of Vril and its marvelous qualities. Most 
conclusive among all of these proofs is the personal one. It is 
through PERSONAL CONNECTION with the Vril currents that we receive 
experiential expansions of consciousness. The acquisition of these 
experiences requires the simplest grounded apparatus. It is only 
through the medium of Vril current then, that we realize that 
consciousness is the foundation from which the material world 
springs full. Experience in the Vril currents reveals a fundamental 
world-structure which differs completely from that which is 
perceived by the dulled, inertialized senses alone. Vril 
distributions permeate experiential space with a light seen 
directly through the aura. It is through this personal experience 
alone, a vision empowered through Vril Light, that we comprehend 
the connective Matrix in which we live. It is in this awareness 
that ancient designers conceived special Vril technologies, 
employing the Matrix directly. The Matrix, as a providential 
utility, supplied the needs of certain societies. When once these 
ideas are firmly internalized, one conceives of inter-regional 
communications in a new and greatly enlarged domain. The use of the 
Vril Matrix for establishing communications requires a knowledge of 
its own energetic expressions. 

Continual exposures in Vril produces continual 
collectivization of seemingly separate realities. The science of 
qualitative analysis suddenly becomes more precious than that which 
is learned or obtained through inertial meters. One sees the 



homogeneous integrity which infuses numerous qualitative thesis. 
Continued exposure in the Vril current reveals the fact that it 
generates all experiential reality, including the very ability to 
apprehend its endless creations. Mind-perm eat in g space 
topographies, which reveal the external and suffusive structure of 
the world, can be modified by the application of special 
technologies. This topography which, with practice, can easily be 
mapped in any location can be used to benefit by the adept 
designer. 

Vril discharges, eidetic in content, form discrete patterns of 
the most complex composition when passing through eido-conductive 
matter. Vril effects mindstates and sensations from the outside 
world, having mappable topographies. Vril is not the luminous 
displays of auras and aethers. Vril is the black radiant core of 
existence·, the creative and projective core of ALL experiential 
manifestations. Vril is black, but is not void. Vril black radiance 
is creative and projective, the generative source of all whole 
visions. Vril projective visions are the experiential DIORAMAS 
which compose our world experience. Qualities, and their complex 
compositions, reveal the previsionary ancient aeons of Vril. 
Knowledge of world-structure precedes understanding of all too 
numerous radioelectric anomalies. one sees that, as with 
telegraphic and telephonic VLF, raybeam systems also powerfully 
interact with aspects of the Aerial Vril Stratum. 

In black radiant space, one senses a powerful conscious focus 
which brings a wonderful sequence of personal elevations. Direct 
physical contact with this black radiant energy causes a sudden 
withdrawal of all personally surrounding "pressures". Those who 
enter into such black radiant spaces first become relieved of all 
negative emotions and internalized physical pressures. one at once 
feels the freedom of a more permeating and fundamental space .. 

In this magnified special perceptive state, one discovers new 
vistas. Visual vistas. The black radiant space extends in all 
directions. It is deep, expansive, and exhilarating. The black 
radiant space is simultaneously an objective observation and a 
subjective experience. It is in this awareness that new visual­
mental functions reawaken. With sufficient exposure within the 
black radiance, one envisions the true and deeper world. The black 
radiant space suddenly appears to have details and topography. One 
finds it to be immense and unmoved, pulsating and glowing, flooding 
the percipient with new ideas and visions. It is in this radiance 
that we perceive the true World-Structure. 

Through the consciousness derived from contact with black 
radiance, sensitive men and women became priests. The black 
radiance is the supernal light which precedes the development of 
sensate light. 

Black radiance is more than insensate light. It is generative 
source of consciousness, the generative source of existence, the 
generative source of worlds. Vril is the only means for deriving, 
comprehending, and communicating the ancient knowledge of the 
World-Structure, of the World-Foundation. It is an experience, not 
a lesson. Far below the foundation to which physical 
instrumentalities can penetrate, our ordinary consciousness 
imagines metaphysical depths which exceed inertial bounds. The Vril 



magnified mind perceives these realities with great power, visually 
examining the very deepest accessible planes and strata. 

Called the "hollow in the earth", this deepest foundation 
marks the locus through which images become materials. It is in 
this deep stratum, this Plynth, from which dreams emerge and souls 
go wandering. The metempsychosis of the ancients was not a myth. 
They recognized in this stratum a nexus where all minds could meet 
if properly trained or equipped. This zone was termed by many 
names. But The KRATON, the "all upholding one" served the meaning 
best. The Kraton is the only foundation in which dualities 
dissolve, being the generative source from which realities emerge. 
Inertial space splits experience into dualities. 

Black radiant Vril can suffuse the space above a small 
groundpoint, emanating upward in a glorious display. One - may see 
the black- ·radiance in wavelike processions, glimmering across an 
opened field. In places where the black radiance densifies and 
constricts, one perceives the wriggling . and sinuous trails, noted 
by ancient geomancers. In other instances, one may observe black 
radiant Vril discharges as they flow among rocks, or from ridges to 
trees. Vril is blackness ... but is a radiant blackness. Vril current 
does not enjoin the avid investigator with a life-destroying 
stratum of shade and gloom. It is not the smokey dreaded darkness 
which inertial space brings. Vril is not shadow and death . When one 
enjoins Vril ground currents, one receives a magnified 
consciousness state which excludes and dissolves all ephemeral 
thought structures. Those pressures and constraints which invade 
our being unawares are suddenly removed. 

In the flow of Vril ground currents, now powerfully obtained 
through contact with iron posts and grounded iron rods, one is 
suffused in the Vril black radiance. It is a light which is world­
generative and world-suffusive. In this flood, one views a creative 
dynamic which surrounds and permeates one's very being. Intensified 
in vitality, one recognizes that this current projects an 
expressive and creative language. The language comes forth as 
experiential dioramas ... as images and imaginal impressions. Here, 
one recognizes that world-experience inhabits these superposed anq 
interpermeating dioramas. Together these compose our world­
experience. The World-Structure is composed of the whole imagery 
which is experienced and directly represented in visions . . Vril 
interconnects the world in dialogues whose content is a language of 
images. Vril interconnects the environment with imagery. 

Chladni discovered that collimated beams of sound contained 
cross-sectional patterns which could make permanent impressions. 
His discovery realized what the reductionistic analysis of sound 
(Helmholtz) failed to reveal: that sonic beams are suffused in 
variegated patterns which are bioorganismic in form . His discovery 
that some of these patterns oscillate through time also gave 
evidence that these cross sectional patterns had 
volumetrically distributions. By these discoveries, it was 
understood that sound beams were not mere stratified air columns, 
having alternately bands of compression and rarefaction. 

In 1885, Margaret Watts-Hughes produced some of the most 
remarkable sonographic records ever made. In a trumpet-like device, 
which she called the "eidophone", articulate vocal utterances were 



focussed on a dust-covered diaphragm. Bearing no relationship to 
the harmonic sonograms of Chladni, singular vocal sounds made by 
Mrs. Hughes produced dendritic trails and cross sectional patterns. 
The "Eidographs 11

, as she referred to them, became intensely complex 
with longer utterances and varied dust media. Varied host 
substances often produced elaborate and distinctive bioorganismic 
patterns. 

Thoroughly suffused with shadowforms and black trails, the 
EIDOGRAPHS of Mrs. Hughes reveal startling connections between 
simple words, ideations, and the signals transacted through vocal 
sound. Certain vocalizations produced treelike forms of such 
topographic clarity that they suggested themselves to be 
photographic impressions of remote views. Other soundings produced 
floral varieties such as those found in local meadows. Here was 
proof that more-than-inert acoustic signals were being transacted 
through speech. 

Speech contains ideations which require special objective 
retrieval means. Ordinarily, communicants transmit and receive such 
ideations directly while speaking. They are the result of auric 
interactions which are transmitted in the black radiant core of 
vocal utterance. In this is the basis of our discussion on wireless 
communications. The electrical systems, developed with wireless 
electric functions in mind, achieved far greater effects than 
convention allowed. Paranormal perceptual effects were immediately 
noticed by ordinary operators. Having intimate association with the 
systems, these persons were the first privileged to experience the 
eidetic and heightened conscious states found in Vril currents. 

It has been commonly observed that sudden exposures to bright 
light bring a corresponding ocular darkening effect, a phenomenon 
with which most are familiar. In this regards,however, are spatial 
phenomena, which differ widely from this variety. If we are exposed 
to the constant flashing of bright lamps (Xenon flashlamps for 
example) a suffusive and continuous black radiance suddenly 
appears. Not the mere oculo-chemical phenomena which most equate 
with darkened 11 after images 11 , this black radiant suffusion can be 
both seen and felt. The suffusion can be felt throughout the body, 
despite well-covered eyes, as a spreading numbness. Within this 
numbing sensation, one feels a strange warmth, phenomena of 
incredible importance in our discussion on wireless communications. 

One discovers that sudden, irritating stimuli will summon this 
black radiance from the ground itself, most commonly with 
electrical impulses. Electrical impulses stimulate sudden responses 
which proceed from the ground upward. It is this phenomena which is 
responsible for the consistent appearance 
of "black lightning" strokes; which are not electrical 
manifestations in themselves, being responses to electrical 
irritations. For certain researchers, these sorts of phenomena 
suggested the possibility that black radiance in signals could 
actually be used to transmit whole imagery (Tesla, Abrams, Drown). 

Vril precedes every characteristic termed "biological 11
• Vril 

is the living quality in matter, granting it life. Vril pulsates, 
throbs, grows, assimilates, bifurcates, magnifies, discharges, and 
projects itself across vast distances. It crystallizes and 



recrystallizes in smooth fluidic processions of black radiant 
threads. When these threads coalesce, they entwine and combine into 
a thready vinelike mass. With successive such entwinements, it 
becomes difficult to distinguish black radiant Vril threads and 
channels from rays. And these are often visibly seen throughout the 
natural environment. But these purely objective discernments are 
not the essential Vril characteristics, certainly not the ones 
through which Vril is differentiated as a distinguished space 
domain. While not devoid of physical attributes, Vril threads, 
channels, and rays evidence their more potent conscious and sensual 
effects. 

Being the source and core of our own being, each Vril 
manifestation powerfully attracts and holds our attention. We take 
notice, whether aware or unaware, whenever Vril is processing, 
self-modifying, or discharging across our experiential space. How 
often do we not look away from our occupations, staring off into 
space? We each frequently peer deeply into some vague stretch of 
ground, aware that some vitalizing change has taken place. 
Sharpened senses will focus directly into the very spot in which 
these Vril modifications are taking place, trained through 
experience to isolate black radiance. While these objective Vril 
behaviors were all too evident to certain astute developers of 
early line and wireless communications systems, there were deeper 
and more permeating characteristics which captured their zeal. A 
few awe-struck individuals were quick enough to recognize and 
distinguish the effects which Vril radiance generated. 

The central Vril Quality, upon which sensitive experimenters 
were focussed, is EIDETIC information. Vril currents translate our 
experience from the inertio-physical space into EIDETIC SPACE, the 
generative Vril Domain. Vril processions carry and message to us 
the fundamental information by which the human race remains a 
sentient community. Vril carries information of its own, the vital 
mind-fundamental information by which our world survival is 
determined. Strong biological discharges stimulate ground veins, 
eidetic currents being exchanged across great physical distances. 
Mystical trees, boulders, and rocky ridges connect with these deep 
veins, discharging visionary energies. Thready Vril discharges 
project receivable eidetic images, living pictures of remote 
locations. Engaging phenomena which are simultaneously unexpected 
and astounding, we realize that whole images are actually 
transacted among specific ground points as a natural occurrence. 
Vril interconnectivity is often revealed in a most astounding 
manner. The bizarre preservation of images follow lightning storms. 

The strange, well documented phenomenon having to do with 
lightning, is the preservation of Vril-conveyed images by lightning 
strikes. The process produces the images in varied ways, direct 
strike not being the only means by which images are deposited. In 
one such transfer mode, a lightning discharge occurs in proximity 
to an array of objects. The figures of these objects are often 
impressed directly into matter, being found after the lightning 
strike has occurred. These images are remarkably distinct and 
sharp, evidencing both a volumetric and cross-sectional patternate 
nature which is not properly equated with lightning. The supposed 
electrical plasma is ordinarily thought to be too chaotic and 



scrambled to preserve any kind of pattern, much less an imaginal 
one. One does not usually think of lightning as having a coherent 
beam nature, capable of transferring patterns from one point to 
another across a space. 

The mode of transfer reveals a variety of interconnections. 
Objects which have been touched by the lightning channel contain 
the images, being deposited at a distance from he source site. The 
image of objects, merely in proximity to intense lightning 
discharges, have been deposited on distant objects without direct 
strike. Others are deposited by ground emergent bolts which occur 
far from another strike. These side-bolts confer images which the 
distant main channel touched •. By what means is this conveyance of 
images from one place to another accomplished? Lightning strikes 
have themselves produced figures of objects they have not 
contacted~ · These anomalous and curious phenomena cannot be 
electrically explained . 

Lightning figures themselves are deposited on very ordinary 
substances; substances which are not usually thought as 
photosensitive. These extraordinary figures include images of 
coins, of combs, of horseshoes, of numerals, of whole printed 
sentences, of church steeples, of cruciforms, of a passing railroad 
train, of a robin perched on a branch; whole images of countryside; 
exact replications of nearby trees, complete with leaves and 
branches; and images of farm animals. There have also been numerous 
observations of lightning shadowgraphs, images which are made by 
bright lightning flashes on exposed surfaces. An exact image of a 
nearby house was imprinted by this means on a white porcelain 
telephone line insulator. A ship officer noted the formation of 
fading images on freshly painted woodwork, made when bright 
lightning flashed outside. The officer made shadowgraphs of his 
hand and of a ship instrument by waiting for the flashes to come. 
The image of a wastebasket was imprinted on plain, bleached 
floorboards. 

Numerous attempts are made to explain the images in 
conventional fashion. Some have suggested that these figures, 
deposited in painted surfaces, are mere optical depositions. 
Brought about by intense illuminations, the figures are supposedly 
flashed onto the receptive material in an unknown photochemical 
process. This would not explain the deposition of images on wooden 
planks and floorboards . Some of these images fade, other remain as 
permanent imprints. This contradictory deposition cannot be 
photochemically explained. 

Some have asserted that these lightning images are rare 
natural electrophotographic depositions. The notion that local 
dielectric potentials, requisite for electrical image formation, 
combine with intense light to make clear images are farfetched. 
Both these optical explanations fail to explain the extremely sharp 
detail which such lightning figures and shadowgraphs evidence. Made 
in absence of focussing lenses, each of these figures are clear, 
having sharp edges. It is obvious that whole images are carried 
across space through a non-chaotic agency. Though carried through 
an electrical channel, a singularly chaotic medium, this agency 
maintains its orderly character. What energy is empowered to so 
resist the intensely disorganized electrical plasma with this 



degree of insulate order? 
However strongly impressed and geometric the original design 

may be, it is not possible to cause strong artificial lightning 
bolts to produce such images. What process is responsible then, 
during the course of a lightning channel, for the conveyance and 
deposition of such images? It is most likely that the electrical 
components of lightning neither contribute to the reception, 
conveyance, or deposition of figures and patterns. Rather it is the 
black Vril thread, forming the deep core of lightning discharges, 
which contains and confers the patternate figures. These figures 
are clear photographic representations of objects. 

Black radiant emanations is often seen in old films of 
television performances. This old method of preserving live 
television performances reveals a remarkable black radiant effect 
which is very evident on casual inspection. One easily observes the 
black haloes which surround the images of performers and bright 
reflective objects. These haloes often pulsate and show noticeable 
expansion when performers become emotionally projective. Similar 
black haloes are preserved in black and white cinema as well as in 
photographic stills. Conventional explanations of the television 
black radiance refer to photoelectric saturation. The mechanism 
behind this supposed explanation requires that the photosensitive 
layer of the image dissector tube becomes unresponsive through over 
intensified illumination, the result of reflective glare. 

Sequins and mirrored objects were always prohibited in early 
live television performances for this reason. But the reason does 
not hold up under further examination. Excessively illuminated 
photosensitive screens are made of the same substance which is used 
in one of Dr. Farnsworth's other inventions, the photomultiplier. 
In this device, intensified light is used to stimulate the emission 
of more electrons from photosensitive screens. Because of . the 
photomultiplication effect one should receive a brighter image from 
a highly reflective source, not a black radiant halo. Photographic 
images often show black radiant haloes, especially when over­
illuminated. 

It is now believed that intense illumination so stimulates the 
auric emanation from performers and materials that the black auric 
layer becomes visible. The black auric layer was observed at the 
turn of the Century, being referred to as the primary projective 
layer for all other auri-luminal displays. These black radiant 
displays can be rendered visually sensate through certain 
illuminations. The illuminations, usually from carbon arc lights, 
actually stimulates Vril into sensate responses (Lehr) . It may thus 
be conveyed through video apparatus and can be preserved in 
appropriate film emulsions. One observes auric anatomy from 
bioorganisms, minerals, and carbonaceous matter . Of these three 
varieties, the auras of bioorganisms are the most dynamic and 
complexly articulate. 

This alteration of Vril radiance from insensate to sensate, 
through successive stages, can be experienced through yet another 
simple personal experiment. Eidetic currents may be brought into 
lower energetic expressions through a strange fractioning process. 
By deliberately forcing eidetic Vril to encounter sufficient 
organismic resistance, Vril will actively dissolve inertial space 



until its eidetic content no longer remains sensate or accessible. 
In every encounter with inertial space and its densifications, Vril 
automatically shifts the eidetic patterns into higher states. In 
this manner, the eidetic contents are preserved safe away from 
inertial distortions and eradications. This shifting into a higher 
geometric pattern state makes eidetic imagery often impossible 
during highly inertial conditions. 

Another simple personal experiment serves as an adequate 
illustration of this Vril principle. Eidetic currents flood the 
aura, potentially spreading throughout the entire body under 
certain circumstances. We see scenes and forms, receive thought 
impressions and ideations as a normal part of our consciousness. 
This wondrous flood is incessant, and it is only our training which 
has covered the eidetic flood in which our beings are bathed. One 
of the familiar misrepresentations of these externally received 
impressions names the phenomenon "imagination", as if to infer that 
these original and unexpected images are the projections of our own 
minds. How curious that such scenes often match places we have 
never yet visited, with an exactness which defies statistical 
analysis on locating them in the external world. 

Eidetic scenes may thus be seen by touch contact . But when 
eidetic currents enter the aura through touch, they always seek out 
the oracular orifice and enter without hesitation. The auric vision 
precedes the optical retina, being the conscious reality behind the 
physical form. More often, however, they enter the region of the 
body around the oracular orifice. one may see eidetic images with 
eyes lightly closed. Covering the eyes masks some of the intensity 
of these images, but does not entirely block their entrance. What 
are describing is therefor~ not limited to an optical activity. 

Shutting the eyes very tightly results in a condition in which 
we may visually sight the rapidly vibrating bright yellow specks 
which mark the entrance of eidetic threads into our aura. These 
bright and vibrating yellow spots do not permit access to eidetic 
images which flow in them, having been forced to destroy the 
densified inertia in our eyelidsj the result of clenching our eyes 
unnaturally. We will also notice, if we are astute, that our 
consciousness has momentarily been thrown forward, diminishing our 
awareness of all other surroundings for that highly focussed 
instant. 

On relaxing our eyes once again, and taking careful notice, we 
can receive the normal eidetic flow once again. While the 
hysterical bright yellow light allowed us to visually sight entrant 
Vril threads in front of our eyes, a more delicate attention is 
required to now recognize the . inflowing eidetic stream. There is a 
time during which Vril relaxes its hysterical poise, slowly 
resuming its normative state and allowing its precious eidetic 
contents to become sensate once again. Thus, we may see yellow 
spots for a time after relaxing our eyes. The process is not caused 
by a photochemical response. The photochemical response is an 
effect of primary Vril energy. The phenomenon has enormous 
implications in understanding numerous Vril activities. It is found 
to be especially capable of explaining wireless phenomena which 
occur in radiosystem components. 



10.12 BLACK RADIANT TECHNOLOGY 
The subtle grades and levels of natural material radiance were 

discovered throughout the Victorian Era. These luminal phenomena 
were isolated and studied in great detail. As successive anomalies 
were recognized, some investigators began realizing a wonderful 
thematic integrity which began to organize the data. Not every 
phenomenon termed "electrical" had anything at all to do with 
electricity. Theoretical work in this regard began with 
Reichenbach, who studied energies closer to the fundamental. His 
investigation of natural and spontaneous material radiances 
extended the physical study of magnets, crystals, minerals, 
chemicals, biological, and celestial science. B a r o n v o n 
Reichenbach was truly the first one to implement electrical 
laboratory components in his study of natural material radiance. 
Thereafter, Dr .Albert Abrams designed and implemented his own 
components, determining with great exactness, the discharges of 
Radionic emissions. Pictured elsewhere as long skyward light-like 
beams, these eloptic energies (Hieronymus) were to provide energy 
and weaponry for the nation which would undertake the construction 
of landbased Magnifiers. Crookes believed that the supply of 
radiant matter, so obviously dynamic in his highly evacuated 
globes, actually came into the glass from the outside; more 
specifically, from the cathode side of the assembly. Previously and 
cryptically described in Tesla' s numerous articles and patents, 
aetheric energy was energy of an interstellar "ultragas" predicted 
and described by Dmitri Mendeleev. The enormous pressure fields 
produced by stellar crucibles supplied humanity with an endless 
supply of kinetic energy free for the taking, provided an 
ultragaseous channel could be created. 

While many believed all terrestrial and interstellar space to 
be suffused with an inertial aether, Sir William Crookes extended 
the gaze of academic minds beyond the limits of inertial physical 
considerations. Calling the attention of the scientific world to 
more spiritual pursuits, he described his examinations of vacuum 
discharges. The mysterious forms and shapes which drifted through 
his high vacuum electrical discharge globes, in smooth flowing 
streams, did not have the nature of an inert substance. In these, 
the sensitive Sir William perceived more of an imaginal nature: one 
in which strong interactions could be personally observed within 
one's own consciousness. Exposure to these otherwise dangerous 
emanations raised one's awareness and sensitivity levels 
considerably. It was Sir William Crookes who especially believed 
that the nature of the "Aetherial" or "Astral" medium was 
biological, and not inertial. Seeing these interactions between 
electrical discharge lamps and the lamp-suffusive space, many began 
designing "ghost telescopes". 

Of critical importance is that we appreciate the remarkable 
awareness of these researchers. Seeing the strong interaction 
between technological artifice, space, and consciousness represents 
an astounding leap. It was in fact the reemergence of aesthetics 
which had long been forgotten.· Though the centuries covered these 
awarenesses, yet they emerged once again. In our every examination 
of older technologies, the general principle is therefore to note 
interactions within systems and the Vril Matrix. Vril suffuses 



systems, suborning them to its own functions. such systems 
conversely modify Vril, causing substantial responses ·and 
conversions. These conversions occur in two principle inflections: 
first among its sensate range, and second in its eidetic 
components. It is possible to cause insensate Vril to become 
sensate. It is also possible to culture the emergence of specific 
eidetically derived qualities from Vril 
currents. Whenever technological artifice performs both functions 
by force, Vril responds with violent antagonism. 

Those whose sensitivities were exercised by exposure to Vril 
learned how to cooperate with the generative energy. These are the 
individuals who learned to raise consciousness through special 
technological varieties. VRIL TECHNOLOGY. The object of this 
technology is first to raise and expand awareness. Once this is 
secured, Vril Technology has as its aim the reestablishment of lost 
world conditions, lost worldstates on behalf of society. Vril, the 
vitalizing generator, does not participate in any negative 
functions. Vril does not enter designs by which antibioorganismic 
functions are intended. In such cases, Vril deviates its course, 
and vacates the designs. These Vril vacated designs have been 
produced by various individuals throughout the centuries. They 
wreak havoc both to their designers and the surrounding cultures, 
becoming powerful conductors of lethal inertial currents. 

The sea of wonders, from which new conscious states ·are 
realized, Vril manifested endless responses and behaviors to the 
blind probings of humanity. Those researchers who gradually came to 
recognize these realities became the developers of the greatest 
science which the centuries have produced. That science is 
Radionic, which studies and implements the natural radiance of 
matter. The reader is reminded of the central thesis brought to 
light in Compendium Volume 2 on Vril and Telegraphy, where grounded 
telegraphic systems became suffused with eidetic imagery. Witnessed 
through Ground Radio systems, operators effortless entered into 
complete empathic accord through specific Ground Radio systems. The 
remarkable and otherwise inexplicable empathy contained strong 
visual components which suffused the systems in absence of light or 
complex tuning apparatus. These effects seemed especially empowered 
as shortwaves were employed, having been experienced with the 
lightbeams of photophones and radiophones. 

All ground connected matter became visibly radiant when 
sensitively examined. When turning their focus on the environment 
and the whole dioramas of which it is composed, new and startling 
realizations were obtained. Active experimentation with the ground­
sourced black radiant energies brought a new revolution in 
scientific thinking. It was then recognized that the black radiance 
contained conscious modifying characteristics. Instrumentation, 
used for both telephonic and radio systems, actually clarified the 
black radiant effects. These realizations extended to the aerial 
strata thereafter, experimenters constructing large aerial 
capacities and multibraided cable lattices. 

It was while observing the activities of these wireless 
systems that certain Radionists noted natural ground-projected 
beams of light (Reich). How these interact with both aerial and 
space entrant energies became a subject of intense study for some. 



These numerous observations gave rise to several revolutionary 
developments in Radionics which learned methods for modifying 
terrestrial conditions. In this regards, the stunning work of 
George Starr-White is first to be recalled. His implementation of 
ground-derived Vril was directed toward therapeutic means. The 
deeply insightful work of Thomas Hieronymus was directed toward the 
dramatic improvement of agriculture, elevating it to a truly 
futural level. The grounded .radiodiagnostic instruments of Ruth 
Drown utilized Vril in medical diagnosis and therapeutic 
applications. Her system for photographing internal anatomy, 
Radiovision Photography, used Vril alone as the activating energy. 

Vril signals require only instruments of entunement for 
eidetic reception. No extra energy need ever be employed in this 
fundamental mode of response. Ground projected Vril reaches up in 
thready d-ischarges toward space, touching specific aerial points 
throughout the day. These mysterious spacepoints, which remain 
fixed throughout the day, project their currents groundward. The 
amazing rediscovery that these spacepoints do not move constitutes 
a major thesis. These spac.epoints remain fixed while stars, 
planets, moon, and sun circulate. Wherever these space energies are 
drawn down, whether by natural features or humanly structured 
artifice, they flood the recipient ground with vivifying effects. 
These realities were first observed in recent times by Galvani. 
Spacic energies are Vril discharges. They merge with ground 
emanated Vril threads. The fusion of these two strata are equated 
with elements and elemental compositions. 

When electrical systems are simply grounded, they become Vril 
suffused. Entering grounded components and circuitry as threads, 
Vril preconditions the system with eidetic currents. When such 
grounded systems are suddenly electrified, the internalized Vril 
threads produce powerful antagonistic responses. These antagonistic 
manifestations appear as numerous varieties of strange anomalies, 
developing inertial by-products· and releasing energies which modify 
local perception. In this, the fulfillment of Radionic Technology 
has not yet been fully approached or realized . 

In more deliberate ancient technologies, eidetic processions 
were intercepted through grounded technology. The operation of 
these curious technologies reveal the connectivity with eidetic 
currents afforded through local Vril Axes. When personally 
experienced, these experiential realizations completely 
revolutionize us. They empower the transformation of our 
objectivist world-model into an empirical world-view. The notions 
sound alien only to those misinformed who have not recognized the 
essential mystery encrypted in the Templar Cathedral System. Other 
societies discovered the eidetic functions inherent in ground Vril 
currents, implementing the wonder of eidetic communications. 
Australian aborigines gaze into the "Tsuringa Stones", vortex 
patterns carved into rock outcrops, in order to determine tribal 
happenings at great distances~ By this method, still in active use 
to this very day, a tribal member can determine the identity of a 
soon-arriving person, where they are travelling, when they will 
arrive, and why they have come. 

There is nothing superstitious about this eidetic visual 
process. It does not involve sorceries. These primitive people have 



inherited an archane system in which Vril eidetic imagery is 
directly engaged. Though primal, representing a much older Vril 
world system, this natural communications mode permits whole-image 
remote viewing. Profound in its implications, the geoeidetic system 
was once the central communications system of the archane world. A 
little practice reveals "how to see" through these stones. The 
images appear "within", passing through and past the retina. Being 
entirely auric in nature, the black radiance is the light by which 
we see remote scenes. One must simply trust the sensations when 
viewing. practice proves the reality of the intuitive receptions. 
Though semisensate, from stone to eye, the eidetic image comes 
through a real light stream. The stream is thready, feathery, and 
yet articulate. The images never fail. The components of old 
wireless, and then of Radionics, have produced greatly improved 
eidetic communicators which far surpass the megalithic systems. All 
of these improvements yet rely on the natural distribution of Vril 
lines and channels. 

Later radio transmitter and detector designs disengaged their 
grounded circuits completely from all electrical supply. Empirical 
observation taught that exceptional receptions were obtained with 
special high-Q circuits and groundpoint selection. This was 
especially true for crystal receivers, many of which exhibited 
anomalous receptivity. Several designers have noted that reception 
increases in strength with ground saturation time (Moray, Parker, 
Meinke). Signals from one such receiver had to be volume limited 
because the loudspeaker, which it gradually drove to full volume, 
was disturbing neighbors several hundred yards distant {Meinke) . 

Each of these experimenters, obediently conforming to the 
insights granted them through eidetic image, have revealed the 
future intended course of world technology. Irregardless of the 
manner in which bureaucrats will accept the systemology, t:hese 
Radionic designs will continue to be suffused with wonder. The very 
noumenous presence of Vril in their components, such devices and 
their makers become legends. In the most recent Vril permutation, 
one which began with Stubblefield, we have been taught that Vril 
current alone is sufficient for the transaction of meaningful 
signals (White, Drown). Requiring a perceptual shift and acquired 
skill in recognizing eidetic signals, these systems have proven 
their communal effectiveness· across great distances (Theroux, 
Vassilatos) . 

It is intriguing to note the Radionic employment of 
components, originally developed by electrically oriented engineers 
and experimenters. How is it that these two completely opposed 
systemologies can share the very same accoutrements? Only careful 
examination of the historical flow of electrical technology reveals 
that all such designs began in naturally extant Vril phenomena. The 
work of Galvani and Mesmer began the contemporary flood which led 
to our Radionic Science. Those who devised the grounded hoop-and­
ball telegraphs were unaware of the force which actually made their 
signals possible (V.2). Entirely empowered by grounding, no 
batteries ever being used in the system, one communicated 
individual letters by simply moving a pith ball to an outer dial. 
The distant wire-connected recipient watched as the pith ball of 
their corresponding apparatus bobbed toward the proper letters. 



Signals were thus communicated to the delight of all who 
participated. This most certainly was not electrostatic force, 
which is incapable of intelligent or articulate response through a 
single line. 

Careful study reveals that each of these components or systems 
have a primary function related to their overall form. This FORM­
RELATED FUNCTION does not · require additional energy for its 
operation in the primary substratum. The form-related function 
spontaneously engages transactions in the primary substratum 
immediately after being formed. Vril threads literally enter these 
components, creating their own articulate pathways therein. 
Components rendered Vril conductive become imbued with eidetic 
patterns, storing or losing these patterns in a substance-dependent 
relationship. This activity gradually reaches a maximum level, 
growing in the ability to transduce both non-radiant and radiant 
currents. We observe that systems or components which behave 
excellently in such Radionic parameters thereafter behave well in 
electrical parameters. The electrical function of each component or 
system is understood only through a clear understanding of Vril 
functions. These studies have indicated that none of the systems 
here presented can operate without their collective primary form­
related function in which Vril is the active agency . our 
retrospective study examines thousands of systems, mostly 
electrical, which clearly operate first in Vril parameters. tt is 
in this understanding that we realize their efficient operation in 
electrical parameters. Electrical systems work well because they 
are first good Vril conductors. 

Vril incursions being strongly evidenced in all of early 
electrical history, we see that experimenters totally missed "the 
right path". Developing a technology which employed bioirritating 
electrical currents, later designers completely lost awareness of 
the wondrous Vril presence which enabled such strange and dream­
fulfilling technologies. Nevertheless ground Vril continued to 
suffuse their grounded systems, haunting their operations with 
anomalies. Telegraphy, Telephony, and Old Wireless. The anomalies 
multiplied with each development. Eventually systems were developed 
which returned to those first steps, those empowered entirely by 
Vril currents. This finally generated the Technology which has been 
termed Radionics. In our . present development of Radionic 
Technology, we are yet at the stage which compels us to retrace the 
historical steps revealed in Telegraphic, Telephonic, Wireless, and 
Modern Radio arts. In this recapitulation we discover the pure Vril 
functions of these much older systems perhaps for the first time. 
Thus we implement components which had their origins in "electrical 
systems". 

We yet construct and examine the Vril function in variable 
capacitors, transmission capacitors, vacuum capacitors, vacuum 
tubes, both Carbon and Nichrome rheostats, aircore inductors and 
element-loaded inductors, sparkgaps, gaseous conduction tubes, 
groundrods and groundcoils, capacity aerials, articulate aerial 
terminals, and braided cables. Confessing our extreme ignorance of 
Vril dynamics among such components, we are gaining the expanded 
consciousness in stages. In building these small systems, we 
receive new bursts of vision whose purpose is to raise us from this 



present state to an intended higher level. Old components, in 
combination as special Vril conductors and transducers, form 
Radionic circuits. It is as though we are seeing the Vril functions 
of this system components for the very first time, utilizing pure 
Vril currents rather than biolethal electricity. Similar to much 
older system designs, operators require only exposure to the 
currents derived through Radionic circuits . The most recent 
inspired advancements in Radionics seem to be those which employ 
minerals, crystals, optics, organic and metallic cavities, gases, 
and elements. These are being combined in visionary manner to 
produce new Radionic components. 

Necessary in the development of qualitative science is the 
first "internal" recognition of fundamental dynamics which are 
observed through consciousness alone. Peculiarities and 
inconsistent features of the conscious environment provoke the 
greatest qualitative discoveries, being based on observations which 
are both internal and personal. This was the basis on which Baron 
von Reichenbach actually began his revolutionary investigations. 
While internal sensations recognize conscious peculiarities, 
helping us to recognize more of the worldstructure in which we have 
our being, we require more externalized means for the liberation of 
more detailed knowledge. 

The "internalized" experience makes progressive scientific 
exposition difficult, if not impossible. The possibility that such 
conscious sensitivities may be externalized at first sounds 
impossible and unreasonable~ Nevertheless, it was gradually 
realized that special instrumentalities could actually behave as 
extenders of our deepest sensitivities and consciousness. 
Comprising the school of research which came to be known as 
"psychotronics", these researchers reached a dead wall when 
attempting examinations of the world beyond their forced thoughts. 
It was later found that grounded instruments permitted the complete 
externalization of these otherwise personal and internal" 
sensitivities, allowing fusion with the external world of eidetic 
currents. In this flood of . externally generated consciousness, 
personal thoughts could relax into a passive reception. The 
dissolution of "internal-external" conscious boundaries was 
rediscovered through these grounded instrumentalities. 

Sensitives learned to discern the natural radiance of matter 
through direct visual engagement. But this only carne through 
successive exposures to Vril currents. How do grounded Radionic 
Instruments now provide a more graphic and expanded experience of 
these otherwise "internal sensitivities"? Why, in fact, do our 
deepest sensitivities seem so "internal"? Inertial space represses 
the normal externalization of our consciousness. Held in by this 
gelatinous pressure, our consciousness experiences degrees of 
closure which vary with locale. This inertial closure dissolves in 
levels when we encounter natural Vril powerpoints. It is by 
conscious contrast that we actually recognize these places. 
Inertial dissolution precludes expanded consciousness, that which 
is experienced as externaliz.ed sensation. 

In this inimicable rnindstate, one experiences what the 
ancients knew . Expanded externalized consciousness is the means 
through which they gained knowledge of the fundamental 



worldstructure, that by which their worldview consists entirely. 
The modern inability to seriously consider the ancient metaphysical 
worldview is based on inertial consciousness, an uninitiated state. 
Eidetic Vril information is world-language, the natural world 
dialect by which geomantic districts communicate. Thus, the 
fundamental world mode of communications is a natural and 
personally experienced eidetic imagery; whose transactional mode 
communicates directly to auric anatomy. One sees eidetic imagery 
through and beyond the retina. Vril eidetic images project in the 
black radiance itself, not by secondary or tertiary luminosities 
with which our eyes are accustomed. 

Each nonpowered ground radiosystem, irregardless of geometry, 
both receives and transmits eidetic signals in succinct manner. 
Each geometry effects specified directional aspects to the 
naturally· occurring Vril patterns. When electrified, these systems 
produce extraordinary resultant emanations. Such study remains 
valuable for those who wish to resort directly to natural Vril 
phenomena, utilizing ground-energized Radionics to probe the world 
structure. Our Radionic probing instruments effectively receive 
eidetic currents, fusing us directly with the Vril Matrix. 

Human sentient responses in Radionic grounded circuits remain 
our central means for experiencing Vril directly. The entuned 
eidetic currents modifying our consciousness. What remains then is 
the aggressive pursuit of natural Vril phenomena, peering deeply 
into natural dioramas where Vril manifestations teach us more 
specific facts concerning the development of Radionic components 
and their concomitant Vril responses. It is in Vril active 
groundpoints that new technological artifices may be employed to 
greatest personal and regional advantage. Grounded Radionic 
instruments permit very pure Vril currents to be obtained. Through 
capacitative components with which one may come into physical 
contact, one receives images and associated visceral impressions in 
the Vril current. 

When suffused with Radionically entuned Vril currents, one .may 
actually clarify the eidetic visions which surge through the local 
Vril topography. Eidetic visions form the primary and fundamental 
world-communications mode. Intercepting eidetic visions is 
intercepting the primary and fundamental world-language. 
Technological components which intercept this flow, either 
deliberately or inadvertently, ·become special vessels of world Vril 
dynamics. These experiences came together, requiring years for 
their separate identification, definition, and implementation. We 
may trace the development of later emerging special technologies, 
grouped under the heading "Radionics", in which the pure archetypal 
forms had been freed from their developmental origins. 

Laboratory components, previously developed for electrical 
systems, became the focus of intense Radionic research. ~ Bathed in 
Radionic sensitivities, the Victorian Epoch produced an academic 
bibliography which successfully discerned and divided inertial 
phenomena from their generative Radionic infrastructure. Victorian 
technological innovators inadvertently developed systems ruled by 
the anomalous black radiant phenomena; telegraphy and telephony 
leading the Radionic path of discovery toward wireless. Eventually, 
the more sensitive researchers divorced themselves completely from 



electrical usages. Fewer yet divorced themselves from electrical 
terminology, preferring to maintain inaccurate engineering 
descriptions such as "rate, impulse, vibration, and wave" for their 
obvious apologetic content. 

Radionic Science emerged from forgotten archane depths, being 
rapidly developed among a few now-legendary names. Baron von 
Reichenbach, George s. White, Albert Abrams, William Boyd, Thomas 
G. Hieronymus, Ruth Drown ••. these sensitives empirically discovered 
radiant phenomena which actually preceded and generated the 
phenomena of ordinary light, and developed instruments which 
collimated, magnified, and clarified the primary energetic 
emissions of matter . Codified in the patents, articles, and 
lectures of early Radionists, we learn some of both the objective 
and subjective dynamics which appear during Vril conductions. 

Certain sensitive naturalists had long observed that strongly 
connective "sight lines 11 could be discerned from wooded areas 
directly into space. During the day, such sight lines brought down 
a wonderful energetic presence from the blue skies. During the 
night, stars which coincided with these spacepoints shuddered down 
in wonderful frosty white displays. These sight lines remained 
fixed throughout the day and year. In ancient times they were 
marked with stones. later, these same locations were marked with 
ornamented pillars and hewn altar stones. Yet later they were the 
sites on which temples stood. As centuries rolled, these spots 
became the site where cathedrals or chapels were raised. The 
energetic flood from space never waned despite all these centuries' 
old changes. When radio aerials were erected, the more intuitively 
guided inventors chose these very spots for their transmitter 
sites. Such stations became notable for the wonderful signals which 
they projected. The stations themselves became imbued with an 
equally wonderful ambiance, strangely spacic in aspect . and 
inflection . Clearly the result of space-drawn currents, these 
locations became famous in the trade. Vril points which exhibit 
such Kratonic-Spacic blends are powerful eidetic exchange 
terminals. It is here that radionists will find the strongest kinds 
of natural eidetic communication. 

When tall buildings are founded on Vril powerpoints, quite 
extraordinary phenomena proceed forth from the building structure 
itself. besides the radiance which discharges outward from the 
building toward other local groundpoints, eidetic discharges of 
great signal volume, there emerges a vertical Vril column of great 
intensity. Such tall towers become Vril column projectors. Emergent 
Vril columns strike upwards toward space, touching specific points 
at various angles throughout the day. These points lie within the 
Vril Matrix in upper space. Between ground and space there is a 
constant eidetic exchange. Ground sends to space, and space 
responds. 

Each district has one such ground-to-space connection. Towers 
enhance the connectivity of a district, the various structural 
·features being appropriated as a terminal connector by suffusive 
Vril currents. Collectively, a group of districts forms a region. 
Regions connect ground with space through a great number of these 
vertical Vril discharge columns. Vril actively articulates in 
architectural, appropriating both internal and external structures. 



Vril columns suffuse towers, "flooding through internal halls and 
chambers, winding through stairwells, and emerging our from 
specific stone window frames. 

Various electrical beam systems were developed by a great 
number of inventors throughout the early Twentieth Century. Each of 
these were designed with specific functions in mind. One variety 
was established for communications. Others were developed to 
transmit and receive usable electrical power. Yet others were 
developed to strike out defensively against hostile actions. Each 
of these systems behaved as towers, becoming Vril column projectors 
of remarkable coherence when properly emplaced in a district. These 
devices projected vertical beams directly to the zenith, differing 
from structured towers only in the capacity to allow Vril 
articulation. 

In a · similar manner, Vril suffusions were found to flood 
electric beam projectors. These effects are seen in pictorial 
representations of Teslian World Broadcast Towers . What functions 
these beam projectors were intended to perform 1 through electrical 
irritations 1 were powerfully magnif i ed in Vril responses. Electric 
power transmitters incurred excessive inertial projections from the 
ground. Unfortunately utilizing electrical force to do so, they 
offered their district grounds no advantage through this process. 
Because of the electrical activations 1 all inertial projections 
through the vertical beam column were simply replaced by an 
incoming inertial flood. Electrical devices simply proliferate 
the inertial presence. In most cases they actually cause heightened 
and more densified inertial conditions. The vertical beam 
transmitters of power were surrounded by visible white inertial 
sheaths. When power projectors were excessively pumped 1 these same 
white sheaths became lightning-like (Tesla 1 Hettinger, Reno, 
Grindell-Matthews). In communication modes, these systems produced 
remarkable eidetic exchanges as well as passing strong vocal 
signals. Vertical plasma beam systems grew to special levels of 
strength when allowed to "grow" through prolonged operation (Tesla, 
Hettinger). 
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.ALEXANDEH. G. DELL, OF \VAS.EIINGTON, DISTRICT OF COJ;l.J.i\IDIA, AND 

SUMNER TAINTER; OF \Y ATERTOW'.K, 1\(.ASSAUHUSETTS. 

SELENIUM-CELL. 

SPECIFICATION forming part of Letters Patent No. 235,497, dated December 14, 1880. 

Application fllr!l So)ltcmbrr ~;. IS~O . cNo :uoul'l.l 

1'o all ·u;lwm, it 11laJJ conccn~: 1 ca11y claimccl,) togdher with seYcml moditica-
Be i~ !mown that '\\C1 ALEXANDER GRAIU.:.\I tions thereof. formR the snbjec~ of t.lle present 

BELL, of \V'ashingtoll, Distric~ of Coinmbia, application. 
and Su::\I?im~- TAINTER, oCWatcrtowu, county Fignrc 1 i:-; a sit:t', mul Fig·.~ an end, eleYn.· 

5 ofl\Iitidlescx,nJHl State ofl\Iassacbnsctts, ha.Ye tion of a cell constructecl in acconlanec with ss 
inYcntctl an lmJH'O\'Gment in Selenium-Cells, this innntion; Fig. 3, one of the pln.tcs of con· 
of wllicll the followi11g description, in counce· ductiug nmterial, nnd Fig. •1 one of the })lates 
tion with the accompanying drawings, i$ a, 

1 

of insulating matr.rini detach eel; Figs.i:i, u, anll 
specification. 7, sectional detail~ showing lhe method of 

Io Our im·cntiou relates to selenium·cell~; or connectillg tho plate~~ ofcomluctiug material; 6o 
iustrnment~ containing selenium as <l part of Figs. ~;, U, and 10, mOllifications showing :t 
au electric circuit. different arraugement of the> conducting ar11l 

In an application of Alexnuder Gralmm Bel I, insulating materials; Fig. 11, n. modification 
filed .August 28, 1880, an apparatus was sllown showing a tliffereitt for111 of cmTe1l surface, 

:;: 5 aml <lescribe<l for transmitting sound or pro- nearly normal throngltont, to the rays falling 6s 
cl ncin g \'ariations in electric currents by the thereon; m1tl Fig-.12, a Yiew of the condensing. 
action of a beam of rass from the sun or other mirror and selenium-cell tllereiu. 
radiant bodies. The saicl apparatus contained The cell a, ( iliustrnteu in the iirsL seYen fig­
au instrument haYing selenium in an electric ures, togetbendth Figs.ll anlll2) is composed, 

2o circuit, the resistance whereof is varied in ac- mainly, of circular disks b c, of condncling ma· 7o 
cordance with Yariations in the acti'\'e force of terial, and disks a, of insulating material, of 
the ra..rs falling on the said selenium. In the slightly smaller lliam~tcr, interposed between 
said application Yarious forms of instruments them. By tlJis arrangement annl.tla.r channels 
or cells containing selenium were described, n.re left between the edges of the conducting-

25 someofwhichwerenotthereinclaime<l,astlley disks b c n.rouncl the periphery of the insulat. 75 
were not inYente<l by the said Bell. One of ing·disks d. 
the forms therein described consists generic- The disks b c ll are n.ll IH'OYillcd witll central 
ally of two or more pieces of··~onducting ma· holes, 2, to enable them to be lleld in proper 
terial, hel<l separate<l from one another by in- position on n. manclrel in the process of making 

30 ·sulating material arranged to leave spaces be- the cell, where tlJey are clamped bet'\\ccn two 8o 
. tween the sai<l t'\\o conductors and insulating suitable encl plates, cj: The db;ks of conduct­
material to be filled with selenium, which thus ing material, wbicll is preferably bra~, are a.l· 
completes the electric circuit between tlJe said ternatecl on the said mandrel with disks d of 
I>ieces of conducting material. The form .o;;pe· insulating material, wllich may be mica. The 

.35 cifically claime<l in the said application con- condnctiug·tlisks arc electrically connected to. 85 l 
sisted of r-actangulnr plates of conducting mn- gether in two sets of alternate plates, b c, he. 
terial supported by insulating material ar· tween '\\hich the circui~ is completed uy the 
ranged to leaYe a portion of the space between annular riugs of selenium.-;, 1illiug the channels 
tlJe said plates unoccupied thereby. The said around the disks ofiusnlatiug-matcrial d. This L 

4o space is filled with selenimn, which connects connection is accomplished as follows: The go 
tho conducting·plates ancl lies in~~. plane sur· ·disks are proYiclccl \Yith holes. (Shown as four 
face to be exposed to radiant action. In ouo in number.) In the condncting·disks two of 
form of receiYing-instrmncntsbo'\\n in the said the boles, 3 4, nrc of lnrgcr diameter than the L 
application a parabolic mirror was used to con· other two, 50, which aro of tlle same size as all 

~ 45 centra to the rays on tlle sensitiYe selenium, four of the boles in the insulating-disks. 95 
IIIIi and when such a mirror is used it is found ad- In placing the disks on the nmndrel the ; .,'{ 
-.....1 vautageous to construct the cell so as to afford holes are all placed with their centers in line, ~ L 
-...J a curved surface to be acted upon on all sides auu the large holes 3 4 of each conducting- • t ~-= 
'S bythcrays. Aninstrumentofthiskind(shown disk nro inlinowith thosmall holc:s 5 6ofthe c.::r: .~·: a, so in the sni<l npplicntion, but not therein speci fl. coud uctit: g·d isks on t'ach sicle of it; or, in otb~r l 00.~ i : .. 

..,.,..,.,.. ~-- ·------- -- ··- ··- -- - · -- ~ 
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~ 
wonh:, iu a ~iven line of holel'\ nil those of the tc1 actnnl1j· melt, an<l then cooled, when it will 
]'latt>s b will be of <litlcn.•ntdimneterfrom those bt~ tonnd to possess the (lesiretl properties. 
of the plates c. \Vlwn the sclcninm is f'nse<l upon the surface 

Ac.rlintlerofcOIIllnctingmatcrial,ofn.tliamc- of t·!Jc instrument it coYcrs the expose<l edges 70 
s tt>r equal to that of the small holt>l'1 <lrin!n I of t:he eotulncting- matt>ria.l, besides filling the 

t llrongh a line of holt>s, will touch an<l ~kc· chn.tlllels between the ~aid edges. The best 
trically connect the alternate conducting- re::.ults han~ been ohtaiue<l by removing (by 
plates haYing their small hol~s in that lin~, filing or otherwise) the selenium co\'cring, the 
and will not touch the other plnt<!s. .:-;nrfaccofthecollllnctingmatcrialle:wingouly 75 

I o Two of the cyliudcrs, ·"'will _;om1ect togethf'r that lying hctween the plates of eotulncting 
all the disk~ of one set, as b, which can be con- ma tm·ial to be expose<l b,Y ·the rays. 
ll ected with one tc•rm i nnl of the circuit, and In the form ~hown in Fig::;. 8 n llll !) the two 
the other two cylimlers, J1, will connect tltc clcctrmle.s b' c', in::;tcad of consi~tinp: of a large 
disks of the other set,c, "1'\'bich can be cotmectccl Hum her of ~t'lHtntte pieces electrically connect- So 

I 5 with the other terminal; lmt tlle two sets b c t'cl tog·ether, a~·P. .shown as single electric: con-
will be connect('(l only by the l'elt>nimn .r;. . <.lnctor:,; or wires mTang-ed neat· hut. not. in cou-

ln order to insure a more perfect connection I tact. with l'Hch othct· fora consiclerable portion 
between the.platcs b atHl cylin<l<>r::; {!,and the of their lc.'ll:,rth . The wires// c' are supported 
plates c an<l cylitHlcrs It, the :;;n.i<l cylin(lcrs are on atHl hcl<l in Jli'O)ll'l' relath·c po::;ition to one 85 

20 ma<letnbular:uul one or more slots, 7,cutlongi- another by a cylindrical ma~~ of immlating- ma-
t.ndinally throng-h their sicle.s. tet:ial, (shown in Fig-. S as a g-las~ roll,) upon 

\Vashersm, of insulating material, are ))lacC<l the ou tsi<le of which the two wires arc woumi 
within the large holes 3 41 in the cotulucting- in parallel coil~, atul in Fig. Vas a glass tube 
<lisk~, so that the said 'rashers completely in- containing the wires similarly coilecl insi<le of 90 

2 5 8Ulate ancl separate that portion of the sai<l it. l n this instmwe :-;piral cha nncls are formed 
disks from the eylitHlers. between the win·s mul the insulating mate-

ComlnctiHg- matt>rial in :~ flnid or mobile rial, which may be fille•l with ~eleninm to elec­
statc-as, for examplP, mcl.ted type-metal or trically connect the :-mi<l wire:-;. The selenium 
metal filings-isponre<l into the tnbes !J h, null, will nflor<l a cylin<lric:al snrface to be acted 95 

3o tmssingthrong:h the longitndinal:51ots 7, makes upon by rays from all sides as when placell 
:~ perfect cotmection with the plate, haYing at the axis of a parabolic mirror. 
small holes;) u aronn<l the sai<l tnbes, as :-:;hown In Fig. 10 the two electro<les a2 b2 are me-
in Figs. G and 7, where the mobile metal is in· chanieally conneclc<l by n. standard, c'l, ''hich 
dwatecl by the Jetter n, bnt is preYente(l l>y is elcetricn.11y in~nl:tte<l from the c~lectrode <t2 • xoo 

35 the washers 111 from maldng a eon tact with the Each electrode is prodded with a series of 
plates having the large hole~ adjacent to it, ns projections, a 3 b'J, extending to\Yar<.l tllc other 
shown in l~'ig. n. electrode, those of one series lying between, 

Instead of the ,\·ashcrs 1n of insulating ma.- but not in contact with, those of the otller se­
terial, smaller washers or rings of any mate- ries. \Vllen the spaces between these projec- 105 

40 rial-as, for in:\tance, metal-may be used to tions arc filled with selenium the latter con­
confine the mobile metal and preYcut its con- nects tbcelectriccircnit bet,•..-een the electrodes­
tact with the plates at the large holes, the said and affords a. cyliu(frical surface to be acted 
riugs themsclYes being too small in external upon by ra~-s from all sides. 
diameter to tonch the said disks. \Yhen the In the form shown in Fig. 11 the construe- x 1 o 

45 part.s of the cell are tllus properly pnt together t!on is tl1c same as that of the instrument 
it is 'heatecl to a temperature somewhat higlJer shown in Fig. 1; but the surface is splleroi<.lal 
than the melting-point of selenium, which is instead of cylindrical, so that when the cell is 
rubbed o~er the surface of the cell and melts place<l with its center corresponding to the fa-
into and fills themmular channels between tlle cal point of the condensing-mirror, the rays r I 5 

so clisl~s b c, thus connecting the two said d;:.ks will :til fall upon it in a direction substantially 
in sucll manner that an electric current c;m normal to the surface, so as to produce the 
pass from one to tlle other through the mum- greatest e1Ject. 
Jar riugs of selenium 8. . Nuts i 7.: on the ends of the cylinders g h 

'\Vhen solidified, on cooling, the selenium is llold the disks together, making the wbolc cell 120 

55 to be treated by a suitable process, in order to a. solid durable structurG. The nuts i in the 
acquire the properties of conductivity and sen- cuds of the cylimlers !J aml the said cylinders 
sitiYencss to the acl.ion of rays, which proper- aro insulated from the end plato c, while tho 
ties it does not possess when solidified from a cylinders h nn<J unts k thereon arc insulated 
liquid. from the end plate f, so that tllC said end tzs 

6o A process of treatment is fnli.Y described iu plates cannot complete the electric circuit be-
another joint application for United States tween the two sets of plates b c, respecti\"ely ..., .· 
Letters Patent, filed by us August 28, 1880, to connected together by the cylinders g and h~ .. , ~; 
which reference may be bad. When tile cells are completed the mn.udrcl, ~ 

It is suflicieut to state berc that tile seleni- if of comlnctiug material, sllould be rcmoYed, 1:.30 ~ ~::: 
65 nm sl10uld be Ilea ted as· nearly as possible to anu a rod or tube, t, may be inserted in one of ,.....-, ( ~·~· 

its temperature of fusion "·ithont allowing it the ~nd pieces, as c, to ser~c ns a handle or ~ l 1. 



stan<lar<l for manipulating or supporting the 
cell. 

In Fig. 1~ ~t cell, a, i~ siJown on n. reduced 
scale as supported with its center ncar the fo. 

s cal point of a parabolic cotHlensing.mirror. ?n', 
the tube t being hclcl in n. socket, 11, at· the 
vcr.tex: of the mirror by :1 set-screw, 1~. 'rhe 
electrodes !!0 :uul 21 ]>nss out through the said 
tnue ·u, and may be connectc<l with any <le-

ro sired electrical ap!Hlratus. 
1 claim-
1. In :Ln instrmnent containin~ SC'lcnium as 

:~portion of an electric circnit, a series of ele~­
tric: couclnetors arra.nge<l to foi'rn a cell ha\·-

J 5 ing- a <:mTc<l bomuling- snrt'ace, ancl selenium 
intcrpo:·w<l het'n~cn thesait.l cmH1nctors in the 
~ai<1 cnrnHl l'<lll'i':we to complete the electric 
drcnit, substautially as described. 

Z. ln an iustrumcut containing selenium as 
20 :t portion of an electric circuit, a series of clec­

tricall:r-conclncth·e disks and disks of insulat­
ing niatl•rial to separate them of slightly 
sma11cr diameter than the adjoining coud:.wt­
ing-di:.:k~, :m<l selenium iu tho annular cha.n-

25 nels ~mTonnding the periphery of the insulat· 
ing·-disks to connect thccomlncting-disks, snb­
stantiallJ' as described. 

3. In an iustrnmenttointcrpose selenium in 
an electric circuit, a series of electrically-con-

.30 ducth·e disks an<l insulating·<lisks of smaller 
diameter to separate them, and selenium to 
connect them at their eclges, combined with 
elccti·ical connectors arranged to connect the 
alternate cou<lnctivc disks together in one set 

.35 and tiJeremaiuinginterposed condnctiu~-tlisks 
as another set, substantially as tlescribe<l. 

4. A scleni n m-cell corn posed of plates of 
con<lncting material sermrated by plates of in­
sulating material and connected at their e<lges 

b;,' selenium, all the sai<l plates beiug provi<le<l 40 
with holes arranged in line to form a continu­
ous passage through tiJe entire cell, tiJe boles 
iu the alternate comluct.in~-plates in oue line 
being lar~cr than those in the interposed con­
dnctmg--platcs iu tile same line, wiJicil are all 45 
uniform in size, combinctl with a conductor of 
the same :;;izc with and inserted in tho Bmall 
holes, to electrically connect tog-ether all tiJe 
plates haYing the small holes without forming 
electrical contact witlt those haYin~ tile larger so 
holes, substantially as described. 

5. In n. selenium-cell, a series of conducting 
ancl insulating plates pro\·idecl with holes of 
<1 itlcren t size nrranp:e<l in line, as ucscribe<l, 
to form a pass:~.gc through the cell, combined 55 
with electric conducting material inserted in 
the said passage in a mobile state, and wash-
ers placed witiiin tl1c large Iloles, whereby the 
cou<lncting-plntcs contaiuing tiJe small holes 
arc electrically connPetetl by tiJc iusertecl con- 6o 
dncting material, and the said conduct.ing wa. 
terinl is ]H'e\en tctl from making electrical con­
tact with the plates containing the htrge holes, 
subs tan tiil.lly as < 1 escri bm 1. . 

In testimony whereof we han~ si~ue<.l our os 
names to this specification in the presence of 
two subscribing witnesses. 

ALEXANDEH. GRAF.A.JI BELL . 
SU~INElt 'rAINTER. 

\Vitnesses to the signature of Alcx:antler 
Graham Bell: 

ALI~ RED .J. l\IA. YO, 
0. H. GnEAVEs. 

\Vitnesses to the signature of Snnwer Tain­
ter: 

PHILIP J\IA.URO, 
BA.Rl'RA.)I ZEVJ;;L Y. 
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UNITED STATES PATENT OFFICE. 

ALEXAKDER G. BELL A.KD SuMXER TAINTER, OF WASHIXGTOX, D. C. 

PHOTOPHONIC RECEIVER. 

SPECIFICATION forming part of Letters Patent No. 241,909, dated May 24, 1881 . 

.Application tiled l!.orcb 24, 11:~1. C:So model. I 

To all whom it may conceri11: rate of interruption, and were loud enough to 
Be it _known that we, ALEXANDER GRAH,DI be easily )leard. 

BELL and SIDINER T~INTER, both of Wash· 'Ve have disco\·ered that. the loud ness of the 
ington, in the District of Columbia, have in - sound is incren.sed by having the illuminated 55 

5 vented a new and useful Improvement in Pbo- or exposed side ofthesensitivemedium in con­
tophonic Receivers for the Production and tact with the air of the sound-chamber with 
Reproduction of Sound by the Action of Radi- which the ear-tube is connected, and by allow­
ant Energy, which invention is folly set forth ing the radiant beam to fall upon S<liu medium 
in the following specification. through a p late of glass or similar material 6o 

ro The invention relates more particularly to which is transparent to radiant energy, but 
the reproduction of articulate speech photo- opaque or less transparent to sound-waves. 
phonically-that is, by the action ofradianten- In t-his way the full effect of the radiant vibrn.­
ergy from thesnnorotbersuitablesonrce-hot tions upon the sensit-ive medium is obtained, 
is also applicable, iu whole or in part, to the an<l the. resulting sound-wa-.esare shut in and 65 

I 5 production or reproductionof other sounds, to conveyed to the ear with approximately their 
the production of electrical and other effects, full force. 
and to other purposes. It is intended as an We have further discovered that a da.rk or 
improvement upon the pbotophone for which black color iu the sensitive medium is ad van­
Letters Patent No. 235,199 were granted to tageous, aud that with substances in ~..n open, 70 

20 Alexander Graham Bell, Decem.ber 7, 1880. porous, or subdivided condition louder sounds 
The said photopbone consists, generally, of are in general obtained than with diaphragms. 

a photophouic transmitter, by which a vibra- The best effects are obtained with lamp-black 
tory or undulatory beam or pencil of rays .is deposited upon a surface of glass or other bard 
produced, corresponding in its vibrations or or rigid material. With a layer of this sub- 7 5 

::!5 undulations with the atmospheric vibrations stancP. as the sensitive medium, articulate 
that represent the sound to be produced or speech has been r eproduced by the direct ac­
reproduced, and a pbotophonic receiver, by tion of radiant energy upon said medium. In 
which the vibrations or undulations in the said the experiments in which this result was ob­
beam or pencil ofraysareconverted into sound- tained sunbeams were reflected from a mirror 8o 

30 waves, or into vibrations jn an electric current of thin glass silvered, (as described in Letters 
that can be converted into soond-wa ves. PatentN o. 235, 49ti,granted to us December 14, 

The present invention has reference to the 1880.) and the mirror, being thrown into vibra­
photophonic receiver, and comprises means for I tiou by the voice, caused more or less of the sun­
converting the" radiant vibrations," as t-he vi- beams to fall upon the lamp-black. The latter 85 

35 brat.ions or undulations of the beam of rays j was deposited upon the inner walls of a sound­
may be called, into sound-waves, and also into chamber having one side formed of a gln.ss plate 
electric vibrations. to transmit the radiant beam, and having an 

As described in the aforesaid patent, the ra- ear-tube communicating with the interior, as 
diant vibrations were converted into sound- e.1plained above. 90 

4o waves by means of thin diaphragms of bard Articulate speech has also been reproduced 
rubber, mica, and various other materials, upon with arecei-.ercontaininga mn.ssoflamp-black 
which the radiant vibrations were allowed to in a. loose pulverulent condition. A lump of 
fall. The sound was com·eyed to the ear by a lamp-black, when exposed in the sound-cham­
bearing-tube connected with a sound-chamber I ber to thea.ction of an intermittent beam, gives 95 

; 45 in the rear or unexp osed side of the diaphragm, a loud sound, but inferior to that gi\'en by the 
. which itself formed one side of said chamber; same substance in the form of loose powder or 
· or a part of one side. With this apparatus, a deposited layer. 

although it is not very sensitive, musical notes Instead of smoking the walls of the sound-
. were produced by rapidly interrupting a beam chamber, a plate of glass, mica, or other mate- too 
· so which v;as allowed t.o fall npon the diaphragm. rial can be smoked and placed in said chamber 
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The loudest sounds with the intermit.tent beam and galvanic circuit connected with the phot o­
have been obtained by means of an open wire- phonic receiving apparatus, art·icnlat.e speech 
gauze smoked or covered with a deposit of was reproduced p.botophonically. 
lamp-black. '\Yith a tubular resonator having '\Ve have discovered that the same medium jO 

s the interior smoked a loud sound is produced used to produce musical notes or to reproduce 
when an int-ermittent beam having the proper speech by the direct action of the radiant vi­
rate of vibration is allowed to fall into it. brations can be used to convert the lat ter into 

Numerous experiments have been made with electric vibrations. 
various other substances. Black worsted may If a layer of lamp-black is included in an 75 

to be mentioned as giving, with the intermittent electric circuit and is exposed to the action of 
beam, a good sound, although much inferior to a vibratory beam of rays from the sun or other 
lamp-black. Fibrous material coated with source, variations are produced in the electric 
lamp-black has also been nsed. resistance of the lamp-black, which variations 

Conducting-bodies generally, in a physical correspond to those in the energy of the vibra- So 
15 condition similar to lamp-black, especially if tory beam. If an intermittent beam is allowed 

of dark. or black color, yield good sound. to fall upon the lamp-black,electrical impulses 
Spongy platinum should be particularly men- are produced in the circuit in which the lamp­
tioned. Other metals or metallic compounds- black is included corresponding to the radiant 
as silver, copper, black oxide of manganese, impulses of the beam, and if a telephonic re- as 

2 0 and t.he like-are also sensitive to radiant en- ceiver is also included in the circuit a musical 
ergy, and give out sound by the direct action note will be heard. If an undulatory or vi bra-
of a vibratory beam. The production of sonnd tory beam from t he reflecting-transmitter be-
in this way is conceived to be due to an ab- fore mentioned, or other speaking-transmitter 
sorption and expulsion of the air by the vibra- which gives to the beam vibrations similar go 

25 tory medium acting, as it were, like a sponge. in rate, amplitude, and quality to the sound­
Thus when the energy of the radiant beam in- waves of articulate speech, is allowed, to fall 
creases the particles composing the vibratory upon the lamp-black, the electric undulations 
medium expand ~ndexpel the air from between or vibrations in tile galvanic circuit will rep­
them, and when it decreases the reverse action resent the words a nd sentences which produced 95 

30 takes place and the ·air is again absorbed. the vibratory beam, and if the apparat.us is 
These repeated expulsions and absorptions are sufficiently sensitive these words and sent-ences 
proportionate to the rise and fall of radiant en- can be reproduced by an ordinary telephonic 
ergy, and produee corresponding condensa- receiver. The use of selenium, which is ob­
tious and rarefactions-or, in other words, jectionable for reasons based upon the nature zoo 

35 sound-waves-in thesurroundingatmosphere. Of the substance itself, as well as upon its high 
Heat due to the absorption of the radiant en- price and scarcity, can therefore be dispensed 
ergy seems therefore to be the principal agent with. The same objections do not apply tO 
in producing the sound-waves. lamp-black. 

In the photophone as desbribed in Patent ·The action of radiant energy upon the vi- ros 
4o No. 235,199, above mentioned, the radiant vi· bratory medium to produce variations in the 

brations were converted into electrical vibra- electrical resistance of the latter appears to 
tions by a different material from any nsed for be similar to that in producing sound by di-
the direct production of sound - waves, the rect action- that is to t!ay, the particles are 
peculiar substance selenium being employed. brought together or moved apart according r 10 

45 The resistance which selenium, when properly to the increase or decrease of the energy of 
prepared, offers to an electric current was the beam. They consequently furnish to the 
known to vary onder the influence of rays from electric current a path of less or greater re­
the sun or other suitable source of radiant en- 1 sistance. 
ergy, and it was therefore employed as tbe me· All conductors in a physical condition simi- r rs 

so dium for con:verting the radiant into electric lar to la mp-black have their electrical r esist­
vibrations. It. was included in the circuit of ance affected by radiant energy. Spongy pia· 
a galvanic battery and placed in such position tinum is an example. 
that the radiant beam fell upon it. The va- '\Ye have devised a form of cell whereby any 
riations in the radiant energy due to the vi bra- desired extent of surface of the lamp-black can r 20 

55 tions in the beam produced corresponding va- be exposed to the radiant energy without in ­
riations in the resistance of the selenium and troducing undue resistance into the electric 
in the galvanic circuit of which it formed a circuit. 
part, and consequently in the tension of the I Reference has hereinbefore been made to t.he 
current on said circuit, or, in other words, they cells used with selenium. These cells, the con· IJ5 

6o produced electrical vibrations in that circuit. struction of which is fully described in Letters 
By the aid of cells constructed t.o expose a Pat-ent Nos. 235.497 and 235,588, both dat-ed 
large surface of the selenium, and the proper December 14, 1880, consist, mainly, of two or 
preparation of the latter~ au apparatus was more conducting strips, plates, or disks. placed 
produced so sensitive to variations in radiant side by side and separated by thin sheets of 130 

· 65 energy that, with a suitable photophonic trans· insulating material, which extend nearly to the 
~' mitter and with an ordinary hood-telephone edges of the plat.s, so as to .leave • narrow~~ l 
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and shallow but long space to receive these-~ cellent results the intermesbing combs were 
lenium. The poles of the battery being con- formed by scraping a silvered film from a flat 
nected with the plates which form the conduct- . glass plate, as j ost described. '!'his form of 
ors of the cell, the current flows from one to : conuuctor is. however, ob\"iously of general 70 

5 the other through the selenium, meeting but ! application, and can be employed with various 
small resistance on account of the thinness of ; metals. For example, the combs can be cut 
the selenium layer. In some cases the scle· ! from tin-foil and pasted upon glass. The lamp­
nium was cast around metallic pius embeddeu ! black is applied to these cells by smoking the 
in insulating material connected with t.hepoles ! proper surface over a flame from a coal-oil 75 

10 of the battery. . i lamp or other suitable burner. The lamp· 
In the present invention the conductors nre ; black will be deposited on th~ conductors as 

formed of thin strips, plates. sheets, wires, or 1 well as between them; bnt this does not inter­
films fixed or mounted upon an insulating back · I fere with the pract-ical workings of the appa­
ing or support with their edges opposed and 1 ratus. The depth of the layer deposited may 8o 

•5 ncar together, so as to leave one or mol'e oar- ! he just sufficient to ren1ler the surface sensi-
row channels to receive the sensitive meui um. i hly opaque. '!' he character of the result- is af­
Cclls ofthis character are much simpler than ~ fecteu by the dept.h and also by the extent of 
those already patent-ed, and they are, besides, l surface exposed to the radiant; energy. Al· 
better adapted to use in connection with lamp- I though no special extent is requisite, a. very 85 

20 black. The improved cells can be made with ! large surface is not desil"'d.ble, and there is a 
a curved or cvlindrical surface, although a tlat ! certain limit at which the best results are ob­
snrface would generally be preferred, and the ! tuined in any case; but this limit varies with 
conductors can be made of various fot·ms and i the energy of the radiant beam, the strength 
metals. ! of the battery, aud other conditions, so that 90 

25 ·Excellent results have been obtained with a 1 no simple rule can be given. By depositing 
cell having two condnctors which reset;nble in I upon the silvered glass, ruled or scraped as 
appearance combs with wide-spaced teeth, and j explained, a layer which is sensibly opaque 
which are secured to the insulating-backing . and wiping it off gradually around tbe edges, 
iu such relative position that the teeth of one ! a spot of snitable size and character can be 9~ 

30 comb alternate or intermesh with the t-eeth of readily obtained. 
the other, but are not in contact with them. The cell is ordinarily secured in position in a 
The sensitive medium fills tbe spaces between sonnd-cbaruber having a glass plate for the eo-
the teeth of the two conductors, and by iu- trance of t-he radiant beams, and it is so placed 
creasing the number and length of the teeth that said beams fall upon the lamp-black. If roo 

)5 the surface can be increased to any desired ex- it is desired to receive a message or signal di­
t.ent. The resistance to the .electric current rectly, as well as through the intermediary of 
will, of course, depend npon the ma-;s or area the electric current, the sound-chamber is pro-
of sensitive medium, and upon the distance vided with one or more ear-tubes. 
which separates the teeth of one comb from The lamp-black cell can be located in the ros 

4c those of the other. main circuit in which the elecLrical or tele-
In order that the electric current may flow phonic receiving apparatus is placed, or it can 

equally from· the several teeth, or generally be connected with a receiving-circuit by means 
from on~ conductor to another, it is neces.~ary of an induction coil or coils, as telephonic trans­
that the spaces between their adjacent edges I mitters using a battery have been connected. r ro 

45 should be everywhere the same. Having explained the general principles of 
We have found that a film of silver depos- , our invention, we will now proceed to describe 

ited upon a glass plate by the methods ordi- apparatus constructed in accordance with the 
narily employerl for silvering mirrors is pos· same, reference being had to the accompany· 
sessed of great toughn~s, and can, with a ing drawiog:s, which form a part of this speci- r r 5 

so suitable tool, be ruled or scraped off in stripes, ficat-ioo. 
so as to leavesharp edges which appear clean Figure 1 is a sectional >"iew, illustratinga.p­
and welldetiued, even under a microscope. As paratus for transmitting speech photopboni· 

. the silvered film is not affected injuriously by cally without the aid of an electric circuit; Fig. 
! lamp-black, it is, from its great conductivity 2, a sectional view of a slightly altered form of rzo 

· 55 and the accuracy with which it can he ruled, a receiver, shown in connection with the appa­
eruinently adapted to use in this invention as ratus for prodncing an intermittent beam; 
the conductor of the photophonic receh·er. Fig. 2", a front view of one of the disks of the 
TbP. silvered film can be deposited upon a iut-ermitteut-beaw apparatns; Fig. 2•, a sin1i· 

. curved or fiat surface: and can be scraped off lar >iew of a wire-gauze disk usetl in the re- 125 
; 6o iu straight, zigzag. circular, spiral, or ot.her cei ver; Figs. 3 and 4, views, in section and plan, 

suitable lines. The width of the s tripe or ofthe lamp-black cell with iutermesbingcombs 
stripes removed is rcgnla.ted by the scraping· . of silver film; Figs. 5 and 6, plan ,-iew~ of other 
tool, and the position of the latter in operation is : for111s of the cell; Fig. 7, a view showing the 

, controlled and adjusted by mechaniea.l means, 1 ceU in ci1·cuit with galvanic battery and hand· 130 

1

1 65 so that the utmost exactness can be obtained. 1 telephone and the intermittent . beam appa· ..... 
~' In the cell before referred to as giving ex· i ratnsas the photophonic transmitter; and Fig.~ 
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8, a view, partly in section, illustrating the ap- any ordinary or suitable way. The desired 
paratus for transmitting speech, and showing port-ions are removed or scraped off by means 
a photophonic receiver connected with a t.ele- of a tool with a fiat end. This tool can be 
phonic circuit, and also provided with means made like a chisel, or a punch with conical 70 

5 for collecting and conveying to the ear of the point can be ground off or cut at right angles 
listener sound-waves directly produced. to the axis, so as to leave a flat end with a 

The same letters of reference indicate like diameter equal to the desired width of the 
parts in the several figures in which they oc· stripe to be removed. The mechanical ruling 
cur. or scraping of the plate can be easily effected 7 5 

10 :A. is a reflecting pbotophonic transmitter; B, by means of an ordinary lathe provided with 
the intermittent-beam apparatus; 0, the pho- a slide-rest. The tool is held in a frame snp­
tophonic receiver; D, a galvanic circuit; E, an ported between centers. The plate is clamped 
ordinary band telephone; F, an induction coil. to a berl-plate beneath with the silvered side 

The reflecting· transmitter A. consists of a uppermost, in such position that when the tool 8o 
15 mirror of thin silvered glass, a, which is thrown is pressed down and penetrates the film its 

into vibrations by the voice of a person speak- operating end rests flat upon the surface of the 
ing into the tube a', and reflects more or less glass. The bed- plate carrying the silvered 
of the beam of sunlight or other radiant beam plate can· be worked lengthwis('. of the lathe to 
toward the receiver 0. role or scrape off the lines in one direction, and g, 

20 The int.ermit.tent- beam apparatus B com- then moved across at right angles to the length ~ 
prises two disk-wheels, b, with a series of ra- to bring the plate into position for srraping a. 
dial openings in the pat.h of the beam .. One of new line. 
these disk-wheels is stationary and the other It is not necessary to remove the tool from 
revolves, or they both revolve in opposite di- the plate. The lengthwise movement under go 

25 rections, or in the same direction at unequal the tool removes the film so as t.o form the 
velocities. The beam, being consequently cut spaces between the teeth of the combs, and 
off by the blank spaces anti allowed to pass the transverse movement connects these spaces 
through the openings when those in one disk with each other alternateiy at opposite ends. 
register with those in the other, is intermittent The binding-posts are fa.Stened to the glass 95 

3o in its action. A beam from t.he sun or from plate in any ordinary or suitable way, and are 
an artificial source cau be employed with this in electrical connection with the two parts of 
apparatus. The beam can be concentrated be- the conducting-film. To apply the carbon the 
fore or after passing through the disk-wheels, silvered side of the glass plat-e is smoked over "' 
and can be reflected by mirrors to the proper a suitable burner. too 

35 path, or allowed to fall directly uponthewheels. In Fig. 5 the silver film is scraped off in the 
These two forms of transmitting apparatus form of a double spiral, leaving the conduct­

are shown as types. Any photophonic trans- ors e e'. In Fig. 6 the conductors e t have 
ruitter of ordinary or suitable construction can curved intermeshing teeth. In these figures 
be used with the improved receiver. the lamp-black xis shown as confined to the xes 

40 In Fig. 1 the receiver Oconsists of a funnel- spaces bet.ween the conductors in order to 
shaped sound-chamber, c, the interior flaring show the latter more clearly; but in practice 
walls of which are smoked or covered with a the conductors would ordinarily be themselves 
deposit of lamp-black, x. The mont-h is cov- coat~d. 
ered with a glass plflte, c', and a sound-convey- In Fig. 7 the poles of the galvanic circuit D r 10 

45 ing tube, c', communicates with the contracted are connected with the binding-posts/ f'. A 
portion in t-he rear. Speech or other sound nt- musical note prqduced by the action of the in­
tered into the tube a' of the transmitter A. can termittent beam can be heard by applying the 
be beard by listening at the tnbe ff of the re- telephone E to the ear. 
ceiver C. The distance over which speech can In Fig. 8 the lamp-black cell is placed in a r rs 

c;o be transmitted in this way and the distinctness sonnd-chamber1 c, and is connected with a bat-
w of the sounds reproduced depend upon the en- tery in the primary circuit of the induction-

ergy of the beam employed. coil F, the telephone E being connected in the 
In Fig. 2 the re<'eiver 0 contains a piece of secondarv circuit of the coil. The chamber C 

wire gauze, c, upon which the lamp-black :I; is has a glaSs plate, as in Fig. 1, through which 120 

55 deposited. The walls of the sound-chamber c the ra.uiant energy is transmitted, and a ht>ar­
can also be smoket1, as shown, or not, as de- ing-tube, c', for com-eying the sound-waves 
sired. The sound is received by the tube c', produced in the receiver to the ear. Sounds 
as before. uttered inw the tube a' of the transmitter can 

In Figs. 3 and 4 the receiver is a lamp-black I be heard either by listening at the tube c' or r25 
6o cell, and comprises the glass plate or insulat- by mPans of the telephone E. 

ing support d, the intermesbing combs or con- It is obvious that various modifications may 
ductors e e', of silver film, t-he binding-posts f be ruade witl10ut departing ft·om the spirit of 

I, j', connected with the conductors e e', respect- the invention, a~d that parts of said invention 
. ively, by the metallic plates g g',and the lamp- could be used wtthout the others. The forms 130 •••• 

~~5 black •· of cell• uoed for seleuium cau be used with. 
~ 

1 
In forming the cell the sit ver is deposited in lamp·bla: and the improved cell can he em·~ 

~AAA~~~~~~ 
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ployed with any suita.hle form of sensitive me-~ port of insulating material, and conductors by 
dium; but the metal composing the conduct-ors which the lamp-black can be in('}nded in an 
should be snch as not to be inj uriously affected electric circuit, as set forth. 
by the action of the sensitive medium. 8. A cell comprising sheets, plates, or strips 65 

5 The insulating-plate with the ruled or scraped of conducting material, fixed or mounted upon 
silver film thereon can be employed to meas- a support of insulating material, with their 
ure the electric conductivit.y of various sub· edge.c::; opposite ea<'h other aud separated by a 
stances, liquids, and gases by connecting t.he sui lable distance, aml sensit-ive conduct.ing 
binding-posts with the poles of a galvanom- material in the space or spaces between said 7c 

10 eter-circuit and immersing the plate with the euges, suhstanUally as described. 
substance to be tested, or covering the sil· 9. A support of insulating material, having 
vered side with the same.. In some cases the comb sl.mped conductors fixed or mounted on 
silver film can be deposited on both sides of said support, as indicated, so that the teeth of 
the plate and ruled as before described. the combs intermes h but are not in contact 75 

r 5 Telephonic transmitters and recei vcrs can with each other, su bstaotially as described. 
be for111erl by meansofapparatuslike tlH:lnmp- 10. A si lvered plate having the silver film 
black cell; but these will form the subject of mechanically ruled or scraped, as described, 
separate applications. · I so as to leave parallel lines or stripes of equal 

That part of the invention which relates to width, anrl with sharp, cleau edges, substan- So 
2u the conversion of the radiant \·ibrations into tially as set fort h. . 

electrical vibrations is not limited to lamp- I 11. The insulating-plate ha>ing on one or 
black~ but includes ot-her forms of carbon, and both sides a silver film ruled or scraped, as 
also ot her materials which operate in a snb- described, so as to di'\"'ide the silver film into 
stantially similar manner to lamp-black. two or more conductors, in corubiuation with 85 

25 Having now fully described our said inven- binding-posts connected with the parts of said 
tion and the manner of carrying the same iuto film or films1 substantially as set forth. 
effect, what we claim is- 12. The combination of the insulat.ing·plate 

1. In a photophonic receiver, the sound· and ruled silver film with the lamp-black or 
chamber for containing thesensitivemedium, sensiti•e medium included in the ruled or 90 

30 having a. wall transparent to light or radiant: scraped spaces in said film, substantial1y as 
energy, but opaqueor less transparent to sound, set forth. 
substantially as described. 13. '£he combination, with a galvanic circuit, 

2. The combination of the sound-chamber, of a pbotophonic cell comprising a glass plate 
having a wall transparent to radiant energy, wit.h ruled silver film thereon, lamp-black de- 95 

35 but opaque or less transparent to sound, with posited in the ruled spaces in said film, and con­
the sensitive medium therein contained, and nections for completing the ·galvanic circuit 
a. sound conveyer or opening communicating through ·said cell, substantially as described. 
with the interior ofsaidcharuber,snbstantially 14. The combination, with a photophonic 
as described. cell, of an induction-coil, electric connections too 

40 3. In a photophonic receiver, the sensitive for including said cell in one circuit of said 
medium, composed of vibratory material in an coil, and a telephone-circuit connected with 
open, porous, or subdivided condition, substan- the other circuit of said coil, substantially as 
tially as described. described. 

4. In a photophonic receiver,a sensitive me- 15. A photophonic receh·er comprising a 105 
45 dium of lamp-black or similar material, sub- sound-chamber having a wall transparent to 

stantially as described. radiant energy, but opaque or less transparent 
5. Aphotopbonicreceiverha-vingasthesen· to sound, a cell having a vibratory sensitive 

sitive medium a. deposit of vibratory material medium, such as lamp-black, electrical con-
in a loose, porous, subdivided, fl.occnlent, or nections for connecting said cell in an elec· '10 

so spongy condition, substantially as described. trical circuit, and a hearing-tnbe connected 
6. In a photophonic receiver, the combina- with the interior of said sound-chamber, snb­

tion of a stnsitive medium couducti\·e of elec· stantially as described. 
tricity, in a loose, porous: or subdivided condi- In testimony whereof we have signed this 
tion such as lamp-black, and conductors for in- specification in the presence of two subscrib- II5 

55 eluding the same in an electric circuit,substan- ing witnesses. 
tially as described, so that radiant vibrations 
can be thereby converted into electric vibra­
tions, as set forth. 

7. The combination of the lamp-black or other 
6o vibratory conduct-ing materia l in loose parti­

cles, the rigid orsabstantially inextensible sup· 

ALEXASDER GRAH.:\.)1 BELL. 
Su.:\1SER T AI:XTER. 

·witnesses: 
PHILIP )fA. lJRO, 
A. POLLOK. 
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At th_e receiving end of the photophone, a detector made of selenium (at 
the back of the receiving "~ish") caused electricity in the receiver to vary 
in int~nsity with the light. Hook a telephone up to the receiver and one 
could hear Bell on the other end. 
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1'o ail whom it may ooncern: 
Be it known that I, KARL ZICKLER, a sub­

ject of the Emperor of Austria-Hungary, re­
siding at Brunn, in the Empire of Austria.-

S Hungary; have invented certain ne'v and use­
ful Improvements in Telegraphy by Means of 
E1ootric Light; and I do hereby declare the 
following to be a fall, clear, and exact descrip­
tion of the intention, snch as will enable oth-

to ers skilled in the art to which it appertains to 
make and use the same. 

In this new method of wireless telegdphy 
the telegraphic signals are transmitted by 
means of ra~s emitted from an electric-l\l'C 

r 5 light. The rays of short-wave lengtb.(mostly 
ultra-violet rayst) which the electric-arc light 
emits copiously, are those whic}l are·made use 
of. These rays are sent out from the send­
ing.station at intervals corresponding to those 

:zo of telegraphic signals in t'he direction of the 
1"606iving-station, where they are made to pr~­
duce weak electric wav_es, by which the sjg­
nals are made visible as sparkst or are made 
audible by a telephone or electric bell, or, iC 

25 preferred, may be printed by a Morse -appa-
ratus. . 

The arrangement of the apparatus at tne 
J:wo stations is ~own in the accompanying 
drawings, in which sjmilar letters of reference 

30 denote similar parts throaghont the several 
views. . 

Figure i is a diagram of th~ apparatus for 
generating·therays; Fig. 2t &diagram of the 
receiving apparatus; Fig. a, an elevation, 

35 partly in longitudinal s.ection, of the. receiv­
. ing apparatus, drawn to a larger scale; Fig. 

4:, a front elevation of the closure for the ray-
generating- apparatus, also drawn on alarg.er 
scale; Fig. 5, a ·section on line x x of Fig. 4; •o Fig. 6, a detail elevation of th~ closure-plate, 
and Fig. 7 a similar elevntion of the other 
closure-plate. 

At the sending-station I is an apparatus for 
producing the rays in the form of an electric-

45 arc!light L of suitable power, which is inclosed 
in a ca.se G, that can be turned arou'~"ii in the 
manner of a search-light or otherwist ~n aver­
t ical and in a horiz()ntal plane: The arc-light 
may be regulated either by mechani :n or by 

and projected in the direction of the receiY-
ing-station. In order to send as many rays · 
as possible in this direction, the employme~t .55 
of refi~cting-mirrorss or oflenses,or ofboth.in 
corn bination,.is requisite. The lenses l must 
theu,however,not be made of glas!!,botofrock 
crystal, so that they may allow the ultra-yiolet 
rays to pass through them. The closure V for 6o 
the ray-emitting opening consists of a plate P, 
having an orifice for the objectiv~ o, Figs. 1 
and-!. Two goide-~:a.ils n' and n2 are a.t~cbed 
to the said plate P by means of screws; glass 
plates t' (l being guided in these guide-rails. 65 
.These plates are shaped as shown at Figs. 6: 
and 7, and plate t' is linked to one end of a 
lever~. pivoted at za, by means of a link t8 
and plate (l to the opposite end by means of 
link t'. · , . · 70 

By means of a pin-and-slotconnection at i' .~ 
a leyer l' is coupled to the lever l2, said lever 
l' being pivotally connected to the plate P 
at Z. The said lever 1' is provided with a hook 
n, in which a pin i of the bellows g;attached 75 
to the plate P, engages. When the said'bel~ · 
lows .are compressed, the plates f .and.£:l covel' 
the orifice of the objective o; .. bnt if air ·is 
forced into the bellows g by compression of 
the pneumatic ballb, Fig. 1, attach~ to the 89 
air-tnbes',the levers Z'Z4 will.be tnrnedon their 
pivots in the direction of the ·arrows, as in­
dicated, ·the lever l2 d,rawing the plate f up­
ward and pressing the plate t'- downward; 
thus opening the objective Q. . This move-· 85 
ment .of the parts stretches the spring f, at­
tached at .one en.d to the guide n' and at th& 
other to the bellows fl. As soon ·as the p~ 
sore ou the ball b is released the-bellows ran .. 
down, assisted by the spring f, thus closing· ~ 
the plates f (lover the opening ot the objec-
tive. Fig. 4 8ho\vs the plates t' f'-. when the 
objective .is b&lf-open. ~s soon therefore 
as the lamp is lighted the pencil of light i.s 
etriitted,even when the ope'ning is closed,since 95 
the visible rays pass tbrongh the glass sbnt-
thr. .Th.e e1fecti ve ultra-violet rays are,-hew-
ever, abso'rbed by the glass plAte. They ara 
only emitted when the glass shutter is re-
moved. £y leaving the shnt~r open for a 100 

longer or !lhortertime the ultra-violet. rays ean. 
be sent out in a manner to .correspoud \0 the 
dots and dashes of the Mor~~e alphabet. . ln · 

~' otead of the gla,. pl&tea tor -'he ohut"'r ex-~~ 

..::::==:===t ~...&I~ A=~ ~ ~ ~ 

so band, so. that the arc is ~lways in the same 
place. The pencil of light thus produced is 
transmitted through an openingOin the case 
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tremely thin transparent mica sheets may be 
used·. :, 

At the receiving-station, Fig. 2, there is a 
ray-tecei ver. This consists of a tubular glass 

s vessel r, which in front is closed air-tight by 
a qnartz plate p. In this ~n bular-shaped glass 
vessel two electrodes e' e2 at·e fused, o·ne at 
each of .two opposite points. One of these 
electrodes e' is .spherical, having a diameter 

10 (!fa. few millimeters. The oLher, el, is a small 
circular. disk whose plane is so inclined to the 
axis of the glass vessel that the pencil of light 
entering through the transparentqnartzplate 
p easily falls upon it. Both electrodes are 

xs covered with platinum-foil and are about ten 
millimeters distant'from each other. The air 
in the gl.a.ss vessel is rarefied to a suitable de­
gree, or the vesselis filled 'fith a rarefied gas. 
To the glass vessel there is attached in fr~t 

.zo of the transparent quart;t plate a metal tube, 
in which asecond.tubefilted with aquartzlens 
l' ia adjustsble by moo.ns of n screw, so that by 
adjusting the lens the rays coming tlirough 
the quartz plate from the sending-station can 

25 · be concentra~ed in n small oval slightly-illu­
minated spot.. For the proper adjustment 
o! ~he lens l' hy daylight ic is desirable to 
ii:•close the glass vessel in an opaque covering 
and to obser\·e the lighting of the electrodes 

30 t~rough a peep-hole 'i'n the covering. The 
electrodes are electrically connected with the 
secondary windings of a slnall induction coil 
or apparatus J. in snell a way that the spher­
ical electrode e' becomes the anode ·and the 

35 disk-shaped electrode til becomes the cathode. 
In the primary circuit of the induct.ion appa­
r.!l.tus, which requires to have a sparking dis­
tance of only one or two centimeters, there 
ia a variable-resistance coil R, which admits 

.p of a gradual alteration of the strength of 
the pritna1·y current. For receiving a tcle· 
gram the induction. apparatus is set in oper­
~tion, the Yariable resistance having been 
beforehand so adjusted that tke intensity at 

-45 tht} electrodes is as yet insufficient to cause 
sparks to pass bet'l\·een them. As soon as the 
ultra-violet rays are emitted from the send­
ing apparatus at the sendi11g-statiou I, Fig. 
1, by opening the glassshutterand fall upon 

so tbeditdt-shaped electrode at receiving-station, 
Fig. 2, their lominou,s electrical effect canses 

a release of the sparks, which, however, cea8e 
as soori as the projection of these rays is 
stopped by closing the glass shut ter. The 

.opening and shutting at the·sender-station I ss 
in accordance with Morse signals produces 
also at the receiving-station .a transmission 
of sparks of shorter or longer duration ac­
cording to tho same signals. In this way the 
signals may at once become visible, or other- 6o 
wise electric waves are caused by the sparks 
in the space surrounding the ray-receiver cor­
responding. to the signal'3. By these the sig­
nals can be ·rendered audible or reduced to 
writing by any of the well-known a.ppara~ 65 
tuses. 

What I claim is- . 
1. In a system of wireless telegraphy, th~ 

combination of a sender apparatus having 
means for producing and intermittently pro- 7c 
jecting a pencil of ultra-violet rays in the di­
rection of a recei...-ing nppara.tus, and a re­
ceiving apparatns having nn air-tight elec­
trode-chamber, ha\"ing rarefied gas therein, a 
disk-shaped cathocle-electrode to receive the 75 
rays projecte~ from the sender and an anode 
mounted in proximit.y to aaid cathode and 
means for utilizing the spa.rks produced .be· 
'tween the electrodes by the ultra•\"iolet rays , 
substantially as described. . 8o 

2. In a system of wireless telegraphy, the 
combination of a sender and means in con:­
nection therewith for intermittently project_. 
ing a ·pencil of rays of light of short-wave 
length in the direction of . the receiving apa Bs 
paratus, and a receiving apparatus having an 
air· tight electrode- chamber .r with frobt · 
quartz plate p said chamber being filled with 
rar~fied gas, a disk-shaped cathode eZ and a 
spherical anode e' mounted therein in prox- 90 
imity to each other and a variable l'('Sistance 
insertcrl in the primary circuit of Lhe said 
electrodes and means for concentrating the 
rays recci\'00 by the plJJte e2 8nbstantially 1\S 

described. 95 
In testimony " ·hereof I affix my 8ignature 

in presence of two witnesses. 

KARL ZICI\:J,ER. 

Witnes~es : . 
l-UDWIG CZERIYENY, 
ARTHUR SCHOEINBURG. 
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UNITED STATES PATENT OFFICE. 

IIAM~lOND Y. HAYES .AND ERNEST R. CRAM, OF CAMBRIDGE, :MAS!":\COU­
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RADIO PHONY. 

SPECIFICATION forming rart of ·Letters l'a.tent No. 664,630, dated July 31 , 1900, 

Appllcr:tlon filed June 7, 1897. Berh.lll o. 839,635. <lfo tDodel.) 

·b all wkom it m.a.y concern,: ~sa.id electric current thus intcnUillell Ol' va-
De it known ~bat we, IlA?•U~OND V.liAYES ried into radiant energy, thercu.r prolinciu~ 

~a."nd ERNEST R. ·CRA1>I, of Cambridge, Massa- ·similar interl'llotions or variations : in said 
chnsetts, have invented a new and nsefnllm· radiant energy imd causing ra.ys of ::;aid ra-

5 proyement .in Radiophony, whereby sonrids dinnt energy thus interrupted or varied to 55 
and signals of anydescription impressed npon fall upon a distant snbstn.nce so sen&itive to 
and causing interruptions or variations in the rapid changes in radiant energy as to give out 
strength of an electric ctrrrent in a local cir- sounds under such variations or a substance 
cuit nre· tn\nsmitted from a · station where 11;hose ~leetrical resistance varies under rapid 

ro they are so impressed to a distant station and changes in radlant energy. · 6o 
there repeated or giYen onL by rndiophony In carrying out this inve)ltion we provide 
.without the. use of intervening wires,·O'f which R.t the transmitting-station an electrical work-

. the following is n ·specifi"cation. · ing circuit containing the source of electric 
The radiophones omployed in c<m·yiilg out current nuda devicu for developing radiant 

rs our"inventiondoliotdiffersubstahtlallyfrom energy, together with means for prodnc- 6s 
radiophones already in use or alroady fully ing the desired or ch~racteristic alterations 
described in printed. publications. Certain of said radiant energy, th~ Mid means com­
substances, as is well kno\vn, will so vary iu prising an auxiliary circuit associated either 
.electrical resistance-when subjected to rapid condnctively or inductively with said \rork-" 

20 changes in radiant energy that when so sub- ing ·circuit and a transmitting apparatus in. 7o 
jeeted, it placed in an electric circnit con; Mid auxiliary circuit aclaptl3d to alter the 
taining a telegraph or telephone recciver,sncb current thereof and theroby corresponuingly 
recei'""er will give out signals or sounds cor- modify the current supplied by said working 
responding to variations or in:terruptions.in circuit to snid device for aeveloping radiant 

25 the source of ra<liant energy. So, again, as energy. . . .75 
is also well. known, certain substancet~ will The invention also consistS in detaila of · 
give out sounds directly if subjected to rapid coustroctlon and circuit arrangement. 
changes in radiant energy. Radiophones The modifications in the- strength of the 
whose mode or. operation is based on either of electric current. resulting from mo-difications 

30 thes~ phenomena are employed in carrying prodnced -by the operation· ·of the tJ•ansmit- So 
out our invention. We show ·both forms in· ting instrument in the anxiliary ~ircuit, 
the drawings hereto annexed; but for con-· whereby corresponding modifications oral· 
venience hereinafter the radiophones of either terations in the amount of radiant energy are 
kind at the distant station by which sounds obtained, may be effected in various ways-

35 are given out are termed "radiophone-re- such as, for instance, by shunting a portion 85 
coivers," and for want of a bette~ designation ot the electric cnrl'cnt from the source of the 
the n.ppara.tus at tho transmitting-station in :radiant energy, by superimposing a variable 
and by which souncs o'r signals are sent, con- current upon the direct current at the source. 
sistiog of the deYice for generating an elec- of the radiant energy, or by varying tho in-

40 tric current, the device for converting the tensity of the direct current at the source of 90 
said electric current into radiant energy, and the electric current. 'fhe variations iu the 
m~ana for varying the strength of the elec- electrical current of the transmittin~-circuit 
tric current whereby the amount of radiant may be effected by miy suitable transmitting 
energy undergoes similar variations, is termed or circuit-cbangingdevice-s\1ch as, for ex-

45 8 "radiophone-transmitter·~ or "radiophone ample, a microphone-transmitter or a Mot·se 95 
t-ransmitting apparatus." · key. 

The invention consists in interruptiug· or In the drawings, Figure 1 is 8 racliophonc-
: varying au electrical current in a local cir- receiver such as is employed to emit sounds 
~ 

5 
cuit acco•ding to a code of signab o• by di1'8Ctly under ttie rapid vadations o• intc•-

~ ~ o n•ticulotion con•erting the energy of the , ruplions of radl••• energy falling upon it.,~ 

.=:::::::=:::=::1A1A1 A~=~~~~ ~~~==~ 



Fig. 2 is a radiophone-receiver provided with 
an electric ('.ircuit co~ta.ining a telephone to 
be operated indirectly by the rapid varia­
tions of the radiant energy falling upon the 

~ ndiophone. Fig. 8 is a diagram represent­
ing a radiophone-transmitter designed to 
operate a radiophone recei>er of the kind 
shown with it and also shown at Fig 1, or 
it may be used with a radiophone-receiver of 

to the kind shown 'at Fig. 2. Figs. 4, 5, and 6 
are diag'ram~ representing each a separate· 
modification of radiophone transmitting ap­
paratus, or, more especially, modifications in 
the form of the auxiliary circnit containing 

15 the transmitting apparatus. In Fig. 4 is 
shown also a radiophone-receh•er of the kind 
shown at Fig. 2. · . 

The·same letters are used througb all the 
figures to represent the same or correspond-

ro ing devices. . 
Describing first· the simplest form of trans. 

mitter (shown in Fig.3,) G is ageneratpF of the 
electric cnrrent: E is the sonr(le of radiant 
en.ergy, in this instance being an arc-light, 

25 or, more exactly speaking, the arc of an 
arc-light in circuit wit.h the generator l1y 
wires w w, as shown. tv2 is a shant-circuit 
containing a microphone-transmitter M, and 
R is a parabolic reflector. 

30 · In the radiophone-receiver shown at Fig. 
1 and also at Fig. 3 in connection with the 
transmitting-radiophone jnst described, R ' 
is a parflbolic reflector. Lisa substance e~­
trem·elysensitive to heat, (bnrn.tcork or lamp-

JS · bla~k well answers the purpose,) and Tis a 
glasS tube containing the said sensitive sub­
stance L, closed at the end within the refiec­
tor 'and open ~t the other end. For conven­
ience a flexible tn he B, provided with ear-

40 pieces, is employed, · as' in the phonograph. 
In the operation the energy of the electric 
current generated by the generator G is con­
verted into ra.di~nt energy in the arc ()f the 
arc-light E, and this energy is modified .by 

-45 the mi~rophone-transmitter .M when the lat­
ter is spoken to in the ordinary manner­
that ;.s, by shunting a portion of the electric 
curr~nt from the source of the resonant en­
ergy and thereby varying the radiant energy. 

so The paraboli(l reflector R faithfully reflects 
in parallel lines rays of energy in all their 
changing conditions doe to the action of the 
microphone in the shunt-circuit, and thesa 
rays in eve1·y condition are received by the 

55 parabolic reflector R' and focused upon the 
sensitive substance or lampblack L, which 
will now emitarticu late sounds corresponding 
to the changes produced in the microphone M 

6" 
by talking to it in the ordinary manner. 

In Fig. 4, G is an electric generator. E is 
the source of radiant energy, being in this 
insf.lt,nce an incandesceD t light in circuit with 
the said generator by wires tv w. G' is an 
aux:ilia;y geoeratorfurnishing an alternating 

pressed, the condenser C permits th·e alter• ·· 
nating current of the shunt-circuit to pas8 ·;, 
through the source. of radiant energy, but 70 .. 
prevents the direct current of the main cir- :r 
cnit from passing into the shunt-circuit. The ' 
mode of operation needs no furtl1et descrip­
tion. Iu this instance the desired variations 
in the radiant energy are effected by super~ 75 
imposing a variable current upon the direct · 
current at the source of the radiant energy. 
With this radiophone-transmitter either form 
of radiophone-receiver may be used. . : 

!n Fig. 5~ G is the generator. E is an arc- 8o · 
light in circuit with the generator by wires :. 
w w. Cis a condenser in ashunt-circnitw, :i 
~~~~~~~:o~~~nsu~1~~ :~:cs::g~~~~ ~~\~:n~h ~J 
c.rcuit from the main circuit provided with Ss ·1 
t-wo equal resistances r r and connected in :~ 
turn, as shown, with a ·shunt from itself, (cir- ·;; 
euit w4.) This last-named shunt-circuit u:4 /. 

contains ~he primary p of the induction-coil, . 
already mentioned, a Plante cell N, placed yo ~' 
equidistant from the said two resistances r r, ,; 
and a microphone-transmitter M. The oper- .. 'i 
atioh is obvious with either form of radio- · ·3 
phone-receiver. hel"ein described and shown. · ~ 
In this instance also a . variable current is 95 '~ 
superimposed. upon the dir.ect current at the . ,;. 
source of radiant energy. ·~ 

In Fig. 6, G is the generator, E is an elec- : 
tric light, and w w the main circuit contain- · ,: 
ing both, as before described; bnt in this in- 100 
stanc~ npon the field-magnets of the said gen- :··. 
erator G are wound convolutions of wire e, 
which are incfuded in an auxiliary circuit WS, 
(in this instance having only indnctive assO- · 
ciation with the main circuit,) in which is zos . 
in tu.rn included an auxiliary source of cur- .. 
rent, in this instance a battery Y and a mi­
crophone- transmitter M. Here the varia­
tions in the auxiliary circuit increase and 
decrease the stre~gth of the magnetic field no 
of tbe generator. Thus the desired val"ia­
tions in the radiant energy developed atE 
are produced by >aJ·ying the intensity of the 
direct current. · 

It will beobserYed th~tin Fig. 4 weshowan nJ 
incandescent lamp as a source of radiant en~ 
ergy a tid also that in the said },'ig. 4 we show 
a nJake-and-break key for causing signal in• 
terruptions or variations in the electric cur-
rent, while in Figs. a, 5, and 6, illustrating uo 
transmitting apparatus, we show arc -lights 
and microphones. We should say that for 
transmitting speech practically or otherwise 
than theoretically aud experimentally we find 
the more powerful arc-light essential, and us 
when using keys fo~· Yarying . the electric 
current according to a :Morse or other code 
the arc-light for the radiant-energy device 
is much more satisfactory than the incan­
descent light. A direct electric current rala- 130 
tiYely large in comparison with the Yaria­
tions which are superimposed upo& it will 
in the production of radiant energv, as de-

~' acdbed obm, , .. ult In the mo•t pO,reet<e-, ~ 

=====-A~AA=~~~~ 

6s current in a shunt-circuit tv2, containing al!;lo 
a llorse key K and & condenser C, and R is 
a parabolic !'etlector. When the key K Is de-
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production in the radiant energy of the va- ceiY9r, of a tnniamitttng apparM\is consist;. 
ria.tionsof the electric current. So, too,·when ing of an electric circuit containing a gener- 15 
the variable component of the total cnrrent a tor or other souroe of electric current and a 
is quite small, even then by the use of a sof- device for developing radiant energy under 

s Jiciently-large direct-P.omponent current the the action of ~aid geners.tor or other · source 
variable componeut of the radiant energy . of electric current, a ehunt-circuit about said 
produced may be made as large as desired. device for developing radiant energy, and a 30 

We claim- transmitting appars.tus within eaid shunt-
1. The combination with a radiophone-re- circuit for altering the amount o! said radi-

ro cei>er, of at:. electrical circuit conts.ining a ant energy, substantially as described. · 
soorce of ~lectric current and a device for 3. The combination with a radiophone-re-
developing radiant. energy under the action ceiver of an electric circuit with a generator 35 
of said soilrce, and means for producing char- of elootricity an~ an arc-light therein, a shunt 
a.c~eristic alterations of said radiant energy, to said circuit with a circuit-changing device 

15 consisting of an auxiliary clrcoit a..s~ociated 1 therein, and a reflector adapted to direct rays 
with said first-named cfrcuitand a transmit- of rs.diant energy developed in the said arc­
ting apparatus contained therein and adapted light to the said radiophone-receiver, sub- 40 
to alter the current thereof and thereby cor- stantially as described. 
respondingly modify the current !npplied in HAMMOND Y. HAYES. 

::o said first-named circnit to said de>ice for de- ERNEST R. -cRAM. 
veloping radiant energy, enbstantia.llyes de· Witnesses: . · · 
scribed. · WILLIAM W. SwAN, 

2. The combination with!'> radiophone-re- I .CB.A.s. ·R. CRo.ss. 
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.UNITED PATENT OFFICE. .· .~ 
JOSEPH l'OLT..:\1\:0FI•', OF CITARLOT'l'ENBUnG, <.iEH..JfA?\ Y. 

PHOTOPHONOGRAPH-PHOTOPHONE OR SIMILAR DEVICE. 

SPECIFICATION forming pll.rl of Letters :Patent. Uo. 6801614, dated Aug-.1st 131 1901. 

Applicatl~n liled July 17, 1900. Scri~l }To. 23,921. <No mod~l.l 

.:."v rrif. 1chmn ?'f 1llfi!J concern: fttcccssnrily ~o po!>it.ionctl, to Lhrow a. ben.m of 
Be it known that·I, ,TO~'F.PII PoLUKOPl', a.· light on the min·or. ThC'· lc,·cr cl ca.rl'ies n.t 

sr.bject of the Em pcror · · ~~ussia., residing at ci thcr end yielding contacts rz and r;' , n.dn.ptcu 
Charlottenburg, ncar Berlin, Germany, ha,·e to tonch contacts p and p', the former sup- 55 

5 im·en ted ccrt~in new antl u~cful Impt·o,·e· ported on an insulated s tnndarcl -! n.nu tho 
ments itt -Photophonog-raph-l'hotophoncs or j lattcr on n. similar st.;wdartl or pin;), located 
Similar Dc,·ice!'; and I do hereby decL:e thn I for convenience on one erHl of the solC'noid 1!, 
following to be n full, clenr, n.nd cxnct de- secured to the bracket 3, and ono terminal 
scripL~on of the irn-ention, such a.s will ctmble wire of sa.itl:-;olenoi<l cis con nected by wire (/ Go 

10 others skillct1 in the :u·t to which it nppertains I ton. con tact 7, insulated from nrnl cnnietl by 
to mnko ntHl u~c the same, reference being the Icrer c, t.he other onll o( the solenoitl be· 
had to the nccomtHmying drn.wings, n.w1 to ing connectcu by wit'(~ h to one pole of the 
letters :tntl figures of reference mnrked there· bn.ttery i or other som·cc of el~.·ctricit.y. The 
on, which form a pnrL of this specification. stmu1a.t·t1 u cn.n·iC's n. contnct k , cooperating 65 

15 Thisim·cntionrclatcstophotophono£!1':1.phs, with the contact Z, betwcC'n which the solen­
photOl)honcs, antl simil:n· tleYiccs, nud cspe- oiU-circuit is lJrokcn, nnil said cont:1.ct kjs 
c:in.ll~· to thn.t class or these instruments in directly conncct.ctl, to·tTic Jthet· polo of the 
which are employed selenium-cells, n.nd has ba.Ltcr·y ,:. .An nrmnturc cl, secured to one eut1 
for its object to prescrYc as far as possible of the lever c, is n~t··a.ct.cd by the solenoid e. 70 

20 the intensit.y or power of these cc11s u nring A paiL· of solen i um-ccll.; n n.nd n' are placed 
the operation of the insLntmcnts. It is well above the mitTO~ a, witlut,partition ot· screen 
kno,;n tlwt a cell of this chn.mctct· when con- G between them, and in suciL rcln.ti\.·e position 
tiunally exposcu to the action of light will to the mirtor a tha.t the ra.y rcllect.ecl f rom 
decrea.se in sensitiveness, its resist<~uce not the mirror a will when sait1 mirror is vibrated 7 5 

25 varying accoruing to the intensity or the Jirst fall on one cell antl then oa the other, 
light thro\Yn on it, nncl if expose'd long enough tho screen G, whi<>h, if desir·o<l, may be omit-
to the action of li~ht the resistance becomes ted, shielding each cell frum tho light fa.lling 
practically constn.ut~ in which st.:'l.te it is use- on the oth er. The cell n is connect-ed lJy wire 
less for the purposes of the instruments men- s to the insulated contact lJ and tho cell n ' So 

30 tione<l. · by wire .~ · to the i·:~::.iatcd contact 1/ and both 
It is the purpose of this im·entiou to main- cells connected in parallel to a common biud­

tnin constant the photo-electric ·p:-operties of ing-post 7 by their t·cspect.i,-e wit•es .~z ·~nd .s~ . 
the cells used and usc no\·el features or con- This bin<.ling-post 7 fot·ms one terminal of n 
struct.ion, to be particularly <lcscribecl, n.ntl mcta.llic circuit r' , connected to a. telephone- 85 

35 pointed out in the claims. receiver ·u., the other tcnuinnl of said circuit 
B.eferring to tho dra.wings, in which like being a similar binding-post S, directly con­

partsaresimilarlydesig-nate<l, Figure 1 shows nected by wire .,. to one terminal of n. secoml 
<1. section of a photophone embodying my in- battery o, the other tormina.l thereof being 
vention; Fig. !l, a top plan view of the same; connected by wire l to the ph·ots !1 oC the vi- 90 

40 Fig. 3, a section through a similar device or orating lever c. 
photophonogmph, showing the usc of a per- Tho opcrn.tion of the device is n.s follows: 
maucutsound-reconl. Figs.4aud 5 are modi- The mirror a, c:nrietl by the conducti\·e lo­
ficn.tions in section of photophones, aml Figs. vet· c, is cau:-::ecl to vibmte by the nttrn.ction 
G n.nd 7 detail views of photophonic receivet·s. of the al'lnatu t·c (l to the magnet ag-ainst the 95 

45 A beam of light is focused ft•om a. Ienl-i 1 on stress or tho spt·ing ;: The solenoid-circuit, 
n. mil'l'ot· a, ~ccured to a two-armeu vibrating inclntling the l.mttery i. aud intlcpcntlcnt or 
lever c, made of conductiYc material and piv- the other circuits, is as follo\VS: Cul'l'cn t flows 
otetl at or allpt·oximately at its center at D in from bnttery i, ·;\·ire h, solcnoiu e, wiN [J, cou-
·• .,...,;,.of <:t'lntl.,,.,,., ,.., • .,, ,.n,,.. ... ., ], r .. c:tn""'l t " ., ... ts z.,n·1 '· , .... ·.·e 10 1' acJ- to 1'"tt"l'\'·t' l'ltc roo 

~ l ro ; b~:;~k~t3':··-;_rl~~-~~~;iJ.i~~i~,~:~-~~-;~~~~~~d j ;~l~~oiQ: ;ili' be en'e~giz~tl, tl;~ ;l.~l:{ture cl ~ 
~"' to the cnsiug ~of the instrument, though not and its attached parts attracted, cil·cu~'~.~~r;.~ c~· 
............ ·~~ :::'' f:T .,_, J t; -. 

~~ ":'~':I r .~· · .' .' ~~ . ·,, 

t.. "-·.\ ·.} i:: ~ ~ .A A-~ ~ ~ "'- . .. --- - ~' ~ 



~ ·; ~ .. ... -: ... ,~ ... ~ ~ .. ~ 
~ ll roJatll :Lt. 1: I, JLIItl. tho. lu\'l'l' 1.! nu.ll.ltl'lll :tLlll'll· r ClltlS If n~Hl u', 1'1.!~1\C!Cli\•ulr, :ulil. Ute ~J~hur 

- ./ n•tul'llccl h~· I'Cpt·an;.;- j to t.ho po!ill•tcm Mhown {'OaUnn w1Lh tilt• halt<'!")' ,; by Lhc wtrc: '· l htt~ 
in thP elm wing-: . l.ighL co111ing t.ltJ•ough tlw I tltCl:tho\'e-ch'!~t: ilH!cl crtnf:h.:l .. lJJ'<!nket·s )Jif ancl : 
h·u:-; 1, who:-;e vil>mtion:-; aa·o raricd hy :;oun(l 11' q' aro J'(~plaec<l hy the c.m!lcn~er !f. In- io 

5 t'ilhl'J' iJt OJ' :tt'J'o..:~ t.ho I'Jtl.h of !.ho light., will sl.c:Hl of :t couch!r~:wJ• :m iududoJ• may IJ4} Clll· 
l.tc n•lleel<'ll from the rihratin:.r mir.ror Jlr~li ployccl. In holh in!oilanc·c~ the c!TecL will he! 

on naw:LTultlwn on theot.lH~a·of Lhese!Pninm- t.he sn.meas <lcs!!l'ihetl with rcfcreuce to Figs. 
c·db, th~'it· ·t't>sbtancC's bein).!' val'iecl accord- 1 and ::!. The <'l<!dric in tcaTUptel' shr1wn in 
ing t.othL'moclified n•fleetecl-lightYil.n·aLiong, Fi~s. 1 to ·1 may also ho rcplace<1 hy a me- 75 

ro a~ul :~t. ll!e same tinw th:tt. li~~tt is on !t ce!l 1 chani~:;l it2lcl'l'npting cleYiCt'; · 
ctrctllt. wtll llr. elosec1 t.ll!'ough tt, the ctr<.:tllt I In Jo tg. ;, n. c:loc:kwork II' ts cmploye<l fot· 
through tht' oth<'l· cr.ll bein~ open-Yir.., cur- the ~amc rut·po~e, which imparts to the mir­
rent llo\\'!" ft·om J.he l><tttery o by wire l to, rorathenecc!'!s:u-.rvil.H·atOt·ymo:ion by means 
ph·ot. n, lent: c; yielding- or.~pl'i_,ng- con!act. 'J, 1 of ~uit:~b1c connecti t~g rocls O!' lc\·et·:-;· So 

I 5 Cl)!) tnc:t. 1'• ""I l'C s, (•ell II, wn·e s·, post I' Wtre I Ila \'Ill~ thus ucscnl>ed my In \"elll.IOII, what 
r ' , 1-t·IL•phone 11, hac:k to post 8! ,,·iro r, back to I I claim as nr:w tltcrein, antl desire to secure 
the ot.her tet'tll iu:d of tlto batf~t'Y o. \Vhen by Letters P;l.tent., is- • 
the :umatnre is attmctecl, tt.~ .ight is cnusetl 1. In instruments of the c.:la~s tle~et·ibccl, 
t o fallon !ht•otht•t·ecll n' and circuiti~ clo~ctl means for p t·oclucing soun<l-modifie<l light, 85 

::?o frnm b:tltet·~· o, Jlu·ough wire l, pi\·ot !), }(WCr <le,·ices for Yil>mting- a rerlcct<'d ray of such, 
r., sprin~·Ctllltac.;t. rj', contact 2/, wire s', cell :tn<l means nn·n.ngcd to t·ccei\·e said rays to 
-~~·,\\'ires\ post 7, an<l baek to battet·y o, : •. ~ arrect an elcctl'ic cnl'l'ent., suhstantially as~et 
lll'c~vionsh· tlcscril>C'd. forth. · 
· In Fi;r. ·.J tho same anangcmcn t is shown 2. In i nstrumcn ts ofLhc class tlesc.;ri bcu, Lhe 90 

zs with a <1i1Tnrcnt. llt(.lans for lll'Otlncin~ \'al'ia- combination wi th photo-cl cctl'ie cells, of de-
. lions ·, , c h c liglt t-w:we::;, antl this is dono by vices for Yi bmti ng n. ray or sountl-mocl i fled 
means of ;~ 11usith·c.photogrnphic souml-rec- light to ono n.:H1 then to anothct· of !-!:lid cells, 
ord, which can be made as follm'l's: A sensi- snbst:tntially as set forth . 
t i ve ri 'bl>on 1: is mcchan icnlly fetl past an 3. In i nstt·n mcm t:; of the i!l;tss desct'il.Jetl, the 95 

30 opening or slot 11 n.ntl exposed to li:;ht whose combinn.ti on with photo-clec! ric cells, of a 
villmtions at·e Yal'icd l>y a polished sound- lig-ht-screen between the cells~ •Hl tlc,·ices fnr 
vil.>rate~l <lin.phm;,rm 1:? or one canyiug a mit·- vibrating n. ray of :-;ontHl-mocli t.ccl l ight ft·om 
1'01' that. reflects n. ra.y throug-h the lens 1 f1·om one cell to anot het·, snb!'>tQ.tl.t+all.) a:; set forth. ' 
11 ~ns 1:; inn. tttht> Hat a'l angle to lhe tube x. 4. In inst.rumcnts of tl:e class ue~cribed the roo 

.35 This ll('g:ttiYc is developed and 1~ p osit.iYe is combination \'l'ith selcnit:m-cclls connected in 
marlc from it and fed nt the sn.me rate p:-.st a telephone- circuit of a vibmting mirror, 
the satn<.'opl'n ing 11, through which uo i formly- whereby a reflected ray o( ~ou n<l-mod ificll 
vibmting light is rmssecl to the mil'l·or a, and light is sent n.1temn.te1.r to one ce11 and to the 
these waves or varying intensity cluo to the othet·. · 

40 difTerencc oC intensity of the film arc then 5. In instrnmeuts or the r.1a'is <lcscribetl the 
t•cf1ectetl to the Cel,ls and sound tt•ansmitted combinn.tion with two seJenitl''l'l-CCllJS connect-

105 

to llte phone, as before described. etl inn telephone-circuit of n. nbrn.ting mirror 
It is uot absolutely necessary that the sc- and n. vibmting lever carrying the armn.tnro 

lcnium-cell of the recch-ct· described abo\•e, of an electric interruptenmd thesaitlmirror. rro 
45 which at the time hcing is not exposed to G. In instrumen ts .- ·~ Lhcclasstlcscribcd, the 

lig-ht, ue shunted ofT ft·om the circuit as long combinn.tionwithphoto-eleetriccellsn.rrn.nged 
as provi~ion ifl .m:u1e that the two selenium- to be successiYcly connected to <t telephone­
cells tlo not tlisturb one :1.noth cr. In order to circuit, devices fot· vibmtin~ sound-moclifietl 
;n-oiu rcci proca.l <listu rbances oft,vo se1eniu m- light-rn.ys first to one cr !1 n.ntl then to anothel·, 1 r S 

so cells in c~l ncleu in the circuit of a telephone and means for cutting out of circuit those 
apparatus, comlensers or induction appam- cells on which the sountl-motliflcd mys oC 
tus cn.n be used with ath·:mtngc. The con- light do not fall. 
denser operates in this manner that the con- 7. In instrn men t:-; of thC' class llescribecl, the 
tinnous or slowly-undulating currents cnn- comhinn.lionwit hphoto-elcctriccellsa1'1'angctl 12o 

55 not be transmiLtetl thereby, l.Hit thn.tthe cm·- to be successively connectcll ton. telephone­
rents altC't'll:l.ting in <li1·ect.ion ot'inten!-iity nrc circuit., of a screen between adjacent cells, a 
tr;msm it tell without hin<lrancc. 'Tiu~· cnrren t v ibrn.ting minor n. circu it·bt·cakcr con nectctl 
that is lccl to one coating of ·the condenser thereto,· whereby u. rcf1ccte<l rn.y of sonnd­
procluccs n. cot·t·esponding current in tho sec- modified light is sent t o and current simul- 125 

Go ond ~oatiu:;, ft·om. which it may be g;tt!terell tn.ncouslysentthroughthecclls,!:'ttbstn.ntiall~· 
that m tho opemtLOn of one of the selenium- as set forth. 
cells the other selenium-cell has no action on S. In instruments of the class described the 
the telephone. · combination with n. pn.ir of scleuinm-eells con-

I~ Fig. ·f =~ CO!Hl!:!nser !I is employed, one n ccted in a telephone-circuit, contacts elec· 
65 coating or which is conncc.:tc<l with tho brn.nch 1 trically connected to said cells, a conducth·o 

t·ircuits s ant1 :s~, le:uling fl'om the selenium- olectrically-vibrat-<!d lever a~1n.pted t o close 

L 

L 

L 

:L 
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cit'cuit Lhrough cit.hor or Lho snill conL1cts, n. 
soh'llilllll·Cclt nnd tho tolophono-circuit an 
clccLI'ical connection hc(.wccn said lover n.n<l 
a som·eo or t'lll'l'Cil t nntl n. m i I'I'Ot' cal'l'ioil l.Jv 

s sl\illlcYol', sttbsLnntially n:s :set forLh. • 
!l. I11 instr·umcnt.sofLiwclasstlesct·iucd, tho 

emu bi nat.ion with photo'clcctric ccllsn.rmn~c<l 
to bo successh·cly conncctc<l to n. tclct1honc· 
circuit, n sct·ocn beL ween alljaccn t ce11~, n.n 

10 oJcctrically·Yibl'alcll circuit- bi·e:Lkcr and :1. 
mirror atTang-c<l to d i r·cct cu rt·cnt through 
nnd souml-motlificd light successively to said 
cell~, substantially as set fot'th . 

10. In instt·uments of tho cla~s <1cseribet1, 
15 th0. ~ombination with n. pair or selenium-cells 

an·a.nged to bealtcrnntelvconncctctl ton. tcle­
phone--cil·.cuit, of a pn.it· of l" ' lltacts each elcc­
tt'ic:all.r connected ton. ee-l;, n. condnctin~ vi­
brating lever :uTanged to altel'llntC'!ly close 

2o circuit through one contact., cell nnd tele­
phone-circuit, electrien.l connections between 
l:mid lcYcH' and n. sourco of electt·:c supply, a 
mirror and an armn.tnre on sn.id lever, n.solen­
oill opposite the arnHlinr·~, :m indc>pcn<1en t 

:!5 circuitforsail1 solenoid antl1~ circuit- bren.kor 
inclutlctl in the sol~noid-cireuit nut1 cnrrietl 
by snhl vibrating lever, snbstantiall.r as :un1 
for the purposa set forth. 

11. In instru mcnts of the class de~cribetl, in 
30 combination, n.lens, n. vibrn~ing mirror at iLs 

focns, n. mechn.nicn.lly-movccl positive photo· 
gt·aphitlrecoru of sounll·modified light-w:wes 
moving- across the pn.th of light focusetl from 
snid lens to the mil·ror, n pn.ir· or sclenium-

35 cells arrn.n:;ed to n.l ternntely recei \'e light-im­
pressions from said vibrn.ting mit·ror to said 

cell• iucltt<lc<l iu pnr:tllcl iu a lch•l>houc·cir- t 4 
cuit, ,.;ubst:mLially ,...., ;Aot Corl11, 

.:~. In ins~rnmet.L~ of :he class clcscrii.Jctl in 
comhiuation, n.lcn!l1 n. •;ilJI':\tinr; mirror at il:; 40 
rocms, :t posilh·c phologt':t}lhic sotmtl·rccortl 
mechanically movccl acro:;:-3 tho path of li;;ht 
between the lens and mirror, a pair of sole· 
nium-cclls incltHlc<l in n. tclcpho!·.o-circuit. 
allll nrrangc<l to alternately recoin! tho fo- 45 
cusct1 light fl'Otn s:d<l m i t'J'ot·, screens for 
sail1 cells to shieltl Lhcm from nll li~ht bnt 
Lhat ret:ectcd from saitl mitT'Jr to the rcspec­
th·e cells, and means for pic~cing on!y t.ha.t 
cell in circuit, which i~ n!Iectcd by thr; r~- so 
nectcd ra.r f,.om the mit't'ot·, stthstantially m; 
l:iet forth. 

1:.1. In instmme:ttsof:.hcc:lassucscribcu, in 
combinaLion, a photo-clcctric cell included in 
n. telephone-circuit, n. moYing photographic 55 
somul- rocon1, :tnd means for pass[ng li~ht 
through said recol'l1 to the cell, ~ub;;tantially 
n.s set forth. 

H. In instruments of the class described in 
combinn.tion, a photo-clectr-ie cell incluclctl in 6o 
~~ telcphonc·circuit, n moYing posi tive photo­
graphic sounll-recot·d, nn<l means for passing 
un iformly-Yibrn.ting light through sn.itlsound­
l'C'Cortl nutl focusing it on the cell, substnn­
tinlly as set fort!~. 

In testimony that I claim the forc~oing as 
my in n~n t.ion I hn.Yo signed : 'Y nn.mc in p·cs­
cnce of two subscribin~ w[Lucs~c:s. 

.TOSf~PI.I POLL\.KOFF. 
'Vitncsscs : ·~ ·-

1\IAX C. S 'L' EHTJEn, 
liF.XH. \' JIASl'El!. 
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To all u•hom it nw.y con.cern: . _ point:J of lhe ·s;tmt>, preferably nt a considet:-
Beitknownthf\tl,~JKOL~ TESLA, acitizei1 able distance from each ot.her, the two tcr-

of the1Jnited Stnt~. residing nt ·NewYork minals of _a generator and to energize-by·a 55 
~ city., in the county and State of New York·, part of tbe current diffused throu~h the ear-th' 
~ .5 have in vente<~ a ·new 8.nd nseful-Impro\·enient a distant circuit·, which is similarly.a.rranged· ~· , , 
, in Method!! of Utilizing Effe~ts Transmit· and grounded att_wo points\videly.apart ·and< 
\. . ted from a Distance to a Receiving Device 'vhich is made to act .upon a sensit.ive receiver. 
!" Through theN ataral Media, of which the fol- Theso various metlwds have their limit~ttions, 6o 
f· lowing i9 a specification; reference bei'ng had one especially, which is common to all, bein·i(•-: 
? JO to the accompanying dt;awings, \Vbich form f\ that the receiving Circuit 01' instrtillle!}t IDUSk- <; 
~ part of the same. · · - be maintained i'u a definite position with rc- :: 
: The subjt~ct of my present invention is an spect to the transmitting appara.tn~ which',. · 
t . impr9vement in_ the art of utilizing effeets often imposes great disad,•antRge~ upon r:he 65 
r . transmitted from 'adistanee to a receiving de- use of the apparatus. . . 
: IS vice through the natural media; and it con- In se,•eral applications alet1 by mo and pat-
' sists in a novel method hereinafter described. ents granted to me I haye disclosed other 

·My in vent.ion is particularly useful in con- methods of accomplishing results of this na­
nection '"ith methods and apparatus for op- ture. which may be briefly' described as fol- 70 

. ~-- erating distant receh•ing devices by means of lows: In ·one system t.he potenLia.l of a point 
t2o electrical d_istnrba.nces produced by proper or region of the earth is varied by imparting 
r transmitters and conveyed to such receh•ing to it intermit.tep.t or alternating electrifi.ca_-

. r devices. through the .· .natural media; but it tion~ through one "·of the terminals of a s~it-
~: obviously bas a wider range o_f app]ica.bil!ty able source of electrical disturbances, which 7 s 
~- and may be employed, for example, m ~he m- to heighten. the .effect bas "its other terminal 
~ 25 vestigation or utilization of terrestrial, solar, connected to au insolated body, preferably 
~ or oti1er disturbances produced by natnral of large surface and at an elevation. The 
f canses. _ . · · electrifications communicated to the earth 
~ 'Se>eral ways or methods of transmitting- spread ·in all directions through the ·same, So 
f electrit'al disturbances through the natural • reaching a distant circuit., which generally: 
~ 30 media and· utilizing them to operate distant has its terminals arranged nnd connecte.d 
t · receivers are now known and have b~n ap- simi~arly tO those of the transmitting sonrce 
~ plied with more 'or less success f9r accom- and operates upon a highly-sensitive receiver. 

~ 
plishing a variety of _useful results. One of Ano~hAr method is based -npon the fact .that 85 

~ · th.ese ways consists in producing by a -snit- the atmo!!pheric air;which behaves as an.ex-
35 ·able apparatus rays or rad.iations-that is, dis- cellent insulat.or to cm·rents generated by or-

f. tnrbances-which ar~ ·propagated in straight dinary apparatus., becomes ,a conductor un-
f lio'es through space, directing them upon are· der the influence of currents or impulses of · 
I: ceiving or recording a.ppiuatns at a distance, enormously high electromotil"e fofce which I 90 
f" · and thereby bringing Lhe latter into action. have devised means for generating. .By such 
· 40 This method i~ the oldest and best known means air 'stratR, which are easily a.ceesSible, 
. ~nd has Qeen brC?ught p:irticula.rly into promi- . are rendered available for_ the production of. 
- lienee in recent );earS throng-h the iu..-estiga- many .desired e.ffects at distances however . 

tions of Heinrich· Hertz. · Another method great. T~i~ .. m~th.od; furthermore, .allowed 95 
-: ·eon_sisl:s in p~i~g a:·cnrre!l.t, t~r9tfzh.·a -~Jr~.~ ad,Y.~-~~ag_e .~9. be taken of, many-o~. tliose ~-. ··, 
s cn~t~. J?.r~~~!".bll:.: one· .jn~!<?.~~#. ~:·"~r.y, _l.sm~:a~ ,prq~WEl~~-~.l_lj~hJ~r.~ ~(!~~~le.m t~e ~rdt~ ·· 
·~ a;e~ .. l!ldu~~JZ ~~be~~'b~ , ~11, :a ... ~;.~itii.r:;~!m~.t1, :n:ar.r:.sy~e~~ o~:Jr.a.~smtsstpn IUV~,>l\•.l_Dg the . ·· 

.: st~u~t~d nt n dtstanqe i\noth~I:_,CJ,t.r~epH~D-~. on.c;~ :or=.a.- ]M~Uu~ _co~ductor.- ·" · . .,.,. · .. '. ;.· ·' · 
-.. _affecting· hy"the same ~n ah):..con\·epl~n.t. 'v~y . Q.lJ:.:to~§.h~ w~~te:\.·~r method be employed too 
l'··+: a receivjng_de,·ice. Sti_ll another"~ay; whkh·- .i~ ~ -9:~~ir_ap1~_ that'the disturbances pn>duced .. 
so ·hasnlso been known foriniui.}~y~rs~ 1;; ~q p~ · -by~!.!Je _tm.l;l·S!nittil)_g Jl.pparatm; sbonld oo as 
· in au1 suitable mano~r.~ cor:~P~-\brougJl-.;3. :powerf~-~ as po~_sible, ~nd by Lhe use _of cer-
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~2 ~·.·~ ~ ~ I ha <e devised and which are now well known izing the potential energy so obt.-iined for op­
important practical ndva.nt.ages are .i.n this eratiHg a receiving device. 
rcspect'sec.ured. Fnrthermorl;',sin'ce in. most M)\ present invention is intended for the 70 
cases the amount of energy com'eyed t.o the same g~neral purposes, and it ~omprises a 

5 distant circuit is but a minute fraction of the modified mE:tbod and apparntns by means of 
totfl ener:ry emanating from lhe source it is which similar result$ may be obtained. . 
necessary for tho attainment of the best re-. The chief feature .,l'hich 4istingoishes my 
sui~ that whatever the character of 'the re- present from my former inyention just re- 75 
ceiYer and the nature of the disturbances a.'s ferred ;to ·is thl:!-t . the energy stored is not, as 

10 much. ns possible of the energy .conveyed in the forinerinstance, obtained from t.he en­
. should be ma<J_e available for the operation. ergy of the disturbances or eff.ects transmit­
of the receive·r, and with this object in· vie\v ted from a distance, 'Qnt from an independent 
I have heretofore, among. ·other .means, em,. · ·source~ · . . · " ,,', so 
ployed a recei.ving-circuitof hi~h self-indue- · Expressed generally, my present methed 

IS. tion and very-'small. resistance and of.a period consists iil charging a storago device with en-
such ns t'a vibrate in synebrotlism with the ergy from an indepe~dent source contro1ling 
disturb?.nces, '"hereby a numb~r of ~eparate the ~hargingof said crevice by t.be action of the 
impnlse~~f.rou:t_ the source were ma<le to co- effects or distnrl>Mi'c~s transmitted through 8j 
operate, thus. m"agnifying the effect e.xerted the ·natural meqia· afid coincidentally us\ng 

20 upoB and tnstrting the.action·of the receiving the · stored energy for operating.~ Teceiving 
· device. By these tne{\ns decided ad,•an'tages dovice. .,:, l 
have be~n secured in many. instances; bot· · A groat •nriet1 of disturbances produced . 
very often the improveinent.is either not ap- either by scitably-constrocted transmitters go 
plicable at all, or if so Lhegain is veryslight . . or by natural cause~re at present known to 

25 Evidently" whep tlle source is one producing be propagated through .the natural media, 
n .continuous pressnre or delivering impulses and there are also a variety of means or·de-
of lo~g duration it is impracticable to magnify vices enabling · energy to be stored, and in 
~he effec~ in this manner, and when; on thP, view of this I wish to say that I consider t'he 95 
other hand, it is one furnishing short ii~polses , utilization of auy S'Jch disturbances ancl tlie 

30 of extreme rapidit-y of suc~eS3ion the advan- employment of any of these means as"')Vithin 
tage ·obtained in this wa.y is insignificant, the scope of my present invention so long ns 
owing to the J:adiation !lnd the unavoidable the use of the general method hereinbefore 
frictional w,r.ste -in the receiving- circuit. ~led is involved. roo 
These losseneduce greatly both the intensity The best way of carrying out my invention 

35 and the nnmber of tha coOperative impulses, which I at present know is to store electrical 
·nnd since the ini~ial intensity of each of these energy obtained from a suitable electrical 
is necessarily limited on~y an insigoHieant generator in a cond~ser and to control ·the 
amount of energy is thas made a.vnilable for stor<\ge or the applic~tio.n of this energy by ros 
a single operation o~ the receiv£~r. · As this meana of a sensitive. ·device actect npon by 

40 amount is conseqaently dependent on the en- the effect~ or disturbance!'; and l.he.reby~aose 
crgy conveyed to t.he receiver by one sin~le the operation of the ~cei'\"er • . 
impulse, it is evidently necessary to employ In the pracLical3pplication of'this method 
eithei a very large and costly and therefore I usually proceed as follo\vs: .. At any point uc­
objeclionable transmitter or EC~lse to resbrt to where I desire to inv~stigate or to utilize for 

-45 the ~qnally objectionable use of a receiving any pnrpose effects or. disturbances propa­
device too deli~te and too easily ·de'ranged. gat-ed through. the nat oral medin from any 
.Furthermore, the energy obtained through kind of source ~ provide a snitable generator 
the cooperation of the impulses is in the form .Jlf efentricity-&S, for example, a battery~tnd us 
of extremely-rapid vibrations and because of . a conden.ser-,vhich I con~ect 'to the poles of 

so this nnsnitable for Lhe operation of ordinar.Y the~gen~rator in set:ies .with .a sensitive de­
receivers, the m~re sons thi1dorm of ener~. · vice capable of beio~ modified in its electrical 
imposes narrow restrictions. in regard to the resistance: or other property by i.he·action of 
mode and time of it::! application to•snch de- the distnrbabces emitted from the source. uo 
vices. To overcome these and other lim ita- To the terminals of ·the condenser I connect 

s~. lions and disadvanU\ges that ha•£~ heretofore the receiver which is t.o be operated in series 
existed in snch systems of transmission of witl). .another device of suitable construetion 
signals or intelligence and to render possible w"hich performs the tunction of pt>riodically 

. an i~'\"estigation of impulses or disturbances discharging the. condenser throogh the re- tzs 
propagated through the natur-al media from ceiver at and durin{i such intervals of time 

6o nny kind of son·rce a.nd' their practical utili- as may bo best suitable for the pnrpose con­
?.:ltion for any purpose to w4ich they are ap- templated •. This la~ter device ma:s merely 
plicable, IbaVedeviseda nov~ I me.thod, which. consist ot two station"'ryelectrodes separated 
I have described in a pending ~pplication by s feeble dielectri~ layer of" minute thick- 13° 
Jiled Jonf 24, IS!lll, Serial No. 721,790, 'And ness, but snfilcient tO greatly reduce or prac· 

65 which, broadly stated, consists in effecting tical.Jy interrapt the current in the circuit 
dllling auy desired time interval a st9rage of nnder·normal conditions, or it .maycomprise 

~' enorgy derh·fll from onch impnlses nnd ulil- terminals one or mo.-. of ~hioh are movable~~ 
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and &etulited bJ anY suitable Ioree •ml .are ·of which· should he intensified b~ tne· use of ~ 
adapted to_.bs brought izi"to and out · of. con- :a' reflector A, shown in. t11e drawings . . It is 

·< -tact with each other·in nnv conYenient man- well known that \Vhen cells of this kind are 70 
· ner. The sensitive device may be any of the expo~ed to strch rays of gre~tlj·-Yarying in-

S many devices of this Jrind which are kndwn ·tensit.y they.undergocofrespondiug modifica­
tO be ·affecled by the. distnl'bances, impulses, tif>I'Isof their" electrical. resistance; but in the 
or·~1fects ·propagated through the media, a11d wars :they· have· been heretofore used they 
it Diayoeof ·such a character that normally.:_ have been: .of vet·y limited .~tility. In ad4i· 75 
that is;wh~n_n9t acted upon-it entirely pre- tion to the circuit. including the sensitive de-

xo vents the passage· of electricity from thegen- vice· or · ceU ·a- another circuit ' is provided; 
erator to the condenser, or it m·ay be such which is like\vise connected to the terminals 
that. it all<?WS a grad nal leaking through of· T T' of· the condenser. This" circuit, 'vhich 

· · · the current and a charging of the condenser may pe called the "receiving-circuit," in- 8o 
at a slow rate. · In any C!\Se it will be .seen clndes the receiver Raud in series with it a de­

rs tha~ if the di~turbances, of whateyer n~ture vice d, before 'referred to, which performs the 
they niay be; eanse ·an appreciable "diminu:- duty of· periodically discharging the con­
tion in-the electrical resistance -of the serisi- denser through the recei>er. lt\vill be noted 
tive device the cnrreiit from the battery \Vill that; as shown in Fig. 1, the· receiving-circuit 85 
pas_s more readily into the condenser, which is in permanent connectio1l with. the battery 

20. :W.illl?e. cbl\rged at · a more rapid rate-, and and condenser terminal T, and it should be 
conseqaentl_y each:of its discharges through staLed that it is sometimes desirable to en­

.. ~~e .. rece~ver,-_P~r!o~icallyeffecte~ by the spe- tirely insula.te the receiving·- circuit at all 
- ~ cml deyl,c~_ beforeref~rred towhtch performs times except the moments when the device 90 

this . . faliction, _will be stronger than nor- d operates to discharge the condenser, thus 
25 inally-th"a~ is, when the sensitive device is preventing any disturbing inflneoce which 

n~t ~cted · upon by the disturbances. Evi- might otherwise be caused in this circuit by 
_ dently1 ·then, it the receiver be so adjusted tlie battery or the condenser during the pe­
,, . that it .4~es. not respond to the comparatively riod when the receiver should not be acted 95 

feeble n·ornial discharges of the cond'3nser, if upon~ ·In such a case two de\•ices, as d, may 
30 t1tey should occnr, bat only to those stronger" be--used-one· in .each connection from t,he 
· ·ones \Vbich take place upon the dimiriutipn condensertotherecei .. ing-circuit-orelseone 

_. of .. the -resistance of the sensiti\•e device; it single device of this kind, but of a suitably-•. wm ~.)e operated "only when this device'isact- modified construction, so that it will make 100 

.ed upon by the .d}stnrbances, thus making it and break simultaneously and at proper in­
~5 ~sible t~ iny~tigate and to utilize the.lat· terva.ls of time both. of the connections of 

·ter for _any desir~d pnrpose. · ·. · · this circuit· with the condenser T and T '.· 
... ·· . _The general principle nnuerlying my in- Frott;t the foregoing the operation of the.ap-
. · vention aitd the operation of the various parat.ns a8 illustrated in Fig. 1 will be at. xos 

devices n~ed. will be clearly understood by .once understo~d. Normally-that i~, when 
40 reference ~o the accompanying drawi"ngs; jn it is not_ influenced py the rays at all or \·ery 

which...:.:· · · siightly-the cell a being of a comparatively 
·. · Figure 1 is a· diagram illustrating a typical high resistance permits only a relati\•ely fee­
arrangem"eiit Of appara~OS Which may be USed ble CUrrent tO paSS frOm the battery intO the 1 IO 

in carrying my method · into practice, ana condenser, and hence the latter is charged at 
45 .Figs. 2~ 3, 4, and 5 similar diagrams of modi- too slo\v·a rate to accumulate dnring the time 

fied ~rrangements of apparatus for the same interval betw~en two succeeding operations 
. . . purpose .. , . . . , . of the deVice d sufficient ene1·gy to operate 

.. IIi Fig.1; Cis a cori.denser, .to the terminals the receh·er or, generally speaking, to pro- 115 

T and 1." 9f. which. is connected a charging· dnce the required change in the ~eceiving-cir­
so Ctrcnit inclodin!t' a battery B, a sensitive de- . cnit. This condition !s readily secured ·by a 

vice a, and. a resistance r , all connected in proper selection· and adju~tment of.the vari-
,·.: series~ is il_histrafed. T~e J:?attery should. be ous devices described, so that the receiver 

preferably of very constant -electromotn·e wiU ·remain unresponsive to the. feeble ·<lis- uo 
fo~eandof~n iritensitycarefu·llyde~rmined charges of the condEmser which may take 

55 ._to se¢uridh·e best resnlts._ The r~sisfance r, place 'vhen the cell a is acted upon but slightly 
which may l:ie a friCtional or an "inductive or nqt at all by the rays or disturbances; bnt 
~ne1 is DOt. J\O:~oJ~tely n_ecessary; .but it is Of if llOW. ne~ .l'ays ~re permitted to fall UpOJi 
advantage .to. use it in order· to facilitate ad- tlie·'cell o"r if the intensity of those already us 
.Jil.OJ\m'e"nt, an~ for this .piitil{>~~-it~m~y:b~ ~!\de a.cting oJi~ni it be increased by any cause then. 

6o ·:varxa.We. in. any, conveni~nC..and .prefer.~bly ils:--resistarice·wm be diminished ~nd the con­
eontinnons ·marin.er. .Assuming. thac the nis- .:de.nser··,rm ·be . charged by the b~ttery at a 

.. : ;\11rbnti~es-,yhicb. are to·b~ In v~stigated or·!l til· more_ rapjd rate;. ~nabling :;u fficient potential 
· ~ized" for some pracLieal end are ra}·sjdentical ·energy' to be stored in the•coildeuser during 13c 

~wl'tli or 'iesemb1ing t"t1ose of .ordinary light, the pez:io4 of inaction of the de\"ice d to op-
6s. the sensitive device a 'mnj be a"·selen1u1h cell "erate. tlfe'. re"ceiver o"r to bring about any de- l 

. pf!lperly prepared, .so as to P!'~J?.igh1;f~usc~p- · sifed gpange iu the recei~ing-circai"fwhcn the 
~' t!bls to tbe Jnftueneo of the rays, the aellon de,iile d acto: If the ioys acting upon the,~ l 
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cell· or sensitive oovice a are v1med Ol' inter- it greatly adds to the efficacy of thiS m'ethod. 
milted in nny arbitrary manner, as when It allows the energy·accumulated in U to be 
transmitting. intelligence in the usual way d~charged instantaneously, and therefore in 70 
from a distant station by means Of short and a liighly-effective manner. It magD.ifies in a 

s long signals, the apparatus may· readily be large degree ~he current supplied from . the 
ml\de to .r.ec01·d or to enable ·an· operator to battery,and.owingtothesefeatnresitpermits 
read the meS;Sage, sinee<-th.e receiver, sap·· energy to be stored .an·a discharged at prac 
posing it to be. an ordinary magnetic 'relay, ticall;)"" any rate deslred, ·and thereby makes 7 5 
for example, will be operated ·~y eac~ signal it possiQle to obtain in the receiv-ing-circuit 

to from the sending-station a certain. number of v~ great changes ol tb~ current strength by 
times having some relation to the duration impressing upon . th~ battery- current very 
of each signal. It will bo readily seen, how- ~mall variations. Other means of storage 
e\"er, that if the rays are varied. in any·other possessing these. characteristics to a useful So 
way, as by impressing upon them changes degree maY. be e~p}oyed wlth~ut departin~. 

15 in intensity, the. succeeding condenser .dis- from the broad spmt of my invention; but I 
charges will undergo ·corresponding chlnges prefer to use a eondenlter, since in these re- . 
in intem1ity, which may be jnclicated or re- spects it excels any other storage device of 
corded by. a. suitable receiver and di!tin- which I ha\·e knowledge. , . . Bs 
guished irrespectively of duration. . In Fig. ~ a modified arrangement of a~ 

20 · · With reference- to' Fig. I, it may be useful . paratus is illustrated which is particularly 
to state that the electrical connections of the adapted for th~ Investigation and utilization 
various devices illustrated· may be maqe in ·of very feeble impulses or dlstnroances, such 
many.different ways. · For instance, the sen- as may be used in ~nveying ·signals Of prO:. 90 
·sitive device instead' ot being iti series, as . du~ing other aesired e1fects at very great dis-

25 shown, may be ·in a shnnt to the. co.ndenser1 . tance~. In thiB case .the energy stored in the 
this modificatitm ~eing ·illustrated in Fig. 3, condenser is passed through the primary of a; 
-in which the devices already described are tninsformer the. secondary ·circuit. of which 

. indicated by similar letters to correspond with contains the receiver, lf.nd·ln order to render 95 . 
those of Fig. 1. lti ·this case it will be ob· the apparatus still more . snitable for use .in 

go served th~t the·. condenser 'vhich i~ being detecting feeble'impulses in addition to the 
charged from the battery B through the resist- seJJsitive device which is acted npon .by the 
ance -r, preferably indn#ive and properly re- it:Q.pnlses another such devi~e is included in . 
lated to the capacity of the condenser, wjll th~secondarycircuitoftheLransform~r. ·The t6o · 
store less energy when the set,lSiti~e device a,.· scheme of ~nnections is in the m-ain t.bat of 

35 ·is energized by the rays and its r~s1st~~. ~·w~tstone bridge the four bra~lles of 
· thereby diminished. The adjustDJent !lf ~. :w}iich are formed by th~ ·sensitive de;yi~· a 

various instruments may then be sucli t~ .an:d resistances L, L', and L",.all of which . 
the receiver will ·be Qperated · only when the should be preferably: ind~ctiv& Aiid_ also ad- t.os 
rays are diminished in intensity or inte~rupt- jnstable in a continuous manner or. aU~ 

· 40 ed and entirely p~vented from falling ·upon by very small steps. Thecondenser<t, which 
. the sensitive cell, orth·e sensitive device··tnay is generally made of coll8iderable capacity, 
be placed; as shown in Fig. 4,.in.a shunt to is connected .to two opposite points .of the 
~he resistan~e -r or inserted in any suitable bridge,. while · a· battery B, in setjes with a u~ 
'vay in the circuit containing the receiver- contintiously-adjnstablenon:-indncti:vei'tlSist-

45 for example, as illustrated in Fig. ~in both ance r', is co~n~ted to the .other pair ·of op-
of which fig0:res the various devices are let- pPSite points, as usual. The four resistances 
tared to correspond with those in Fig.l, so that inclnoed in the branches of the bridge-
the figures become self-explanatory. .Again, riamely, a; L, L', and L"-are of a anitable us 
the several instruments may be connec~ in size and ao propOrtioned t~t under ~ormal 

so the manner of a Wheatstone bridge,·as will be conditions-that is, when the devi~e ·a is not . 
hereinafter explained with reference to Fig. 2, ind.uenced at all or only slightly by the dis-
or otherwise connected or related; but in each tnrbances-there .will be no diflere~e.Of po-. 
case·the sensitive device will have the same tentialorinanyc&setheminimumohheeame uo 
duty to perform-'-that is, to c.ontrol the en- at the terminals T and T' of .the condenser. · 

55 ergy stored· and utiliz-ed in some suitable way It is assumed in the present instance that the 
for cansing t~e operation of the receiver in disturbances to be investigated or utilized a~ 
correspondence wi.th the intermittences or snchaswillprodnceadifference9felectricpo-
variations of the effects or distorbances, and tential, however small, between two points or x::;; 

.in each instance by a judicious · selection of regions·in .the natural media-as the· earth, 
6o Lhe devices and careful adjustment the ad· 1ihe water; or· the air-and in order to apply 

vantages of my method may be more or leas thi.spotentialdiflerencee1fectivelytothesen-
completely secured. 'I find it preferable, how- aitive de.vice a the termin~ls of th&same are 
ever, to follow the plan "hich I hav~ illus· couneetedtotwoplatesPandP',whiohahouJ~ . x3° 
~rated and described. . · . . . . : be of M large a au!1ac~M practicable and ao 

6 s It will be observed that the ~ndenser 1a an located in the medta ·that the largest ~ble 
~ importantelementio.thecombiuatlon. Ihove di1ference Of potimtlal will be proclnoed ·~ F '­
~ "'l1 ahown tbot b;r!"asoD ot!IB ·~~que propertl"'! . the d;o_t~rtian~:'!>etj,'een the termioals ~f,~ 
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the sensiti~e ueric.e . . This· devic~fis in the anu finally a sensitive device a' of the same . 
present ease · one of familiar. construction, or similar constrnGtion as a, which is likewise 
consisting of an insulating-tube, which .is in- roLateu at a uniform speed and which with its 70 
dicaf:,ed by the heavy lines in thedrawingsand brushes b'' b" closes the secondary cil·cuit. 

s which has its ends closed tigbtly_by'two con- The electromotive force or the battery B ' is 
dnctjng-plugs. with re(j~1ced extensions, upon so graduated by means of the adjustable re­
which b~ar two brushes b b, through which sist.ance r'' that the .dit>lectric layers in the 
the enr.rents are conveyed· to the device. The sensith·e. device a' are strained \'ery nearly 7 s 

. tnbnlar spac~ between the plugs is partially to the point of bl'£9-king down and give way 
· to filled with a conducting sensitive powder,~ upon a _slight increase of the electrical pre..q­

indicated, the proper amount of the same sure on th·e terminl!Js of the de\·ice. It will 
and the size of its grains -being determined ·of course be understood that the resistance , 
and adjusted beforehand by experiment. r'' is ·used mainly'because of coin-enience and So 
'l'his tnbe I rotate by clockwork or olher that it may be dispensed. with, in which case 

15 means at" a nniform · and sni~able rate of theadjustmentmaybeeffected in many other 
speed,·_and u-nder these conditions I find that v.-ays, as by determining the proper amount 
this device behaves toward disturbances of ·or coarseness of ~he sensit.ive powder or ·by 
ihe kind before assumed in a manner simi- >arying the distance apart of the metallic 85 
lar to· that of a stationary cell of celeninm'.{o- plugs in the ends of the tube. The sa.me may 

Jo ward rays of light.-. Its electrical resif!tance be said ef the resistance 1·', which is in ser:ies . 
is diminished when it is acted 'npon by the with the battery Band sen·es to graduate the 
distarbances and is automatically restored force of the latter, so that the dielectric lay­
upon the cessation of their influence. It is ers of the sensitive device a are subjected to go 
of adyantage to employ round grains of pow- a similar strain ·and maintained in a state of 

25 der in t-he tube, and· jn any event it is im- delicate poise. The various instruments 1)e- . 
portant that they should be of as uniform ing connected and adjusted in the manner Cle­
size and shape.as possible and that-provision scribed,. it "~'rill now be readily seen from the 
should be made for maintaining an unchang- foregoing that under normal conditions, the 95 
ing and Yery dry atmosphere in the tube. To 'device ~ being unaffected by the di3turb-

30 the terminals T and T' of the condenser C' is .ances, or prac,tically so, and th ere being no 
·connected a coil p, usually consisting of a or only a ' 'eryinsignificantamount of energy 
few turns of a conductor of very small resist- stored in tho condenser, the periocUcal closure 
nuce, wjlich ~s the primary of the thinsformer of the primary circuit of Lhe transformer I co 
befor~ referred to, in series with a device d, through_ the operation of the device d will 

35 which effects the discharge of the condenser have no appreciabie effect npon the primary 
through the coil p at predetermined inter- coil p, !!oDd hence no currents will be gener­
vals of time. In the present case this device a ted in the secondary coil s, at least not such 
consists of a cylinder made partly of con- as wonld disturb the state of delicate balance 105 

ducting and partly of in:;~ulating material·e existing in the secondary circuit including· 
40 and e', respectively, which is rotated at the the receiver, and therefore the latter will not 

.desired rate of speed by any suitable mea.~s. be acLm:.ted hy the battery B'; but when, 
The conducting part e. is in good electrical owing to the disturbances or impnlses propa­
connection with shaft. Sand is provided with gated through the media from a ,O.istant 1 I o 
tapering segments, as j, upon which slides a source,an·additio.nal el~ctt·omotive force, how· 

-45 brush k; which should preferably be capable ever small, is created between the terminals 
of longitt;tdinal adjustment along the cylin- of the device a the dielectric -layers in the · 
der. Another brush b', which is. connected same, unable to suppor-t the increased strain, 
to the condenser-terminal T', being arranged give V.·fJ.y and allow the cat·rent of the battery r 15 
to bear upon the shaftS, it will be seen that B to pass through, thus causing a difference 

so whenever the brush k comes in contact with of potential nt the terminals T and T ' of the 
a condncting-segmentf the circnit including condenser. A sufficient amount of energy 
-the primary p will be completed and the con-. being n~w stored in this instratnent during 
denser, if energized, discharged through the the Lime interval between each twQ succeed- I zo 
same. Dy an adjustment of the speed or ro- ing operations of the de~ice d; each closure 

55 tation of the cylinder and· a displacement of of the primary circuit'by the latter results in 
the brush-1.: along the axis of the same the cir- the passage of a sudden current impulse 
cuit m11.y be mnde to open anu close in as rapid through the coil p, which induces a corre­
snccession and remain open or closed during s ponding en rren t of relati >ely b ign electromo- u 5 
such intervals of time· as may be desired. ti~e force in the secondary coils. Owing to 

6o· In indnctiYe relation to the primary p is n this the dielectric in the device a' gi-ves way; 
secondary coils, usu~llyof muph thinn~r wire and the current of the battery B' beingallo\t"ed 

' an<l of many mors turns than tJ:te former, to · tO pa&~ the receiver R is operated, but only 
· which are connected in a series a recei..-er R, for a moment, since by the rotation of the de- 1 3 0 
' (illustrated as an ordinary magnetic relay,) vices a, a', t-\nd d, which may be all dri\·en . 

65 ·a contiuuonsly-adjostable non-inductive re- from the same shaft, the original conditions . 
~ sistance r'' , a battery B' of a properly deter- are restored, assuming, of course, that the 
~ ~ mined and very' constant eleetromoti<e Ioree, electromotive fo<ce set up bythedistn<bances ~ 

~ =~~~~ r=:=:::::::::::::~ 
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'"at t.be t.crmlnnh of t11e sensiti \·e <levice a is fl'om adlstantsonrce, which consists in cbrtrg­
on~y momcnfary or of n-dttrl\t-ion no~ longer ing·"the.storage device with electrical energy 

· than t.l1~ 1.ime of closure of the pdmarY, cir- from nn iudependen.t source, <;on trolling the 70 
euit; ott. twise the re<'eh·cr will oo net uated charging of said de>ice by the action of tbe ef-

5 a numher of times · 1\lHl so long as the inlln· fects or disturbances, and coincidently usin~ 
t>nce. of the d1stm·ban_ces . upon· the-.~evice· a tire· stored elect~ical energy for· operating the 
contmnt>s. In ordei· 1 o render Lhe di~_charged •:eceiving·device. · · _ · 
energy of the coiulenl'er more efft>ctive in 3. 'l'be method hereinbefore doscribed o! 75 
causing the operation of the receiv-er, tlie re- utilizing effects or disturbances transmitted 

10 ~istance of tho primary circuitshonld be very t}lron~h the ltatural media, \Vhicb consists in · 
small and the sec·ondary coils should have a controlling, by means of snch effects or dis- . 
number of turns many times"g-re,.'\ter tban that tn:rbances, the charging of an electrical stor- · 

. of ·the primar\• coB p . It will be noted that age device from an independent sonrce and 8t 
sint!e the condenser under t be abo\'e assn mp- discharging the stored ener~y tbrongh a re-

-~ tions .is always chargt>d iu the ~a me· direction ceiving-circuit-. · · 
the st-rongest current impt11se in the secoud- . 4." The method hereinbefore d~scriberl of 
n.ry coil, . \\"hich is "inquced nt the moment utilizing effects or disturbances transmitted 
\Vhcn the brush 7; comes in contact with seg- . throngh the nat!Jral media, which consists in Ss 

·ment f, is also o! unclumgi_ng direction, and controlling, by means of sncb effe~ts or dis-
20 for the attai)11nent :or the best results it is tnrbances, the charging of an electrical con­

uece."'snry to connect the secondary coil so clenst>r from nn jndependent sonrce, and dis~ 
that the electromotiYe foree of .this impnlse charging tho "-to red' energy tbrongb n rece.iv-
\\'ill be ad•led to that of the battet·y and ''"ill ing-circuit. · . . · 90 

· momentarily strengthen the same. ·nowe,·er, 5. · The methcd hereinbefore described of . 
zs un<ler certain conditions, "·hich are well un- -utilizing effects or disturbances transmHfed 

derstoo<l by those skilled in the a.t·t, the de- through the natural media, which consists in · 
YiceM 'Will operate whicluwt>r way the secon!l: effecting a storage during a1iy desired time 
;u-y he conn!!Ctecl. It .i:-t pref~rahle to ma.~e. inlerva.l and under control ~f snch offects or 93 
the inductive re~ishtncei! J ... and L' relaLive1y disturbances, of energy derived from an in-

30 lar;.te, ns they am i~ ;\ s~unt to the de\'ice ~ dept>ndent source, and utilizing the potential 
nnd might. if ro~il!:l · too sm:~l.l impair it.S sen· energy so obtained for operating a recei.ving 
t~iti vencsl'. 'Ofi t)1e o~hf\z; .. hand, I he n'~istance . device. 
I.'' Hhonlcl nofl~.C .(oo hirjte and shonld be re- ~. The me thou herein before d~scribecl of 100 

httcd to tile ~apiteiif- of the condenser and ut.ilizing effects or distnrba·uces transmitted . 
· 35 the number-of maJ..-es aud breaks effected by through the natural media, ''"hich consists in 

tl~e ·device d iu well-kno''"n \vays. Similar effecting a storage, during. any desired thhe 
<'Onsideration~;~pply, of course, tu Lhe circuits in'terval and u·nder the .control ·or .such dis­
including the pt·imarypancl St'condary s, re- tnrbances or ~ffoct.a of electrical energy de- ;os 
spectively. rived from an independent source, and uti!· 

40 By C.'\refnlly ollsen·in~ well-known rnles of izing .the potentia! enerJzy so obtained for 
~cientific design and ~<jjustment of the in- operating a receiving device. · · · ' 
struments the apparntns may be made e:l:- . 7. The method hereinbefore des~ribed of . 
tremely serisith·e and capable of responding 11tili.zing effects or dislurba~ces f~ausmitted -1_xo 
to the feebl~t inflaences-, thns.making it pos- through the natnral media, which consists in · 

45 sible to utilize impulses or disturbances trans- ·effecting ·a storage in a condenser during ~"QY 
mitted from very great distances and too fee, desired time interval and ·onder the control 
ble to be detected or utilized in any of the of such disturbances o-r: effects, ot ele·ctrical 
\vays heretofore knowp, and on this acconnt· energy derived from an independent source, us 
the method here described lends itself to and utilizing the potential energy so obtained 

sc many scientific· and practical uses of great for operating a receiving device. 
value. Obviously the character ·of the de- 8. The method hereinbefore desc.ribed .. of 
, ·ices and the.ma·nner in which tliey are con- ·nti1izing effects or distnrbances transmitted . 
nected or related may be greatly varied with- tbroul!b ·the natnral media from a distant uo 
Ollt departing from the spirit Of myinventian . . SOUrce, \Vhich CODSiSts in storing, during SOC-

55 What I claim as new, and desire to secnre ceeding intervals of time determined by 
by Letters Patent, is_; ·· means of such effects or disturbances, elec-

1. The method hereinbefore de!>~ribed of trical energy. derh•ed from an ind~j>endent 
utilizing .effects or •Iisturban.ces transmitted sonrce, and utilizing the potential energy so x:s 
throngh thenatorai media, which consistS'in ·accumulated to. operate· a receiving device. 

6o charging A st~n·age . .device with · energy from 9. The method ·hereinbefore described of 
an independent son~, controlling the cbj\rg- utilizing effects or disturbances transmitted 
ing of said·device by the action of the effects· through the natnral media from· a distsnt 
or disturbances, and coincidently nsing "the sonrce,"which consists in storing in a con· T3° 
stored energy: for operating a rect>i\'ing de- denser dnring succeeding intervals of time 

6s vice. · determined by means of auch effects or-dis· 
~ !. The method henoinboforo deseri~ed of tnrbab..., eleetrical energy derived from an 
~' l ntniziog eJfecls or disturban""" trausmitted . . tndepen~ent so•noe• and utniziog the potsn~ 

~~~~==~~~~ 
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~l energy so ncc.n:nnlated to opcr,1te n. l'l'· ! thro•1gh t.he natat·nl med!~ ft·om n. <listam 
·~ivinr, device. . ' · : . . f so111'ce, which cousi~ts in prd ncing, ~'y.weans 

~0 .. 1 he method het·eml.>ofore dl<SC!'l bc,1 of 1 of :such etl'ect!-: or <hsturl.>au ce:;, Yat·wtton::: of us 
. nhliztng c1Tects or clisLnrb~nccs tmns1~1ittel1: resi:stnnceina circuit includ.in;;nuindepenu-
5 through tl~e natm:al I!ICdta !rom n .thstn.nt j ent ~1ectt:ica1 source; anu acondenser,theJ·eby 

sour~e, :'·Inch CO!ll'!lS~s m storm¥, dnrmg sur.-~ e;u:smg tne condensC'::- to be chn.rg~d ''ith en­
·ceedmgmter\·a,Isofttmelletermmecl by means ergy from the i;;dependent source, and using 
of such ~lfects or distnr?ances, eleqtrical en- t.hepoten~h:.l c:Iectricul ent:-rgysoaecumnlated 70 
ergy der1ved from an md~pcndent source, 1 to operate a. i'cc,;iving <leviC•"· 

xo and using, for perio<ls of time predetel'mined 16. The method !H:reinbefore Jescribed ot 
as to succession :1.nd d.uration, the acQnmu- utilizing effect.E or C.1stnrl.mnces trn.nsmitted. 
l:l.ted energy so obtained to opemte a receh·- through the natu:·al media from a distant 
in:; device. sonrca, ·.vhich consists in causing~ by means iS 

11. T.he method he1·einllefore described of of such effects or disturbances, electricnl en-
is utilizing effects or disturbances· transmitted ergy from an independent source. to be stored 

through the natural media. from a distant in a storage de\ice, usiug Lhe electrical en­
aoprce, \vhich consists in storing in a con- ergy so accumulated to <Jperate a transformer 
ue.nser during ·succeeding intervals 6f time and employing tbe secondary currents from 8o 
determined. by means of such effects or dis- such transformer to operate a receiving de-

20. torbance13, electrical energy derived from an vice . 
.independent source, and using, for periods of 1'1. The method hereinbefore described of 
thne predetermined as to succession-and-dg- utilizing effects or disturbances transmitted 
ration., the accumulated energy so obtained to through' the .:Patoral media from a distant 85 
oporate a roeceh·ing device. source, which consists in causing:, by means 

25 ~2., ,The method hereinbefore described of of such effects or disturbances, electrical en­
utilizing electrical · effects· or disturbances ergy from an independent source to be stored · 

·· tra'qsmitted through the natural media from in a condenser, using the e~ectrical energy so 
a. distant source, which consists in effec:.ting accumula~d to operate a · transform~r and 90 
by means of such disturbances or effects a employing the secondary currents from. such 

30 storage in a storage rle>ice of electrical en- transformer to operate a reeei>ing der;-ice. · 
ergy derived from an i~dependent source fer · 18. The method hereinbefo~·e described of 
periods of time corresp'onding in ·su~cessiou utilizing effects or disturbances transmitted 
and duration to such disturbances or effects, through the natural media from a distant 95 
nnd discharging the electrical energy so ac- source, which co~sists in causing, by means 

35 cumulated into or through a receh·ing de·dce of such disturbapces, variations of resistance 
at 'predetermined intervals of time. in a circuit including an independent source 

13. Tpe method herein before described of of electricity and a storage device and thereby 
utilizing electrical. effects or disturbances causinf?' the storage device to be charged from 100 

· tmnsmitted from adist.ant source, whicb,con- such independent source, discharging the en-
40 sists in effecting by means of .such disturb- ergy so accumulated in the ·storage device 

ances or effects a st-orage in a condenser of through the primary of a transformer at pre­
electrical energy deriyed from an independ- determined interYals of time, and operating 
ent source for periods of ti~Tie corresponding a receiver by the currents · so developed in xos 
in succession· and duration to such disturb- the secondary cf the transformer. 

<15 ances or effects, and discbn.rging the elec- 19. The method hereinbefore described of 
trica.l ene-rgy so accumulated into or through utilizing effects or disturbances transmitted 
a receiving device at predetermined inter..-als through the natural media from a distant 
of time. , source, wh!ch consists in causing, by means IIo 

14. The method hereinbefore described of of such disturbances, >ariations ofresistance 
50 utilizing elect.rical effects or. 9istm·ba::tces in a circuit including an independent BC?nrce 

transmitted from a distant source, \>bich con- of electricity and a condenser and thel1lby 
sists in producing, by means of such effects causing the condenser to be charged from 
or disturbances, variations of resistance in a such independent source, discharging the en- ns 
circuit including an jndependent elect!'ical ergysoaccumulatedin'thecondex.s~rthrough 

55 source and a device adapted to l.>e charged the primary of :1. tmnsformer at predeter­
with electrical energy therefrom, thereby mined intern1ls of ·~irue and operating a re­
catising the storage device to be charged with cei\"er by the currents so developed in the 
energy from such indep~ndent source, and secondal'y of the transfor_m~r. _ 
usina the potential electrical energy so accu: £ii li\.OLA TE;:,LA. 

6o ronl:ted to operate a receiving device. \Vitnesses: 
15. The method herei-nbefore described of · F. LOWE:l:\STEIS, 

uLilizing effpcts or disturbances transmitted E. A. st~DERLIN. 

l 
l 
l 
l 
l 



I ~ 

I , 

I . 

' ' 

Ho. 685,956. 
N. TESLA. ~ 

Patented Nov. 5, 1901. 

APPARATUS FOR UTILIZING EFFECTS TRANSMITTED THROUGH NATURAL MEDIA. 
(APJ>lic:&ticn 11lod NOT. 2, 1899. Renewed lll:ay 29, 1901.) 

(No Model.) 

r. 
T 

Ftq. I 
d 

.B 

~1[1]~---.J..___--

Fig. 2 

Ffq. J 

Ft';. ~ 
a r 

R 

.B 
d .. ---

~~ · 

II . 
Flf- .f 

d 

r 
IB CID 
~ /nuenfor-

""i;;,__ ____ L,_. ___ ___J Yikola Tesf~- · 

by~~ ~ ~,Aftorn;ys. 



. . 

UNITED ·STAT-Es · .PATENT OFFICE~ 

NIK_QI,A TESL~, ~F NEW YORK, N. Y. 

APPARATUS..FOR UTILIZING EFFECTS TRANSMITTED THROUGH N~TURAL .MEDIA. 

. . . . ~ . . :, 
SPECIFICATION ~o~ part of ~tters Patent No. 6815,9~6, dated ~ovGmber 5, .1901 

• . Orlgilla.hppllci.tion!led!ugasi 1,'1899, SerW lo, 725174.9. Di'fhl&a~d ~hi• application U•d No•ember 2. 1899·, P...uw_ea 
. ·. .. . May 29, 1901. Berj.t.l lfo. 62, ~· Ofo model.) . . 
·· . . -

· )·~ all. wMnL it 11tay'concern: . n cll'Cuit-, preferably one inclo~iug n ,-ery 
. Be it known tbati,Nnt:oLA. TESLA, &citjzen. la.rge·area, inducing thereby in a s imilnr cir-

of the United States, residing at New York cuit situated nt a dist;\nce nnotlH~r curren t 
city, in th(\ county and State.of Ne'" York, an:d ·nffecting by· the same in any conv~nient 55 
·llavein¥el;lted·anewand usefullrupro¥ement way a receivin::! device. SWl another way, _ 
in Apparatus f~ Utilizing.Effects Transmit- which has also been known for mnny years, 
ted from .il. Distance to · a· Receiving Device is to pass in Rny snitab1e manner a cunen t 
T~rough lhe Natural Media, of '\'bich the fol- through a portion !>f i.he gt·ound, ns by con- . 
lowing_is a speciB.c~tion, reference being had necting to two poin~ of the same, preferably Go 
t;o the accompanyi_ng'drawin~, which form a at a considerable distnnce from each other, > 

part o{ tlie BalJ!e. ;- . - . · .. · · the two terniinals of a generator and to en-
. The subject o(-iny present invention i!1 an ergize by a part oft he cilrrentd_iffns.ad throogh 
fmprovoment 'ip, the art of utilizing effects the e~rth a distant-circuit, which is similarly 
transmitted frcun a diStance to a receiving de-· .1\rranged and grounded· nt two points widely Gs 
vice through the natnrnl . media; and it con- apart· and. ~hich is made to act npon a sensi­
Bists in the novel nppararu~ hereinafter de- live receiver. These >arious methods have 
scribed.; . · . -.: . · _their limitations; one ~pecially, )Vhich i·s 
· · This tipplicaJ.i.Jn_-18 a divi!Jion of one filed common to all, being that the receiving cir-
by me August 1,1899, Serii\1 No. 725,740, and cuit or lnstrumen~ must be maintained in a 70 
based npop &nd claiming the method herein definite position ~ith respe~t to the tra~s.­
described and Which ma:f.be practiced by the mitting apparntns, which often impo!es"gr:eat 
use of the appantus forming the subject of disadvantages upon the use of the.apparatas; 
tbi~ application. . . In Se\"ern1 applications filed by nte·anq. pat~ 

My invention is pat;ticol!Lrly usefnl in con- .ents· granted to me 'I h&""e jisclo!Je~ other ·75 
nection with methode -and apparatus for op- methods of-accomplishing results of this na· 

. erating distant. receiving de'V!~s by means· ta~, which may be bri~fly desc!ibed as f<>l-
of elect-rical di!ltnrbances produced by proper lows: In one sy&tem tlfe potent-tid of a point· 
ttausmiLters and conveyed to such receiving or region of the earth is. varied by i_uiparting 
devices through the natural media; but it ob- to it intermittent. OT alternating -electrlfica- & 

· vioasly hns a \rider range of appljcability tions tht:ongh one or the terminal.l! of a snit- . 
nud may 1>6 ~mployed, for e:tample, in the in- · able source of electrical distt:trbanc~, which, 

· vcst.igation :>r utilizatlon of terrestrial, solar, to heighten the effect, has its pt.Mr terminal 
. '..or ot.1tel' disturbances proQ.nced by natural connected to ·an i11snlated body~ preferably· 

.'·;~nnscs. · . . · · · ·. . of large surface and at an .elevation. The 85 
• ·· Several ways or methous of transmitting electrifications communicated to the. earth 
electrical disturbances through tbA natural spread in all directions through the same, 

·. media nnd utilizing them to operat& distant rea·cbin'g a .dista-nt circuit, which generally 
rcceh'ars nre. now kno\Yn ~tnd' haye been ap·. has its termina_ls arranl,red and connected 
pli~d with more- or less success for accow- similarly to those of- the transJDitting:sonrce 9" 
pUshing a variety of usefulrt'sults. One of and operates uponabighly-sensiltvereeeiver. 

· . . these -WAys consist_s in producing by-a su'it- Another method -is based upon the fact that 
. nble Kpparatns rnrs or radintions-tbaL is, the atmosp_heric air, which bobans as an ex-. 
'. distnrba~ts-whic:h . are ·propa:,rated in' cellent insulator to cnrrents gen&n\ted b_y or-

. strnight lines throngh spnce, directing them dinaryappam~ns, becomes~condootor onder 95 
~.4.5 npon n rocoeh-ing or rt'COf'diilg apparntus at a the influence of. current.a or' impulses of ~nor- · 
f. d_i.st.Ance, an~ thereby bringing the. latter Into . monsly high electromotiYe force, which I have 
~ -· action. · This method is tbe·oldelit and betst. devised mellns lor ~enerating. · By such 
t known and_ h!ls been brQught pa~wlarly i_nto mea~ -air strata,,wliich are easily acc~ible, ·t 
; . prominencs In recent -ycara ihftn)gh the .in· are rendered a:vallable fo( the. pro:d,Q.etuJn of r~ 
S~ veatigntiotUI of. lle~n'ricb llertz: ~ ·Another. ma~~ desired .~: at dis~nces lurweveor 

:: .. ·. ~od ~98lsta in ptl!!ling-a ct_rre~~ th"Nugh great. - TillS method, furthermore, allo:n ad~ 
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··autage to be taken of rnany· of· t-hose im- propa.gat~d th.roagh the natural media from 
provements which are prnctieable .in the or- &ny kind of sOnTce a-n~l their- practical ntili­
dinary systems of transmission invol~ng the za.tion for an'j purpose to whi<lh they are ap- 70 . 
use of A metallic conductor. · plieable, I have de>lsed a nov.el method, which 

-S Ob~ioa!ly whatever method oe employed I h!lve de~cribed in a pending application, 
it is desirable tha.tthe·dist.nrbances produced filed · Jane 24, 1899, Serial No. 721,790, and 
by the tra·nsroitting apparatus should be as ·which, broad~y stated; consists' in effecting 
pow~rfnl as possible, and by t~e use of cer- durlng any desired time interval a storage of 7 5 

. tain forms of high·- fieqnency apparatuR, energy :derived from such impulses and uiil- · 
xo which I hAve devised and which are now well izingthe potential anergy so obtained for op-

known, important practical advantages are erating a .re~eiving device. . 
!n this respect: secured. Furtper~ore, s~nce - My presen.t jjp;en_tion is it! tended !or the 
10 mostcasE~sthe.amonntof litnergyconveyed . same gel').eral purposes, ail<11t comprtses an- 8o 
to the ~i.stant circuit is bu.t a minute fraction other apparatus by means of which similar 

rs Ofthetotalenergyemanatingfrom thesonrce resn.lts may be obtained. · . 
it is nec.essary for the attai'nment of the best The chief feature which dist.inguishes the 
resnlts that wh~tever the-ch}\racter of there-· method of mypresen·t from t-hat of my former 

·ceiver and the nature of the disturbances· as invention, jostreferred to, is that the energy as 
. much as -possible of the energy conveyed. .stored is not, as in ·the former instance, ob-. 
~o .should be made a>aiJable for the operation tained from the· energy of the disturbances 

of the receiver; ·and :with this object in-view or· (lffects transmitted frotn a dist<\ncE!, but 
I h"aV;& heretofore; among other means, ·em- from· an independent sot_Irce. : 
ployed.a rece'iving-cireuit of high self-indue- ·. Expressed generally, the present method 90 

. tion and very small.r~istance .and of a period ~onsists in charging a s~orage device with en-
2S such as to vibrate in synchronism with the dis- ergy from an independent source, controlling 

tnrbances, wher.eby a n nm ber of separ&te·im- the charging .of said device by the action of the 
-prilsesfrom thesource·were made to cqoperate, effects or disturbances transmitted through 

· t.hns magnifying the effect ·exerted upon and the natural media., and coincidently· using 95 
· . insnring ·1.he action of the receivi~g device. tne stOred energy for operating a receiving 
30 ·,By these means decided advantages have been device. . • · . . 

secat·ed in many instances_; bnt v~ryoften lhe A great .variet.y of disturbances, produced . 
imp·roYement.is either not applicable at all~ eith_er by suitably-constructed transmitters 

. or, if so, the gain is very slight;,. Evidently or. by natural canses, are at pr~sent known 100 

. w4en the SOt!tCe is one producing a continu- to ·be propagated through the. natural media, 
'35 ons press.ure or delivering impulses of long and thet:e -a.r~ also a Yariety of means or de­

duration it is imp.racticable to magnify. the vices t'nabling· energy to be stored, and in 
effeets in this manner, and when, on the other Yiew of this I wish to say that I consider the . 
hand~ it is one furnishing short impulses ·of utilization of any such di~turbances and the zos 
e:::ttreme rapidity of succession the advantage employment of any of these means as within 

40 obtained in this way is insignificant, owing to the scope of my present in~ention so long as 
the radiation al,ld 1Jhe Ullll.YOidable frictional the US~ Of the general met.bod here-iob-efqrO 
w~te·in the receh·ing-circuit.. These losses stated is involved. · . . 
reduce greatly both the intensity and the· . T!ie best \Vay of carr.ying out myim·ention n9 
.number of the ~ooperat.ive impulse.~, and which I at present know is ·to etore electrical 

45 since the ·initial' intensity of each of these energy obtained !rom a suitable electrical 
·is necessarily limited only an iosignifi.can.t generator in ·a condenser and to . control the 
amount of energy is tbns made nvnilnble for storage or the application of this energy by . 
a single operation of {he· receiver •. AS this means of a sensitiv~ device acted upon by 115 
amount · is consequently dependent ori the . the effects or disturbances, and thereby canso 

so energy l!onveyed to tbe receh-·er by o~e single the operation of the receiYer. . , 
impulse, it is evidently necessary to employ · In the practical .applicm_tion of this me~d 
either a very large and costly, and therefore I nsnally proceed as follows: At any pomt_ 
obj~ctionable, traustnitter, or else to resort to where I desire to. in >estigate or to utilize for 1 zo 
tbe equally objectionable use of A receivil:ig any purpose effects or disturbances propa-: 

55 device too delicate and too easily dera.ng~d. gated' through the natural media from any 
Furthermore, .the energy obtained through · kind of source I provide a suitable generator 
the cooperation of the-impulses is in the form of electricity-as, for ex~mple, a battery and 
of extremely rapid vibrations And because of a condenser--which I connect to the poles of 1 ~S 
this nnsnit.able for the operation of ordinary tht! generator in series \Vith a sensitive de-

6o receivers, the. more so as this form of energy vice c.'\pable of being mod.ified in its alec­
imposes narro'v restrictions in regard to the tricml resistance or other property by the ac· 
mode and time of its application to such de- tion of the disturbances emitted from the 
vices. 'l'o ·overcome these and other limita- ·source.· To the t.erminals of the condenser I I3° 
tions and disadvantages that have heretofore contieet the receiver which is to be operated 

~5 existed in such systems of transmission of sjg- in series with another device of sa.itable con· __ 
· nals or intelligence and to render possible strnction, which perform.s the!nncLionot ~- .'. 

~' an ;uvest;gat;on of ;mpnlle.-.!t.tndmnees dod; .. ny dmcba,.lngtll:e con~enser tb,..ngb ~ ~ 
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' . . 
the receiver at and during such intervals of be made 'variable' in 'any ~Qn~~ient and pre!· 
time as may be bes.~ suitable for the purpose erably continn()U& manner. · :.Assuming that 
contemplated. This latt.er device may merely the disturbanc~ which are to' be iriyestigated 70 : 

. consii!L of two stationary electrodes separated or -ntilized for some-practical '9nd . are rays 
s by a feeble dielectric layer of minute tbick- identical with or·resemblingth6s.e-6f ordinary 

ness, but sufficient to greatly reduce or prao- light, the sensitive device a · may be a sele· 
ticnlly interrupt the current in th_e circuit niom cell properlyprepared,soas.to be highly 
nuder normal conqitions, or it may comprise snscepti~le to the influence· of the · rays, the 75 
terminals one or more of which are tnovable actio~ of _which should be "intensified by the · 

10 and actuated by any suitable force and are use of a reflector A. (Shown in the draw­
ndapted to be brought into and out of con- ing8;.) . It is well knowii -that when cells of 
tact with each other in ,smy convenient man- this kind a.re 'exposed to such rays of greatly, . 
ner. The sensitive device maybe any of t-he varying intensity tb.ey undergo correspond· ·so.. 
many dev.ices of this kind which are known ingmodiflcationsoftbeirelectricalresistance; "':--... 

rs to be affected by t.he distuT'\)ances, impulses, but in the .ways they have been. heretofore 
or effects propag~te<l throogh the media, and . us!!d they have been of very limited utility. 

. it may be of snCh .a character tlu~t D ormally;- In addition to the circuit inol nding the sensi-
that is, when not acted npon-itentirelypre- tite device or cell a another cironit is pro· 8c; 

. V·~nts the passage of electricity froin the gen- vided, which is likewise connected to the ter· -
~o e1·ator to .the·· condenser, or it may be ·such .. minals T T' of the condenser. This circnit, 

· that it allows a gradual leaking tbroo~h of whicl:i may be called the" receiving-circuit,, . 
. the current ati'd a charging of the:condenser in-cludes the receiver Rand in series wi~h it·. 
at 1\ slow rate. ·In any case it will be. seen a device d, before referred to, which performs go 
that if the distntbances, of whatever nature the doty_of perioqically discharging the con· 

25 they may be, cause an appreciable dim.inu- denser t.lirongh the receiver. It will be noted 
tion in the electrical resistance of the sensi- that, as shown in Fig. I, the receiving-circuit 
.tive device tliecurreut frotn the;ba.ttery will is in permanent connection with the battery 
pass more readily into the condenser, whicp and condenser-terminal T, and it should be 95 

. will be charged at a more rapid rate, a_nd con- stated that it is sometimes desirable to en· 
30 s·eqoently eacli of its dischargeS through the tirely·in!tulate the receiving-circuit at all 

receiver, periodically effected by the special times, except the moments when the device 
device before referred to which .performs this d operates to discharge the condenser, thus 
fn.nction, will be stronger- than ·normally- preventing any disturbing influence which xoc 
that is, when the sensitive device is not acted might otherwise be caused ln this circuit by 

· 35 up<)n by the disturbances •. Evidently then the battery-or the condenser· daring the pe-
ir t,he receiver be so adjusted that. it does not riod when t,he receiver should not be acted 
respond to the comparatively feeble n~rmkl ·-qpon. In such a ·case _two devices, as d., may 
discharges ot. th~ condenser, if they should be'tlsed, one in each connection from t-he con- 105 

·. occur, but only tQ:.those stronger ones which densertothereceiving-clrcnit,orelseone~in· 
40 takf:! place upon .the diminution of there- - ~ledevi~eofthisldnd,butofasnitably:..modi­

sisiance of t-he sensitive device it will be op- fied construction, so that . it will make and 
era ted only when this device is acted upon break simult.aneaualy and at proper i~tervals 
by .the disturbances, thus making' it possible of time both of the Connections of this circu~ xxo 
to. investigate and to ntilize the latter for a~y _with the condenser T ·and T'. 

45 desired purpose. . · · . From tlie foregoing the operation of the ap­
·. . The generAl principle underlying my inven- paratus, as illustrated in Fig. 1, will be at 

tion and the·operation of the various devices once understood. Normally-that is, when . 
used ;will be clearly understood by reference it. is not infl~snced by. the rays at all _o·r very I t5. 
to t-he accompanying drawings, in 'vhich- slightly-the~cell a, being of a comparatively 

so Figo.re 1 is a diagram illustrating a typical high resista:n~:permita only a relatively fee­
arrangement of apparatus which. maybe used ble current. t.o pass from t-he baLtery into flle 
in carrying ·my method into practice, and. condenser, and henee the latter is ch&rged 

· · Figs.· 2, 3, 4, and 5 similar diagrams of modi· -at too slow a rate to. accumulate c!'aring the .uo 
fied arrangements of apparatns for the same time interval between t.~eucceedlng opern-

sc parpose. . fions of the deviee-d sufficient energy to op-
, In Fig. 1, C is a condenser, to the terminals erate ·the ·receh·er or, generally speaking, to 

'1' SL!ld T' of lvhich is connected a cbar¢ng- produce the required change ln tbe receiving­
circuit, including a bat-tery n, a sensitive de- circuit; Tb18 condition is . .readily secured by us . 
vice a, and a resistance r, all connected in se- a proper selection-and adjustment of the vari-

69 ries, as illustrated. The battery should-be ous de'"ices described, so that the receiver 
prefmbly of very constant electromotive will remain unresponsive to the feeble dis­
force and o! an in'tensity carefully deter· charges of -the condenser whi~h ~~Y take 
mine<l toseeure the.be.at results. The resist~ place when thecellalsacted upon buhlightly 130 

ance r, which may bo a frictional or an in· or not at all by t~tl rays or disturbances; biJt . · 
65 ductive one, is not nbsol utely necessar:f; bQt if now new rAys are perm_itted to fall DJ.K)n. 

it w of advantage to uae it in orcler to tacilt- the cell or It 1JM ln~ns~ty of tho8e already , 

~' 1atudjaatmout, and for thts po-l.t 111J17 aetillcupcml~)!!n•- by anrca-th•'!o , ~~ 
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its resistance wiil be diminished and the con- the devfces ·and carefal adjust~ent the ·aa-·· 
denser will be charged by the .battery at a vantages of my methpd may be more or less 
more rapid rate, enablingsuffieient pbtential comp}etely secnred; I _find it preferable, 70 
energy to b& at{) red in the condenser during· howeyer, to fol_low·the plan which I h1i.\·e illus-

5 the period of inaction ·of the device d to op- trated and described. · 
. erate the receiver or to bring about any de~ It will be·abserved that the-condenser is an · 
si~ change in_ the receiving-circuit when important eJement in the combin~tion. I · 
the dey-ice d. acts. If th~ rays acti_ng upon h~veahawnthatbyreasonofits. nniqueprop- 75 
~he cell or s.ensitive device a are varied or in- e_rties it · greatly adds tQ the ~fficacy of this 

Io termitted in nny arbitrary manner, as when . method. · It aUpws the energy accumulated 
transmitting intelligence in phe .usual way in it· to be d~harged instantaneously,· R.rid 
from a distant station by_means of short and therefor.e .in ·a Jlighly effective manne.r; It 
long .aign~~:ls, the apparatus may readily be magnifies in a large degree the current sup· 8c 
made to record or to enable an operator to · plied . from tlie· battery, and owing to these 

15 read th.e message, since the receiver-suppcis- . features it permits energy to be stored and 
ing it w be an ·ordinary. magnetic relay, for discharged at practically any rate- desired, 
example-.will be operatedbyeacb sigpal froTU . and thereby makes it possible to obtain in th" 
the sending-station a certain nnmberottimes, rec.eiving·circuit ve.ry_.great changes of the 8.5 
having some relation to ~he duration of .each current strength ·by impressing upon the bat-

20 signal. ·It will be Teadily seep, however, thi\t tery.currerit very small ' ~ariations. Other 
if the +ays are varied ·if! 1:\I!Y other way,· as· means of storage possessing these character­
by impressing upon theJ:B·ChBnges in in~usity, . is tics to l\ useful degree may be employed 

. the succe69-ing condenser discharges will un-. without departing froiJi the broa'd spirit Of 90 
dergo corresponding changes in intensity, my invention; but! prefer to use a condenser, 

zs· which may be indicated Cir re·corded by a ~uit.- since in these respects it excels · any other 
able receivenmd.distinguished irrespec£ively storage device of which I have knowledge. 

· of duration. . . · . In Fig. Z a lnodified arrangement of appa-
With -reference tq Fig. 1 it may be useful ratus is illustrated which is particularly 95 

w 1;tat9 that the electrical connections · of adapted for the investigation and utiliiati.on 
30 the various devices illustrat.ed may be made of ·very !ee'Qle impulses or disturbances, such 
· in m!lnY different ways. For instance, the ·as ma:r: be 11s~d ·in conveying si~als or pro­

sensitive device instead of being !n series, ducing other desired effects at very great dis­
as-shown, may b~ in a shunt to the condenser, tances.' In this case the enE!rgy stored in the 100 

this modifi~tion 'being illustra~ed in:Fig. 3, c~mdenser is passed through the primacy of 
35 in which. the devices already described are a transformer, the secondarycircui~ of which 

indicated pysimilar lettet:a to correspond with . contains the receiver, and in ·order to render 
those of Fig .. 1 . . In this case it will be ob- the apparatus still. more suitable for• use in 
-served that the. conden-ser, which is being ·detecting feeble impulses, in additio·n to the 105 
eharged from the battery B through the re· sensitive device which is acted upon by the 

-40 sist&nce r, preferably inductive and properly impulses, another such device is included in 
related to the capacityo! the condenser, will the tieoondary circuit. of the- tranSformer. 
store less energy when tpe sensith•e device· T.he ache·m·e of connections is in the main that 
a is energized by tbe rays, nnd lts r~istance oT a Wheatstone bridge; the fottr branches of 110 
thereby diminished. The adjustment o! the whiel} are formed by the sensitive dovice a 

45 various instruments may .then be such t})at and .TeSist~ces L, L', and L", all of which 
· the receiver will be operated only fhen the sbotild be preferably inductive and also ad­

rays are diminished in intensity or interrupt- jwrtable in a continuous map.ner, or· at least . 
ed and entirely prevented.from falling upon byverysmallsteps. · ThecondenserC', which us 
the sensitive cell, or the sensitive device may is generally made ot considerable capaqity, is 

so be placed, as shown in Fig. 4, ina!:!huntto the connected W·twooppositepointsofthe bridge, 
resistance r or inserted in any suitable WRY while a battery B, in series with a continuqus-
in the · circuit containing the receiver-.for ·ly-adjustAble non-inductive resis~ancA r', is 
example, as illustrated in Fig. 5-inooth of connected to the other pair of opposite points, 12c 

which figures the various devices are lettered as usual. The four resistances included in 
55 w cftrespond with those in Fig. 1, so that th& the branches of the bridge-namely, II., L, L' , . 

figtires become self~explanatory. Again, the and TJ'-are of a suitable size and so proper­
several instrumen.ts may be connected in thb tioned that under.normal conditions-that is, 
manner ·of a . Wheatstone bridge, as will be when the device a is not inftnenced at all or 12! 
hereinafter explained with reference :to.Fig. -orily slightly by the disturbances-there will 

6o 2, 'Or otherwise connected or related.; but in be no diff-erence of potential, or, in any case, 
each case the sensitive device will ha'\"e the tbe minimum of the same at the terrjinals T 

. saiiM! duty to perform-that is, to oontrol the and T' of the condenser. It is assumed iu 
energy stored and utilized in s(une snit&ble the present instance that the disturbances tc t 3' 
way for cansing the open\tioR of the receiver be investigated or utilized are such as wili 

6 3 in correspondence with the intermittances or produce a difference of electric potential, how­
variations o!tbeeffects ordistnrbanoea~and ever aml\111 betw&en two points or regions in 
in each instance by a jndicio!ls selection . of · the n~t-ul'al' 1nedin;·~ the earth, the water, 

. j. .... 
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or the itir, and in otder Lo apply this potential 
difference effectively to the sensitive device a 
the terminals of the same n.re connected to 
two plates P and P ', which should be of as 

s large a surfi\Ce as practicable and so located 
in the media that the largest possible differ­
ence of potential will be produced by the dis­
tnrba.nces bet\veen the terminals of. the sen­
sitive device. This device is in the present 

to case one o! familiar construction, consisting 
. of an insulating-tube, which is indicated by 
the heavy lines in the drawings an.~ . which 

· has its ends closed tightly by two conducting­
pings with reduced extensions, npon which 

15 bear two brushes b b, tlirough which the cur­
rents are conveyed to the device. jhe lobu­
lar space between the plugs is partially filled· 
with a conducting SbnRiti\'e powder, as indi­
cated, the proper amou~t of the snme ancl the 

:zo size of its grains being d~termined and ad­
justed beforehand by experiment. This tnbe 
I rotate by clockwork or other means at a 
uniform and suitable rate of sp~ed~ and un­
der these conditions I find that this device 

25 beh~ves toward disturbances ot the kind be­
fore assumed in a maimer similar to that of 
n stAtionary: cell of celeninm toward rays of 
light·. . Its electrical resistance is diminished 
when it·is acted npon by the ·disturbances 

· ~o and is automatically restored npon the cessa­
tion of their influence. It is of advantal!e to 
employ round grains of powder in the tube, 
and in any·event it is important .that they 

, sl}ould be of as uniform size and shape as pos­
. 3'i sihle and that provision should· be made for 

maintaining an unchanging a.nc} very dry at­
mosphere in the tnbe. To the terminals T 
and T' of the condens~r C' is connected a coil 
2>, usually consisting of a few turns of a con-

40 ductor of Yery small resistance, which is the 
pritila.ry of the transformer before referred 
to, in series wit.h a device d, which effects the 
discharge of the condenser through the coil 
1> at predetermined intervals of time . . In the 

<JS present case this device consists of a cylinder 
made partly of condacting and partly of in­

. sulating material e and e', respectiv~ly, which 
'is rotated at the desired rate of speed by 

· any suitable means. The conducting part e 
so is in good electrical connection with shaft S 

and is provided with tapering segments, asf, 
·upon which slides a brush k, which ·shonld 
preferably be capable-of longitudinal adjust­
ment ·along the cylinder. Another brnsh b',. 

55 which is connected to the condenser-termi­
nal T', being arranged to bear upon the shaft 
S, it will be seen that whenever the brush k 
comes in contact with a conducting-segment e 
the circuit including. ~h~ primary p will be 

6o completed and the c·o'Q.de~ser, if energized, 
discharged through the same.:· By an adjust­
ment of the speed of rotation of the.cylinder 
and & displacement of the brush k along the 
nxis of the same the circuit may be made to 

65 open and close in as rapid succession andre­
main open or closed during such intervals of 
tlme as mny be desired.- :In inductive reln.tion 

. . . ·~ . ~ ::·- : 

to the p,rimary p is a secondary coils, usually 
of much thinner wire_ and of many more turns 
than the former, to which are connected in a 70 
series a recei\"er R, illn~tra~cl 11s an ordi~ary 
magnetic relay, a continuously- adjustable 
non-inductive resistance r", 1\. battery B' of a 
properly-determined and v~ry constant elec· 
tromo_ti ve force, n.nd finally a .sensitive devi~e 75 
a' o.f t.he same or similar constrnction as-a, 
which is likewise rotated at a uniform speed 
and which, with its brushes b~ b", close!\ the 
secondary cir:cuit. The electromotive force 
of the battery B' is so. graduated by means of So 
the adjustable resistance r'' that the dielec· 
tric layers in the s~nsitive device a' are 
strained very ~early to. the point of breakin~ 
clown and give ·way npon a slight increase of 
the electrical pressure bn the terminals of the 85 
device. It will of course be understood that 
the resistance r" is nsed mainly because of 
·convet)ience aml that it may be dispensen 
with, in ~~ich case the adjustment may be . 
effected 1n many· other ways, as by deter- 90 
mining the proper amount or coarset,1ess of 
the sensitive powder· or by varying the dis­
tance apart of tqe metallic plngs it;l the ends 
of the tn be. The same may be said o( there­
sistance r', which is in series with the bat- 95 
tery B and.:serves to graduate the force of the 
latter, s·o that th~ dielectric ls~rs of t~e sen~ 
sitive device · a are subjected to a similar 
strain and maint-ained in .a state of delicato 
poise. . · · . · roo 

';I'ho various instruments being connected 
and adjusted in the manner described, it will 
now be readily seen from the foregoing th!Lt 
nnder. normal conditions, the device a being 
unaffected by the disturban.ces, or practically 105 
so, and there being no or· o»ly a very insig­
nificant aJ;Do~nt or energy stored in the con­
denser, the periodical closure of the primary 
circuit of the transformer throngh the· opera-

. tio~ Of the device d Will have no appreciable I l 0 

.effect upon the primary coilp, and hence no 
curr.ents will be generated in the secondary 
coils, at least not st1ch as woulcl disturb the 
stAte of delicate balance e:s.isting in the sec­
ondary circuit· i.nclnding the receiver, and II5 
therefore the latter will not be actnated by 
.the . .Q~tery B' ;. but when, owing·to the dis­
tnrqa~ces or impulses propagated through 
the .. J;g~dia .from n distant s~urce, an addi­
tional .electromotive force, however Rma.ll, is uo 
created between the terminals of the device a 
the dielectric layers in the same, unable to 
support the increaseu· strain, give- way mrd 
allow the cnrrent of the battery B to pass 
through, thns ~using ·a difference of po- us 
tential at the terminals '1.' nnd T' of the con­
denser. A sufficient amount of energy being 
now stored in this instrument during the 
time interval bctwee·n each twc sncceedingop­
erations of the device d., each closure of the 13c: 
primary cir~.uit by the latter resalts in the 
passage of a sadden current impulse throngh · 
the coilp, which induces a corresponding cur 
rent of relatively high electro~notive Corel' ie 

l 
l 
l 



lhe secondary cqil s. Owing to this tlre di- merlin from a di:;tant sou,rce, lhe com biuation · 
electric in the davie~ a' ~ives 'Way, nnd the- of an electrical storage device, a charging- · 
current of the battery .B' beiog allo,¥ed to circ'nit connected therewiLiumd including .n 7o 
pnss the receiver R is opemted, but only for ·device st'nsit.i>e to the action of the effects 01· 

5 a moment, s~nce by the rotation qf tho· de- disturbances and detern1ining under their 
Yices ~~a', and d., whic·h mny be all drh·~n control the flow of cu1-ren·t in t.he charging­
from the same &haft., the origioal conditions circ7l.it, · :r receivin,:t~circuit including 1\ re­
are restored, assuming, of course, tb~t the .ceiver, nml means for periodically dischal"J- 75 
t>lectromotiveforce se.t up Qythe distnrbaJ1ces ing the storage device th1·ough the receiving-

to ~t the termiun.lll of the sensith·e ·device a is <'ircuit, substantially as described. 
·only momentary or of a cl'nration · no~ lon~er 2. In nn apparatus for utilizing efft-cts or 
. than the time of closut:e of tl1e primary cir- disturbances transmitted through the n.atur;\l 
cuit; ·other\vise the reccin~r will be actnated media from'n distant source, the cou1binatiou So 
a. numher of times and !)0 long as the in- of a condenser, a c~arging-c_ircuit connected 

~ s · fltrence. of t.he dist.nrba~ces UP'on the device a therewith and including a. source of electric-
. . contiri ties. In order to render t'!le.cHscltarged ity nod a device sensili ve to the action of the 

ener~y of the condenser tiwre effective in effect.~ or nisturbances and itetermining un~ 
('1\Using lhe operation 1lf tho rece'iYer, there- der their control lhe flo\v of cmrent in the s~ 
~:oistaoce of tRe primary l)ircuit should he Yery cbnrging-circuit·, a r~cei\·ing-circuit includ" -

20 small and the secon·dary coils sbonld liave a iug a recei>er, and me:in~ for periodically 
number of turus many timPs greater 'than discharging the ~ondenser f.hrongh the re­
that of the pri.mnry coii1J. It. will' he noted .c~ivi:og-circuit, substantially KS described. 
tha.t sin(~e the conclenser unuer the above M· 3. In an apparatus·for 'utilizing effects ot· ·go 

· t-:um,pt iom,; b ~tlways charged in tho same di- disturbances trnnsm.ilted through the nn.t}lrnl · 
25- rcct ion the st.rongest. current ·.ilnpufsa in the media fron1 :\distant source, the combination 

secou<li\ry coil, 'Which is ind need at the incr. of a circuit iucluding a souree· of elect-ricity, 
ment when the brush' k comes in contact' ll storage device adapted to be charged there­
with segment e, iR also of unchaoging·di•·ec- by and a device normally of very high re- 95 
t.kw, and for the ~~:ttainm·ent. Of the. ~st re- sistancebntadapted Lo haYe itl3resistance re-

3o suits it is ueCCB!Iary to connect. the &:econdl\ry onced ·when 1\Cted. Oilon by the effects or dif· 
coil so that' the electromot.ive forcf. or this im- turhauces, \dth a receiving-circuit connected 
x>ulsc will bo ll9ded to that of. the l>at.tery and '"ith tho storage clevice and including a re-
will mo~uentarily stren~then the samto, How- c~i\"'er and a device adapted to open and close too' 
ever, under certain conditions, which nre "W"ell the· receiving-circuit at. preqetermined inter-

35 nnden>tood by those sknted in (he art, the ·yals of time, substantially as described. 
·~e,·ices will operat'e whiche-rer riy the sec- 4:. In an apparn.Lus for utilizing effectS or 
ondary he con ll'eeted. It is prefPrable tomah <listurbanceslransmitted through the natural . 
the inductive resistances Land ·V relatively tnedia!rom adistants6urce, the combination 105 

. . large, as tlu•y ·nrc in a shnnt to t.he de>ice a of a eircnit including a source of electricity, 
,..0 and mighf., 'if mnde too small, impair its sen- a condenser··and a device normally of very 

sitiveness. On the other band, the resist.ance l1igh resistance. bnt adapted to have its re-
L' ' should not. be too large and should ·be re- .si11t:\nce. reduced "W"hen acted upon by the ef-· 
lated to tho C!lpacity of the condenser and the· fects or di~turbanc~, " ·ith a receiving-circuU '~ 
number of makes and bNaks effected by the conneeted with the condenser and including · 

45 device d in well-known ways. Similar con- a. receiver and e. devir.e adapted. to open and . 
siderationR apply, of course, to the circuits in- close the receiving-circuit a.t predetermined 
eluding the primary p and secol)dliry s, re-. intervals of time, substantially as described~ 
specti\•ely. . . . 5. In an apparatns for utilizing effects or ns 

By carefully obser-rlnk well-known· rules of disturbances transmi.tted from a distant · 
.5o scientific design and 'adjustment of. the in- source, the combination of a circuit including 

strnments the app&ratns ·m&y be made ex- a eonrce of electricity, a storage device adapt­
tremely sensitive and capable of responding ed to be charged thereby and a device, nor-
to the feeblest inllaences, thus making it pos· mally. of very high resistance but adapted to t:.z• 
sible to utilizeimpulsesor.dlsturbancestrans- have its resistance reduced when acted upon .. 

55 mit ted from very graat . distances and too by the effects or ·disturbances, with a receiv­
feeble to be c!ete.cted or utilh:ed in any of the ing-eircnit connected with the storage device 
ways heretofore known, and on this account and including the primary of a transformer 
~hemethodheredescribedlendsitself.tomany and a device adapted to open and close such u. 
scientific and pract.ic!ll uses of great valae. ·second ~ircuit at predetermined intervals of 

6o. Obviously. the character 9f the de\·ices and ~ime,· and a ·receiver included in the second· 
the manner 1n which they are connected or ary of the Lransfor!ller, substantially as de-

. . ;elated may be brrea.tly varied without d~part- scribed. . . 
mg from the spirit of my invention. . 6. ln an apparatus for utilizing 'effects or }3' 

What I claim as new, and desire t.o secure disturbances tran.'!mitt.ed from a distant 
65 by Letters Patent, ~ . . source, the combination of an: electricalstor· 

_1. In ~n apparat~ · fJ>r utilizing e1reeta or agedevice,acharging-eircnitconnacted there­
disturbances trauam1tt'ed through theDAtaral 'With ·aud includi~g·a device sensitive to the 
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action of the effects o.r disturbances nnd de­
termining nnller their control the fiow of tile 
cul.-rent i!! the cli~1·ging-circuit, and a receiv­
ing-circuit supplied wi,th energy from the 

5 stor;tge <levice and includiugn. receiver and a 
dc·dce sensitive to electrical >arintious in the 
rE:'ceiving-circuit, substantiaUy as described. 
·• 7. In an appnratns for utilizing effects or 
disturbances transmitted through the natural 

10 media from a distan~ source, the combination 
of a condenser, a charging-circui~ connected 

. there.wi~h and including a device sensitive to 
the action of Lbe effects or disturbances and 
determining under their control the- fiO\V of 

1 s the current. in the charging-circuit, and are-· 
ceiving-circnit supplied with energy froin the 
condenser and including a. receiver and a de­
vice sensitive to electrical variations i!l the 
receiving-circuit, Sltbstaritially as described. 

zo 8. In' an apparatus for utilizing el!ects-or 
disturbances tra.ns.mitted through the natural 
media from~ distant sourqe, the combination 
of a circuit, an independent local source of 
electricity included therein, a storage device 

25 connected with the said circuit and adapted 
to receive energy from the said.sotirce, a. de­
vice uormally of very high resistance, bnt 
adanted to have its resistance reduced when 
acted upon by the effects or disturbances, a 

30 receiving-circuit connected wiLh the storage 
device, a transformer, the primary of which 
is included in said receiving-circuit, a device 
adapted to open and close the receiving-cir­
cuit. ~t pre<letermined intervals of time, are-

35 cei>er, and a device, normally of >ery.bigh re-. 
sist~nce, but adapted to ha\e its resistlj.nce 
reduced when·actcd upon by the effects or dis­
turbances, and included in the secondary cir­
cuit of the transformer, as set forth . 

. p n. rn an apparatus for utilizing effects ·or 
disturbances t;·ansmitted from a distant 
source, the combination with a storage device 
n.nd an independent _source of energy for 
charging the .same, of a receiving-circuit con-

45 nected with the storage device, a device sen­
sitive to the effects· or disturbances and. de­
termining under their control the flow of cur­
rent in the r~ceifing-cil:cuit, substantially as 
set forth. 

so 10. In an Rpparatns for utilizing effects or · 

disturbances transmitted Lhrough the natural 
media from a distant source, the combination 
wit.h a storage device a.pd an independent 
source of energy fo!' charging the same, ·of a 
receiving-circuit connected with the storage 55 
deYice, a device sensitive to the effects or 
disturbances a~d adapted to have its res'ist· · 
ance varied by· the action the.reon of such. 
effects or disturbances and determining un­
der their control the flo\v of current in the 6o 
receiving-circuit, substantially as set forth. 
· 11. In an apparatus for utilizing effects or 
disturbances transmitted from a. distant 
source, the combination o~ a. storage device, -
a battery or similar independent source of 65 
energy for charging the ~ame, a sen.sitive de­
vice adapted to have its resistance varied un­
der the influence or the effects or disturb­
ances, a receiver adapted to be operated by 
the discharge of the storage de>ice, the sen- 70 
sitive device being in one branch of a Wheat­
stone bridge, the storage device in. one of the 
cross connections between two opposite points · 
of the bridge, and the battery in the other 
cross connection, and resistances L, L' and 75 
L" .. in the three re~aining branches of the 
brtdge, as set forth. · . 

12. In an apparatus for utilizing effects or 
disturbances transmitted through the natural 
media from a ~'istant s~nrce, the combination So 
of a stor11ge device, .a battery or like inde­
pendent source of energy for -charging tho 
same, a sensitive clevice adapted to ha.ye its 
resistance varied under the influence of the 
Etffect.s or disturbances, a. circuit conne.cted 85 
with the termit:~als of tbe stornge device, a 
transformer having its primary in said circuit 
and a receiver in the secondary circuit of the 
transformer, the sensitlve device being in one 
branch of n Wheatstone br:dge, the storage 90 
device in one of the cross connections be­
tween opposHe points of the bridge and the 
battery in the other cross connection, and re­
sistances L, J./ and Ti' in the three remaining 
branches of the bridge, ns .set forth. 

NIKOT~.A TESLA. 
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E. A. SUNDERLI~, 
D. D. LORD. 
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To all u;hom it may con.cern: 
· ~e it known Lhati, NIKOLA T.ESLA,acllizen 

ot the United Stales, residlng ~~the borough 
.of 1\Ianhnttnn, in the city,-county, and StAte 

5 ot Now York, have invented certai.n new and 
nseCul Improvements in Methods of Utilizi)g· 
Radiant Energy, of which the following is a. 
~pecillcation, reference being had ~o the draw· 
iogs aCCOIUpanying and forming a part ot the 

io 8ame. 
It is well known that certain radiations­

such ns those of ultrn·violet light, cathodic, 
Roentgen ·rays, or the like-possess the prop­
erty of charging and dischnrgiug conductors 

1 s of electricity, the discharge being particu­
larly noticeable when the conductor upon 
which the rays impinge is negatively electri­
fied. These .radiations a re genorally consid­
ered to be ether ..-ibrations of extremely small 

so \VM'e lengths, and in explanation o_f the phe­
nom(~a noted it has beon assumed by some 
nnthorities that they ionize or render con­
uucting tllo atmosphere through which they 
are propagated. .My own expedments and 

25 obset·\·ntions, howe..,er, lead me to conclu­
sions more in accord with tile theory hereto­
fore advanced by me tha.l sources ot snch 
radiant energy throw off \Vith great velocity 
m iuute particles of matter which are strongly 

jo electrified, and therefore capable ot charging 
an electrical conductor, or even if not so may 
at any rate discharge an electrified conduc­
tor either by· carrying of! bodily its charge or 
otherwise • 

.35 :My present applicn.tion Is based upon a. dis-
covery which I .have made that when rays or 
radiations of th~ above kind nro permitted 
to fall upon an insulated conducting bouy 
connected ·to one of the terminala.o-C a con-

40 den3er, while the other terminal of the s~me 
is made by independent mean:~ to-receive or 
to carry away electt·icit.r, 1\ cnrront flows iu to 
the condenser so long as the insulated body 
is exposed to the rays, nod under the condi-

45 tion:~ hereinafter specified an indefinite ac­
cumulation· of electrical energy in the con­
denser take.:! place. 'l'hls euergy niter a suit­
able time Interval, during -whicll the rays are 
allolverl to Act, may mani!cst itself in.a vow-

5o erful discharge, whicll may be utilized !or 
the operation or control o! mccbanical or alec-

trical devices or rendet·ed ·use(u l In mMl,Y 
otl;ler ways. 
· In applslng my discovery I provitle -a con­
denser, prerernbly of considerable electro· 55 
st11.tic c11.pacity, and connecL one or its ter­
minals to an insula ted metal plate or other · 
conducting body exposed to the - rays or 
streams o! radiant matter. It is very impor­
tant, particularly in view oC the !net thatelec- 6o 
trical energy is generally s_npplied 1\C a v~ry 
~low rate to the condenser, to -construct the 
sa.me with the greatest c:u·e. I nse by prefer­
ence Lhe best quality of mica as dielectric, t.1.k- · 
ing every p os ">i ble precaution in insulating G5 
the armatures , so that the iostr um"nt may 
withstand great electl"ical pressures withou t 
leaking and mny leave no perceptib le electri­
fication when d ischarging insta.ntaneollslv. 
Iu practice I ha \·e found tha t the best r €'s nl.ts 7-:; 
are obtained with conuen~ers t 1·eated in tho 
manner described in a patent granted to m.e 
February 23, 18!>7, No. 577,671. Obviously the 
above precautions should be t.h~ ·morE\ rigor­
ously observeu th o s lower tile ratl." of clla.rg- 75 
ing aud the smaller the time in terval durin~ 
which the energy is alloweu to a ccu mulate in 
the condenser. The insu lated p late or cou· 
dnctiug body should pre~eut as l?.rge a lO Ur­
face as practicable to the rays or strea ms of So 
matter, I hn.ving nscertni.ned that the a mount 
of energy conveyed to it ner unit of Limo is 
under otherwiso identical cond it ions propor­
t.ionate to the area o:tposed,or nearly so. Fu r­
thermore, the snrface shou ld btl clean a nd 85 
preferably highly pol ished or am?.l~n.mateo. 
The second term ina! or arma ture oC the con­
denser mny be connected to one of the poles 
of a battery or othor source of electricity or 
t o any conducting body ot• object whatever of 90 
such propert ies or so conJitioned that by it:i · 
m~a.ns electricity of the re CJ. uired sign will be 
sapplied to the termina l. A simple way of 
an pplying p os itive or ucga't iYe elec tricity l l) 
the terminal is to connect the same either to 95 
an insnlated conductor, s npported n.c some 
height in t.he a t mosphere, or to a grounded 
conductor, the former, as is well known, (ur· 
nishing positive and the latter negat ive elec­
tricity. As the rays or supposed stream~ of IOU 

matter generally convey a positi\·e charge to 
the fi rst condenser-terminal, which is connect-
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ell to the pinto or conductor nbovo mentioned, 
1 usually connect. t.h<' seconll termini\] of the 
condenser to tho grounr1, this being t-he most 
convonien t wRy of obtain ingnegali v~ electric-

S i t''y, disp~tlsi ug l'l"ilh the necessity of provid­
Ing 1\n artificial 60urco. In order to utilize 
for any t1seful pmpo!!e l he energy 1\ccnm u­
lnted in the condensar, I fnrtherruore connect 
to the terminl'.ls of tho sRme R. circuit iuclnu-

xo ing an inslrumeut or appnratos which it is de-. 
Rircd to operate nod another .instrument or 
device for alternfltely closing :md opening Lhe 
circuit . . This latter rnay be any form oC cir­
cu it-controller, '~ i lh fixecl or movnble pnrts 

1 s or e~cLrodes, which mRy bo actuated either 
by the stored energy or by indPpendent means. 

The rnys or r~diations l'l"h ich Me to be util­
ized for the operat.ioo of the P.!JpMI\tus 1•bot'e 
d escribed in ~eneral terms rnay be derived 

20 from a nl\tural source, as the sun, or may be 
1\rtificially produced by ellch mel\nl!, tor ex­
P.mple, as 11.n 1\t"c~lnmp, n Roentgen tnbe,P.nd 
tho like, nnd t.hey may be employed for 1\ 
g reat vB.riety o( useful purposes. )" 

25 My discovery vdll b& more fully understood 
from the followin~ detailed description and 
A.nne:ted drawings, to which reference is no'v 
made, and in which- · 

F igure 1 is a diagram showing typical forms 
.30 of the devices or elements ns Rrraoged R.nd 

connected in applying the method for the op­
eration of 1\ mechanical con t rivance or instrn­
m'!nt solely by the ener~y stored ; and Fig. 2 
is a dingratnmRtical representP.tioo or 8 modi-

j5 fie-d R.rrangement suitable for special pur­
poses, with 1\ cin-uit-coutroller nctuar.ecl ·by 
independent means. 

Referring. to Fig. 1, C is tbe condenser, P 
the iusull\ted pla.te or couclucting body, which 

~ is e:~:posed to the rP.ys, nod p ' ,.nothl'r plate or 
conductor, nil being joined in.eeries,RS shown. 
The terminals T T' of the condenser are also 
connected toacircui.t includ ing a receiverR, 
which Is to be operAted, and 1\ circait,..control-

~5 ling device d, which in this case is composed 
Of tWO Very th in CODfiUcting-plates t t', plRCed 
in close proximity and very mobile, either by 
reason of c:xtreme llexibility or owing to the 
charater or their support. To improv13 their 

so action, they should be inclosed in A recept!lclo 
from wh_i ch the o.ir· ml\y be exhausted. Tho 
receiver R i~ shown as consisting or an elec­
tromagnet M, s movable armature a, 1\ re­
tmctile spring b, and a ratchet-wheel tu;pro-

SS vided .wit.h a spring·pR,vl r, which is p i;oted 
t o armature a, as ilfnstrAt~d. Tho npparnt us 
being nrranged as shown, it will be fot! ud th11.t 
when the rad iatir>ns of the sun or or any other 
SOU rce CllpAh]e or producing the ~f!ects before 

6o cle!!cribed fl\11 apon the plate Pan nccutnnla­
t ion of electrical-energy in the conuonsE:'r C 
will resolt. This phenomena~, I believe, is 
best e:tpla ined P.s follol'l"s: TJte sun ns l'l"ell ns 
other sources o{ rndiaut energy throw ofT mi-

6s cute pArticles of mAtter posith •ely electrified, 
·r,.hich, impi ngin~ upon the plate P, commu­
nicP.t~ nn electrical chMge to the snme. Tho 

opt10!Ii te torminl\l of !.he con<ll'oRer being con­
nected t.o tho ground, which mAy be consid­
ered 1\9 1\ vast reservoir of negat.h·e electricity, 70 
n feeble current flol'l"s continuously· into the 
condenser, 1\nd ·inMmuch 1\S thes*' St1pposed 
part.iclf-s 1\re of an inconcch·nbly sma!l rndius 
or C\1rVRtnrc, nnd consequently char~;ed to a 
relAtiY~ly very high poteutial, this charging 75 
of the condenser may continu(', 1\S I have 
found in prnctlcP, almost. indefinitely, o\·en to 
Ute point of ruptnring the d ielectric. Obvi­
ously whate\·er circuit • con troller. bo em­
ployed it should operate to clo~e the circuit 8o 
in whicH it is loclu<lod when the potential in 
the condenser hA.S reaclted the desireu magni­
tude. Thus in Fig. 2 when the electricAl pres­
sure 1\t the termin:\Is T T ' riees to a certain 
predetermined Yalue the plAtes t t', attrnct- 85 
ing each other, close the circuit connected to 
the le :-miuRls. This permits-A fto,~ of current 
which energizes the magnet .M, CP.nsing it to 
draw clown the armature a nod impMt 1\ par­
tial rotat.ion to the ratchet-wheel w . As the 90 
current ceases the P.rmatnre is retracted by 
the spring b without, however, moving the 
wheel w. 'Vith tho stoppP.ge of the current 
the plAtes t t' ce~~e t.o bo attracted and sepa­
rl\ta, thus r.estoring t.he circuit to i ts or iginal 95 
condition. 

:MAny use Cui i\ pplica.tioos o( this method o! 
utilizing the radjat ions ema nating from th e 
sun or other source And many ways o! carry-
ing out the same will at once suggest them- t~c 
selves !rom the nbo,·e description. Bj· W'\Y 

or illllstration 1\ modified 1\Tl'Angement is 
sbo,~n in .FI~. 2, in which the soorco.S or ra­
tliRot energy is A speciRl.form or Roentgen 
tube devised by me having but ono terminal tos 
k, generally of aluminium, lo the form of 
hslf a· sphere '"ilh A plain polished surface 
on the front side, from:whicb lbe streRms are 
thrown off. It may be excited by attaching 
it. t.o one o! the terminals or any generator of J 10 

6Ufficienlly-high electromotive force; but 
whatever apparatus be nsed i~ is import:1nt 
that the tnbe be e:s:hausted ·to a high de ... ree, 
as otherwit~e it migb~ pro>e ent~rely ineffect-
ive. The working or d ischarge circait con- 115 

nected to the lcrminnls T T' of the condenser 
includes in this Cl\se t.he primary p o( :\ Lr:\us­
former nod 1\ circuit-controller co10prising a 
fixed terminal or brush t and a movable ter­
minAl t' in theshnpe o! a l'l"heel with conduct- t~o 
ing and insulating segments which ma.y be 
rotated at :lD nrbitrnry speed by aoy suitable 
menns. In inductive relation to tbo prironry 
wire or coil p is a secondary s, usually oC n 
much greater number or tnrns, to the onds or 123 
which is connected n receiver R. Tho tor· 
miunls or the condenser being connected ns 
indicated, ono to nn insulA.tell plate P nnu 
lhl' other to a grounded plate P ', when the 
tube S ·is excited rn.ys or streams o( mntter 130 
P.re emitted !rorn ·the snme, -i\·hich con\·cy a 
positive charge to the pf."lte P and condcns~r­
torminP.l T, -n•hilo t~rmioal T' is continuously 
rocel\·lng negath·e olcctr:dL\· !rom the plato . ' 
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P'. This, is before explained, results in an 
accumulation of electrical energy in-the con· 
denser, which g()es ou as long a' the circuit 
including Lha primn.l'y p is ~nterrupted. 

5 \Vhenever the circuit is-closed, owing to the 
rotation of the terminal t', the stored energy 
is discharged through the priwaryp, this giv­
ing rise in the secondary s to induced cnr· 
reuts which'opera.te ·the receiyer R. 

10 It is clear from wha.t has been stated above 
that if the terminal T' is connected to a plate 
supplying positive instead of negative eleo· 
tricity the rays should convey negative elec­
tricity to plate P. -The sourceS may be any 

15 form of· Roentgen or Lenard tube; bot it is 
obvious from the theory o.f action that in or­
der'to be very etiecth·e the electrical 1m· 
pulses exciting it shollld be wholly or ~t least 
prepondera.Lingly -of one sign. I! ordinary 

:to symmetrical alte.rnating currents are em· 
ployed, provision should be m~de for allo\v­
ing the rays to fall upon the plate P only 
<luring those periods V.·hen they are produc­
tive of tho desired resnlt. Evidently il Lhe 

25 radiations of the source bo stopped or inter­
·cepteu or their intensity varied in any mnn· 
ner, as by periodically interrupting or ryth­
mically \'aryiug the current exciting the 
source, there will be corresyonding changes. 

30 in the action upon the receiver R, and thus 
signals may be transmitted ·and many other 
u5eful effect5 produced. Fnrt.hermore,it will 
be understood thn.t any form of circuit-closer 
:>.l"hic.h will respond to or be set in operation 

35 when a. predetermined amonnt o( energy is 
stored in the condenser may pe used in lieu 
of the device sp.)cifically de5cribed with ref­
erence to Fig. 1, 'and also that the special 
ueta.ils of construction nnd arrangement of 

.co the se\•eral parts of the apparatus mny be 
very greally varled wit-hout departure from 
the invention. · 

Ha-w·ing de5cribed my invention, what I 
claim is-

45 ·1 .• 'l'he mcLhQd o! utilizing radiant energy, 

which consists in charging one of the arma­
tures of a condenser by rays or radiations, nnd 
the· other armature by indel?endent means, 
anduischarging the condenser through a suit· 
able receiver, a~ set forth. so 

2. The method of utilizing radiant energy, 
which consists in simultaneously chargio.l! 
a condenser by means of raya or ra<liat.ions 
and an independent source of electrical en­
ergy, and discharging tho condenser through 55 
a flUitable receiver, as set forth. 

3. The method of utilizing radiant energy, 
which consist~ in charging one of the arm!l.­
tnres of a condenser by rays or radiations, and 
the other by .independent means, controlling- 6o 
the action ot· effecli of said rays or radiations 
and discharging the condenser throngh a. .suit­
able receiver, a.s set forth. 

4. The method of utilizing radiant energy; 
which consists in charging· one of tile anna· o.s 
tures of a condenser by rays or radiations and 
the other by independent means, varying the 
intensity of the said rJys or radiaTions aurt pe­
riodically discharging the condeu::~er through 
a. suitable receiver, as sot forth. . 7o 

5. ',I'he methou ot utilizing radiant energy, 
which con~ist..s in directing upon an oleva.ted 
conductor,-cqunected to oue of the armatures 
of n condeklser, rays or. radiations capable of 
positively'electrifying the same, carrying off 75 
electricity--irom· the oLher armature by con­
necting the same with the ground, and di5-
c.!:mrgiog the accumulated energy throngh a 
suitable receiver, as set forth. · 

G. The method ot utilizing radianL energy, So 
which consists in charging one of tho arma­
tures of a condenser by rays or radiations,anJ. 
the other by ·inuependent means, and effcc t­
ingby lhe automatic discharge of Lheaccumn~ 
lated energy the operation or control of a 85 
:mitnble receiver, as 'set forth. 

NIICOLA TESLA. 
WiLne~:ses: 

.M. LA \YSON DYER, 
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: 

To all w'!'mn it rna.y concern: . . . ,·.witb 1! controllable elec~rode. Furthermore, so 
Be it known that I. RoBERTO LAXDELL DE although I speak of reflected impulses and 

MoURA, a citizen of the Republic of Btazil, and I short-length Wa\·e!;, the!'e are not essent~al, al­
a resident of the city of New York, (borough though I use them in some cases and at rela-

5 of Manhattan,) in the count.v and State of New I tive!s shor.t distances in order tQ obtain im­
York, have invented a new and Impro\·ed proved effects~ The same holds with regard 55 
'\Virele<>s Telegraph, of which the follo,ying is to certain light or othe1· active rays used in 
a full, clear, and exact description. I· connection with reflected waves. . · 

My invention relates to a wireless-tel.egraph . My invention ~s illu~trated in the accom-
ro system employing common electric waves, and I panying drawings, in which the same refer­

contemplates the use of such waves, either eli- ence.characters indicate the same parts in all 6o 
rectly transmitted-that is, non-reflected-or · the figures. 
reflected ·and of short lengths; in co.nnec_tion In .the drawings, Figure 1 is a diagram rep­
with certain apparatus and de\o·ic.es for gener-_ resenting ·the entire telegraphic 21.ppamtus 

15 ating and responding to the same to send and used at one of the stations. Fig. ~ is n St•c­
receive graphic and harmonic or phonetic sig- tion showing a part of the transmitting and 65 
nals through space or, it may be, through fogs receiving apparatus. Fig. :~ . is a front e)E',·n­
or through water. · tion of the upper portion of the !>ame, and 

The present application is a division of m.r Fig. 4 is a detail view showing- my tl(•,·ice for 
20 former application, filed October 4, 1901, Se- I producing telegraphic signs phonet.iclilly. · 

rial No. 77,576, for an improvement in wire- TheapparatusconsistsofA.stamlA,(se~Fig-. 70 
less telephones and telegraphs. . 2,) 3. barrel'.iB, a smaller barrel c, a S}>arking . 

4,ccording to my invention a· local circuit is device D, :e<;ewers E, and a sparking uevice 
provided which rna~· be either cEmstantly or 1 F. (See I<'ig. 1. ) The frame ~ (see Fig. 2) 

25 intermittently 'closed and in w}lich is connect- I qf the. stand: A i~ mounted upon vertically­
.ed a device capable of giving a continuous or 1 disposed conce.ntric tubes 2, th~ outer of which 75 
an intermittent sound. This sound-produc- 1 is movable and is connected "''tith a rack and 
ing device is_(\nergized b. y a local batt-ery, and j pinion ~;actuated by a handle 4:, wher~;J>y the 
its action is modified in intensity in accord- barrel B may be raised or .lowered at will. 

r 
r 
r 
r 
r 

30 ance with the interinjttent electric impulses 'The barrel B consists of hvo cubical or cylin­
from the.sending-station, which act upon a va- drical boxes 5, telescopically adjustable one 8o 
riable:resistance device; (which may be a co- in the other, upon ·. one of which ~oxcs are · 
herer.) For continuous sounds the vn.ri~ble- mouto~ted a telescope 6, a spirit-level 6", and a 

.resistance device does not act specifically as a I compa..c;s 7 .. fqr·· the purpose' of tr-.tining' the L 
35 coherer, but more properly as a very sensi- barrel upon a distant station.. The barrel is 

tive ·granular microphone whose resistance is j prodc}ed with .11. parabolic mirr:or: . .8 and an 85 
controlled by the impulses from the sending-~ electric light 9. for \lSe in lU.Y wirel~ss tele-

. station, these changes in resistance effecting phone, which is full~· described in m.Y other 
the intens!t.v in the sound by affecting the lo- application. . · . . . . : · L 

(O c~l cu.rre~t-supply t.o the sound-producing de- I .(!. gratin~ 10, m~de ~f metal co_vered with 
y1ce. · ·. . . · ·. . 1 lampblack, IS pronded m the front end of the 90 

.Although I tbus .·specify and shall describe I barrel for the ptirpos~ of remlering the rays of 
. the u.se of a lo~l circuit, however I wish to ligh_t from the mirror 8 parallel., --.. :rhe st:naller L 
say that there are other means by. which my 1 barrel C is mounted npon the suppoi·ts 11 and . 

45 invention may be practiced; · The underlying 'is di~osed ceiltni.lly of the larger barrel. 
principle is simply that of modifying the. re- The smaller barrel COI).Sists of ari inter~ecliate 95 

. sistance of the local microphone, and thefunc~· jacket of an insulating materiall2; in 'which L' 
~,-,: . .Jionsof the receiverinaybe exercised by any . is mounted a metallic cylinder".'l3;'provided 

~' ~rad)o-deteC..,r ~_f li>.<.;!k•~lr, t!P• ;~~o~i~~d .. ~itha!>•'!'is_P~~ri~~ end inwhiCbjsdispq,.,I a,~ L 

A~ A A-~~~~ 
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'Inside· of this barrel is an insulated 'support Morse key41, ii.condenser42,aridaRuhinko~ti 
. 15, and upon this support. is mounted a crown- coil. 43, provided with polished knobs ·44 of 

shaped hunch of wires 16 18, having one ex- th·e usual pattern.· From·oneofthesek'bolisa .. 
- 5 tremity contracted to support a selenium cell wire 45leads to the ground, and another wir~, . 1· 

21, the enrls qf the crown.· terrpinating in 46, leads to the crown of wires 16 18. ··This 
points or antennre 17 1~, bent over radially · cro":n. ~f wires ~a! vary indefinitely i~ form, 
and at right angles to the axis of the tube. ·and 1t ts used ms1de of the. member Conly 
The members 10 and Care fully described in when working with waves of short length, and· 

to my prior application referred to. then only if it is desired tO use the_ light from 7' 
A Crookes tube 20 and a. hollow hermetic- 18 or C. · ·. · · ·' 

ally-sealed vacuum-cell21 of glass, ~a.ving no The coherer is shown at.50. · It is c·onnect­
pneumatic communication with each other, ed with a local battery 51; provided with 'a 
are provided and are placed within the w~res switch 52, the game being adapted to engage 

r 5 in such manner that the· wires form cages par- the contacts .53 54. · The decoherer is shown 8c 
tially surrounding them. ,. The hermetically- iminedla.tel.v at the left of the coherer and con- · 
sealed gla.sS cell is of hemispherical shape and sists. of an electr9magnet 55, provided with an 
is · used for holding a selenium plate, as de- armature 56 of . the pattern generall.v used in 

' scribed in my ot.her application. '!'he s~lenium c;oherers, said armature being adapted to tap 
20 cell is shown here, because it may be used for the' tube of the coherer 50. The decoherer is 85 

telegraphing by flickerings of light in con-~ connected, through wire '57, with the wire 25; 
·· nection with the lamp 20, which bas an action and 57 may connect with 53, 59, and 54 by 

on the selenium· plates of the receiving and of means of the switch 52. The. contact 58, 
the sending stations. · · · :--.... which is adapted to engage the armature 56, 

2 .5 The wire 23 is connected with the bunches is connected with the wire 25'. The wire 59 90 
of wires 16 and 18 and is also connected with is for the purpose of establishing communica-
44 alone for sending and with 46 alone for re- tion between the ·battery 51 and the bell 60. 
ceiving. The switch 38.is open in sending, ' .A Morse recording apparatus of the usual 
but closed in receiving. The wires 46 and 25 pattern and provided with all of the auxiliaries 

30 and the members 55, 58, 56, and 60 are pro- accompanying such apparatus is shown at 61 95 
vi<led with suitable resistance. Electrical con- and is controlled by a switch 62, connected 

· nections 24 25 are provided for the Crookes when closed to contact 54 of switch 52. From 
tube in ~he usual manner. The Crookes tube the contact 53 a wire 63 leads to the primary 
is excited in the usual manner by means of a 64 of an induction-coil, and from this primary 

35 sparking apparatus D, which consists of a bat- a. wire 65 leads to the sonorous receiver-66. xo• 
tery 30, a Ruhmkorff coil31, connected thereto This receiver is shown more particular]\' in 
and controlled by a switch 32, a condenser 33, Fig. 4. · · 
and a pair of polished knobs 34, and a ground- Binding-screws 67 are mounted upon the 

. wire 35, provided with a switch 36, is used for frame of the receiver, the screw at the left-
4o throwing the polishe.d knobs as exciter out of hand side being insulated, as shown. A dia- xo! 

. use when desired and of grounding the wires phragm 68, protected by a disk 70 of insu-
. a.c; a protection against lightning or against lated material, is mounted directlY across the 
· accidents: The wire 22 is connected with the frame, and over it is a layer of comminuted 

wire 37, which is provided with. _!!. grounding- carbon 69. in loose form. This carbon is en- · 
45 switch 38, which must be closed in receiving, gaged by the carbon button 69&, upon which I 1 c 

as stated. The switch 32 may sometimes be is mounted an insulating-jacket 70&. A spring­
substituted for the key 41-:-that is, 'Yhen the tongue71 normally presses the diaphragm 68 
secondary connections of coils 43 and 31 co- gently against the comminuted carbon, and a 
act to augment the potential difference be- somewhat similar spring72 presses the butt.on 

so tween the ends of the secondaries of coil .~l. 69& downward. A funnel-shaped member 73 rr: 
. Then 44 being out' of action connects only with is provided with perforations or holes 74, ar-
. the antennre through 23, and 24 connects with ranged in concentric rings. These holes or 
23, 22 with 25, and at ' it..c; other extremity 22 perforations are for the' purpose of emitting 

. connects only with 37. 37 connects with 38 phonetic signals. A diaphragm 75, of iron, 
55 arid this with 45 through the ground. In this is mounted across the frame, and binding- I 2 0 

. case the switch 36 connects with 34, where the screws 76 and 78 are connected 'With th~e mag­
Oscillating discharges a~ produced, and the net 77. 

· conventional interruptions are made by the The operation ·of my apparatus when used 
key32~· Forsendingbyflickeringsoflightl with short - length reftected waves and with 

6o may use the same arrangement, the switch 36. light-waves is as follows: 125 

·.· being in a neutral position, 8.8' also the ter- The switch 36 is connected to wire 35 and 
. minals 34. For receiving by fl.ickerings of the switch 32 is closed, as shown ·in Fig. 1, 

· light I use the same devices described in my thereby exciting the Crookes tube and caus-
·previous applications referred to. · . ing the same tO emit cathode-rays in the usual 
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·the m·annPr peculiar to. Morse telegraph;v.llished: 51, 50, 50', 66, 65,.64, 63, 57,(Lhro~gh 52 
Ruhmkorff coil 43 causes the polished from 53,) 58, to battP.ry. The prima.ry 64 be-

44 to spark in response thereto. The ing thus energized e;'{cited the secondary "i9 · 
45 being ground~, as shown, the antennre and established a local secondary ·atternat.ing­

(being then connected with 44 through current through the wires 80 and 81, ~~ig. 4, 7c 
are caused to throw off etheric waves. simi- and the.magnet 77, The magnet responds to 
to the Hert.Ziari·. waves, which pass out of the action of this current b;v causing the dia-

. toward the· distant station. . phragm 75 tO vibrate violently. 'The. vibrat-
operator· by depressing th~ k~y 41 ing diaphragn.i causes the col~ of air in the 

,_rr,...,, . .,J,Y caus~ the Ruhmkorff coil43 to spark funnel-shaped member 73. to be alternately 75 
cor1~alu'-•u~•.r while the key is depressed and compressed. and. rarefied, thereb~r causing the 

cease sparking while the key is raised. diaphragm 68 to vibrate and ·~ vary. the re­
cathode-rays made by the Crookes tube 1 sistance offered by .the. comll!inuted carbon. 

of course re~ected by the .mirror 14, and ' The length. of the cohimn of air should be such 
vena general direction of propagation, that the diaphragm ~5 will cause _the dia- So 

-"'-"'""''n follows the general direction of the axis pbragm 70 to vil:>ratein a predetermined space 
barrel. . These cathode-rays, like the of time, the idea being to amplify the varia­
and the etheric waves, above described, tions of the battery-currimt flowing throu'gh 

JH.nolJ·,.,, r reinforce each other in their effects, the ·comminuted . carbon. ·.-This phonetic re: 
result is that the telegraph is more ef- ceiver acts to some extent .as a relay. It is 85 
~ben both are employed. The cathode- clear that the· mechanical ~tion of the vi brat-

- rays are emitted in continuous oscillation and ing column of air can be made to increase and 
··are not controlled directly b;v the transmitting- decrease the ·resistance of tlre comminuted 

. TheHertzian waves alone are controlled carbon, and if this be done at the prop~r mo-
thekey,and tbecathode-ra:vsmerely facili- ments of time the ultimate effect'of the cur- 90 

the propagation of the. Hertzian waves. reqt passing th:rough the comminuted carbon 
the sparking apparatus D is stopped, can be increased: · · 

' telegraphic .. signals are not as distinct as . The vibration of the diaphragm 75, by_caus­
when the said sparking apparatus is in action. ing the above-me~tioned condensation ana 
·. The device considered as a receiving appa- rarefaction of the column of air in the funnel- 95· 

· ratus will be described. . shaped member 73, causes the perforations 74 · 
· . . · TheHertzian wa~es made by depressing the to emit a musical note, which-I find tO be some­

'ke.v at the sending-station produce effects in _what similar to a flute-note. The general ef­
.the crown-wires 17 19 and in the member 10, feet is about the same as if a person were 

. which serves as a capacity connected to the sounding a Morse signal upon a flute, 8. short 1oo 
crown-wires or antennre. . _ note representing a dot and a comparatively · 
. lncoming waves· cause surgings in the wires long ·note or variations· in intensity of the 

· 23 and 46, 38,. 37, and 25' to the coberer 50, note representing a da.Sb. ·The connection of 
-the.reby affecting its resistance. The result is a relay is necessary for -prolonged e:ffec4s . . · 
·that with the apparatus in the position as in- Hav~ngthusde5cribedmyinventioJ),lclaim xos 
dicated i~·Fig. 1 atE, the battery 51 sends the asnewanddesiretose.cure byLetters.Patent-

. cu·rrent through 50, 60, 59, 57, 56, and through 1.. A wireless-telegraph system· comprising 
aw.·~ ·Wtl"t> 58 back to·the battery. The bell there-· means to geQerate two or more sets of waves 

rings when the coherer is excited and' only of different lengths ordiffereht·periods, means 
that time." - · to direct said waves ·towartl a distant station,· no 

· The bell having rung, the operatc>r mere.ly and to modify those of one or mor~ of the· sets 
moves the switch 52 'in order to receive the b:iaccordancewithacode, together.witbmeans 

· ·~message. If. be wishes to receive the message at the distant station ·render~ sensitive by 
· UPOQ the Morse r~corder, be moves the switch some of · the waves to ·.respond. tO changes-or 
. 52 downward so as to engage the contact 54 modifications in oth~rsi to thereby reprodu~e x x 5 
. and also closes tbe.switl;lb 62. The current from the signal. .. · · .·. . 
the ba~ry now passes through the M0rse re- 2. In a wireless-telegraph system, a trans­
··~<rrd~r and through the coherer ba~k to bat- mitting apparatus comprising a set ?f H.ertz­
tery. If, however; the operator de.•nres tore- wave antennre, a source of cathodtc waves, 
cei Ve the' message Upon tl_le phonetic receiver, and a SOUrCe Of actiniC WaVes, tneans wheJ;'~by I 20 

he moves the switch 52 upward, engaging the the changes ·of a prearranged code may. be im-. 
contact 53 .. For receiving messages by means pressed on one or more of said sets of waves, 

modifications ·produced jn a continuous and mea.ris for directing all-the ·wa.v~ tO 8. dis- . 
sound in accordance with the intermittent im-· tant station. j · . · .. · · _ · ·:.· : _ ._,. '·' : , : . ·. . · . 

. P~lses 5ent out.by the transmitter the contact · 3. In a. wirele5s-teTegraphsystem, a r~ceiver .us 
. . ~ 5~ should be 'pressed firinly against the 'B.rma- compris~ng elem~n~ sepsitiy~ .. to ~the.r~c wa. ves . :· 

ture 56; .the switch 62 should be opened, and due to hght proJectlOn and to, electncal silrg- · . 
~~;wrtr. •h 452.-placea .On-c()i}ta.ct.53 . . =l,'he.cober~ ings or ·OScilla£ory {,lisc~rgeS, :trie8,ns to coni---~:"".::·--:_ 

excited by the do;;n:g-0! thOkey •• the biDe the effec,.of said elements, and means'to ~ 
st&.tion, the !oHowinj< circuit.~_ .,g,h- effect ·alinement with a . tr ... nlltting-S~ti9.n.,~ 

.=:::::::===~---- ~ ~ ~ ~-~ ~ ~ ~ 
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· . 4. In a wireless-telegraph apparatus. a: cas- r waves, means to impress changes on the ~a:v:t>.c; : · ··~ 
ing1:a sourceof.light~herein, asourc~o~ cath- of _light or ~hose due. to disch~i:ges fr!)~ ~he . · ~~ 
ode-rays therem, . d1scharge- terrnm!!-ls for pbmts,· and connectwns from ·the sens1t1ve 3o; 
Hertz-.wave propagation, therein, mean~ to element and the casings for the ·conveyance 'j 

s control the production of the\\"8.\'es and rays, of ·incoming 'waves or their resulting effect.., ,; 
and means to dire~t said casing toward a dis- to suitable receiving apparatus. : . 
tant station. . 8. A wireless telegraph, comprising mech.:. . 

5. A wireless telegraph, comprising a spark- an ism for producing cathode-rays, a sparking 35 · 
· ing apparatus for prod ricin g. Hertzian waves, apparatus for producing etheric wav~ :mb-
Io means for actuating said sparking apparatus sta.ntially in the path of said cathode-rays~ a 

at will for the purpose of signaling, means manually-operated key for contt;ollhig said 
for pro4ucing a cathode-light substantially in etheiic waves, and a receiving apparat~s sen-

. the path of said Hertzian wav.es, and areceiYer sitive to said et).leric waves. 40 
sensitive· to said Hertzian \vaves and located 9. Awirelesstelegraph,cornprisingaspark-

I 5 at a distant station. . . ing apparatus, a Crookes tube actuated there-
6. A wireless telegraph, comprising a spark- by, a reflector adjacent to'said Crookes tube, 

ing apparatus for. transmitting etheric waves means for generating etheric waves within 
into space, means for actuating ~aid sparkir)g ··said reflector, a telegraphic key for·controlling 45 · 
a,pparatus at will for the purpose of signal- the generation of said waves, and a receiving 

~~ ing, a Crookes tube for producing cathode- apparatus sensitive to said etheric \Vaves .. 
rays substantially in the path of said etheric In testimony whereofi ha ,.e signed m.r name 
\vaves, and a distant r~ceivi~g apparatus sensj- to this specification in the presence of t\\'O sub-
tive to said etheric waves. . ~ ~ ' scribing w:itnesses. 

7. In a wireless-telegraph apparatus an ex- · ROBERTO J,!NDEJ,L DE U0t1U. 
25 ternal casing having a reflector and a source Witnesses: 

of violet rays, the internal casing having dis- 1VALTON HARKISON, 
charge-pointsandanelementsensitiyetolight- EvERARD B. MARSHALL. 
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BH.t;~O S:\E;\<a:It OF BEl{LI~. (i-Elt\L\~Y. AJ>~II\'ISTIL\TOH OF H.-\DlC'~D ; 
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PHOTOPHONE. 

No. 796,254. Specificatio~ of Letters Patent. Fatented A'.lg. 1,1905. 

Appli~:t:ion Sled Stptembe< 15, 1904. Ser;a! Ko. 224,549. 

l"o a1l u:ho1n " /J/.(/!1 t'ollr·r:rn: mil'l'or, it!' membrane b~ing- adapted to sen-e 
Be it known tbat f, BHc:s-o ~Ar::s-cn:a. a citi- · as a mil'l'or for ·eflcctinl!'thc pencil of r·a,ysof 

zen of the Ernpire of (;.crman.r. re.c::ic.ling- at li~ht. from the eit; 1ltit~ mil'l'nr: fo:rr·th. to pro­
Berlin. in the Em pin• · ,. German,\-, nrn thr \'ide a ~ending--tube similar t iJ an astl'Onomicn.l 
admini!"' 1tnr of tiH~ P.state of lt\DIG:'\D \\"u.- telc:<cope and adapted for· clranginl! the pencil 
11 El.~l H.AI{'L\1.\ :s-:s-, dec<>a!'t••l. late a citizen of of r·n,\'s rr:flect~d from the mem hratw to a hen m 
the Empire of Cierman.r·. wlll) did in''0!'!t '\ .. f twarl.r parallel ray:-; wh ich pa:-:s throug-h 
new and useful Photoplrorw, of which thr fol- the spnet•, all the parts h ither to n:tmerl form­
l,J\\'ing is a ><pecification. ing tlw st•ndcr of a photoplwrw : fifth, to jll'o­

Tlre hitherto-known plrotophu nes present \·it!P a rccei\"ing-tulw hadng at the rear end 
the gn~at di ... aclnllltagc that tiH•y di:-;pt.•r•st• too a hottonr and at t.lu~ fmnt end an o;,jc('t-glnss 
much the ligl.t , wher·ch.v tire cnm·c,\-:lllce of adapted trJ bend n beam of ray~ to the center; 
speech on~r· ,-ery !argP distanct•,.; and at da.\·- si~th, to pr'o\·ide in tltc bottom of the rcceh-­
lig-ht i-; •·endered impo:-:sihle. The only means in,!!-tuhe a long-iLudinall ,\·-rnontiJ!e ~mall cam­
hitlu•rto known for obtaining a twneil of ray,; em oh~cura lul\·ing a narrow circular central 
of Jig-Itt as parallel as p(J;:s ihlt! i,.; the parabolic holt> in the fur:al point of the objcct-g-Jas,.;; 
reflPctor .. Howe\"<'!', the ruon! it is attPJll{ltf'd ~cn~nth, to pro,·ide within tl!'.! :-:mall camem 
tu utilize the proprrtitls of tiw parabolic mir- ' ob;:cura a selenium cell or· radio phone. ancL 
roz· the lc~swi ll it be found po,;sihle tothl!rr.Ly : eig-hth. to proYide a circuit connecting· the 
incrmtsr the practical usefulness of the wit·c- sdeuinnt cell or· radioplwtw with a telephone. 
less te!C'phon,v. which i,.; now ;..o much aimed . These ubjec!:-i are attained b.\· tlte photo phone 
at. For a mulual understandin)! v\·er a tli~- ; illustratetl in the nccompan.\·in,!! rlmwin~s, in 
tance of but a few kilomctersalrcad.\- gi~-,rantir. ; which-
parabolic rnin·or·s wou!J be rcquirt~d. so that i Figure 1 is a \'ct·ticnl long-itudinal section 
till' use of ~ueh in~tr·uments wo11ld be quite '· tht·ou~h n phutophonc comprising- a senclm· 
impossible for military or sport in!! pu rposP:<. ' .and a recl'i\·er. Fig. 2 sl. .• ws. oo an en largctl 
The hitht:'rto-known photophones also prc:,.;ent : scale in sect ion, the bottom of the camera ob­
thc defect that it i:- not possible to kt•ep sc- . !';cum in the rccei\·ing-tnbc antl proYic.letl with 
crct the conn.~rsation, since other reccin!:-s ' the sclenimn Cl~ll. Fig. :3 i!-i an clenttion of 
nr.ar the one to which ~peech is to IJ,. con,·e.nd ' the same; and Fig. 4 is a tliag-rnm. which will 
fr·om the scndt•r ttre al:<o c:qmble of collect in~ · he rcf·~ rretl to later on. 
the displ•r:;cd rays of li!!ht anr\ thereb,\· re- · ~irnilarcharaclersof t·derenct: refer to simi-
cci\'ing the in~··!lig-enct~. Tlte rc<:"!\'e t·s in : la r parts throughout tht• se\·eral ,·iew.-; . 
such !mown J.tlotophoncs ar·e. mo!'l!O\"CI\ nut : The employment nf an elliptic mirror in 
ndaptcd to rrcein! only the m,vs of light from ' place of the pamlJulic mirror is· based upon 
the right sender while excluding- those from ' the well-known property of tile ellip,.;e (sec 
all other senrlr•t·s. ' .Fig-. 4) that the angle E .E bt!tween the m-

The prest!nl in\'entiun rdalt•:-: to impr·o,·c- · rliu,- ,·ector h '' from the or:e fw; us I, to nn,\-
ment~ in photophonc:-:. wlwrr•l•,\' the coll\"C.\"- . point t! of the l!!lip,.;e ami the !t•ngtlwned r·a-
nncc of spet!t'h o\·cr gn~atct· dio.;tanct~ than · dius \'ectut· '' ,. from the otlu!r focus'' tbr·oug-h 
"ithcrto is n•ntlcred possil•lc ancl the size atJr.l the !"a!l1e poin t ,; is d i ddvd into two cq 11:1 ! 

the weigltt of the photoplwnr~ arc kept within ang-les E and E h.,- tire tangt'Pt f a to the e l-
modt'ratc limit;:, so that the lattrr can he !ipse in d. If now in tlH~ center(' a perpen-
ca~il ,\· transported. while a gn:atC'r ~ccn!<:,\' of tlicular f, ; is miser!, wlti<:b intersect:-; t lw r·a-
the convt>rsation both at th: :-:(•ntling--station dius \'CClor tl ,fat /.·, anrl a lin•.! /.·Lis dr·awn 
ancl at the n•ct~i,·ing-statit.lll ;.~insured. from 1.- to the point I on the left of the per-

The objects of t !H: imprr;•emcnt arc. fi rst. Jwntlir:nlar f, ,'at the same distanc·e th~rdrom 
to (H'O\·idl' an elliptic; ntirror· with a plan•! a:< tltr: point ,f. of COlll'."l~ t il!' lin t• /.·I \\'ill be 
mirror CO\"Cring it a:H! lta\·ing a n:u'l'u\\" r:ir- rqnal tD k t( and '' I equal~/, t!. al:-:o :m~ln ,, !.· 
cnlnrct>n trallwlr~ : S«'Co'1, J. to pro\'idc a source /, cqnals anglt: I!.·:. ~ow if tiu~ ra•li tt-. \"PC-

of liglrt in tire focal point of the elliptic ntir- lnr ''I b•· !Pngt!.encd lhl'lllt;!h thl' fotns '' to 
~ r<»·: ,,.;,·d. l<.> v···.•dd<>" Heir> "'~·uthp;c'c '!' . the pu;Ht '" ur th~ elHt"'' "".) t:!c lau .. ,.,,, ... G­
~' " com·en<'<<t nnglc to the nx<> u! the ellq>t<c : "' ''" cmwotcd w>th the uthm· '""'" /, hy tHe ~ 

~..;;..:;....;;;.;....-----. ~ ~ ~ A-~ "- ~ ""- ----==-~ 
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raclius nctor u; lj inter~ecting the central per- t "·:th two opposite thren(1,.; of unequal p itch . 
p emlicular h ; at 11 oi cour,.;e the line 11 11, th l' pitch of the one thn•:td being abou t don­
drawn from the lltlint /1 to the l't)CtlS ''·will be. hk thnt or till• otlwr th read. T lli':-<C twu 
equal to 11 !J nnd also auglr. o~n" h equals an- threads cnga~e in cont'spot\llingly-thn•a<.kd 
a-le" 11 i. From an examination of Fig. -tit · holes of the two holders 1~ and l!J. which la t ­
~-iil uc seen that the distance"<: of the::·-·~ - : tl'r arc guided by two horizonta l rod,;; 21 and 
ond intersection ·11 from the center ,. is much i ~2. parallel to th1~ f, ... ,J-screw 2il a nd secured 
smaller than that. 1> c of the first intcrsPction : in the frame or ca$in;::r 1:~. A small knlll'letl 
k. It is also evident that wht'n in a sit1lilar ' ,,·her! 2::1 is fastened on the rxtcrnal end of 
munnet· a..c; befoi'" the line " ,, he lcnl!thenecl the feed- screw 20, so that by turni nl! this 
beyond t.he focn,.; . to the ellipse and ft·om the ' wheel 2:~ the twoc~trbon piece::: Jr; and ! 7 can 
new intersection a. lius n~ctor be drawn to ; I•·· simultaneon:-:ly ~mtl longitLHlina!l.\· sh i fted 
the right focus & intersecting the central per- ' in opposite dire<:tion~. The two ca!'bon 
pendicular h i ai a point the latter will be still. pieces 1 t) and 17 ~u·c ·•lectric.:ally <:on l!l't' ted h,,­
:Jearer to the center c than the second inter- wires 24 and 2;) with a battery :w or other 
section ·n. It is further o! · :ous that in an · source of electricit,\·. lt will be ;:ct•n that the 
elliptic mir:- · co\·erecl hy a plane mirror in ' ;:triking of the arc can be effected hy :-:ni ta b!y 
the plane of t.ne centml pcrprnclicular h ; any : turning the knurled "·hed 2:~ and that b.\­
ray of light 11 7.: emanating from the focu;.; rc : l!ntduall,\· turning the l:tttcr in prop•H·tion to 
and strikinl! the plane minor at the point/,· ; the consumption of t.h1~ carbun pieces the 
will be retiectecl to the point I of the surface . arc-light can l.Jc rcg-u latctl and mad t~ .;:;teacly. 
and from th ence through tlw focus'' to the ' Owinl!to thcnneClu:tl pitcht'i'l)fthet,\·o tln~nrls 
opposite point m of the elliptic mirror. then : of the f~.:c~cl-sr·•·••\•: 2o and from rt';!sons \n•ll 
from thence to the point " of t.he plane mi r- : known. the arc -lil!ht 15 wi II rem:!i ~ in t.hc 
ror, and from the latte1· al!ain throul!h the fo- : focus of the elliptic mirror l. 
cus a to the respecti\·e point (not shown) of : I ha\·e shown thl' two tltbes :) n.nd r; as !wri­
the elliptic mirror. ln othPr words, this ray ! zontal and the axis of the cllipLic n:ir!'or 1 as 
of light will constantly be rcliecteu and mo 1·c• ; ,·erticnl-that is . the latter at ri,!!ht a!1gles to 
and more approach to the axis " f:. The s:une : the axis of the sending-tube 5. Cl•nscqut>n t l.v 
is true for all the other rays of lil!ht pnxlucetl ! the nwuthpiece 3 j,; placed in the \'L'rtieal 
b.v a source of light in the for:u;.; "· plan e of thl· sPncling--tubc 5 an<i of tht• ellipr.ic 

The photophonc ~hown at Fig-. 1 comtll'iscs , mirror 1 and at !lll anl!lc of fo rt,v-f i,·c r.i1~grce::;. 
a sender· and a reccin·r. The ;-;cntl!.!r is cnlll- ; The mirro r ~8 may b1~ made scpamtcly and 
posed of an elliptic mirror 1. a plane mir·- ; aflixed on the membrane -1 in any =--n;ta blc or 
ror 2, ll Dell's mouthpiece !:1 with the mem- : knoKn manner, or it may be~ made in one 
l.Jrane 4. and a sending-tub!.! 5. The t·cceiver ' piece with the ml'mbrane 4. or the mi n·or :l:-3 
is composed of a recc!vin~-tllhcl.;antl a smn11 1 llla.Y replace the membrane ~ alto/,!cthcr. it 
camera obscura 7. All tlw parts arc shown ' bcinl! maclc thin and ebsti.:. Th·~ :'Cndinl!­
us coml~ined and snpportc~d b.,. a table 8, pro- : tnhc :) is si milar Loan aslr·onomical telescope 
vided with, preferabl.\·. three feet 9 !) and ad- : and compt•i,;Ps a small t uhc :!!J ,,·ith two !Pnsl.!" 
ju~ting-scrcws 11) lO. Th~ two cnhcs 5 nnu 6 ; :~n anti ::H ncar the mil'l'or· :2~ and a larg-e lens 
nrc parallel to each other and may be !:'l!Pl~r- : :-12 un the external encl. Tbl! tube 2~). with it;;; 
posed 11nd ri.!!idly connected in any known and t\\'o l •·ns•~:-: ;jn and :-1 1. is ,.;inJilar to an r.\·c­
apprrl\·cd manner- - for l.!Xarnple. !,,,·means of pi l.!ce of the =-aid tel!!,:cope anll has a Yer,\· 
the. two frames 11 1 !. nttixed on the table S snmll fot:al di:-:t:mcc. l.!ithc!r llflsiti\'t' or m~ga­
with convenir.nt !'crews 1:2 12. The Plliptic tinJ. while• th·~ larl!e len:- :3~ has a \'<'r_,. larl!e 
mil'ror l may he!Htpp<>rtl'd on the tableS \\'ith fot:al llistanel.!. The tuhe ~!J is lon~it nelinall.\· 
the aid of :t suit:tlJ!e fr·amc or· cusinl! 1:{ and j,: adjustable in the tuht' .i. nnd wh ile this nd­
connectetl with the plane mirror~ hy mcaus ju,.;tnwnt nmy he cfl'ected in a Py suitable 
of a thread 1-! or otherwise. Tl11• plane mir- way. as ~lwwn in the drawings, it i:- acc:om­
ror 2 is pro,·idet! wirh n narrow c~rcular hole pJi,..hed b.,. screwing tire tllbl! i11to the; bottom 
27 in the axis of the elliptic mirror 1. For· ;)1 of the ttlht! ;;, Prderahly the· mnn!b pier:c 
prouurin~ the ra.ys of light within the 1•1l ip- :3 is connected with the s~nd i ~::.r-t n hr. 5 hy 
tic mirror an.\' con,·enie•nt sour·r:e of lil!ht means of a casin,!! :;:~. and tlw la tt<::· ;s pro­
may lw P.rnplo.ved. 1 ha\·c shown this to he \'i lkd with a n~t·tical lt tl ll.! :H t:olll:c·ntric with 
nn electric-arc lil!ht l i>. produc"<l hy 1\ con- tlw elliptic: mirror 1. wh ich tuh1: :~-t ean l:n­
vcnient nrc -lump llJ'ran~•"l in tl11~ fra111c or ,\!:t/.!1! a similar tnht~ :{r, ou LbP plane: min·o:· :l. 
cnsin~ 1:). This lump eomprisPs t "O cnrhou Thus the pltotophrmc can he put to:: .. ~!wr and 
!Jieccs lfj rUJd 17, which Jul.....;s thn11::,:1t two up- n.).!nin takt•n to picl'c .... til<! S!!JHi ing-Lubr: ;-, lu•­
posite holes· in the elliptic mirror I ami lllll.\' inl! scenrl.!d iu the two franH• . .; 11 11 by m!•ans 
oothcreinguidetl, whiJethcircXtP:-n:dentl~are · uf two d!.!taehabl!.! bow~ :~(j :~ti. so that it c;an 
S<.'cured in two holder~ ot· nrrw 1~ and 1 !1, n•- he ,·ertically remm·ed and a:.:ain :-PtJ iace:•l. 
SP<Cti,·cly. A fCcd-<cn•w ""- !>«mild to the The insklc fae<" of tJ ,., tnlw> ,_ "''· '-'· and ~ : 

~ two cnrbon pieces 1 ti 1mrl 1 I. is rlJIJu:.te·d to :30. the lmttom .; I, nud tl11~ ca,:i n.).! :;:j and Lite~ 
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~Jbh1Ckencd in ~>C usual man~r fur :~mh::•:2::,. thnu:, '""'ll .. ••n~th~, that thr tfu•m: ~ 
all foreign m.rs of light, particularly the dif- · put forward abo\'!' i~ not. qn itP PXa!' t. 1 low­
fuse clll,VIight.. : C\"Cl". the elliptic. mil'l'o r in c:olllhination with 

The rccci,·ing-tuhe ti is prcfcr:~b!,,- matlc 1· till' centrally-pt!rfot·at.ed planl' lll irrot· is !'JH'­
larger in diameter than t-he sending-tube i3 cially suitable for collecting t he :-ays l'llla­
and is prodded with a large lens aT, h<»·i;tg · nating in all directions from a .~otu·r;P of light. 
a large focal distance. The small camera ob- in a single intcnSl' ;·"neil of ray~ of a \'l'l',\' rc­
scura· 7 is a tube longitudinally adju:>tn.hle io ~ f;trictccl cross-sC'ction. whieh h ith r.rro it was 
the bottom 38 of the tube 6 and prodded · not possible to obtain h.r an.\· known de,· icc. 
with a front co\ ,,. :3\J and a bottom -l:O. The : T he intense t-hin and nr,,· a r: nte-angil'd pen­
front cover :19 IlL ·be secm·ed on th1~ tube T : cil of rays of ligh t passing lhronglt t he t;c~ n­
bJ· means of !( tht·, .. led r ing -1:2 or the like ···a! hole 21 strike." the mitTor ~8 and is t here­
and is pro\·ided with a narrow circ;ular c<'n- from dl~flcctecl to the lens :~n. T in' bt•am of 
tral hole.4J, and the tube T must be each time . parallel ray~ passi r.;: from th e len;: :·:1' to the 
so adjusted as to bring th£' ho!P -l: 1 exactly ' other lens 31 com·cr~es tn the focu" :)I\ and 
into the focus of the lens •J•· as is intiicatct.l tlwnt;e cli\·er}!cs to the lar~e len,; :>,~. from 
b.v the cro::.. -.tg lines in Fig. 1. The bottom whic;h near!.\- parall el l':l,\'=' of li gh t pass 
40 rna.r be-c:onstruc:tetl in the mannPt' shown . thr"n~.rh the space. so titaL t h i,; he;:m i~ capa­
at Fig. 2. so that it c:m be scn!wcd on the , ble o f producing an itu:l~e in a td c:::co pP at :t 
tube T and again taken off. I t is to be rc- ,·ery tlisrant sta tion. O f t;our,;e ti ll' rr~cl' i \'­
m;u·kecl here that the tube I may be nrrang1~d ing-tuhe is made sullicieuLly larg·~~ !n cl iaml'tt>r 
to be longitudinally adju;;table in any con- for receh·ing the full ima~e . \\"hc•n ·•s,;u ln­
vcnient m;mner. As shown in the drawings. i ing- the tnhc tj to be at the l't!cei,·ing--st;nion 
the acljustmPnt i~ eff,!<·ted h,\· screwing the . and its lPn~ :iT to rcceh·c the lwam of ra:-·s 
tube 7 into the bottom :~X of the tuhc li. On from the lens :3~ of the sl'ntlin!!·='i:tLion . the 
tile in~ide of the bottom -l:i l a :-den ium cell -J,:) m.\·s wi II be bent to,,·an I the centPr and made 
or mdiophone of any known con;:truction i!' : to c;onn'q!l! to thr. f•H:ns -- i. ,.., the Cl'nt ra J 
secured. 1 ha\'(~ ,;}wwn this !';Cicnium ccli .• s i hole -l:l in the co\·et· :~~J ---aftt•r whkh t.lw \· will 
consistin~ of a ceramic plate and a ~:igzagged · din'rge ami prod uce the image cin tilL' f;tcc of 
!'elr.nium wire cmbcd~tc<I in tlw sut'face of : till' sclr.ninm cel l -J,:~ m· rad iophone. 
thi!'l plate. The two enci!" of this zigza~gerl . \\"hen the operator talks immPdiatt'ly in 
selenium wire arc connected with two bind- front of tlw mouthpiece :-L the mPmhra ne 4, 
ing-posts 4-l: and ·~:i nntl . the lattC?r h.r two nnd with it the mirror ~8. will ht> thrown into 
wil·es 41i nncl 41 with n tck'phonr. 41'S nnrl a . a complicatccl !'tate of ,-ihmtion. wltieh n•p­
battcr,\· 4!}, whcreb,\· a circuit is formed. The. r1!sents the thrr'e dcnwnt;;; of the spl':lkl•r's 
telephone 48 is not shown in the prop<'!' sizr~. : ,·oice-nantely. pitch. in te nsi ty, a nrl 'i u:d it_y. 
bnt merel.r cliag,·anunntic:!ll_v. as its cnn~truc- Th1! pencil of ra,ys of light. ·,\ :!I of course be 
tion is immaterial for the present im·ention. subjr.cted to these ,·ibratinn!' J,_,. the mitTor 2:-i·, 
The internal faces of the tuhcs {) nnrl T and and these \'ilmltions will he! tran~mitted with 
the bottoms.:~s and -l:O and the faces of the : the rays through tlw space to tlu: -I C'n>:: ~~of 
CO\"Cr a!l arc also bfaekt•ncd fot· ah,.;orbing- the the distant rct;Ci\'ill~-tube'!J a nrf protlnc:e nt~ 
ditfU!':t' daylig'ht. I r iations in th1~ rcsistanc:1: of tltP. ~ell•nium cell 

The photo phone described ~o far is operated ; 4!~ or radiophone. Tlw currcn ts ci r·culating 
1r.; in the following manner: It is clirectcd towanl ; in the circuit -l:li -1:7 uf the battery -t!l ancl Lite 

the re~pccth·c rcc .. · i ng-st1ttion. A ftcr stl'ik- · telephone 4::-:i will rc~i~t er all the peen! iari til's 
ing_ the nrc tlti~ arc will emit ra,\'S of li~ht in ' of the speakm·~s ,·oic;c anrl produce challgl~s 
all tlircctions; but only the r:•ys in thP axis of · in the magnetism of the ntngnPt and of tlH; 
the elliptic mirror 1 and those \'t·ry little de- ; membrane in the t t>lephone -!-~. T ltP opr.mtor· 
\'iating therefrom will be able tf) at once pass ' at the di~tant rect.•i\·ing -station pl at·itt~ his 
thron~h the narrow circttlnr h•1h' :r; in the . car to the rnemlmtne of the tl'l1~pl1 nll<' -l:-" wil l 
plane mirror 2. All th£' other ra,\'"' of li:,rht · thereforP lw:tr the \'C'r,\' ~on nd,; gi,·r·n out b,\' 
will be rcllected so many tinlt'" by th<' sut·- · the speak1: 1· at ti re Sl!nrling-sta~ion. 
facL.• of the elliptic rnin·ot· 1 and the t>lan P. The sender of tlw !lf'\\' plwtophonc: prt~SI'llt~ 
mirror 2 as h; ncccssar,\· to bring th t•m nt~arl,\· . tlw important a1h·:lllta:Ic! tha t it do1•,; not <•Itt it 
into the ax is of the elliptic mir ror 1 in the an,\· lateml ra,,·s of lh!'ltt · that i;: t r' ,.:ay. thr~ 
manner exphincd n.ho,·c. when tlwy will pass . image ()f til<' sou rt;l! of light ca n only lu.• JH'l'­

throuJ,!h thl! ccntr'lli hok 27 of the plant• mir- ! cf!in•d h;; an 1',\'1! in 11;· t•losP to till' optic·al 
ror 2. Thereby 1\n intensi\·p t .:n nnrl ,·cr.v axis of t!w ""ndin~-tttlH~. so ti1at the SJIC!c:ch 
ncute -nn,glcd pencil of rn,\-~ of Ji~ht is pro- . can be t'On \·~.\'t!d clll l.\· to a cli,-tant t'Pt;l·i,·i ng­
dncetl. which can en:o;il.rhcsultjP<.:tl~rl tostron,l.!' tnl>l! 1.i whieh is in litw with tl11· axis nf th1: 
\'tlrintions of the intensity. It is to l>c rt•- ' senrlin:I-tttlu_• ii. In a similat· mar!rH!I' till! 1'1!-

1

, mnrkccl that the source of i;~ht. here the arc- : c:ci,·cr of the n0w plwtophonr> prc>'t!!th till' 
light, ma~· not ~lw_ny~ ~e pl:~cerl exact!~· ~n the ! tuh·an~ll;fl! that tl\r ing tc! its Slllal! cantf' t':t oh-~ 
focus of the elltpttc mtrror 1 and that tt I!' not : scnm 1 1t dol'~ not I'I'CPt\' l' any oth c~ :· ray..: of-~ 

~ actual\;· in the < ocus alone. 'i noc it h .cs n ccr· • li~h t but the I'""" "' f ,.,._,., '""""" 1 "~ f ' "'" r ~~ 
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~J :mHng-tnho 0 in line with it< nxi> nml pn::.s:~::,. n I"O<iiophnne on the lmttnm nf ll>e '"'"II~ 
ing th1·ough the n:ti'I'O\\" circular hole -:1:1 nf · c:tmera ohscum and :tllapted to iner1!:t:-:e and 
the camera oh:-:em·a 7. ·:-herein· an :tlmo,;t · del'l'Pnsc its l'lP~::tri<:al re.-.i~tanc.:l' undt>r tlH~ nc-
compll•tc :-:NTecy of till~ <.:Oil\ ·:•r.~a t.ion i::: in- tion of tlw h(•am of bent and \' :U'it'd r:t.\ '>' of 
:-;ured. whi c:h ltitlwrto was not rw:-:,;iiJil• \\"ith light. a circuit t:ollnPcl•~d ll'ith t!tP radiophotrc, 
the known plwtoplwncs. : ami a telephone in this cirt:uit. 

lt is 1'\·ident that if both photophones at ! 2. In a pholuplwne. the comhin:ttion of an 
the sending-stat ion and at the recci\·ing-sta- i elliptical m irror, a plane mirrol' co\·c1·i ng the 
tion han' two superposed tubes the sendin:.r- e ll iptical min·or :mel r>ro \·ided ,,·ith a small 
tube of the ·•nr. photophonc and the reeei\·- ; hole in the axb of the .-lliptical mirror, a 
ing-tubc of 1 "other photophone require to · :-:eJut·ee of li1~ht in the foc11s of the Plliptical 
be above. whit .he rec•~i\·in:.r-tube of the f(l · · mirror, means for subjeetin.l.!· the ray;; of light 
mer photoplwne ant! the sending-td>c of thr. p:ts~ing throu::·ll the hole of the plane mirror 
latter photophone rcr1uire to be placed IJelow. lo sou nll-wn\-e!i. ::ntl means for tran;;mitting 
1 n other wort!~. with thf' o ne photophone the t he \":u·,\·ing ra,\·s t h rou:.rh sp:tc0 . 
.sending-tube i::; aho\·e aud the r·ccei\·ing-tubc : :~. In a photophonc the~ combination of an 
below. : .tile w.~h the other photophone the · Plliptic mirror. n pl::nc. m irror con~rin.!! .saitl 
rc\·crsc i.s the case. ; " ll iptic mirror and pro,·idcd with a small cir-

'\\"here so preferred, the ,;eneling and the · cular holl' in thl' axis of said el liptic ntinot'. 
recr.i,·ing-tuhc.sofa photophoncma,y IJc tJ iaced a ."our·r:e of light in the foeu~ of ~aid elliptic 
side IJ,\' :-;ide in a horizon tal plant', so that- the mirror. so that the ra.r~ of I i~.!'h ~~manating in 
two photoplwnes at the ::wndi11g and the t'l'- : all directions from ~:li• l :-;ou r<:e of l!•.dtt :u·c 
cei,·ing stations ma,r be macle alike, as the ' !'e\·e.ral tinws reflected by said elliptic mirror 
sending-tube of the one photophonr~ ,,·ill he : and !'aid plane rnirTot·. until they pas:-; t h roug h 
oppo~ite to the t·!•ct•i,·ing-tul lf.~ of tlH! otlrcr , the !illlall lr ol!• of the latter in a n in tPI!S<', th in 
photoplrone. :mel Yiee \'!.!r:<a. Tlw e llipti(: and ,·ery acute angled pencil, n mouthpieee 
mirror of cadr plwtophonc :na,,· also be p lacetl ha,·ing :! ,·jl)rating- and rPilr.cting n1embrane 
horizontal!,\·, and the two car·bon piece,.; A the · standing at an ang-ll' to the axis of the cllip­
arc-lamp nra,,· he placerl either horizontall,\· or : tical min·or·, and a tldescope into which the 
Yertic:dl,\· or at any angl<>. I ha\·c shown th1• · peneil-rays :ti'C dcllcc t r.el. 
knurled wlrt•PI 2:1 as arrang• ·d to be tnnwd IJ,\' 4:. In a photophone til e combination of an 
hand; but it may also he :wtomaticall.\· turned elliptic mirror, a plane mirro t· con~ring said 
hy any known mcelrani,;m. Tlw arc -lamp ; elliptic min·or and pro,·icled with a small cir­
may he of an,,· lwown and appt·o,·ed con~truc- · t:tdar hole in the axis of :-::aid cl!iptic mil'l'or, 
tion. The :-:uppo,·tin:.r·tahh• S. with t he tlrrec · an tu·c- lamp, the carbon piece~ of whit:h pass 
le!!.,: ~ !J. may IJr: n•place•l b,y any CVII\'l' llir•nt through holes in said l'llintie m irror :uHl arc 
s upport. : adapte!d to form the arc -:,ght in th t' foc;u,;. ~o 

\\"here :-:o prderrccl. tl:o~ i't•ndcr. comprising that thr: rays tlf light emanating in all clirec­
thc elliptic minor 1. tht> plane mirror~- tire ' tion~ from said arc-light are .sen~ml times rc­
arc-lamp, the tube;:;, and the mouthpicc:e :1. fl•~ ctt•ll l),Y :;aitl elliptic mil'l'ol' :mel !-::ti~l plane 
with the nH.•mbrane 4: and t!te mino1' ~H. may mirror. until th<'y pa,.,-; through the :'mall hole 
be mndc ~cpar:ttcl,,· nne! suppo rtecl J,y a con-' of tlw l:ttl( ~ t· in an intcn.c;••, thin and ,·en· acrtt • ~ 
vcnil' llt tableS. while the r~cei\·c1·. conqH·i:-;inJ! an:.de ~d pencil, a mouthpiece arranJ!<'d a t an 
thl• tu r,, ~ 1; and the small camera oh,;cura l .ma,\· angle to tlw axis of the> ell ip t ical min·m· and 
equally J,c m .. l•: SPparatcl.' ·· :-:uppurte1l b,\· a ltadn:.r a dbmting and refll'l'ting memhranl!, 
conn~ni. nt table. , a nd a tc lc:-:cope into wl rir:h tiH! pt'JH:il-m.rs an~ 

TIH• anglr! hr~twet•n the ·tXt!:' of the elliptic ' (h•tleeted. 
rnirmr and Lire :-endinu-tuhl! may lw ntricd. fl. In a sender· of a photonhon<', th1\ com­
The photopholl-•tn:t,\·l,e varir'11 in it,.-: l'<lfl>'trnc- hinntion with an elliptk rui~Tor, of a plane 
tion without clPdatinJ! fron1 th~ "pir·i t of til" · minor· con•l'ing ~aid elliptic mirror and pr·•,­
prc,;cnt in\·cntion. - \"it!Pcl with ;t small circular irol1~ in tlw axis of 

v:!rat i,- daimerl, and .dl·:'ircd to IH! SC!('liJ'ed : :-:aiel elliptic: mirrot·, a :-:o ll l'l:f! of light in t! : (~ 
:.,,. Letter:-: Patent. is ·- · for;us of said elliptic mil'l'<ll', _..,,that the m.\·,; 

1. In a sy:-:tcnr of plwtuphon.\· , t iH•comhina- of light emanating in all clir·er;tions from :-:aid 
tion with a dc,·ic:c emitting an intt'll!"C. tirin , :-:nnrce o f liuht are sen•ral till!e~s refiPc:tl'ol 1,:; 
and ,·cry acutt.' :wJ!IPd penc:il of ray:-:· of light, :-:aiel elliptic miJ'J'oJ' ancl ~aid plane: mirror, 
of mrans for· :-:ttld•~ct; •. ~ th i ~ T>eneil of m .r"' to until the,\' p:t,;~ through the smal l lrok of tlw 
the netion of tlw ,·oi<.:e. It~· .• clinJ!·tr.lt':-:cnpP latt<'J' in an intense, thi n n.:td ,.,:1·y at:ute: an­
ndnptcd to change the pr~nci l of ntl'icrl ray .... gkd pr!ncil. a Bell's mouthpiece at a:1 an~l·~ 
to n beam of nearly par:dld ra.n; p:ti<sing- · to the axis of ~ttid dliptie: mirror and lmdrrg 
throu~h the spncc, a rct:ci,·ing-tuLl· with a a llll'lllbranc which is adapted to \'ihmtc u:l­
lcns adapted to bcml ti"~ ra_,.:< of thi" beam : dcr the action of the voice and to relh!ct tire 

I, toward the ~P.nter. a srna!l :-:cr:ond c:uncm oh- i pencil of ra,y:-:. n telescope adapte•l for chan;:-
~ ~ SCU rn i 0 tho I"OC>•i d 0~ -tu h>• and iuH·i ng n on c· • in~ the pcnc iJ 0 f >"C 0 cctod •Ill•! n>ei>'d ,.,,., n f l!f!liiiJ 
~ i row ci•·cul,,· centml hole in the focu< of the! light to a beam of ncad.,·-p,ml!ol m y< wid~ 

._.......-..... ............. _---. .A ~ A A-~ ~ ~ "-. 
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~ p:t:':' thmul!h the :'p:tee. and lllt~nn:-; for sup- ~ tul •e in :-:aid huttont to hrinl!· dw :-:mali t:t•ntral 

portin~ all :said part:-:. ' holt' in said con'r into tilt~ fm:u" ,,f ':t!<l ol)-
(). In a ~~~nder of a plwtophone. till' com- . .it•cl-.tda-:..:. a selt•nitun cell on thP in,-ide of 

bination \\'ith an elliptic mirror, or a pLLnt• :'aid small lllttlottt and adapted to int:n!a,-,•an-1 
mirror co\·crin~ ~:tit! elliptic: mirror :md pro- dt~ct·ea~P its elel.'trit:al t'l'sist:lllt:l' umler tltc ac-
,·ided with a :'lll:tll cireular itok in the axis tion of the IJL'l1t l':l.\':i or li).!·itt. a telephone. and 
of snit! elliptic mirror an arc.:-l:uup, t lll' c:u·- a circu;t eonnet.:lin~.!' said St!ltoninlll cell \\'ith 
bon ph!c.:es ltf which pa"~ tltrott,!!h hol<'s in !':Lid tL'lcphC)ne. 
~ai,l ellipLic mirror aml :tl'l' :ldapted to form !<). In a photophotw. t lt e t·oml,it~ation dan 
the arc-li~llt in the focu;;;, !':o th:J.t the t'a.\'=' of elliptical min·ot·. a plane mirror c.:o\'L'ring the 
light emanating in all directions from sai d elliptieal mirror and ltadng- :1 SiWtil bole in 
arc-light are SC'\·eral tinws re!lectt!d b_,. !'aid the axi;; of the elliptical nt i rror. a sc)urce of 
elliptic mirror ·•nd ~aid plant! mirror. until li .!.!'ht in the focu;; of the ellipt ical mirror. 
the.r pa~s t!trou~ ·he small hole of the Ia tter mean~ for l-'ll hjecti ng the ray;; of 1 i)!lt t pa;;~ing­
in an inten~e. thiL and \·ery ar:utc an~lt·rlpcn- : ltrott).!h the hole of tlll' plane min-or to souml­
eil, ~~ Bell's nwnthpiP.ce at an angle to the wa,·e-:, Hle<llt:'< fo· tmnsmittin)! thl' \":trying 
axio: of said elliptic mirror and haYing a mem- rays through sp;tcc. ,t recein:!r ha,·i:l~ mean,: 
bmne wbic.h b adaptetl to ,·ibrate under tlu, for pt·oclucing- audible ~ound,;;. and a telc­
action of tl ~ " ,-oice anrl to r eflect the pencil of . pltflnt~ connec:ted with the sound-produL·cr or 
rays. a tek.-.CO(JL' adapted for ehang-ing the tlw J'c~cci,·cr. 
pencil of rPflec.:ted and ,·aried ray.o: of light to · i. In a pltotophonc. the combination with 
a IJcam of nearly- parallel rays which pa,.;,; an elliptic mirror. of a plane mirror co,·ering 
tlu·ough the ;:pace, and means for sttpprJrting said elliptic mit'l'or altll pro\·ided \ritlt a ~ma!l 
all ;.;aid parts. circular hole in the axis of ~aid Piliptic minot\ 

I. In a rcceh·er of a photophonc. the com- a .-.:uurc.:e pf li~ltt in the focus of !;aid ,•IJiptic 
bination with a tulj('; of a lHJttom c;)osing t!u! mit't'nr, so that the t·ay;; of light emahn~ing in 
r>ttr! end of silid tulw. an ol .• jo : et-~[a,..." <:losin).! · all clin·ctions from said sotu-r.e of light arc~ 
tltc other cncl of said ttt!Je anrl adaptPtl to bend ' sP\·eral tinws rPrlc<:tPd h.\- said t!lliptic minor 
a beam of r·a.\·s of li!!ltt toward the cPnlt!r, a : and ;;aid p]:uw mirror-. ttntil they pa:-'!' t!oronglt 
small camera oltst·ura lon,!.dtudinaiJ.,· ad.iu~t- the small hole of the latter in an intr:-n,;c•, thin 
alJie in said lmttotll awllta\·irt~ a "-mall r:in:n- a!HI \"C'l',\. aetllc angled penr:il. a Ht~ll's nwnth­
lar JtQ]!~ in the foeti~ of said olJjl'ct-glas~. am- pier;e at an angle to the axi,- of ,;aid elliptic: 
diophonc in said small canH:ra ohsct11·a and lllirrorantllm\"ingaruembrant!Wlt!eh i,-adapl­
arlapted to inc.:re:tse and d!!Crease its electt·ical : P.d to ,·ibratP under the action of the \·oir;e and 
resistanee undt~r the action nf the bent rays : to retlect the Jwncil of ra,n:. a tel\':--cope adapted 
of light. n telephonP, and a cirr:uir ~orne<·tin,!! : for chnn,!.dng the pen<:il of retit>cted and \·arierl 
~aid-radiophone with !.:aid tdt~plwne. ra.\·" of light to a !)cam of ncarly-p;lrallcl rays 

8. In a rec('iYcr of a Jti!Qtophone, the com- : \\·ltich pa;-;s tltrou.!!h the ~p:u:e. a rPeeidng-. 
bination with a ttthL•. of n bottom cln~ing tiH! ' tttl)l', :t hot! om dosing tht~ o'ne end of ~nid !'C­

one t•nrl of said tuhc. an ,l,jec:t-~lass elo;;ing-. e\'i\·in~-tulu.•, an ohject-gla:o;scll);;irtg- the other 
the other end of said lube and ada Jlt•~t.! to IH~tH l entl of ,.;a it! r·pr:ei ,-i llJ,!-t u he and :tt htpt<'cl to hetH 1 
n beam of raxs of !ig'ltt toward the center. a : a lw:uu of rays of liJ,!Itt toward the center. a 
smnll tube lonJ,!int<linally movahlc in said hot- · small camera ol1:-:cum longitudin:tll,\- adjust­
tom, 11 c:m·er cl.,sing- the inteJ·rml end of said . :rhle in !i:ticl bottom and hadnu a small eit·cu­
small tube nnd fta,·inu a small central holr, it lar hole in the focus of !'ai<l ohj••ct~gla.c;s. a 
small bottont closin~ tlu~ externnl end Cl( said rad iophonc in said i'll!all camera ohseu r:t nntl 
~mall tnht•. nwnns for ncljust inJ,! ~aid small adapted to incn•asP anrltlt-r;n•ase it,.; electrical 
tnhl' in said hott ''•l to lrrin~.r tlw small een- rL'."istarwc 11!trlt!r thP. :,r·tiqn of the IJent rays 
!raJ hole in said {:0\"l'r into till' for·tt-: of ,:aid or li~.r!Jt. llJP:tns ror ~ •pportinl,! aJI ~a id jl:trt...;, 
oh.it•et-~Ja,:l-', tl t·:uliuplwn~> <>Tl tl11' in .... id·~ of n telt>phoru•. awl :1 cir(~tlit conttPding- s:tid m-
.-::ti•l small hnttnm ancl adaplt!rl to inc·rl':t"t' and diophotH' with said tdt>pltone. 
deen·a~e it:-: elt•c·trical r·Psistanc·••nndt•t' Lltl' :u·- · 1~. In a photophrnw. tltP cnl!~l,inariort witl1 
tin!t of tlH• lt~•nt rays of l,i!!ltt. n tPh•pl11Hl<'. :111 I'Jiipt ir· mirror. of a plarll' mirror r:o\'t•ring 
:llld 11 circuit CC.lltrt•·etill;!"':tid r:tdiophorw with said Plliptit: mirt•or :md pn•\·idt•d with a Slll:tll 
said tl'lPphotw. ; drr:ular bolt> in tl11• axis of said ,·lliptic mirror. 

!•. In a rN·••ivPr of a phntop!wtll'. the com-' an arc-lamp. the c•arhon pi•~c· · ,; ,,.r \\·hir;h pa..;..; 
hitHltion with a tnh~·. of a bottom clnsin~.r tht• throll,!!h ho!Ps in sairl r•lliptir· n:it·r·or and at'P 

onl! end of said tl!ht', an oh.it-••l-).da .~s cJo,;in~.r · rulnptt'd to form tl11' nrr;-liuht in tlw for·u,.:, "'l 
th~· otltt~rcnd of .<:aid tulwand adapter! to hend t.lu1t tht! 1':1.\"" of li~.rht. t•nmnatin!!' in all dirt·<:-
a bc!nrtl of t•ay-: of li!!ltt tnward tltc t'l'lllcr. a linn" fJ'(>Ill -:aid nt· .. -li!!ht. nre "'!\""l':tllinws r·e-
smnll tuhc lonl.!'itwlinally mo\·a'.,t.~ in said bot- fh~ctPd ''·\-,..:tid elliplit: mirTnr and ,..air! plant~ 
tum. a con~r clo~in~ the intt>r:t:tl end· of. ~aid mitTor. until tlwy pa"'" t!tJ·ott:.r!t tlw ,.;rna!! holt~ 
small tttl,c ant! h~n·ing a small •·t·ntral hole. a. of the lattt•r in an irtlt:n.-:e. th!n :1::•! \"!'r.\" ar:utt~ 

~ !'.ntall botto:n c·Jo..;inu thl' cx~P~nal l'n~l of ~aid an).!IPrl pt:nt·il. a !~Pll·,_nH.ntthpi!'c't' :::. a:: an_:..dt! 
~~'."'"II tuho. """m' foe n•IJU•t<n~ "'"' """11 , to tln' ""'of'""' t•!ltpl.e ,,..,.,.,.and lnn·m~ I~ 

.A ~ .A .A-~ "-. "'-. ~ 



7t6,254 

n membrane whi ch is :tdaptecl to \·ih.mte unrl~>.r · ct·C'nsc :mel decrca~r. its l'lcctrical rr~ t ;,; rance! 
the action of tlw ,·oicc and to reflect the p~ncil und(' r tlw action of the t,cn t t·a_,·s of li:,rht. 
of rnys. n.' tele,;copc adn pted fo r r:ltan,!.dng- the means for stq>pot·t.in:.r :d l sa icl part=-. a tel e­
pcncil of rctlectetl anrl \':tried ra.n: of li:,rht to ; phone, and a ci rcu it eon twr; tin:.r sa id ra.\ iu-
1\ beam of nearly- para! !cl rays which pass · phonr. \\' ith said tt' lephone. 
through the space'. a J'ccci,·i ng"- tllhc. a hoUom · In te~timony whereof l han~ s i l.!ll t'tl my 
closing t:tc one ctHl of said·'f('~"r;ch'iilg-tube, an · name to thi,; specification in tiw presence of 
object-glass closinu the other end of saitl re- · t,,.o :-:ubscribing witne:-;::;es. 
cci\·ing-tube an.tl adapted to ·bcnd a hcam of : HHC~O ~ :\E:\(iEl\. 
rays of light- towanl the center. a small camera .ltfn,;" ;_.t,-lltor , f ff,,. ,.xf,fl,. ut' H,,;"' "'r'l 
obscurn long-itudinal!.\· adju~; tnblc in said hot- . lf-,'1/,:fm Jf,;,., /11,,"'' · ,/, ,.,.,,,.:.,/. 
tom anJ ha\'ing a small circular hole in the \\'ir ne~:-:cs : 
focus of said , t, i!!ct-gla:-:s, a rad iophone in . 1-!t-::xHY IL\:-:l't-:H, 
said small earne r. ·'hscum ami adapted to in- . ·' \\-r i.LL\)1 ~IAY:Xtm. 
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TELEGRAPHY, 

·Specific~tion of Let~ers Patent. Patented Sept. 12, 1905. 

Applicatio!l Jiled May 91 190~. Serial No. 2071107. 

t"rr/1mn il nNifJ r·mH~r·rn: · l a tH·nliminar.v diagram. Fig. 2 shows dia­
it lmown that I, B~:LA G .\'rr, electrical en- gnunmaticall.r a sending and a rccei\·ing sta-

Hotel ~letropolc, BuJapest,Austria- .tion connected by line-wires for simple teleg­
ha\·e inYented lmproYements in raph~·. Figs. 3 and 4 show ways of ionizing 6o 
, of which the following is a speci- the gases in the gap at the recei\'ing-station. 

Fig. 5 sho,•:s four stations of a multiplex 
telegraphic system& are, ~o to s,ystem connected to a single line-wire. 

exclu,;irel~· based upon the magnetic Referring to the diagram Fig.l of the draw-
of tlie electric curn•nt. The ,·ariation ings. the electric potential difference at the 65 
cmrent strength ·-that is, the increase terminal of a current source T would begin 

from zero to a certain raluc or the to re-solve· the solid part of the ci1;cuit A into 
thereof from a certain value to zero its ions, and in the circuit of the current source 

wire coil-causes the _variation of the an electdc cunent would emnte if the gas at 
etism. By means of the magnetism the gap B were also rcsoh·ed into its ions by 70 

l dedces are actunt<:tl, and th<'rcl>.r 1 an.Y means. If, for example, the gas at B 
signals arc producecl at the di~tant sta-! were ~ubjected to the action of radi~m, the gas 

The requisite current strength, the woukl be rcsolyed into its ionsanJ electricity 
w. .. •nr1' 1' ' 110n•ling nfngnctism, and the actuation would begin to flow in the circuit. It would, 

the mechnuicnl ch~\·ices arc comparatinl.r for example, put a rela.r R in action and by 7 5 
to olJtai.n .. ~y_itll simple telegraph,r, hut it an.r recording appamtuscouhl be operated, 
mulliplt'X tclr.J.\1':\ph,Y mau.r complica- so that if the rauium we•·e m:ule to act dur­
arise, and in consequence thereof the ing a longer ot· shorter time, corresponding 

lt!liw>rm:•mr•n · maintenance of any cruadruplex to certain telegraphic symbols, the rec01·ding 
is diflic:ult, while for c::tl)lc t!·ansmi~- , instrumcnt.on the receive•· would record _the So 

such systems can only be used wttb great cotTcspondwg symbols. Instead of rudmm 
. culty. Accoruing to the :present inven- or r:lllio-acti\·e substance any other ionizing 

these tliflicnllics arc obYiatell b.r emplo.r- · means can be employed. or two or mor_e sueh 
place of the magnetic action of the cur- may !.11~ employed in combination. In pructi­

thc ionizing action th<'rcof. In onlcr to cal application se\·eral ionizing means are gen- 8 5 
<'I' Lhc mean,-; etuployec1 for this purpose crali.Y emplo~·ed, and one of these depemls 
igiblc, it is necessary to more particularly rcgnlarl,y upon the electromagnetic wave. 
be the phenomena based upon ioniza- Fig. 2 sho~'!:S an nrmngement for effecting 
Jf a substance is resohcd into its· ions tclegl':lllh,y b.r the usc o·f a gap iu whiclnhe 
itivc ions travel in one c1il·ection and gases arc ma<lc conducting by electromng- 9o 

n~ ions in another direction, it is sahl netic waves result-ing from waves transmitted 
suus!.ancccoiHlucts cl<'ctricity. ·\Yith through a wire from. a ~enJing-station. Sis 

llO<lies the llll\\'QIIH'llt of . the ion') 'can- I an.Y .suitable source of alternating 01' oscil-
be shown. ·With Jiquid l.Joclies this· is · lating cut· rents. C is a ke.v, and X. the pri-

. . : butJvith gases the ionrm)\·cment.s cau mary of an inJuction-coil in circuit with the 95 
followed, as il~ the case of ion-rays, cathode- sourceS through the lwy: The terminals of 

anode- rays, &c. The i·esolution of a the sccondar.)· winding Y are connected to 
into its ions can be brought. ·about by sparking points E. F Fare condensers, con-

. of causes, such as electric potential nected on the one hand to the points E and 
""u""'''•·•·ncc~, light- waves, . electromagnetic on the other hand to the terminals of a coil G. too 

ion- rays, · cathode- rays, anode- rass, · H is a · coil in the line-wire K, arranged to 
tgen-ra;ys, N-ra;r~, radium-light, ultra- ba\·e waxesinducedin it by~·a\·es in G. At 

light, chemical action, caloric action. the receiving-station there are correspond-
There· is, so t9 speak, hardly any phe- . ing coils G H and condensers :F F, the latter 

enon under the influence of ,~·hich a sub, . in this case being connected to the terminals 105 

....... ~ ..... , wonld not commence to be resolved , of a gnp B. A local circuit, including a battery 
its ions. In the following I will con-~ P and a relay or indicating apparatus R, is 
the case in which any solid substance also connected tO the ' terminals of the gap. 

a gas are so grouped that the solid sub- ·1 'Yhen the key U is depressed, .an alternating 
..,.,., ..... ,,"" is readily rcsoh·ed into its ions, but currcn t passes thr01tgh ·coil X, exerting- a II? 

gas with difficult,\·. · . . . · . J high inductive action on the coil Y, and spar_ks 
lu the accompanying drawing-s; :Figure'! i~ I arc p1·ou uccd at E. Hence o~cillations of cur- .. _ . . :" .- ~ ·. . 

.--r_, 



. . . . 
rent o{ high frequEmcy take pla~e in G', ~us- and it can tberef~re har.uly be used for this 
ing waves in H, which pass in l;loth direction~ ,pose. The simpler the ion-rays or 
tilong·the line K. .-< The coil-H a.t the receiv- are the more reliably cun tl)eir action 
i~g-statioti'is mad_e to resonate _yrith ~hese lated. Most kinds of radium~ light are 

5 ,~,·es, causing W!1Ve8 in the circuit G- F n F lights, (ion-rays, Rontgen rays, &c.,)and 
at : the receiving-~t.a~ion1 whence ·:oscillations sequently the adjustment for these is difficu 
aro·· produced at. the gap B, and the gases at ·The stronger the secondary ionizing means 
the gap may thus be ·ionized, allowing· a. cur- the greater can be the volume of gas emp 
.rent ~o pass from battery P tqrough signal- The distance apart of the terminals of the 

to ing-t•elay R. · . · · · . · · . d ucting part oft he circuit can be made greater 
It 'is not difficult to show :by the following and the disturbing effect of the caloric actio~ 

· calculations that for obtaining the coherer ac- .can be reduced. With a greater distance the 
tion (if· only electromagnetic ·waves be em- number of gas molecules will be greater, and 
ployedas the ionizing means) very high speeds mor~ energy will be rE-quired for ionizing 

15 of vibr!!otion are required. According to them. This can be remedi~d b.v reducing the 
Drude, .the number of gas mplecules in one number of gas molecules contained · in the· 
cubic centimeter at O" centigrade temperature volume-i. e;-, bY. attenuating or partially ex:.: 
and seven hundred and sixty millimeters baro- hau,:;ting the·~· If, for example, by the at- . · 
metric pressure amounts to 2.4X'101

' . .A cal- tenuation of _the gas or by increasing the ac-
20 culation may be made with reference to the . tion of the ionizing means the effect is ob­

" Ka.roly" coherers, which have hitherto been tained that for · producing the conduction of 
considered the most sensitive: -· ·Tli~e co- 'the current, for instance, only 10' ions need 
herers consist o£ two steel needles, whiqh are to be produced instead of 2 X 101 ions, then for 
crossed~ .tl!e distance between them at the producing this number electromagnetic wave.s 

·25 point of crossing being very small, usually of _10' vibrations can be used with certainty. 
from ··o:'l to 0.0001 of · a:· millimeter. ·(See The corresponding wave length will ' be about 
){atAemat-icalandPhyBicalPapers,l903,pa.ge 3X 10' centimeters, a length within wi . . ch on 
127, of tbe Mathematical and Physical Society the one hand the electric factors of· the con­
of Budapest.) The volume of the gas between ductor are tolerably constant anu OI) the other . 

30 the two contact.-. of such a coherer may be hand such vibrations can be produceu more 95 . 
taken to be 0.001 x 0. 001 X 0.001 em.= 10-• easily and with a less tension. In the appa.ra­
cm. :.A-ssuming there are 2·,4X 1010 molecules tUS USed at the receiving-station there DtUSt 

.and that each molecule consists of one thousand therefore be used an additional ionizing means 
po_si tiye and one thousand-negative-electrons, which is always acting on the gases in the 

35 there.ha\"e to be taken into account 2.4X 10" gap B, -but which, with the _potential due to Ioo ; 
··electrons. In order to establish an electric the battery for actuating the relay, is not suf- ) 
d1rren~ according t{) Drude. at least 1.2X 10s ficient to produce ionization of .the gases at .;j 
molecules must be resolved into their ions~ ·and the gap unless aided b.v elect_r_Qm{lgl)e_tic waves . _---:; 
consequently 2X 101 electrons must be pro- received from the line. 

4o duced, for which purpose a wa\·e with at least : Fig. 3 shows how violet and ultraviolet light 105 · 
1 u• _vibrations will be necessary even if it be ' may be applied to the gases at the gap B for 
··assumed that each wa\'e separates at least one I th. e purpose of assisting in the ionization. The 
·negative and one posith·e electron, while it is ra.rs of violet and ultra\·iol(! t light from a 
possible that a number of :waves may pass source at 1-such. for example, as a mercur.r-

~5 through th~ gas without separating clPct'rons. I vapor lamp, an arc - lamp, or a magnesium- Ito 
The length of the wave with the number of 'I burner-are condensed 0n the gap B by a 
vibrations 10" with· a. wa"·e speetl of 3 X 1010 quartz lens .r anc..l so act on the gastos that the 
centimeters is3X 10tcentimetcrs:--It is there- waves produced in the circuit G F B F b.v the 
foretolcrabl.vsmall. Thepropagationofsuch waves comin~ from the line will be able to 

so a wa\·e could only be effected with certainty if complete the ionization. II5 
with suc'l lengths the electric factors of the Fig. 4 shows how cathode- rays. R<;ntgen 
conJuctors (such as resistance, dispersion, rays, or the li ke from a source at L can he 
leakage, self-inuuction, and capacity) could caused to act on the gap tht·ough an aluminium 
ht: assumcJ to he sta.blt>, which is of course plate 0 . A metall ic casin:.r Q may be used to 

55 not fHJssihle. It is therefore necessary with I prc\·ent any elr.ctroma~nr.tic wa\·c•s from the 120 

the existing syst.<-111 of con•Juctors to adopt ! sourr.e L from acti n,!! on the ~~sc~s in tltc ;.!ap 
lun:.;cr waYes. For this tJurpose it is.neces-·i B. · If r~ulinrn Ol' a mdio-ac·tiYc,snhsta ncc is to · 
S :ll".\' to employ other ioni;dnv rll<'anS than that ~ he USl~t] :-iS t.hc adtl i ti onal ic>ll izill)! llll':lllS, it is 
of the t:lectmmagnctic wa\'C alone. Electrical · simply nr.ccs<:ar_y to l ~t·ing that ,..•rh;;taucl: into 

6o potential diffcr·cnce mu~;_ti.ljc employed on ac- l the nei~hl.orfw,~l of tltr. gap B. Eledric po- • zs 
count of tht> inclusion of the r·cla.r in the re- ' tential clitfert:ntt• c·an also bn ll~l' cl a:-; tlw at!di­
c<!i'l'ing-c:ircuit. ·. Of the 0thcr ionizin~ mcan:d tionnl ionizing- lll!'ans, as is illuqmtt:d ;lt e;u·h 
the iun-ru_ys um.l the ligllt-nl.}'S have prov.ed t<,~; ~ station in Fi~. ;;, ( l•:xplaiut~t! lll' low.) . Tlu~ 
bP the best. \\'ith cal uric ~tion the t'P.tltu;tiqn ; put .. ntial dilTt:tTII<:c naa.r be proohte!'.! lu!t\\'(•1'11 

~' 6 5 of"""'" molecules to their 'ion' ;, ,_,, r mpid, ' pint<~ h>thc ""' p J,,- .bnttco·ies l:, the out co· '"'"1 ~ 
A~ ..A A-~~~~ 
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. minals of which arc connected to conuen~e-rs. shown that there ~tre two main vihl'ations, 
·' · Tlw battet·i<.'s U C have no circuit except one pri,ncipall.vJlept>mlent upon tht• con1lnct­

,. _):. throul{h theit· insulation resistance, so t.hnt ing length of the coil and the other \lpon the 
: .'~- - no appreciable current can flo,v from them wave length of the system comprising the 

·:..: 5 across th<' gap. The batteries, in fact, act circuits (land II, for example) with the con- 70 
·(~- somewhat like charged condensers. The scien~ ll<'cting-wire K. lt depend~ main Is upon 

..;· tilic reason fm· the ionir.ing action of the hat- finit:ncial consiuerations to which of these the 
tcrics so connected cannot be given; but it i-; apparat-us i:;: to be aujusted. "\\-ith short Jis-
n fact that the desit·eu action j:; obtained, as 1 tanccs t-he. wa\·e len;!t;l of the syst.~:n .:an be 
has been experimentally proveJ. t-he main nlluc, while with greater cli!;tances 75 

If the gnses at the gap are to be attenuated, the wa\·e length clue to the length of the coo-
~ the;\· mn.Y be inclosed in tubes, as at .Min Fig. ducting length of the coil may predominate. 
;f fi. nHU \'ihl'tt.tors of nn.Y known type (indicatcU : 'Tht'\ <>xistence of tJ,e circuits I II and l \ 7

· \Yill, r di:tgrammaticall.r at~) may be used for cnus- I it i:, lrue, hnnl a distmbing etfect· U[lilll the 
·~· 15 in~ t!ie terrllinals of the gap to dbrut.e. The 1 calculations for circuits land 11; bt1t the nee- So 
~!:· a.'e uf d bra tors is particularly uesirable when 1 l!ssar:.- conections can alw:\y:;; be made in ad-
" on·~ of the ionizing means is electrical poten- vance, a:> will be well unJ•·r!;t<lO<l, b_y IIIL'Rn,, 

f! tial difference acting between metall ic tem1i- of expeririH!llts canieJ C)llf.. wi~L sHimbl.v-tii-
~ nuls, because in such case after tht' cessation mini!-:1\t:d-eh•ctrical t:wtor~: . (rt•sio;l:'.ltcc, l1•ak· 
;, 20 of the waves the ga..-. might still remain crm- age, ::;elf-inunction, capadty.) 85 
1: Jucting. Fut'ther, in<:onsequenccoftheelcc- Capacities [) may !Jr. com!cdl'<l with the 

tdc cutTent passing through the gas at the : line:> for ~stat.lishing- the equilibri Lt:a '.\'!tich 
gap ions of the adjacent conJuctors will prob- ; would l:n ,Ji:,turl>ed l.>_y <!on oecting- tk v:a.re-

11 '- .... t • I I . I 1 d . . I 1 ,. " ·J . a J y vecorne tr.t:<eu W!t 1 t 1e gas 1ons, so t tat I pre ucmg apparatu<; w:t! t,w ur.•: ':. • t.:tr 
25 a iter the ionization has IJt\en stat·tcu a less de- value;; ca:t be ··akul:ttL'U fr,_,m f!H"~n· : l.e ·.·. hich ;:o 

g rct> of energy will be rettuireri for its main- , al'e known to ph;,-sici.s~ ami 1\ t' " giv,•::, fo:· ia­
tenanct~. Hence th~ dbruting of the contn.cts 1 stance~. b 1 ~ to.! _J ,11,:!,-,. d .... I~:, !;_..-;, ., \Yo!. ! J 
b ~csi_:_a_~!~_i~-~_bis ca::;e i-rt qrucr, for_ instance, !' Series 4, 1 !1~~::~.) in the :~l'ticlu ab~~·.e ref~rn•d 
to mcreu.se tl1c gap from 0.001 centtmeter to . to, !pag•• l};i. l"t .•r-~J.) The <mpal,U t~-~ D may 

· 30 0.01 centimeter. whereby the current-cit·cuit ~- hP in conne~tion wid: the: earth, c:- if~'' J !inc- -.'5 
woult..l be interrupted and the action of the wires n:-e available one can!,~ ust~d, !\.."' V, or, 
conducting- ions would he stopped. "With i agai:J, in the ease nf C>tblc.s the !'.heath in~ '>f 
carbot: terminal elc:ctrodt!:-; sucb vibrating ! the- cable may snpr·IY the P:t.pacit.r, as ·.\' il! be 
should not be nece.-:sar.r: but it should always l well understo ... ~t!. 

35 be employed when metallic electrtxles are I As with u\·erlawl ;:;i!J~Ic lines the cli~.per- 1 ~·> 
used. - .

1 

siom; or leaka~~e v.u·_y cun~iJerabl~- , the ~:vs· 
B.r the arrangements above _mentio:ied shu- tem cannot be well ~lpplit:!d to greater cli,;­

pJ,~ telegraphy can be l'iiecteu. For mu!li- 'I tanr.:cs than wich exist:ng linr;,;. I t is. ho\\·­
pll'x telegraphy it is necessary to use \'1\rious e\·er, ,-er.r advantll~eou.-; fot· L~ablcs where the 

·.P fre<iUenciesof electromagnetic w:wes for com- . di;;persic·n is small arHI con,.;tant'. . I t l-. t rue res 
municating between the respective stations. that large dimensions ar<.' n~ces;;ariancl th;\t, 
:Fig. 5 shows fout· complt!tesrationsi, li, III, for instance, a coil fur a cable of ·one thou-·­
and IV connected to a single line K. If sta- sand kilometers will occupy a con-.id<.'ra~•le 
tion I transmits electrom~netic waves of n I space; but if it be consiJered that the war e 

.. 45 frequenC.\' of 10' and i( the coil H of station length :does n<if ue"pcnd vet·.r much upc-:i; the I p 
Ill resono.tes to these wave,;, then signalscati -i dlaml.'ter of the wire and that. Ctlnsetjt:ently 

~ bu transmitted fro·m I to Ill and from Ill to I wires of 0.2 ntillimeters can be u,;ed it will be 
l. The coils of the sets II .and IV mny be seen that the cost of -the coil ,; "' ill be ver.v 
set to resonate to a ditrer:ent frequency or ~;malt notwithstanding the large dimcn::ions. 

so waw, (for in_stance 10",) ancl the wnves from The gases at the gaps B cnn be t•eplac:ecl b.v 11 5 
st<\tions I and Ill will then not affect them. nou-conducting but ionizable iiltuid or soliJ 
In this way a lat·gc number of stutiuns may bodies. In such cases, howcyer, the adju~t-
br. <:onnected with one line over which they ·mentis very difficult, because th~ l~w;; relnt-
can all colllllHIIlicate without interft~reuce one inJ;r to the ioni:r.ation of such bmJi,~;; are not 

55 with anotlttW. It is true that in audition to nearly so well koowri 8,.<; those relating to l:ll.. 

t.he mai11 rihra"rionsalso hi~her vibrations will gases.- although there are alrendy some wave-
UP product•.! in the cl)ils; but as we are not 1 indicators known the ntljustment of which is 
bound to stidt narrim limits us in wireless • easily mo.tle cren when the muterial to be ion-

. telegraph,,· tl11~ numbtw of rilmltions can be I izatetl is fluid. These can be emplt,ycu. therE:~ 
6o chosen with mtwlt gt:uatcr tlill'•!renccs, and i fore, if desit·ed, as coheret·s in the .re<:eidng- 125 

cbnseltucntl~- the working will be more reli-~ circuits. 
able. - 'l'he si:t.t·s of Lltl' coils will vary accord- '\"hat 1 claim is- · · 
ing to the length of the conuuctors. ln an I · 1. In a tclcgmpnic system, appat·atus com­
artic·le conimencing Qll page ~:Ji of t.he An11.a- 1 prising a cohercr in which is·o. small ga.p with 

~ ' ; 65 len a,7 J-hu•i< (YuL 11, S':'t":""· 1903) it is: a fin id b.:twoen the t<o·min"b theo·cof, a d•-'I~ 

~~~-....,. ~ A A .A-~ ~ ~ ~ 



!1f:1!ffJi~~-~!~~7:r~t~;;::~f .:~~:~~;~~~~~~ 
'\.!f: cohil:Wncl.Udirijf}f~~oqic?.i!:_~I_~~!~<{~ifrr~nf . t.aiif(~r~ueneyl · an.~ .. a. ~ir~uit .; in~~~~ilig a. --~~ 
:~and·iC'rela)•(aoc{it!on·af1onJzmg mea.n.s· adapt- source of electric ClJI'rerit, a relay," a gap with :~~ 
· ... . "'ed to""c"oll.oit.antl{acf on' the' fluid" i"n" the gap & fluid between the terminals thereof, means -""2~~~ 
:· $ _ h~1t :-:w.ith. ~psnffi.ci_en\. iii0nsitY: tO' _PrOduce tending· to·, ionize th_e. fluid iri )hi-f'gap~tin( -:;.~ 
.· _. i!)ni.zatton;~~~-~(!_nn~_ wh~re~y ~lectt:tc ~·ayes ~"!leans whereb.v the waves recety~q from th~ ;~.~~ 
: · ... : c:~n_ b~ !ll~~ -~- ~c~ _o,!l. ~~~~)lutd ~~ . th~~~P .!or hne are ca~ed. to.act .on the. fhpd m the 'gap· .. :~~ 

.· · pr<Xlucmg lomznt.IOn. ·:' ·,:· ;;: ·. ·· ,-. :·· .. ~. for producmg 1omzatwn. · · _ · · . i:.~~ 
. ;: · ... · .,2,?Jri ~~~,~~rai>!tic· s~~t~~~ ~he combinati~m I~ testi~?ony t~at I .claim the fore~oing as · ~s··~ 

· to w1th a hne-w1re;· of' a · plnrahty of transm1t- my mvent1on I have stgned my name m pres- .~ 
·. · ting'iristruments ·connected to said. wire each ence of two subscribing witnesses. · :_;~ 

of. sa_id instru~icn_ts including me.ans for trans- nf:LA G ATI ... 
1n1ttlng e]ec~rtc "·aves of.approxtmat.ely a cer- .. ·.n 
ta.in frequency through the \vire, a plurality Witnesses: . i 

IS of receiving instruments. connecteu .to said - LouiS VA!'<DOR, . :~ 
wire each comprising 8. 'coil auaptctl to reso- ANDREW KELEMEN. . : . . 
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No:·916;280. .. 
T.o. all wh~m it ;My concern: : . 1 in this devic-e one winding cylindsr is metal-

Be it luiown that I, REGINALD A. FEssEs- 1f lie so a.s to .short-i:ircuit any ·number of tmns 
DE:S, a ·citizen of the .United States, and a of'..the wire desired. It will be under.stc-Q.l . 
resident of Washington, in the District of ! thn.t the outer ends of the coils on hoth c_ylin- 30 . 

. _ 6 Columbia,_ have inven.ted ·cert':in ~ew !1-nd 
1
• dex:; are dire~t~y co~cted t.o the ~eads, and 

useful .. Improven~t~: I? Electr.lc S~a~mg, whl!e on t~e ~ul~tmg cylmder ~h~ wh';Jie , 
of w]ll.c.h .the followmg·.ls a spec1ficatwn. · I length of Wire }S trav~rsed, the m.etllllic ('yllli-
. 'My _inYention rel~tes to the art o~ electric [ der direl?tly conne?t~ th~ initial pOint wi~h 

s1gnaling, and P.art1cularly to rece1vers for 1 the last turn of. Wlre wounq theroon. T:1e e.5 
io· wireless telegraphy, its primary object being .

1 
conductors 19, 20 ~nd '21 ' make adjustabl<-

. to pro,:ide a ~?re ;e!ia~le. and_ simsit~ve conta?t '\\it~. t.he p~tentiom.etet:, €tllU m:::.y 
mea.ns ror rece1vmg l'tl!Ctl'lc llllpuises, espe- j con;:a.m va.nalll~ res1Stances or muuctanc~ 
cially electro-magnetic ~a.-yes, and producmg 1 23, 24 as shown . . The terminals of tbe tube 
signals thereby. . . ;. . · · . 11J .. PJ.Il.Y be heated l;>y any suitable means· a.s 'i'C 

15 In the accompanying drawing Figure 1 is for example 14 is shown heated by coil32 ex-
a diagram in partial section showing appara.- I cited by battery 26 and ha\"ing in circuit the 
tus for c~rrymg out my invention, and Fig' va~iable r~sistanc~ or inductance :2.'), th~heat 
:<i shows m sect10n a modified form of the rc-~ b<m;lg pro1ected. by a refl.e~tor 3:.3. A sc.fe:en 
oeiveitube.. · ·. . 3i may e-nvelop the terminal 15 and a re- ;;:; 

~o V a~uum tubes heretofore used as receivers 
1
· fiector 38 aroun~ tP,e upper en:u of the tub~ i::; 

for w1reless teleg:raphy have not been found preferably us~d m order to d1rect the raditt­
sufficiently sei1s1tive and positive in their ac-l tion through a lens 29, whence it impinge. son 
tion, and ~specially f~r feeble impulses. I : selenium ~ell_or ~tllometer 3~ to tho=reb.~- op-

. h~ve experiDlenta.llv d1scovered that the tie- 1 erate the 11u.hcatmg me'hhlllllSm such as the iSH 
2·s fects. may be overcome as by using an im- bell31 having battery 27 in circuit. OtlJI.'r­

proved differential vacuum tube aontaining y,ise the signals CaUsed by radiation from tL· 
ge.ses, especially those of the helium type; upper e.nd of the.celll3 may be rea.d directly, 
lin~ also bx us~g di.fferentiall).- acting cir- or of com~e the bell may be· replaced by •~ 
cu1ts. Tl~e effic1e11C·Y is further ID1proved by galYanom~t~r. .: · . . .s5 

10 an essential arrangement of the parts one · In operatiOn the potent1al between elec- . 
form of which is hereinafter specified. . trades 14 and 15 is so arranged by ~ell..D.S of 

In Fig . . 1 the antenna 1.1 may be grounded the potentiometer .that· no current will pass 
as at 12, or not, and may be connected to the bet'\;een these terininals or only a sli(7ht and 
conductor 19 in ·othcr modifications. It is comparatively non-luminous OM, ·wiille th~ 90 

35 preferably tuned by an)\ of the meatl.j; well greater current passPs between 16 and 14. · 
lmo\\-'11 in this art and may be used either The ' potentials here are so adjusted that . '· 
v.ith,a secondary re<;eiving circuit or witl).out when electro-magnetic ,.-aves strike the an-
it as here shown. · Connt>cted with the an- tenna 11, the steady balance of current is 
tenna is· a: so-c-alled vacuum tube 13, which disturbed in the differential vaeuum tt!he 95 

~o mny be of any desired shape, and may con- . 13, and the luminous column is caused · to 
tain any suitable gas such as h•drogen, ni- ~ pass, either intermittently or -steadily be­
trogen, helium, argon, neon, e"tc., the on~s tween terminals 14 and 15, which will afl'ect 

·named of the helium group having been a sign-al as abo....-e described. . · 
found especially adnutageous. .The tube is : In .the construction of parts I prefer to 100 

~5 provided -with'terminah 14, 15, 16, of which make the terminals 15 and 16 of such mate­
mtermediate tenninal 14 is preferably made rial as iridium or aluminum and they may 
extremely small and compost>d of iridium. . be covered with an o:rid. of calcium .or its 
I provide a source of voltage 17, which may, equivalents barium or stropthuu. 
be eitht>r a. continuous current source, or an 'I In Fig. 2 I have shown a. different forrrl' of 10e 

60 alternating current source, and is here pref- the tubt>, made in a Y shape, aud the termi­
erably shown a.s a high frequPnc,- alternator, I nals may consist of mercurv with central 
ha\"ing preferably a frequency approxi- metallic projection as 3.j or ;36. In this case 
ma.tely the same as the frequency of irn- the mer<"utT maY contain a small percentage 
pulses ~o be rccei\"ed. It is connected ~th a. ! of ~etallic ~ cal~ium o: its equivalents or po- llu 

~s · potent10mt>t.~r 18 and may hn>e a vanabl<'. ,. tassmm or sodmm with advantage. 
Uld.uctance ·or resistance 22 nlso in circuit. · The abovP dv!'c~·ihjd apparatus has been 
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ft>Uild ti1 ~t·t'us_a,...v:·.n: rc·liablc'and ,lt:a,[\· n:-' tlw path of ~~ischargt~ iuthe tubc-, utllllllt>tlns 
<·(·~n'r, it being a gi·c:;t udnmtngt·, all1uu~!. t•1 ob,.;cnu suc·h ;;hiftillg of tlisdunge. 4c1 
•Jthcr things, to huw the c..Ji,ehurgi.• cliwrt:·~l ' G. Th~ <·umbillatiun with il (·urr~nt source 

· h• un entirely new tennir1:1l and· Jirtt·tly . allll dis,•lt:u·gc· tube haYing 11 crntral terminal 
0 t·umw n.signnl b_y it:> intidr-nt:tl pffc-tb mtl~t·r and t\\'o l··gs ra;·h pr,oYiJcJ with a terminal, 

than bY r:hnngo; in th~ nll"n .. nt b;:iHg dis- : <1f ml·:Uis at·tuatt-J l.Jy elet tro-mugnetic.; wuves 
ch:ll'g.e<l pa:;siltl! through u dt•tC'c·ting in;;tnt- · tu shift -ti.P <1isdlurge from t•lW leg to the ~~. 
ment. · • CJthcr. and iudicating uw:ms upt•r:ttt•d h\· 

lfavi!lg tints dPscriiH·J my inn utioll and ,.;aid siJiit ing ()f <Ill' clisdwrgt•. . .- • 
10 illustJ:u~(.'cl its use, what 1 daint as tww nud 7 . . \ n•(·pinJ· fur ~·l~ctrit· :.:igu:.diu:; t·um-

•lesir" to sc·c·ur!' . h3· Lc·i:tc·rs l'att·ut , i,; the Jtd,:in;r alt ('kt t;·ic clisdwrge tuiJ\', llll'alls t\l 
fo[k,dng: , -' nuuul oi· l>i;lauu· olf the eJl'ettive disl'hargt· in 50 

:. _\.. n·cc•iY<'l' for-~·lt··· tm-• l • itgt.li·ti t· wa\'1 s a p:;th tht•h•in. :md. means opc•ratl'd hy tht> 
,.,11i1prisiug an c•xhau:'tc'cl rub·· •·••llininillg gas r:·t·Pi\·· ·d impul~1·s to tlist ui'IJ thC' Lalallct' and 

1.-; of th~?._lwlium grou_p. . ~ n•s<ot·t· s:titl di . .-.-harge to proJnt·t• a signal. 
·L A n·<'l·iY:·r· for d. n n.·H!;t~nvi ic· ·wav;•,.,· S . . \ r;·ll·i n r for 1'11'\'.ll'k ,:ignuls CO!l!}Ji'is-

!'Oili}JI'isin•· a cli~c-luu:ge . tub\~ \Yitlt sc•nral 'ing a disc·harg<• llllJC' with !'e\'f.'r<:~l nltC'rilative 55 
patl:is of t'iisdwrg<' :H:ting clilft•r!·ntially and · pn.ths of distburg:.>. 21ncl lllt>ans·. co~nprisinU' 

' ·· mean;; for ·-shifting the path ~>f d.i,;c;hui-gc.> : a · rcr:ci~·ing 5·irC'uit _operatively l'Ollltec~ec! t~ 
?0., thPrf'll1 b~· t!w wu. \ ' l'S n •ct·l:·rd._ · _- · ... _ · . . 1 a termmiil of the ~lischarge tube: .fur shift1pg 

·. :3. ;\. l'tCE 1\'t•r for eb t,nc :;;gnahng c·o~n- : the path of tht• JJsc:harge therem on rt'<'<'lpt 
prising a tlilftn•ntially acting dist:hargt• tube_: of the traru;mittt•cl _impul:;es. · c;o 
'dth several t!.'rminals, :tncl t·onncctt>d tliffer- I . 9. ' ~\.. receiYet• fo.r drctric. impulses compris­
t!nt~al · gc:wrning cirt:uit:;· a~luptC'!l ~o ha\·e ; ing a Jis\.'h?-r~e tube with. sC'Y<'l'll~ altt•1:u?-tin• 

25 thc1r balance c:hungC'd to. slnft_ tJte dJscharge ! patl~s .of dt;scn~r)!~ nnd _inC'ans. comp~smg a 
path by the pu.»sagr of stgnal1mpulscs. · · · 1 recclYlliP Clrcutt OJ><'ru.tJYt•ly C'onnC'cted to a 
· 4 .. \ rrcein•t' for win~Jcss tC'l~graph_y com- 1 tm·.mina.l of th<> t).Jsdmr~e tube for altering l;ii 

p1-ising a. di:;('hargc tuh<' with ~evc•ra~ .dis- 1 th<' normul p_ot~ntinls lH•twl'l'n the _t~rminals 
du1.r~c paths thert>through, means llJlP·rat.(~tl : anJ so ('ausm~. tlw puth of the J1schar~e 

30 b\7 electro-magneti<- W.U.\'t'S to shift the pa.th ! therein to be sniftetJ Oll l'CC-eipt of tl'lll1Si11lt-
Of Jisc11ar~c, nnd nwat_ls indC'J?endrnt of the ! tNUmpuls!>.s." . ·.. · . -
tube cu·cu1t for effcctmg a srgnal hy such : Srgned at Brant Rock m thC' tounty of ;u 
~hiftiug of the discharge path. . ! Plvmouth ancl State' of Massachusetts t.his 

:;. A rPCl•in·r for wirdt•ss t.elegntphy <'oJ;l- 6th ·dn.)< nf February, A. D_lYd7. 
35 J>rising ~disc·har9e tube and means forex<'it- - _-. · . REGJXALD A: FESSEXDE:\ . 

mg it, connectca differ<>ntial circ-uits ntlapt- \Yitnesses: - ·. 
eel to haw t.heir balance disturb('(l ' ,. the JESSIE E. BE:s-T, 
Jfa,;sugr of Pl!"r;t.ro-magnetic " :ayPs to· l'hift 0DELEI:s"E DoLEVI-:R. 
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UNITED STATE_~~_PA_TENT OFFICE. ·~,~ 
:RE~INALD A. FESSENDEN. OF WASHINGTON, DISTRICT OF COLUMBIA.. 

WIRELESS TELEGRAPHY. 

974,762. Specification of Letters Patent. Patented Nov. 1, 1910. 
Application Jiled Jan.uary 14, 1907. Serial No. 352,212. 

To all whom it '-n1.ay concern: I with metallic calcium or as the wick for a 
13e it known that I, R.~-:m::ow .\. :Fr:::iSE);"- wick eh:ctrode as at 7• in Fig. 1"·. Pure 

DEX, citiz<.!n of the UniteJ Stah:s, awl rcsi- iriJium may be used for oue elt-ctro<le with 
dent of \Val:ltillgton, i11 the Di:;rrid of Co-, aUVll!Jtage preferably in the form of a thin 

5 lurnbia, have inveJJted cert:1in new aull use- water coolcLl sheet. A calcium alloy may be 60 
ful Imprgvemenb jll 'Virde.;s Tdegruphy~ i usP.J fot· ille othet· cledrode. These alloys 

- of which the followillg j, a ~pe.::ificntion. ; arc abo efficient with other ga~es b<.'sides ni-
l\ly ir:.nmtit;n relates to melhu(.b of rc- ! trogen. The recein~r may also be used in a 

laying win~less telegraph llJc,.-:agl'~, aw1 [ .compressed gas. A wave chute may be ap-
10 more particularly to pn,jcctor, fur traw;- 1 plied to the edge of the proje-..:tor. G:S 

mitting. ';';.i.!·t'!~~::-o nW.-'Rng-:;; in O!!e rlin'<:tiur.. ! li i:; a ;;witch, 18 u. source of current as a 
In the accompanying drawings forming a lloe:d battery: l!J a r~corder and :?O a relay 

part of this specification Figure 1 shows 1 magn<.'t. On the receipt of waves by the re-
a pparatus for c:1rrying out my inYentiou. l c-eiwr V, the recorc1er operates: and the Felay 

15 Fig. 1 .. shows the con~:tmctiun of a pnrt. 1 11u~gnct 20 depres.';cs the key- 14: and causes 70 
Fig. 2 shows the metholl of arranging the l the message to be. ret:·:1~mitted by the send­
apparatus at different station~. I ing conductors I and 8. The projectors are 

The object of the pi·escnt innntion is to I mn.de of metal. and as they fa~:e in opposite 
permit of the relaying of wireless- messages directions and the rE>ceh·ing and trnnsmit-

20 and for the operation by wireless telegraphy 1 ting apparatus are indo:;ecl in a metal 75 
of a series of inte:-connecting stations such sheath, they do nor affect each other e::!cept 
as is used on railway lines. · through the relay mag:n\:' t. Fig. 2 ~how:: two 

In Fig. 1, 1 and 2 are projectors l?refl!r- station~ equipped in tbi:; manner. 
ably filled with a liquid of high speClilc. in- . 22, 2::i, 2G, 2!) slww :-:ending projectors and 

25 ductive capacity 15, 16 such as water. 3

1

1 23, 24, 2T, 28 ~how r eceiving J?rojectors. A se 
and 4 are hard rubber disks for retaining message l'CCeiYeJ on the rece1ver 2:3 i;; re-
the water. ~Ieans for controlling the ex- layed and transmitted by the sending pro­
pansion of the water, etc., are not shown I jector 2u. It is again rcceiYed by the re­
being obvious mechanical es:pedients. 5 and c~iYing projector 27 a!ld retransmitted by 

so 6 are hard rubber tubes, 5 con:·aining radi- the sending projector 29 and so on. 55 
ating ~nd'!lctors, including a discharge gap, · 'Yhnt I .claim is·: 
7 and 8, and. 6 containing a receiver-such ns 1. In '"ireless signaling the combination · 
thermo- electric couple 9. 10 and 11 are '· of a receiving apparatus and a transmitting · 
swiveling supports for enablin~ the projec- apparatus, means for shielding the receiving 

35 tors to l5e turned in any directwn. 12 lS a apparatus from the action of the sending ap- go 
transformer or"induction coil. 13 is a source paratus during the simultaneous operation 
of voltage, 14 is a. key. On depressing the of the sen din¥ and rect-i ving apparatns, said 
key 14 sparks pass between the radiating means compnsing a focu~ing deYice for re­
conductors at 7 and 8 and· electromagnetic ceiving the waves and a focusing device for 

40 waves issue from the projector. The pres- . emitting the waves, both focusing devices 95 
ence of the medium 15, lG causes a. very in- being filled with a medium haYing a higher 
tense emi5sion of waves and also causes long dielectric constant than air, so that the 
waves to be transmittell in a str<light line, as 'I wan'::; ~s emitted and received are of mueh 
the ·wave length increases on passii1g out of shorter wave length than when trawrsing 

45 the medium. the space between the stations. 100 
Any suitable means of generating the i 2. In wireless signaling, the combination 

electromagnetic waves may be used as I do I of a receiYing apparatus nnd sending appa­
not confine myself to the method here shown. 

1

ratus and a relay for re:transmi::sion from 
The insulating tube 5 mav be filled with a11y one to the other, of shield:;; protecting one 

50 desired gas and the comi)ositiou of the cli,o- 1 app:u·atus from the action of the other dur- 105 
char~e terminals suitably varieJ. Fc•r ex- ing si~1tatwous op~ration of tlw t ,vo, sa!d 
ample with nitrogen g-..ts I ha Ye found mag- protecting mean,; being · adapted to change 
nesmm or alloys of magnesium un<l altt- the Wa\'C length when .. in the· immediate 
minum suitable "for the terminals. Also neighborhood of the receiwr ar:d :;;ender. 

~5 a_lloys of aluminum or magnesium or zinc ,· !1. Tn • ·; irt'l~"!' si;,rnaling~ tht:> r·l'·mbin:ni ;.•u 110 

--- of a receiver a~d-a g~ner~tor of electrom~g- 1 Signecl at Brant Rock in the county oi-
netic waxes, and automatic means to re- Plymouth arrd State of :Massachusetts this 
tr~n5mit effects fr?m one to the o~her, and a 12th day of January .A. D. 1907. 

I 

' 

~ 
sh1eld for protectmg each of sa1d appara- REGI~ALD A. FESSEXDEX. 
tuses from the other, and means to shorten "Witnesses: . 
the wave length in the immediate vicinitv of JESSIE E. BExT, 
the receiver and generator. w ADE.LEINE WoLCorr. 
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&ZGUI'.A.LD .A., J'ZBBZJrDEJr, OS' BB001U.Ut:l, MASBACHUIZTTI. 

KZTBOD OJ' Alm APPA.BATUI FOB JLERODVCtl'll l'MPUI.BES. 

lpeel!tatloa of tetten 7ateat. l'ntcntcd llnr.30,1913. 
AppllcaUoa !led J'ebna&f11.111&. llrlaJ Nn.ll7,W. 

To all1rl"'u' it n"'!l CMH·rrn: 
De it. knoll'n thnt I, Rtot~ALD A. FE!I!IE~· 

DE~, u citi1.cn of thc United Stntc!;, nn•l n 
rt'Sident of Brookline. in the Cllllllh or Xor-

6 folk alld State of llnl\.<~nchnscU.s, • hn ,.c in­
,·ent.ed a ne~· nnd use!ul lmproYctuent in 
Methods of nnd Ap~nrntus for Reproduc­
ing Impulses, of whtch the folloll'ing is 11 
spedficntion. 

lh- innontion rclntcs to the reproduction, 
• with or ~·ithout nmplificntion and 

or without chnngo oC Corm, of im­
sucb for unmple. ns sound im· 

pulges, ch.•dricnl impul~· ct ~tern, and, 
16 although obriously of more general appli· 

cation. it mn \' be uscJ to reproduce nnd 
also to nmpliir by menns of light and hent 
pbonogrnphicnlh· re<'<U-dr<l 11onnds. 

My method, brundJy spanking, is bnsed 
20 upon the fnct, ns more fully t>llf>lnined by 

me in a pnpcr_ printed in the ;hi'I'Opla!Jiiettl 
J ourn(l.l for I..>f't.'t'ml~r. JIIIJH, thnt if tho 
cathode of ll ,·acuum tube bt! hcutt'd, n''lrl'· 
tive tJeetricity is cmiUP.d therefrom. I hn\'c 

26 found that if tho ~mpcrnture of MAid csath­
ode be \'arit"d, aimilnr \·ariotionll of consid· 
erabla amplitude witl bo Cr'fntcd in thC! el~· 
tricaJ eurrent flowing in n c:h-cuit., the tttr· 
minab of which arc conn~tC!d rwpc!Ctinh· 

ao to the anode and c:athodo of ftl'lid tube; antt 
I have found alto that whcm 1111ch temptra· 
wre variation• are n1udt! in At'C'IIr,l•auc:a with 
JmPUIIIIftl of light. ht'llt, t'l~tricit~·. cot c:tlC!ru, 

10u:nua ftprodul.'\'d b~· IUl coll~'tl'ttf'8J)C')h• 
In ~ritt wlih 11nlcl nncttle! 11nd 

QIWin,u•• mil)'• by auitably JU'Ctpnrtinnlnr the 
tubN and e•C!rlrOde«o IJC! maulu to \'nl',\' ii1 nr· 
eordanee with the oriffinaltumul,. initintinp: 
w~h hnpuJ• of liJh&, hrnt., etii'C'trldty ,.t 

40 cet.ra. 
The dnwlnp •htc:h •u•rompnn,· Aratl 

form a part. of thl• apcl~tiun lllutltl'ltlf 
•ftral formll or ap,NU'IlliiM and II'I'IUI~· 
rneata of clmut4 w ttr.by m~; lnl)lrm rcl 

•• !Didlocl11111 be r'NIIIOd In an·•~co; IJut nw 
laftlltfoa It br·••l"r than thn Jt~r1lt'ular 
lpptU'Itul lhowr., and JIUI,Y.•be fli'Utltlfd •·ith 
I nrii&J of dto.it._ tDCI a,.,.cru~ or rlr• 
ealt& 

It Ja tho dn•ln~Fiprt 1 Ia a ltdlonn1 
ritw of a \'ietl'lm tuhi with 1&1 a.aclat,.l 
cireultl lhowl'l in dlapun, ~ and 
ll'l'lDP.i la •«lGGtdaiMI wl&b oat embodl· 
..-& Of ., laa'..U.. Flc. I ll • limllar 

,!! tilw., a ... ,._.,. ,.. a,' ...S I'" 

uin,:!l'llllllt\1\Lic \'iews of other JnO<lificdioM 
ur llll' s.,·~tt·tn JJho~·n in Fig. 2. 

Jn the Jmt·ticulnl' dt·nwinJ!R t~cll'<'tcd to 
illusll·uh! t ttl pl'iuciple of Ill'' inn•ntil)n, ~3 
i!< n tuoo into wltit-h is scalctf n 14multer tube eo 
;jS, llntMaed nm1 puli:dtcd tu :t plnne surluce 
,,·t-it!< lnw('t' end uu it11 tmch•1· 11idc aml a'Ongh· 
grouncl (lh it11 upper aich•. A pi<'<'l' n( OJI· 
tknJ ~~~~~ ;-,, hnYinJt it!l uppc.•r ,;udnt'(' plane 
nnd poti~hl'U, i11 iruwrtl•cl ns show11 in tho 06 
tulle ;.s. nnd 11 ,;uitnblc fluid such nt; C:mada 
Lnl:~nm ill U:ie.•d tu till tlw spac.-c hctwc.~n the 
rou~h·~ort-uund nt· uuga·umhl uprwr 11nrfn.:e 
Of lhu liiUt~ :,~ lltnl thC' Ju\\'l'l' Slli'(IIL'C o( the 
gin"" }'ic.~ ;,!t. 'l'he tull\• 110 Cnra•tc.•cl is th~n TC 
C\'ucuntc.•d unci <'OII~titutc·~ n \'a l'llllll\ tuho 
Jut\ ing 11 tt·•w tlpticul winclnw, While.• it \rill 
00 llllch•t"Mlllocl thnt ] o)u IIIII. Jirnit 111\'H•J£ 
Mpct'illc.·aall~· In tit!" wn~· o( Jll'r>Ju, ·;t~A' n 
\'IICIIIIIII tuiM• ltll\'1111; n (l'llt• optical Will· 7& 
tlow, tlt'\'t•t•tltttlt"!C!C 1 lan \ r (umlll t.hilc ptc)o 
\'t!tltu·n t·uun•uic•nl (ut• to\'t'l't'nllliiiJ; th~ t)jOJ . 
culty tlt.tt hn~ ln·a't•tu(ut'C' c.•xi,.tcd m mnkin" 
1111ch dt!\ i\.'t!~<. I'Jntinmu win•" ~.1. :.:, nru 
lt'lll\•cl iutn tla~ tttho !111<1 \'•trl'\' '"'t"'t'C.'II tht'm1 10 
pi'\!C~·•·uuly on n tcbllt '"' ,;lac'nnt, :t C'f'ltltlnct· 
mg 111\'lll~r. tmch f,,,. r:\:unplt• 1111 n pit'\'C nf 
flllltilllllll foil :oi1 w!aidt IIIII'' J,.. rrm·hlcd 
With II thin C:Ot'ltiiiJ,; ;oti o( II "lilt II t':tlci11111 
or lma·ium, ua· utlo••a· l>lllt!olnllc~ ••·ldeh ltn" tho u 
f'I'UJM'I't~· u( 1\'tlllii.r Jri' iiiJ: clllt dt'C.'tl'fllll 
\\·hton hl•nt,'tl, 1'h~ l'lut itauau fuil cuu .. ti· 
lllll'!' t~nr t•lt~·ll't"l" nr lit•.• \11<'1111111 tllhl•, aml 
thu l'ii•Jr t::i, Whic•h :un~· UI!OCI ltU U( pJutit1111n1 
the! uti· •· 1'1n• t•lnti1111111 fnil :.i l~t•injl hl':•t· ~ 
t't( J.y l'lll'l't•lll ft'tllll II •llitnltlo• 11411ll't't' ut C'll• 
t•t·.:t.'' ,.II..Jt II• lilt' J.:allt•l ,\' U, II "11 1111J 1'111'1'\'lll 
llu\1• lhl·uuJIIa 1111' \oh'ltllllltlli-••ntullltrmllrh 
tlw ,.,,, .. 11 .11 •~l• 'ltil. "hidt itwltulo•, lh1• l•l..c 
llotl'''l'""·"iH· olo•dlt• Jt, lu•to-ill •lllt\\11 llol n t6 
h•lt•Joloutto lt'l'l'ilo•t•, llhol If.•• •u•tlo'\' tl( t•I\'C• 

trit>nl •·twrsry II', lu••,·u• "'"'" 11 n:. 11 bttl· 
tl'r\', 1111•1 \dtirh hu- it .. h••auiawl .. c'l,nll~hotl 
"iilt tlu• ,.,,.;., '""'' .. ••f llu• 'Ul'lllltn tut.•. 

Tier uttt•r.tl iuu j,. ,, .. (ulluw 10: \\'111'11 liuht. I• 100 
fc•'''"'cl IIJ•ctll tlu• j•lnliltlllll fuil :.~. th\' l'lll'• 
11·11& llu\\ lltiUIIJtla thll tt•l•• lltul l·llh•rual••ir. 
ruit in•·t,•u ...... Jln·uth· ~auol I• • nu ' ' ''""' tlo. 
P•·•·•liua IIJI••II lhr "'iautuat ur ,,,.. liJ,tltt. In· 
........... Ia ... tlu• I'III'U'Itl in the• \11\' llllftl tube aoa 
atul l', ... , .. ,,J t•lt··uit uri .... In an.,•rd1m~ 
•·ith ,. .. ,.,, \tlti"""" In llarht autln .. thtt incH· 
raliuu JtrcMita,~llt\· tlw ro ... vh•r 1' ua·l'"' ., •. 
ronllrtJI lu ''"' ,.,,jTt•llt lluwln1 lu·uu&tf• tho 
aa.ll', MltJ ,._,,h•r ¥1 ill n"JU'O&IIK'\• I ph«MaU• 110 

l 
l 
l 
l 
l 
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~phlc record, and lf auftlclent llpt la uaed1 &tt~ ol Ut~ c:mrrl!nt t1mnurb the eathode1 b@ .. . 
will am.,lify the eamet if the light~ caWM!d c11use tlte1rtbyleA!f en~rgy1a n~quired td ~. 
to nry 1n accordance with said ree<~rd itt the dtt~ 11 .dtlffi ftuctttnttan in tetnpernture1 and 
manner shown in my application Serial No. the de~lce is more responah·e to rapid eur· 

5 635,362, filed June 26, 1911, or in any other t'l'nt vurlutlona. It will be understood of 10 
suitable manner. com11e thnt the impul~ reproducinff nnd am-

In Fig. 2,.11 represents a vacnum tube1 in plifyinf de,·ice herein described 1s capable 
which is locnted an anode 12 of condttcttnK of use m mnny other rellltions. where it is 
material, v;hich wh(llly or p11rtlY. surrounds desirable to nmplify feeble electrical im-

10 the cathode 13 and preferably is in the form pul8(!1!, such for cxnmple, as those produced 16 
of a tube of any convenient di11meter, but m telephone cil·cuits, or in the production 
preferably relatively small, such for exam· of al~t;nnting ~m·rents from di~-ect currents, 
pie, as one millimeter in diameter, although nnd tt ts espec1nlly'u~fu1 ns a tele.J>hone re-
tt may be as "lArge as one inch in dinmeter. lay or re~ater. in \vhich relntion tt will re-

16 The conductors 14, 17 nrc sealed into the quire ·none of the more or let~~~ complicated ac 
ncuum ·tube .and support the cathode 13, ch'Chitul nrrnngements to pre'"ent "back­
preferably by means of spl'in~ · portions 15, tnlking" ol' "howling.'' An example of the 
16, t.<fmamtnin the cathode in 1ts proper~- use of my invention ns a telephone repeater 
sitionunderverylight tension. The cathOde is shown in Fig. 5, \vhere 19' represents a 

20 is shown in the pt•esent instance as consist· telephone transmitter at one atation and 28' sa 
in¥, of a strip of l'ery fine wire or foil of an_y 11 telephone receiver at a distant station, the ~ 
SUltable cathode material, such for exam~le vacuum tube and its· associated circuits be-
u tun~, plntinum, molybdenum, or the ing located at n point intermediate of said 
like, and the anode may be of the so.me or stations. In this case, a battery 28 is serially 

26 di1ferent material. A suitable source of elec- connected with the transmitter 19' and the to 
trical energy, such as the battery 18, is em· ~rimary 21, and the cathode circuit includes 
ployed to bent the cathode to the desired the secondary 22 inductively connected with 
tBm.JM!rature and such temperature may be said primary, while the reeeiver 28' ia con­
vaned by varying the current in the circuit nected in aeries with the battery 29' and the 

so contain.inJ the cathode by any suitable cur- anode and cathode. t5 
rent-varymg device, such, for uample, as I claim: 
the telephone transmitter 20, which ia in· 1. The method of reproducing impulees 
ductively associated with the cathode circuit which consists in heating the cathode of a 
by means of the transformer 21, 252 and \"ncmtm tube, thereby establishing an elec-

16 which is eeriall1 connected with a suttable trical current in a circuit which includes the 100 
source of electr1cal energy such as the bat- electrodes of said tube and an electro~n­
tery 27; or by means of th~ telephone trams· lll\'e device, nrying the temperature of said 
mitter 19 in series with the cathode, as cathode bv means of the impulses·to be re­
shown in Fig. 4; or by means of a bolometer pt'Odu~; thereby creating ,·ariations in the 

40 or selenium cell 2fl as shown in Fig. 8. Dy t•urrent establi~hed in said circuit, and caus- 106 
speakin_g into either trnnsmitter, or by caus. ing 8nid cttrl't'nt vnriatir.:Jl' to nctuate said 
ing nd1ation such ns li~ht or heat to change elccti'o-rcspon~h·c dc\'i<:i!, thereby raproduc-
the resistance of the dence 20, current varia- in~reaid .impulses. 
tiona are produced in the circuit of the 2. In " de,·icc for reproducing impulaea, d 

46 cathode and the tcmpan~.ture of the latter is 11 vnchum tulH. n tubular nnode therein, a 11 
varied, and such vnrintions in temperature cathode locat.-d within snid anode, electrical 
will be in accordance with the variutiona of mean11 for henting anid cnthode, impulse­
the lmpulaes of sound~Jight, Br heat em- octunted meanA for ,·nryinfi the tem~rnture 
ployed to vary the resilt.anct of tho tele· of l'Oid cathode,_ a circmt includin~ aid 

10 phone transmittE-r, sclenium'cell, nr bolom- anodo nnd catho<Je. nnd 11 device in sn1d cir- 1U 
eter ~ively. · cuit I'C!ponsh-e to the chnnges of current re-

When the tem~nture of the cathode is aulting from .-ucb temperature vnrilltionR. 
varied.ln any of the waya Above described, 8. In a de,·i<:i! for reproducing impulBeS, 
« in lllf othor tuitable way, the current n ''ncuum tube, n tubulnr nnod<', 11 cathode 

II fto'ttinl in the circuit containing the electro- IO<'ntMl vt'ithin 11nicl unode, mcnna fc1r vaey· no 
lrelpoliiin de,·ico 28, source of elcctricsal in$t the tr.mpernttm~ of Rniu ('uthoun in ne· 
eDeraY, IUCh II thi •ttery 29, the anode 121 cordnnr.o with thl• imptlll!f'fl to be rert'Oduced, 
and the .cathode 18, will &e corrapondinglv a cil't•uit including .-nid Anode anl cathod~, 

. nritd and the electroresponaive device wiii and • device anu wurco uf electricnl cntrgy 
" ~uee IUeh Yariationa. It la de~lrable aMOCiRtfd with aaitl cireuit rH~n•in to 126 

that the cathode ·mould bsn amaU heat ca- the chAn~ of r.url'(!nt n"Mnltin~r from such 
p&e;i9 10 that lt will ~d to ~ueDci• &emP!rature varintiona. 
u bJp u tho. of tiM 61111Wl Yol~ llld lt 4. In 1 device fur reprodn<'ina impul..., 

~ 
II aliO ct.lrabJe to tm..PlOf 1 ~ba!U &Dade 1 ncuum tube, a tubular 11noda thPreln, a~ 

• to OGIIIIrN the biM CllftiOpiCI b7 &1M pu- oa&hode locat.d within Mid anode, Maict cath· uo 

~ (I~ 
~~~~-~~~~ 



ode having small heat Cllp!l.dty, ~lE!Ctri~lll 
means for heating said catliod~, 11 circuit in­
cluding said anode nnd cathode, iblpulsc­
actuated means for \·nryin~ the t~mpernturc 

s of said cathode nnd n dev1ce in said circuit 
responsh·e to th~ changes of current result· 
ing from such t.m1pcrnturc \'ariations. 

5. In a deYice for reproducing impulses, 
n vacuum tube, a tubular anode, a cathcxlo 

10 located within said anode, said cathode bUY· 
ing smnll .heat capacity, means f~r varying 
the tempcratur~ of sLud cathode m accord· 
nnce with the impulses to be J:eproduced, 11 
circuit including said anode and cathode 

1;, and a device re.sponsi ve to tho changes of 
current resulting from such temperature 
variations and a source of electrical energy 
associated with said circuit. 

• 
{1, ln ll tl~vtt<~ lot' fflt)rodu~ing impulses, & 

' ·ncutuu tube, 11 tubulnr nnode therein, a 20 
cathode locntetl within said anode, said 
cathode hu\·ing srnnll heat capacity. eleetri-
cul mcl\tlS ·for h(:uting ~uid cathode, 11 circuit 
inchuliug snid nnode nnd cathode, impulse· 
uctuated DJI!I\tl!l for \·utying the temperature 25 
of said en thode1.n dcttice in said circuit re· 
srJOnsive to the t~hnnges of current resulting 
from sttdt trmpcrnturc variations and a 
source o! electrical cnerro· in said circuit. 

In testimony whcrl!oi, 1 haYe hereunto so 
subscribed lilY .name this 7th day of Febru-
acy,Wl~ ~ · 

REGINALD A. FESSENDEN. 
Witnesses: 

. GEO. K. w OODWOil'l"H, 

E. B. ToltLINSON. 

l 
l 
l 
l 
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Tu aU tclLomitmay concern : sistance is negative so that the rise in tern- 55 
Be it known that I. \YtLLIA:\r \V. Co-1 perature whi<:h n~sults when it i::; exposed to 

nLE~T7.., a. citizen of the Vnited ~tates, re- heat ravs :dso tends to decrease the clectri­
siJing nt \Yashington! in the District or cal resistance. 

s Columbia.. have lllYent('(l certain ne\v and Fnl ike -;cJenimu. the photocleetric action 
useful ln1prowmcnts in, Hatliophones, of is qu ick in it-> n•sponsc. Furthermore, I 60 
which the following i:-s u S}Jecification. · ha ,.e fou nd that the thin lamina of this suL-

This application is made uncler the act ~t~tnee can be solclcr<>d clircct ly to copper 
of ~Iarch :3, 188:3, chapter 143, (U.S. Stat- "'Ires by means of onlina1·y solder \Vhich in-

10 utc XXII, page G:2;) )! and the invention snrcs good c:ontact. thus elirninatinrr the 
herein described and claimed may be usec.l noi~e in the telephone which results ofrom 65 
by the Gon•rnment of the United States, or the finC'tttations of the electric current 
any of its ollicers or employees in the prose- ca u~.cc~ by 1~oor cont •.ct·s bet"·een the photo- · 
cntion of \York for the United States, or by sen::tttYe mm<'ral a11Ll the metal electrodes. . 

15 anY person in the l 7nited State:; without the .\ further useful ph~·sical property which 
na~ment of any royalty thereon. I have found i::: thnt the photoelectric effect 70 
- The object of nn- invention is to provide produced is an nclditi\·e phenomenon! di-
n clcYice ''hereby -thermal radiant energy, rectly proportional to the area exposed. 
rspccially infra-r eel or so-called heat r~ys, For example, maintaining the same electric 

20 !!lay be utilized as a means of comnutmca· current through the r<>ceiYers, if the area of 
tion. t.he receiving surface be doubled, the photo- 75 

Another c.bject of my invention is to pro- cledric current prorluced is doubled when 
vide n means of >:; ~ing the strength of the recei\·er is expos('d to radiation. The 
the curr~nt iH u charged electrical con- ut ilization of this acldith·e propertv en-

25 ductor by exposing my devic~ to bent and abies ~me t.0 produce a lar!!e photoelectric 
light rays. cnrrcnt by bnilding up n large recei>.er as so 

-A furthur object of my· inYention is to set forth in the herein described invention . 
prm·icle an instnrment of this nature which, The foregoing physical p roperties arc 
although it is compact in form nncl rigic.l ll tiJi7.ecl in the de>ice of mv invention, pro-

·so in const:-udion. will be so sensitive to hent clncing the result that very small changes 
r:ws that it may be used to advantage in in electrical current may be distin,!rltished 85 · 
the most refined· physical experiments. ' by menns of a galvanometer. telephone ( : 

It is \\ell known that when selenium is other sni.tnble indicating device in the ci. 
exposed to light rays~ its electrical concluc- cnit. 

ss ti>ity is greatly increased ; and this prop- The photoelectric current may be ampli-

i 
I 

~ 
I 

L 
I 

jj_ 
ll 
~ 
~ 
~ 
~ 

ertv has been utilized in a great manv in- fied by me:m!' of nn anclion amplifier or by 90 
>entions. Such a substance is said to be other well known devices recentlv in>entecl . I 
photoe1ectr1callv sensitive. In the case of Other objects of this im·ention 'win be ap-
scleninm. its sensith-itv is confined practi- parent from the detailed description nm1 1 

~o call> to thC' visihlc ra•·s. :Moreo>er . its tern- from the clrawin!!~. in which- . 
per;tnre co-efficient of resistnnce is negati>e Fi~nre 1 repre~cnts dingrnmmntica 11y an .9 5 I 
~ that a r ise in temperature caused by nb- nrran!!<>ment inchrcl in!! mv de\·icc. nnrl snit-
!=orption of radiant energy has the sa~e n hle wen known auxiliary n.pparntns which 1 
£'ffect as that prodnced by lig-ht rays m mny be nsN1 in signaling. or for clC'tPcting 

45 l'hnn~ing the electrical rC'sistance. · the pns!=:t:;!'l' of n monhlr. ohjcd. hctwecn 1

1 
I have fonnd that the mineral. molyh- hm ~h·cn points. 1 00 I 

rlenite. which is a sulfid of molvbtlenum Fi_!!. 2 i: n. top plnn Yi('\\' of one form of 

j 
(}loS::) is >ery sensiti>e photoelectrically. th£' 1 Prei ,·in!! rle,·irc of rnY inn•nt.ion. 

1 
!',., that i t.c; resistance is greatly decreased on Fi!!~. ~ n'11rl 4 nrc !'rctionnl •icws tn kc•n 
e::'l:posure to radiant eneri!Y. E>Speci~lly when on thP l i11e~ :1-:1 nnrl 4-4 rP.sper.ti,·eh· of 

1 (':tposed to jnfra-red rays. In thu:; respect.. thC' "mhorlimPnt ill n!'trn h••l in Fi~. 2. · l Oi; 
~ it. r1iffers !!rrat1y fron: selenium. ~urther. Fig. ;"\ i!' n top plnn ,·jc,,· nf :1 mn•lifid ;::::r ' 
~ \lts temperature coeffic~ent of electmnl re- form of rcceivin~ ""·icc: and rr If/f. ~ 
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Fig. 6. i~ :1 ~t·«·tiona I new takt•n on the 
line G-(i of Fig. Zi. 

Similar reference <'haruders refer to simi­
lar parts in all thesp figtm•s. 

Hdt•tTing to Fig. 1. A represents a trans-
mitting station <'onsi.sting of n projector or 
reflector 2 containing any snitnhle source 1 
of rndin nt ent•rgy. r. tl ·· n conC'entra tec1 fila­
ment tnngst£'n lamp or n carbon nrc lamp 

10 supplil•d throuf.!h switches lil and ~ from 
:l ~mitable sonrce of ener!!v as a !'=onr<:-e of 
rlirt•ct enrrent 20, or () r :ilt<'rnating c-urrent 
:t The arc bmp may be eombinNl with 
~nit:1ltle indnctnn<.'l' :mrl eapad.ty to prcHltwe 

15 the !'=0-C'allec1 amlihll' or spt'akin;!' arc- (see. 
for example. the pnt:'nt to Hayes and Cr:1r.1 . 
Xo. 6!>-l.n:~o. clntecl .Tnlv ~1. J!lOO). or a 
manom<'tric : flame mav ·\,<' usec1. 'r f it is 
<ll'sirerl to <:'mplo:;· im:isiblt• infr:t-r<:'cl ra~·s 

20 for secrt't signaling or for rletc>r-ting thc> 
pns!';n~e of n. mo,·ah!(' ol!jc>d. nr:r0ss the p:-~th 
of an invisible heam of raYs. the i'ront of 
thP refl<'ctor 1 i~ <'m·erecl "i,v mc>ans of n 
sHitahl<' scrl:'en ;i which nhsorhs the vi~ihlc> 

25 raYs an'l transmits. the ind!'=ihl£' infra-re<l 
rays. r. fl .• :t d<'ep ruhy :;!la~s. or n ~~latin 
film r.·ontaininrr n !;ttitnhl<' dY<' or· :tsnh:lltmn 
varnish. ·· · · 

At the recei,·ing station. B. n suitable 
30 mirror 7 is usccl to conccntratt' the pro­

jertNl rarli:mt en<'r~y 11pon th<' rt•<·l'iving- rlc­
,.i<'e or detector ~ of nn- in{·ention. This 
clctector is conner:terl in circ·nit with :m nd­
jnst:dJl(' rc>sista net> .10. <'lcc·tt·ic hattt>ry !)~ 

35 :mel :t s·~~ ... ,,hl,. enrr<'nt imlic-ntm· 2:2. or n 
~mitahl!: relay 12. or nn amplifier 17. 
.\lthr'11 '!1t. ar.y ~mitahle amplifi<:'t" mny l>e 
11~r>.i. T ha>? hc:-r(' slw·.\·n om· ot' the titer·· 
n .,onic: typ<'. i.:n·ing its .input c-irc-uit cmt-

40 r,Jt•d to tlw. c·in .,:: nf ret('in•r ~ hy a t·on­
pling coil 1~ anrl its ont.pnt <·in·uit <·nnplecl 
to n pair of telephone recei ,-e~ l!l hy a !·on­
piing coil 16. The rcla.v 1~ ma.\· <·onb·ol . 
n loc:1l circuit. contninin;C" a recei,·ing de,·ice 

45 or an inrlicator 1~ '~hich is encr!!izcrl wht'n 
uo rutliant energy falls on cktedor ~- or 
may eontrol n .local circuit C'ontaining a clc­
Yicc H which is energizecl when nHlinnt 
ener,!!)' fall<; on rletect{)r· ~. or as shown. the 

50 relaY 12 mav ha,·t' two set~ of c·oatads :tnrl 
c:ontrol both devices l!l. nn<l 14. 

If the intensity of the sottrcc of t·acli;ttion. 
J, fiuc~tttates periorlically with :t. fretpt£'!1<".V 
't':itbin the ranae of :nrclibilit\·. fOJ" . ('~:nmph'. 

55 hy using. n "hlssin;" or ';speaking .. :n·<·. or 
hy usin~ an nlternntin~ <"nrrent. to supply 
the snurre I. the c·urrt>nt tltrondt tlw t·e· 
ceiYcr R will ,·arv as a result of the f11tc-tna­
tion in intensit\· of the inr.ident t·arliant 

60 energy. and a miisicnl note of the s:1me fre­
quency will be produced in the telephone 

-•• recl'it'ers 10. Such musical note mav alsr> 

I . ~ he produced. ~h<>n the s011rce 1 rln;s not 
~ ~ fltr~tunt<' in inter.sity. hy intcrposi.n:: ltt an~· 

' ~ 
~ \ ,,omt in tho path of the proicdcd hcam of 

radiant.. <'ll<'l'I.!Y a rot n tiug S\•don•<l disk 1 l . 
hut la•c·alfs!' stwh a clisk as cmlinal'ilv tts\'d 
will obstruct half of the ra vs. thw; ·rcdm:­
ing- the ~t'nsiti,·i.tv bv o:1e h;tl f. it is cll•sir- ! 

n~;lc to ntrv the ·intensitY at tlH· transmit- .70 
tine ~tation. in the m:llllll;t. fir~t clc-.:;1-riht•rl. . 

'l'he systf:'m t lnts far clc>serihP\1 ma v he 
used for the transmission of signa Is In· ··r·~,rlc 
hy emitting- Jon~ anrl short pnls('s of r~l<li:mt 
enerrrv. each of whiC"h will artn:\tc tlw cit-- 75 
vi1·e ' i4. or thC' rccei,·cr lfl. as desired. The 
cmis~ion at the transmitting ~tation A h1 :1v 
lw controll<•<i In· the switch' or krv 'k or t h.i:> 
!'nm·c·e t mav ,::Hliate c:ontinnon~h· :t!l•l the 
t•ff<'r·tin~ cmts~i on J,c c-ontrolbl ·In- int.~1·- 80 
posin~ an oparptt' ohjc>ct. n~ (i. in tltt• path 
of the emitt<:'cl ravs. This lnttc>r m ethocl of 
control immedint~ly sn~g!!sts the ur-c of the 
sy::;tl'm to cletcr·t the pass!lgt• of n n . n! ,j(~r·t 
ht't\Ye£'n the ~atinns A ancl P, twros'-' tlH; li11c>' 8£> 
joining tlwm. If ra rl iant. enPT'~.\· is p:t ~si·n~~ 
i'rom .\ to B :mrl an .opaqne otJjPrt !i. ·as :1 

r-hip. th£> pf'riseopc of :1 snhmnri.nt• r>r n ny 
othPr ohje<'t. ~Onll'S into the pnth of tlH' prn­
jedt>rl rnys. they are eut off nnrl thf' inrli- !liJ 
cntor 1:3 ,,iJl hP. actuated. as i;; ohvinns. or 
if th<' ht'nm of ra rlia nt ene:·rry is AnC'tltatin ~ 
periodically~ tht' inclicntnr ·~=~ wi.ll hc :1d:1-
aterl. or the mu~icnl note in thf' rPrt'i'\<'1' J!> 
will · cease so long ns the opnqne ohjed rc- ~5 
maim; in the path of the projt•c:t:•d rav~ . 
.:\s im·isiblc infrn-red ravs mnv J,e ns;,d, 
this commtm i<'ati.on. oz· <letec-t.iorl. ma'" he· 
!':trriecl on in seC'ret. · 

Rcf<.>rring to Figs. 2, 3 and 4 which show 101 
in clnta il the constrri.ction of one form of the 
n•ceh·ing cledcc or r1cter::tor'8 of Fig. 1, 21 is 
a support of any suitable insulating mate­
rial; 2:2 arc metal posts securerl in tl1is ma­
terial.: suitable condncting leads or wires~ ltJ ; 

r•. !f., eopper. 2:>, arc solderC'c1 to these po~s 
22; the thin Iaminro (say 0.15 mm. in thick­
nt>ss) of molyhrlcnite 23 are soldered directly 
to the wires 25 : and the lend wirt's 26 ancl 21 
c:omplete the drcuit. It is, of course,. to be 11 1 
unrl£'rstoo<l t~nt .in. buHding np n rcce.iving 
surface from mchnclnallaminre of molybrlc~ . 
nit~:"~ the number of pie~es in a row and the ... 
number of rows (units) ~ill be dcterminecl ·• 
hv the ~:izc of the material aYailnhle and the ;1·1". 
~iirfa<'e rcquirt>d to obtain the !"ensiti·dtv · · 
nt'sirNL ~ 

Fnrtllcrmore. the mn n 11<'1" of <'OllllCC'ting 
tlt!•sc unit~. whcth('l' in scri<'s 'or in parallel. 
will he det('rmined hv the natttrt! of the :tp~ I~. 
plication of tlw clcdee in prac·tic·c. in con­
llr.c:tion .'vith the anx~linr}· rccch·ing nppa­
ratns to be employer! m n f!iven cnse. 

.\Jtho~tgh I hn>c mcntion<'n thnt ·thin 
laminm 2:~ of molvbrlcnite nre used. this is 1:!. 
not n('ees..c;nry, as tliick pi<'ces of material can b 
:tl so be used. 
Fig~. 2 nnrl 4 arc side and enn ,-ic'v sec- ~ 

t!tJn~ or thc> flt>dc-e shown in Fi~. 2. showin"' ,........-
"'"itnhlc mirror 24 for rcficcttitg bnck ;; 1~ 
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of lite mv:; whi<'h may he transmittccl by 
t lit• moh·l)denitc. 

Fi~. ~is :t top ,.it~W of a moJificd form of 
the rccci,·ing deYiec 8 of Fi~. 1, in which the 

5 top insulating support 28 1s perforated by 
an opcnin:,! 33 of sufficient size to expose the 
:-en~iti n• rccei ,·ing surface 31, composed of a 
plurality of laminre of molybdenite, to the 
in('ident rndiations. 

10 Fig. 6, which is a sectional view of Fig. 5, 
sho,Ys the complete embodiment of my in­
,·ention. assembled as it would be used to 
best ach·antaf!e in actual practice so as to 
utilize to the maximum efficiency all the 

15 r:1•liation falling upon the receiver. In this 
form~ the construction of the parts 21, 22, 
~=~. 2-k 2:::>. 2() and 27 is identical with that 
o(thc ·pm·ts desi?natccl by the same numerals 
in Fi!!~. 2. :3 and 4. In the form shown in 

20 Fi~s. ~5 antl G, a se'cond sensitive surface 31, 
of hlmin::B d molybdenite, is placed in front 
of the ~ensitiYe surface 23. The laminre 31 
an• ~ol<krcd to leads 30, which are in turn 
~oldPrcd to posts 2() secured in the insulating 

25 top ~S. ,.,. h ieh has an opening 33 to allow the 
ra tlinm ener!!v to fall on the sensitive sur­
f:we 31. The member 28 is held spaced from 
the suppo1·t. 21 by ~nitable si<les 32. In this 
form of receiver, the radiant energy which 

30 il1 transmitted by the layer 31 is available 
to affect the layer 23, and if the layer 23 
tran~mits any energy, it is refl.cctecl.by the 
ntirror :i+. so that this form of receinng de­
,·ir-c utilizes to the maximum efficiency all 

35 the inci t!ent radiation. 
In the dcs•:rtption of this invention, I ha>e 

mPntioned molybrlenite as· the active ngent 
in r·:111sin~ a change (decrease) in electrical 
n•sistmtcc in the circuit because it is the 

40 mo!-t adin> substance vet found. I have ob­
t.ain<'rl ~oo!l results 'by using gold leaf 
monntP.cl in exactly the same manner ns the 
mol vhdcn ite. The front surface of the gold 
h•a{ was smoked to absorb the incident radi-

45 ati<1ns. Golrl le:tf is not sensitive photo-
cl·~ctrically~ !';O that the change (increase) in 
<'lectrical resistance in the circuit is due to 
the rise in temperature of the gold leaf 
eanscd ln- absorption of racHant energy. Its 

so heat capacitv is so small that the amplitude 
nf thf! temperature (hence~ resistance and 
electric current) change is sufficient to pro­
duce nn audible sound in the telephone. 

In some cases. it may be found desirable. 
55 to inclose the photo-sensiti>e cell R in a cn.s­

ing- hn,·ing a snitahlc apP.rtnrc transparent 
to the rarlintions to he rl<'tccted. so thnt the 
wholr <'<'11 ma\.' he maintainerl at a suitable 
low tcmpcrntn~re hy an~: well kno~·n means. 

60 I-fa\'ill" tl111~ r)('~ITi\lccl nlY im·ention. f 
__j c11im: ,... · 
;:::::!lilt 1. .:\ resi~tanre nnit ntrin hie h:'· the ar.tinn 
~ of r adiant en<'r.z:'· r·omprisin~ moh·hclc.'llitc. 
~ ,.,. A cosistanco nnit <·omprisin~ "'"' 

~pnn•cl l!ll'lnllit· h-ad:-: :tnd a matl'ri:tl who::;c 6:; ~-
n·si:-:1:1111'1' is l"!t:ttJ!!<'d II\· I IH• ac·t ion o( ra-
diant ('tH'rgy brir.lging- ·· tit~ spar:e hctwcct{ . I 
!-':tid It• ads n nd soldHrPd tlwn•to. . 

:t A rc~istanec ttnit ,·;n·i:tbh- bv the action 
of radiant <.'!Wrg-y c·omp;·i~ing ·a IJnrly o( 70 · 
nwh·bclcnitc and metallic leads soldered 
th<'J:r~to. 

4. A r<•sistann~ unit cnmp:·isin;:r n matet·ial 
who:-e r~r.;istanC'r. is variablE' 1 ~v the action 
o{ racli:mt t'llet·g~ · and .eirr.uit lc·.,,is therefor, 75 
said mntcrial bt•in~ c:tpnble of being soldered 
r1irt>ctl;; to saitl lead:;. whereby the contad 
resistance. bl't\nen sn.irl lends and said nm­
tcrial is renclt•recl constant. 

:i. ~\. I't'~st;m ce unit for ldlt trolliug the 80 
fl ow of·dect·ri(: C'll!Tcnt in the input circtiit of 

., 

I 

I 
l a tlwrmiohit· amplifi0r compri!-;ing molyb­

< icnite. 
6. In a radiaphone, a thermionic amplifier 

h:t,·in:,r input an<l output circuits. and means 85 . 
in:lur:tin~1y coupled to sa.id input cir cuit for _ 

i 
Y:t rying- the current in said input circuit by : 
th<' action o( inft·a-red thermal radiation. · 

-~ 
7. In eombination, n thermionic ampli­

ti l•t· haYing in put and output circuits. and·. go 
lltt•ans :t:-:sor:inted with said input ~ircnit for 
Y:t ryin,!! the cnrrcnt in sa icl in put circuit by 
the action of infra.- red thermal radiation. 
:-aiel means comprising molybdenite. · 

8. i\fenns for detecting the passage of n 9 5 
nwntlilc. object l;ebwen two points com­
prising a Sottrcc for proYi<~i;-,g an in \'lsible 
bram of infra-retl radiations located at one 
·of snicl points, and a receh·ing device respon­
si,·c to said r~u1intions located nt the other 100 
d s:\i<: point~~ wherel1y upon interruption 
of ~ni<l ntrliations hy sai<l ohjcct. sairl re­
n•i,·ing- th•vir·c will indicate the pre~encc of 
said ohject. 

!>. ~Jean~ fot• delcr·tillg" the (>:IS~:t:,!e II r a ) 05 
mo,·:1blc objed;. b<'bYC'en two points as set,­
fo t·th in elaim H in "·hich the intensitY of the ' 
heam of infra-rerl r:t(liations is peri(Hlically 
Y:lric<l with a freq11cncy \Yithin the ran~e 
of audibility. so that a. musical note is pro- no 
rluced . in a telephone rcr.cin•r associatcrl 
with the n•(·ei \'in!! device. 

lll . ..-\. clcYicc fin· Y:trvin!! the current in 
an electrical circuit coritpr.isu~ two space<l 
layers of material ~en:;iti·;i.. · +., racliant 115 
energy. 

11. .\ <]e,·ice fo r , ·arv in!! tlu~ r·HITl'llt in :111 

·PlC'ctrical eirettit <"Oiltprlsing two spar:erl 
Ia n•rs of ma t<·rin I ~<'llsiti n~ to radiant cn­
Prgy. Olll' of ~a irl layet·s c·om prisi ng- molyb- 120 
clrnit<•. 
. 12 . • \ .(p,·in~ fot· c·ontt·olling the r·tu·n•ut. in 
an ekc·tric-:.1 c·irr·uit <'ompri~ing t\\'o :-p:u·cd 
l:t vcr,.; of rno I d u len itt•. 

·1:t .\ de\·i~<' for •;:trying the c·urn•nt in 125 
an ele<:triC'a I <·i n·nit r:om prising a I a yet· of IIIII!!: 
material ~en!"itin· to radiant. t>nf'r!!Y an(l a _..... 
mi!'l'o" hohind snid layc,. f<>c •·cflccting bnd~~ ~ 

I 

I 
l 
l 



to said layer the cncr~.Y transmitte<lt>y ~aid 
laver. . 

·14 . .A device for controlling- the current in 
an electrical t~ircnit comprisin~ a laver of 

6 molvbdenitc. nntl <\. mirror spaced frorn said 
. -Inver. . . ;, 

·15. A device for ,-nryin~ the current in 
an electrieal circuit compnsing b,-o spaced 
lavers of material sensitive to radiant en-

10 er~- nnd a mirror ·~paced !·rom one of said 
laYers. 

·16 . ..:\. de,·ice for varying the current in 
an electrical circuit compnsing two spaced 
laYers of materinl sensiti >e to radiant en-

15 ergy! one of snit~ layers comprising molyu­
dcnite, and n nnrror spaced from both of 
said layers. 

li. A device for controlling the cnrrent 
in an electrical circuit comprising t"·o 

20 spaced layers of molybdenite, and a mirror 
spaced from both of said layers. 

18. In a resistance unit variable bv the 
action of radinnt energy, an insulating sup­
port. posts mounted in said support, spacetl 

25 conductin~ leads soldered to said posts! and 
material whose resistance is changed by the 
action of radiant energy soldered between 
said leads. 
. lS. In a resistance unit variable by the 

so ac-tion "f radiant energy, an insulating sup­
port, posts mounted in said support, spacetl 

('oncluc:tiug lends soldered to said po:-ts. and 
molvl>dt•nitc soltkred between snit! lends. 

~(i . .t\ current controllin!! un it varin.ule bv 
th(' action of infra-re<l racliations iHducling 35 
a photoelectr ically scnsitiYe surface of 
molyi.Hlcnite~ s:titl sudac~ comprising a plu­
ra lit.> of laminm soldered to cqppcr le:uls. 

21. In a de,·ice £or detecting th~ pre:'!cnce 
of infra-retl rn(liations~ an element compris- 40 
ing a layer of molybdenum sulficl (~loS:).. . 

22. A detector of radiant energy of wa Ye 
length shorter than that of the shortest 
Hcrtr.ian '"aves comprising molyudenite. 

2:3. An electron di·scharge de\·ice having 45 
un input circuit including an impctlance­
Yarying: element and a circuit indudin~ :t 

photo-sensitive cell inducti,·ely coupled to 
said input circuit. ~ , l 

24. The method of detecting the passage 50 ' 
of an object across a. g iven line which con­
sists in cnstitig ~~ beani of invisible radiant 
energy along said line and obsen-ing the 
changes in said beam c:tHsetl by the passage ..,. 
of said object. ·-···ss 

23 .. In :~ signaling sy::;teru, a s·onrec of in­
visible radiant energy, menns for control­
ling a beam of said energy in accordance 
with signals and means for translating sa.id 
sif,rnals comprising molybdenite. 

'\VILLI.AM '\Y. COBLEXTZ. 
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miEfri:EB.ICK S. McCULLOUG~, OF CLEVELAND, 'omo, ASSIGNOR- TO GLENl! L. M.AB.p:N, .. 

. · 'OF CLEVELAND, OHIO. . . . :. . . ·: . .. 
• . • :; ,· . • : • .. - :: •':, • ~ ; . . ' . · .. • . ~ • ~ , : , . • . : • ! , • . I 

. ·, ·: B.ADIOTELEGR.APliY. . ~ . ... . . •:: . . ·.·· .. ~ .. ~ 
: :; · ·' ! 

:Ap;Jcati'oD. ·filed .1Ui-,: 2s, isis. serial No.: sis,1s1. 
•, : .. .. ... . ... . . ·- -. ~· - · . . . .. . . . . -
inhom it may .conce~·: . : .· . ·: ' . Fig\lre i a .sho~s· an . end. view of part of tl~ 

it known that I , FREDERICKS. McCUL- Figure 1. . · . · - · :· . 
!iaJ1:'~a.,..· .... ·-, a 'citizel! of the United States, resi- . Figure 2 shows a · modified form of my in~ 

Chrr~land, co~mty of Cuyahoga, and vention, having a directional loop, with:· ~ 
of Ohto,' have mvented new _and use- 1•acuum-tube detector and ·a cathode-ray 

vements in Radiotelegraphy, of tube. : -. . . · .· · . oo 
follow}ng is. a 'sp~cif?.catio~, the · Figure ~ shows .another ID;O~ification ·of 

of the mvent10n bemg herem ex- ·my mvent10n, havmg a recetvm~ antenna 
d the best mode in which I 'have w1th lt_~rge loop, with a ·crystal detector 

appl:,ying that principle, so and a catlioae·:ray tube. -
ish it from other inventions. . Figure 4: shows a modification of rny sys- es 

....... , ... v .. relates to systems of radio tem,' with means for amplifying the received 
~···ftr~,.., more particularly ~o systems oscillations, and with a sensitive galvanom-

the . direction of distant eter. · 
_ : . · · . Figure 5 shows a modification of my svs-

directional systems hitherto tern with a loo;p antenna, means for ampti- 70 
the . _incoming electromagnetic fying the recerved oscillations, and a: gal-
. been-received on antennre hav- · vanometer. - - ... · . -
forms: generally .in the shape .of ~: .. Figure 6 shows a modified form of my 

loop, and the strength of the s1g- ·system, with two directional loop antennre. 
with whatever form of detector that . Figlire 7 shows a modification of mv sys- 75 

has been determined by the tern. with two directional tube units. -
. sounds received in a tele- .-;· Figui:e 8 shows a modified form of my­

. audible means of determining invention for determining the dir~ction of 
of inco~ing rndiant.energy is two tJ:"ansmitting stationssimultaneously. . 

. in~efinite · unde~ any circum- _:-:,.Figure 9 . · s~ow·~, . ·d~a.gran:m.ati.cally:. a so 
IIBI~·;~::., · ~nd fails altogether 'vhere there method for determmmg the mstantaneous 

. . noises, as; for )n:stance, 'position c?f .a ~~r:ing "bo9-y,· stich ~s an·"ai~-
~u.,..,u .u~nJIJ~i2.ll't: . . ' • . ·craft or boat. - .. /• ' . . . . .... . . 

· ·~ , "Figirre ' lO shows a 'inodified .. 'forrii of my 
. · . by :.~hich the . strength of jnY.~nti9n ":for :detei"roining "the· direCtion 'of. 85 
~ignal's -~ ,sho~n.';~i~u.aJ~y, · !'-~d ,',~hrefJ~ail?~itting ... sta~~~ns .~mUJ.ta~eo:u~ly. ·· .. 

. ,..,r•t-um_ of. ma:pm_um: .,or n:nm.m:um, ,ef- ,.:i _I~ ._l~'l,g~r~ . .!.,.J. IS. a ·cat~ode-.ray ~~be; 2 
.rece1ved el~ctromag~~tl!L.waves, ..:..'is an Ihductwn or spark coll; 3 Is a ca. thode'~ 

the direction of the tran·smitting and 4 is an anode, both inside the tube and 
~1?E(determ~ned .. ,with .great ~cu- ~p'i:n~ted ifi~J:l. )he 'spark .cail; -'ray~i ' are go 

.s~i~e_,o.f,an;v an~p~~t- ?~ ~o}~e' in ,giyen off_by the_"~a~hode, ~rid are i~tercepte_d 
•... •. .. ~ .-. ; ~ ... ; :. ·. .. : _ , .. , , .. , . "by the dtaphragm 5, whtch perm1ts only a 

verition :ilse' iniikes.it easy to".deter- beam or pencil of rays to pass throi.tgh'"a . 
~di_recti?ri. ' ~f. two.'9r. 'm9re 'Aistant ;,~~all ·-9pening\ ·. 6 ,is a_>Siri·face;· _such . as a · · 

stations SJmultaneously, and t.o ,m_tca screel). or: o~her .fluorescent surface, on 95 
'_pos.ition '"of a 'moving receiv- .'~hiGh .. the. b~am of . cathode rays Un.pinges. 

' . .Sl.l.ch i;i.s ;.~p.at";on' ari Jlircra~. ~r ;~~a~ing :it" }:>right' ~o't ·: whei;J. ' :the' beam . is 
' ·.fo9z#.¢D.t:'_ ,r [.,· .'_::.::. ::· ·~ ·::,; ·~ ~ ;st~"a.~y, ~and .tr'ac~n_g·a; .'~i~4 .oJ ligb~ whj?n ~~e . : .­

""!!.u~."' .~~,.~, , .9!aw.!ngs a~.d . ~he ,fo~o~tng : 'R~!l:~ ~o~es. ~p1~ ~creen .~s p~~~rab_ly ~!.a~~­
~~~ir)t1r'n .. ~.t .. ~.'?r ,1:'?-. detail certi(i~ .i:_ne;ms :~a~_J~t o_r tr3:~1.1!-e;ent; · ,so .~hat. the .spot ~r 100 

. · the . ."d1sclo~~d ),l~e .'q~ ~1g};t 1s . .v~~19~e ~on ~l~~e~ sxd~. 1
• TJ:us 

"u'·'"L'"u •• s.creen may .hav~ ·a scale marked on ;1t. :to 
" ~W~ll§.~x·1 ~t'J:e'_l~n~:C?.f. ligh~. ~.?r :~~~ 8 afe '_ei~c- · ·: 

. .. trodes lDSlde 'the tube . and connected With 
·'i-e -~'f1e .. ra'dioaii-ect1on:ai ""ste:m:"'9-and. 10··a.:re to:s 
'_bne ~q~i~~~9n~:'<>!.t~rbfai;n~·~ c~~~~:~~ rfty~ ·un~~r . ,pi_ 
. th ~f9~ ·~,fl,u~p.-9~ ,"~f ~~e~~~~?~ .1· :~c;l ~ 8) . ~~ ~ !S ~··:. 

- • -'· .can evacuated tube • ~2 IS a. dueet10nal coil -,., 
r..or"" 2m 10 '·"'""o'"'· ~'' ' e. ( ·c. ·'"".'"''"''' ' ~- ~ 
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inside _the_ eracna.ted tube; 1:3 is another tli- transformer. tj l and 52 are coils and 53. 

~-f!'tional roil indnc:ti+lll~ r'-llated to coil 12, is a lihment. or other source of ionizatio~ 
with its axis parallel to·; or coincident with contn!ned in the tube 40, and similar, respe' 
that of 12, nncl also contained in the evacu- ti;-eh·. to coils 41 and 42 and filament 43 

o rited tube; .1 -! .is· n hen ted fil:lmcnt~ or other .. 5-! ai:cl 55 arl' r ariable condensers. 56 . ~~41 
sonrce of ionizati~n 1 also c~n~aincd .in the ·ba~tc:-~· an~l ;)j' a \~:trin~)le_ resistance, in cir · 
entcun te•l tube; la 1s a vananle condenst'r o·tut '"tth fihlnwnt ~':.t n8 15 a battery for e:n 
connected with coils 12 and 13; 16 is it. ''arb- ergizing the . circuit containing coil 51, fi~.~ 
ble condenser connected with coil 13 antl ~ncn.t 53, ancl gnlnmometer 50, which lat~~ 

10 !Pd.!''enl 14: F ~"'a h:>..UE>r\' for hea•in~ fib- inclit·ates the strength of the receh·ed signalS' 
ment 14; 18 is a variable resistance; and after amplification bv the above-descritl 
19 is a batterv for energizing the circuit t·on- !5ystem. ~ ~-) 
taining the filament 14, coil 12 and the el~c- In Fi.!,rnre 5~ 60 is a directional loop an. 
trocles 7 and 8. 20 is a mirror. whi<:h re- tenna; en is a Yar:able condenser :md 62 i~ 

15 fleets the spot or line of Eght from 'the snr- a nr!ahle inductance. 63 is a fi.lameri.rn~·· 
face ot scr~n 6 to a scale 21, the line of 64: is a ~riel: and 6;'\ is a plate~ all three con­
light on the scale being shown at 22. t:linctl 111 a nlC'.m:n tube or bulb ; 66 is ;a 

In Figure 1a, 6 is an end Yiew of the scret•n !2::1. tten· for he:l tin:! the filament 21: 67 fs~ 
in .the cat~ode-ray tube, on which is shown rt'si'sr;\nee for !'egufating the current passinr 

20 a hne of light. ~3. formed "hen the beam of thl'OUl!h th(• fibnwnt: 68 is a batterv for~ 
rays lllOYeS. . . SUpplying current to the plate circuit~ whi~h~ 

Iu Figure 2, 1 to 10~ inclusi>e, are ele- a ls) com~wises tht> primary. 69, of a trari§~ 
ments similar to those haYing the same num- fonn,~r. the second:H'\ of "hich is 70. 71 J 
bers in !"i~ure 1; . 24 is. a, closed loop an~ n filanwnt: 7~ . is n ~g-rid. and 73 a plateT~ 

23 ~enna; 2? 1s a Y::tnable mu:tc:ance ; and 21, ~11 three con7amed _m a racuum t ube. ?~~ 
lS .a YarJa~le condenser. '!he lOOl) ·sho1Jhl :s :1 batterY f0r heanng the filament 71. a.na 1• 

h:1Ye ~~~·:h charnct<>Tisti_cs and the ~lectrical 7:-i is n Y::t1;a111~ resiwu1ce for re~1lating the~ 
qur.nt1tlcs of the cn·cu1ts should have such em-rent throng:1 tht:' fil:1:ment. 713 IS a hattery~ 
yalues .~s will give the best results in each in circuit 'vith the fil:lment 71: the plate 73,i 

30 case. 27 is a filament; 28 is a grid and 29 and the gn h·nnomcter 77. "hich latter indi~~ 
is a ~~late~ all three contained in a Yactmm catl•,.; tht' strl•n!!ih of the receh·ed signals~ 
tu?e 30 .. 31 is the battery for t~1e plate cir- dtt'r :m,pl!fit·:t~ion by t11e abo\·e receiri~g· 
cmt; 32 1s the batterv for heatm!r the fila- ~F~rem. ·: 
ment 21; and 33 is i!~ variable resistance in . In Fi~nre 6. SO and 81 represent direc~ 

:~:; the filament circuit. tional lonp antE>nn~. "\\hose position rela-tiv~ 
In Figure 3, 1 to 10, inclusive, are ele- to each other is adjustable. but "'hich are 

~1cnt~ sim~lar to those having the same num- here sho"n at ri;ht angles to each oth~r. 
oer-' m F1gures 1 and 2. 3! is a large eli- P.re·autions ~honlcl be taken to avoid mutual 
rcct ional antenna: 35 is the primary of an interference. E2 and 83 represent radio i:e-

40 oscillation t ransformer, of which 36. is the cei.-ing .n.pparatus such~ for instance; :a-s 
secondary; 37 is n nriable conclens('r in the shown in Fi;<:UrE:'s 1 to 5, but the details ot 
secondarv recch·ing cir<'uit i 38. as sho\>n, is ''hirh ar0 omitted here for the sake of con:. 
a detc,·to'r of the crystal type~ but it may be wnicnce. 84 and 85 are scnsith·e galvanom­
a detector of any 0t,her suitable kind; 39 is .ch'rs of any suitable> type. ~6 ancl 87 ire 

45 a condenser. · . mirr·ors attached to the movin(l' or indical-
In Figures 1, 2 and 3, .. instcad of ha.>ing ing- part of the g:~lva.nometers, 86 beiri~ 

the screen 6, the cathode rays mav impin~ sho,.-n "ith a horizontal suspe>nsion and 81 
upon the end surface o-f the tube .. as sho~n "\\ith a >ertical snspension, for purposes ·q_f 
in Fio-ure 7. · . illustration. 83 is a light, or sonrr.e of. illu-

so In Figure. 4. 40 is an encnated tube, 41 is rnin~tion. of am· connnient kind. the re-· 
a directional coil inside the tube, of the type flectior.s 'of ''hi~h from the gah·anometiij 
shon-n in Fignre 1; 42 is another direction:tl mirrors inr1icatc fh('tr monments. S!l is .!!: · 
coil inclucth·elv r e1ated to coil 41. with its scr£>en on ~-h ich the refiP.ctions of the light 
axis parallel to, or coincident '1\'ith that of SS :tre thro'I\'TI. !>0 and 91 are scales mar'ke'a 

55 41, and also contained i_n · the tube; 43. is a on the screen and here sho"n at r!ght angles 
filament which can be heate~ or other source to eaeh other: but the angle between these 
of ioni:r.ation: 44 is. a var1ahle condenser sc:1les mav be any f0nnd most suitable. ·g~ 
conner:tcd "ith coils 41 and .42: 45 is a >a- and 93 n.r<' spots of light. being th<> refiec­
riable condenser connected "ith coil 42 and tions of thP light SS from. the galvanometet: 

60 :filament 4:3; 46 is a battery for heating fila- rn irrors. \\llen both mirrors are in tMir 
: . mimt 43: -!7 is; a variable ;resistance for .. regu- n~>nn~l positions, that is' to say,· whcn:'lfip 

]ating the current in, fi.l:liz:ient ~3-; 48 is' a bat- ~'l'lr~nt is passing through the ·g-alvanome­
t~:::v -foi- ·energizing the ciict~it ,containi~ ter:s, the· spot~ of lig~t :will ·be ~~ the ·:rery. 

r co1l 41, filamept 43· and the prunar.y 49, of a -pomt at the mtersectlon of the scales~ but-... -~ 

~ ., m~fonne~~ :;·:a·: thl:h•n:rre~ows:rough One ~r i~m 
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IJ.ll\JUL'w•~ ··-l the spot of light correspond• mirrors onto the screen 121. 122 :u1d 123 
gn.lnmometer, will move away represent lines of light caused by the rapid 

zero point nJong its respective moveme~t to and ·fro of the galvanometer 
In this figure, the spot o£ light 92 ~irrors · 118 and 119, respectively. This 

the aalnnometer mirror 86 is shown movement of the galvanometer mirrors is 70 
,>1.•.-!::~.,.· ,o diStance from the zero point, while 'caused by the electromagnetic waves re­

t of light 93 from the galvanometer ccived on the loop antennre 112 and 113. re­
SI is shown at the zero point. . spectively, as modified by the radio receiv-

7, 94 and 95 arc directional tube ing apparatus 114 and 115. I may also use 
on my system; 96 is an element, such types of galvanometers such as those used 75 

,_,,,.._.,,.-ft- ' rod, connecting the~e two tu?es: b;y in Figure 6, which have a steady deflection 
thev can be turned m any desired d1- instead of a rapid vibration of the movable 

The tubes can be set at anv de- members. 
ande with each other, but are· here In Figure 9, M: and N represent transmit-
af right angles. They should be fa!· ting stations whose position on the chart so 
apart to aYoid mutual interference. or map is fixed. A and B represent different 
f\8 represent radio receivin~ appara- positions of a movable receiving station on 
. for instuncc, as show·n in 1' igures 1 an ·aircraft, or _boat, or other mo>ing body. 

-~-~,...~··~ 4. ·99, 100, 101 and 102 are electrodes 14!5 and 146 are directional loop antennre, 
· · cathode-ray tube .. co:nnected in pairs directional tubes or other apparatus which 85 

the radio receh·ing apparatus 97 and receives varying amounts o£ radiant energy 
103 is an induction or spark coil. 104 depending upon its direction with referenl'e 
cathode raY tube. 105 is an anode and to the transmitting station. When the mov­

_ ,_..._., • • v is a cathode in the tube and connected ing body is in position A, these direction 
the spark coiL 107 is a diaphragm finders are turned until one gets the maxi- 00 

a small opening which permits a beam mu~. e_ffect (or the minimum effect). from 
of cathode ravs to pass through. one transmitting station and the other gets 

,,,,,,, ...... ~ .... , ... ,,...,.,.neonTc the catho~de rays which have the maximum effect (or the min~mum effect), 
· · through the diaphra~ opening. from the second transmittin!!' station. The 
is the end surface of the tube, t:'omposed direction of the transmitting stations from 05 

material as will show a spot or line the moving body is thus determined at any 
wh2re the beam of cathode ra.>s im- instant ana the exact position of the mov-
It may also be a screen, composed ing body can be at once fixed on the chart 
or some other suitable material , as or map if the compass bearing- of at le:1st 

Fi!mres 1, 2 and 3. 110 is a line OJ1e of :the transmitting stations is also lOO 
produced by the IDOYement of the known . . After any interval of time. obser­

of cathode rnys. 111 is the spot of >ations. can -~gain be made, . and a second 
. when the beam o£ rays is at ·position of the m_qving body: such as at B, 
its normal position. The varying can be fixed. The course A- ""B and the 

ion of the electrodes 99, 100, 101 distance traveled crin then be rendilv ascer- 105 

~aused by _the varying amounts of t:lined. · · · ·. · ~ 
energy effeCtively received by ~he di- In ~cases where -neither the mngiiet1c nor 

m~t:wn.al tubes 94 and 95, .cause the beam · ·_-gyr:Ofc.opic compass· can he relied up~:n, and 
rays to ·move in one direction or wpere the. hea-venly bodies arc obscured s'o 

from its normal position and so that .it 'is impossibJe t.o find the compass 110 

fonn and dimensions of the lines bea~ing of ~i!h:er ,of ~'V9 transmitti:ng _stu- -
on the screen 109. · . . tions, the-pos1bon of tJ:~ moving body can 
. 8. 112 and 113 are directional neverth~less be determmed by getting the 

which can be moved independ- . direction of a . third transmitting station. L 
_ each other, and which nre far . such as P , whose ·position on · the · map is 115 

"'"'"""'~ . ..-•• apart to pre-.ent disturbing mutual fixed. The direction of P is determined bv 
1-14 and 115 represent radio means of a third <lii:·ection finder, such a"s 

apparatus connected, respectinly, 147, similar to +45 and 146, 'Whichis turned L 
. _directional loops 112 and 113, ancl .. l,llltil the maximum effect _(or the'·rninimmn 

.aM>.·\l~~.:u ~ay be of any suitable kind such, for effect) is obtained from station P, and the 120 

=~":!'..,~• '-"'• as shown in Figures 1 to 5 inclu- lp.tter~s .direction is then noted sirotiltant'-
and 117 .. are sensitive gnl>onome-· ously 'With the directions of the other two L 
suitabl~_. typ~ .. -- 1,1~. , ~~d ;n~ are -~t~ti.ons}:I.:md -~· The posit~on of the re-

. to the .needl~s or other mo.--: .. _,c711:~ng s.~~tiO!l c~n. th~~ b~ fqun~ by cn.lcu1a.- , ·,.,. 
of the _galya~ometers, nt:d sus- ~~op :!Jr: w1~h · .. s~u~abl~ · 1~strq.~ents. ·To. a~- L > 
that spots of ho-~t reflected from cer:~mn · co_I).v~n.Iently and qm~~v the post- L 
trav~ in. _<;liff~rep.t paths wh¢n tion .'of the receinng · Sf!~ti<?n: .onthejn.ap ._()r 
the .. scr.e~n ~~1. :~o i~ ·~ li~h! . <ir _cha.~, .~it.a.bJ.e m~th~Fl-~tic3rJ:-7~'Bl~ _a!l<;'i.nie- - ' : 

. b_on pf,_an~~~~pt~~~e };~ind, ; .~~aJ?-I~_a_l. ,uds .. can}?.l(.;\lS~c;l. ··; .. _ :';·~ :~~: <~~· ... , ~ 'ft; _,....,. 
'l'<>t1ot'T<>n from the. galvanometer Figur:. sb: sy,: for obbmmgri m L 

........_........._.......__ ..... A ~ ~ A-~ 



the directions of three transmitting stations followed by mo,·ements of the pencil ~ 
simultaneously. 124, 125 and 126 are direc- rays. At the end o:f the tube the pencil o 
tional tubes. but there may also be used di- rays falls upon a mica screen or some oth, 
rectional loop antennl:e, or other direction suitable surface, and when at rest, it make 

5 finders which can be moved independently a spot of light there. When under the · · 
of each other and are far enough apart to fluence of the alternating electrification 6 
a·\Oid disturbing mutual interference. 127, the terminals 7 and 8, the pencil or beam o 
128 a..lld 129 r epresent radio receiving ap- rays moves to and fro, n.nd traces a line ·15 
paratus of any" suitable type, such as shown, lig-ht on the screen. The greater the elec~ 

10 for instance, in Figures 1 to 5, inclusive. trifi.cation of the terminals, th<' greater the 
130, 131 and 132 are sensitive galvanome- amplitude of the mo,cm('nts nf the beam o 
ters of any suitable type. 133, 134 and 135 rays~ and the longer the l ine which it traces 
are mirrors attached to the movable indi- on the screen. "' 
eating parts of these galvanometers, respcc- As the electrification of the te>rminnls de~ 

15 tivelv. 136, 137 and 138 are lights of any pends upon the strength of tlw oscillation~ 
suitable- type, to be reflected from the gal- r ecei•ed on the directional sYstem. the 
vanometer mirrors onto the screens 139, H:O lt•ngt.h of the line on the SCt'l'Cll is a measure 
and 141. respectively. 142, 143 and 144 are of the strength of the rt'C<'iY<'d oscillation' 
lines of light produced by the movement of .... "lnd therefore will show wh0.n the direction 

20 the galvanometer mirrors, the extent of the finder is in the position for maximum effeCt 
deflection of the galvanometer mirrors be- or for minimum effect. The diredion of the 
inO' shown bv scales on the screens. Instead trnnsmitting station is thus readilv and 
ol' a line of vlight as here shown, caused by clearly determined. ~ ; 
the rapid to and fro motion of the galva- ,In the form of my im·ention shown i~ -

25 nometer needle or reed or other movinc- F1gnre 7, I employ two dirt>ction-finding· 
part; there may be a spot of light in a sten.dy tubes, which are inclepennent of each other. 
position produced by the steady deflection ~he energy recei.-ed by the directional coils 
of the galvanometer mirror. where such a m one of them, 9~, n7ting through t~e rest 
tvpe of galvanometer is used. of the apparatus, md1cated at. 97. vanes the· 

30 w In the forms of my invention shown in elcctricd condition of the E"lectrodes 99 an~1 Figures 1, 4, 7 and 10, I employ directional 100, which ar7 189 degrt'('S apart, and ~4 receiving means which I have described changes the d1rectwn of th0 beam of rays~ 
fully in my co-pending application, Serin.l 108. W11en these changes follow each otherj 
Ko. 308.978. filed July 7. 1919. In Figure rapidly, a line of light n.ppenr5' on the screen.~ 

35 1 there . is shown a single unit, in Figure The energy recei.-cd by the directio#l~ 
4 there are two units in the same evacuated coils in the other tube, 95, nctin!T through~ 
tube, in Figure 7 there are shown two sepn- the rest of the radio appa.ratns indicated ~t 
rate tubes, each of which may contain one 98, varies the electrical condition cf the elec­
or more units, and in Figure 10 there are _trodes !91 and 102, -wJ~ich are 180 degre·~ 

40 shown three separate tubes, each of which apart, and 90 degrees from electrodes 99 a.Iid
1 may contain one or more units. I have 100. These •?-riations in electrodes 101 an,~~ 

fmind that when the planes of the coils in 102 deflect the beam of rays at ri<Tht anglesi 
the tubes ·are in the direction of the trans- .to .the deflection·s caused by ele~trodes 9~-4 
mitting station, _or, in other words, when and 100. The resultant dirE:'dion of theJ 

45 the ::txes of the coils are at right angles beam of rays will depend upon the relati~e;] 
to a line joining the transmitting and receh-- strength of the. electrification of. the ~le~~j 
inO' stations, the received signals are at u. trodes, and so will _the form and dimensions~ 
m:ximum. The tubes with the coils are of the .figure of light traced on the scre-en~ 
"therefore turned until the maximum ef- 109. When the electrification of one pairj 

150 ·fects are observed on •the indicating appa- of electrodes, for instance, 99 and 100, is a~~ 
ratus, and the direction of the transmitting a maximum. and the electrification of the~· 
st:ltion is at once determined. Besides act- other pair, i01 and 102, is at a minimum; 
inrr as direction finders, my tubes, with the the beam of ravs ''ill Yi15rat~ in a plane 
ac~ompanying apparatus. also perform the through the electrodes 9fl n.nd 100. and ··a~ 

ti~ function of electrical wave or oscillation de- line of light, · such. as shown at 110:. will ,h_e.j 
tectors. ·•· · traced on the screen. This state of affa1rs~ 

In the forms of my inYention shown in will .indi~ate th~~ the tube 9-1: is receiv!n~; 
F~gures ;1., 2 and 3. the variatio.ns. of t~e r~- the . maximum effect from the incom.~$1 

- ce1ved current change the electncal cond1- . rn~Jan~ e:ne~gy, and the tube 95 the m1~~~ 
eo tion · of the t.enninals 7 and ~' and. t~ereby mum, effect ... A.~ the~ t~1bes h:n-e b~en . set ~ ~ 

cause dcflecbori.s of the pEmcil or ~am .of th~t t:h.e axes Pt 1;he1r enclosed coils are at; 
. : ~atho?e rays _pass~g . along the tube -1, ;right .imgl~s t<? ... ea~~ c;>tber, th:e dir~ction ~~f~ 
"throun-h ·ihe diaphragm 5. . . · . · ;,' .the :slistant t;r::ms:nnttmg stahon is at on~~A 
- Th~ ra p~dly -alter)lati.ng .. variation~ in ~he .d.et.erin.ineq: ~ ~Y. t¥s' syste~, any ··de~~.~t~o~ 

• "".-.'r~.~?EMI~a.~~9P .~~ .~~~ ~tp?-ID~ 7 ~D:?. ~ . are -~-~ .t~~. }~~~u_w. . ..,or ,~~m'?'ll:lll. POS!~2R . ,.-~ . ...... . .. · ~riA 

~ .A .A .A .A_~ ~ ~ ~ -~ 
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be more quickly and certainly shown determining their respective directions. I 
'"when only one tube is used. use two separate directional loops, which can 

of using two of my directional be adjusted independently of each other. 
with my ·cathode-ray ind1cator, I may Each one actuates a sensitive galvanometer 

two directional loop antennre, or or other suitable indicating aoparatus, and 70 
directional antennre, in a similar the reflected light from these two g:i.lvanom-

to that shown with one directional eter mirrors is thrown on the same screen. 
· and one large directional antenna, in The galvanometer mirrors are so suspended 

2 and 3, respectively. . . · that the .beams of light from them move in 
·the forms of my invention shown in different planes, and are shown in different 75 

4, 5, 6 and 8, sensitive galvnnom- lines on the screen. I may employ a form of 
indicate the strength of the received galvanometer in which the li!!ht is reflected 

. SIQ'llals. In some cases, it is preferable to from a member which vibrates under the in­
.. a~plify the received oscillations in order to fluence of the incoming currents or oscilla-
. cause the galvanometers to show great tions, so that the beam of light traces a line 80 

tfnough ·deflections, and I .therefore pr;ovich upon the screen, the length of this line indi­
amplifying means, as shown. In the form eating the strength of the received current, 

·shown in Figure 4, the amplification is se- and hence the effective ener!!'y received in 
cured by two units of my directional-tube any position of the directional loop. Each 

. system, ~ull:y: describe? in my said co-pen~- receivmg unit should preferably be tuned to 85 
':ing apphcatlon, an~ m ~he ~orm s~o"n m the wa>e length of the transmitting station, 
· Figure 5, the amphfi.cat10n 1s obtamed by and \\here a tuned vibrating reed is used in 

. . 'means of an ordinary vacuum tube am ph- the gah·anometer, this reed should be tuned 
. fier. With some forms of galnuometer, to the spark or group frequency of its corre-

.. such, for instance, as !hose having a vibr~t- spending transmitting station. The loops go 

. : ing reed capable. of b7m~ tuned to a. ~efirute should also be placed so as to avoid mutun.l 
0-: frequency, nmphficat10n 1s not essenhal, nnd interference with each other. In operating 
~:;..::_.need not be employed. . this system, the loops should be turned until 
t:"·-- · In the form of my invention shown m the ma.::s:imum deflection for each unit is ob­
C;·~O Figure 6, I employ two directional loops at s~rve~ on the screen. ~t this instant, the 9!l 
~~t right angles to each other, so that >lhen one d1rectlon of the respectlve loops is noted 
PL is in the position for maximum effeet, the and, if necessary, transferred to a chart o~ 
{:ff other is in the position for minimum effect. ma.p, and the position of the receiving sta.-
~: My indicating means consists of sensitive tion can be determined. as sho>ln in Fl!!Ure 
~~,3.~ galva.nome~ers, one !>~ which is actuated, 9, provided the compass bearing of at kast 100 
!i{ throu$h smtable rec~1vmg apparatus, by the one of the transmitting stations is also de-
~:( effecbve energy rec~1ved by one of the loops, t erm.ined at the same time by the direction 
~;-;_.: .. apd the other ope 1s actuated by the e:ffec- finder~ If, however, at the receiving station 

~
··f , .. tive energy received by the other loop. For the magnetic compass and the gyroscopic 

~ .. purposes of convenience I use a single screen compass or any other means of showinO' the 10:> 
i·::~ for receiving the spots o! light reflect~d compass bearing a.re not operative, and if the 
~f; ·from both ~alvanometer m1rrors, and I d1s- hea.venly bodies are invisible, it will be neces-
~~~;;. pose the m1rrors so that the movements of sary to know the direction of a third trans-
.::::: the beams of light from them are in differ- mitting sta1ion in order to fi:l: the position 
~.~ ent planes, and can be clearly distinguished of the receiving station. 110 
e~; · on t~e screen .. I have here shown the spots In Figure 10, I have shown the means f or 
~ .. -.·~ · of hght movmg at right angles to ~ach accomplishin~ this object. I there ha.ve three 
(' : · other, but they may make any convement direction fincting units, one for each of the ii" angle. Inrte~d o!. the d_irectional loops I transmitting stations. The direction finding 
~ .0 may use my d1rectwn-findmg tubes arrang:ed member may be either one of my direction 115 
~f~ as shown in Figure '7. The arrangement finding tubes, or a. directional loop antenna, 
~f.., shown in Figure 6 is particularly useful for or any other suitable means. The indica.t­
·s~:~.:; the. purpose of ?e!ermini~g the direction of ing means may be either galvanometers, 
tf~, a smgle transm1ttmg station mor3 accurate- cathode-ray tubes, or other suitable means 
1!.~-:: ly than can be done with a single loop, but for showinO' the strength of the recei-.ed en- 120 
fg::· the loops ca!l be adjustable so ~as to make ergy visua.lfy. Ench receiving system is pre£­
~?:·: any angle w1th each other and cnn then l;>e erably tuned to the wave length of its cor­
~J.:'' ·~~d. to deteqnine t~e direction of t>lo tr!l~s- responding transmitting station, and where 
~eo In1ttmg stahon~ Simultaneously, prov1d~d a tuned indicating apparatus is employed. 
t: .. ::-: proper precautions are taken to avmd the latter is also tuned to the spark or groul) 125 

~:i' :mutual interference between the loops. fre9.uency of the corresponding transmitting 
'1~:. In Figure 8 is shown a modification of my station. The directional tubes or loops and 

.'~.SJ'Stf em, e:;n?odying a prefera~le arrangement other receiving apparatus are so arrano-ed as ' C 
-~=;;.;~:;-!7'_'.; or rece1vmg electromagnetlc waves from to avoid mutual interference. "' 

·;:t,o transmitting stations simultaneously and The dimensions and charaderistics of th•;; ~ L 
A~ .A A-~~~~ 
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loops, coils and other apparatus, and the 
values of the electrical quantities of the vari-' 
ous parts Of my ·system are so chosen as to 
obtam the best results in each case. In gen-

15 eral, I do not confine myself .to the exact 
constructions and arrangements herein de­
scribed, but I may .also employ other means 

~ within the scope of my invention, but what 
I claim and desire to secure by Letters Pat-

10 ent is: . .. 
1. In a radio receiving system, the combi­

nation with directional receiving means en­
closed in an evacuated tube, of a visual indi­
cator of the strength of the received signals. 

16 2. In a system for receiving radiant en­
ergy, the combination with detecting and di-

rectional receiving means enclosed m J ~.:. ··:. 
evacuated vessel1 of visual means for ~~·:·: 
eating the strength of the received signalS: . . ,, 

3. In a radio receiving system, the combi~ 1· 
nation with ~ plurality of evacuated tub~ 
containing directional receiving coils, of .vis-' , 
ual means for indicating the e:fiective radi.: :­
ant energy received on said coils. · ::.. ; 

4. A radio receiving system having two ,. · 
directional reveiving units, each of said units :; 
consisting of coils and a filament containe,d ~ · 
in an evacuated tube, the axes of the two · 
sets of said coils being at right angles to each 'iii 
other. · . ap· 

Sigp.ed by me, this 23rd day of July.1.1919. -:~ 
FREDERICKS. McCULLOUuH. ·J 
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·.::· /.:F~~{J;9t5·· to. his death, he devoted · 
'· ~~ _ :-:t~~:i'~~es . to the the<>ry of rel­
.: .. ~tiv.j~;y,~ :-~mg one of the few physicists 

: . _qf ~~ :4~y ·~~ho could understand Ein-
. :. ~~i~·a · ~3:~~ematics. . 

.- -~ Hi~ pr~n~.ipal scientific papers were: 
,· :_ "Tbe ~~ Opti.~ of _.:Electric · Oscillations," 
' , .. 189{_; ~-":[lte: Mo~ion of Ions in the Elec­
[· _ ·~r.ic.).J;l~f.ch.uge," , 1903; "Telegraphy 
' : . withQyt ,j'W~res" . (in collaboration with 

~. ·nes~u) ~ 1903; -"The Modern Theory 
, _, of f.~y~i~l_Ph~no~ena," 1904; "On the 
. ·. HYPo.theliis· of the Electrical Nature of 
·:: Mat~,'~;i~ 1907; ·H~ew Views of the 

: _ . =lntinla~ :· ~tructure· . of Matter," 1910; 
:: ~'Radiating Matter and Magnetic Rays," 

· · ~ 191.~; ·: ":The New Physics,". 1911; 
r~. ·14lonomagnetic Rotation," 1915; "Elec­
j ~ .. tro=:Atomic Phenomena under the Action 
j - , of ~agne~ism," 1918. END 
j: ~. :.:. :·:1 ~~~~:·~;.· ' /~~:: ··:. _:. . ' . • 
, __ _...,. .,.,·;· :- ·; ·:' · ' Reference$ • 
. · . · Enddopeditl ltcllono, 1936 

• Cyclopedia of.~p_p/1-.d flectriclty, 1!11 
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TRANSMITTING ELECTRICAL SIGNALS. 

SPECIF!CJ1...Tr:o:;:-;· forming p::u·t of L r.tt.crs !'o.tcnt X o. 5SG, l 93, cl!.!.t~:t J t;; y lo, lS D'i'. 

lo ,,,:1 ll'h'•iJI if 111'"1 ('(11/.r:r·;·n: ol' the instnlll:cn lsaL thr.-tJ·;~t:s:::i!.i.in_:.;-sl.: •:.ion 
gl: it kllo\\" 11 thai. I, rrt7<:L!l·:I .:'IIO :\L\HC:O~I, i when si~n:t l! n g- lhrot:~! t th e ~ir, nt1ll Fig-.:! 

sl ll•lcn t., :~ sub,icet 0f :.he Kin~ o t' I l.nly, l'C:'iitl - i is a Yer ticn.l ~ectitm ,,r the tra :1::>:J:i ~ te 1 ·. Fig. 55 
in :; al. ~l. t.; ndiJ;;; toll i{oad, Lon•'lon, ·in the i ~ · isa 1on;;itn<1ina l sccliot: or !.ht.: tJS(;i! l:t!or lo 

5 c:,)11n1y ol')!!.l•ll.:scx, En~i:uH1 , !::\\'C !n\·cntecl l :t l;u·:;et· ~ealc. Fig. ;; sllCI\\"S ;, ";1ct:•\l' 11:1 a 
<' C' J:ta i!l 11<~,,- an•1 i1:-•: lt1 1 l lllpnn·e;ntt•n!s in ~· l :n:;cr senle. F i:;. -1· is :L t!ia .~r: , m::t:\:ic.: frc,nt. 
Tran~t! :illi:t.:; 1-:l•.:e:l ri•·al T:npt:1.-<c·,.; an<l :-\i~n:tls ~ elcYation of thn inslJ':t::.c~n!:; :' ! tl 1 1~ r.~cei\'i n~­
:wd i:1 .\i'parat t::< 'J'11(..:1·d01·, n t' whic·h the fc,1- ~ :-;( :t L!()n . F i;,:-. .'i is:\ [ :1! !-s:zet! •;icw of th:~ !'t:· uo 
lowi:1;.; i::; :1-.:-;peeilic·:l\:on. l Ct! i\·~r. Fig. G :-;how:; :1 ll:l•l;; !:Cati<)i! .-,;" lhi.• 

.:\cc:'o:·<1! ng to t II!:-; ! :1 n•n I !011 d ec t.r:t·:t! s!;.:-- ! in h<~ .i. .F!~. 7 sltnws t !:c' tk! c~· ~ ;o!'. Fi~. S !:-; 
uals, a clions, 01· n::1nift:st:tlitill ::< arc t:·a rl."'lllit- 1' !1 fnll-si:t.0ll Yit~w vf th•.' iic;:: !d- i·,;:-:i;;t:-:.;·,c!'. 
tt:d t..hro!l~11 tl11.: a ir. ca ri. h, or \\';ttct· i.;y nH•:ms 1 F ig:::.. 0 antl 10 sho\\· mod!J:,:: t: ;,ll!.'- nf tl:.: ar-
t)f osc!lht-in::~ "f hi~h fref[Hl' ncy, . .:;ta·!J as h:t\'C! rang0me11b nl Lh <'!tr:u ::-;:n it ! it::.:·-,..: ::: itlt:. Fi~. Gs 
he.c;:t •:ai k<l Lite; '· l tc~rU. ra\·s " o:- "Hertz ns-! 11 :;h ow:; a u:••l1 i:ie:a!ioli of :!:t: :\ ! ·:·:::::.;:c~:::.l:ll:s 

15 e:illation ;;.'' l:!<5t:::l!\' all lfu0- -.Yin:s nrc <1i~-! at. t.he rccehi n;!-Sla ti nll. · 
pcrrsed w·it.h. .·\ t ~l1e lr:!l\:'lll!tling-st:J.tion I I l{e fe tT!lt{~ IH;\,. 1n Fi,;.:. !. 11 i,.; :; ha:;cry, :: ncl 
employ :i. H u!t::1kclr!1" coil , h:lYl::~ iu its p:·i- l u :111 o r<1 ina:·y ~\f ,>rsc kt·y <:los! ::,;: LJ:,: eirc· u! L 
m:u-y t:in:ui t :~ :\! OI'SC' kc\· Ol' olili..':' skn:d:1c;! l Lhrou~h the p:-im ~l i'Y <lf :-. .1 \.:l ::n;k•)rC[ t':o!lt·. jo 

iast_nlt!lentaa<~a t..itsp~)lc's:'PJlli~t.'~('!'.flll'l )l' (;:. i The t.~rmina1s r;' or"t.hc; ~~co t: d:l!'.'" ,.:.::c:t:_it. '!c 
:o <luc::n~ the <.le~ 1rcc'! o;;cr!lattoll:' . .1 !:c• H u hm-·

1 
th~ e•nl :tt ·~.:~,·,mncctc::t! to t.\':o lH(· \~ 1!:!' l;:t~ J::o 

lwrff eoil t:tay, h o\\·c;·cr, be rq>!:teed by any 

1 

d d, tixctl hy l:cat or otia•n,·i:-.0 :1 t t i: 1· ~· nci.-..<-o; 
other. som·o.:e of hi.~h -lcn:"ion ek.(·tl'idt.y. tubes rl' (r ,. Fi:;. ~", of ir :stt!a:::~f:' :u:l!Pria.l, 
'\'ltctt \\"O rkin~ wit.h 1:1i'~C al!l<Jlllltl'> c.) [ ett<::'!,!\", · ~u<:h :t:'i ellonitc 01' \' ttk::H iLt~. 1: , :t:'t! .-.. i :nl~:u· i 5 
it is, howcw:r, bette:· t.o :k0c p t.he <"o!I o t·t-rall~~ I h:1!!~ fixed iP · t.l ~c t)!.hc:· t ·t:t!:-; ol' the {.:1ucs ,, .. _ 

~:: fo:-ntcr const:tnt.Jv world!l ;! fo :· tltt• t.iml': d:: :·-! The t.nhes d' fi t t.irrh t-1\- i:t :t :-;i:nii:tr !.;tl_,.; ,7,!, 
J .) " I ,..., ... 

ing which OltC ist:·at':slllitLin~, and instcall of j haYin;.: C'cn·cr$rl", tlrt·our;h "i: ich pa,;s ,.,,.J,.;ri', 
inlcrrnpUn;; the cn1-rent o( Llh~ prim:u·y in- i coutH~cl.ini;tll t~ bailstltu~l:e cn:t!.!!;ct.-.r!':'. O::t: 
let·t·uptitt~ Lh c <liseha r!;O o f the ~r.co ntlary. 1 (o:· b e th) I)( llH~ nlt}s c!; is Ctl! lit t'<'t(·•1 Jo ll:t' So 
In t-his case lhccont:tl'l'sof t-he k<'.Y shonl<l Lc 1 h:lll cl by :1. 1J:tll-anc1-s•ll' l,i.:!· .ini:tL :tH(l h:ts a 

30 it:lmcr':-ic·ll in oil, ns •)Uierwise, ow!n~ to Lh c I; sercw-thrca<l uptHI it woridn~ in :1 nut in t.hl' 
length of the ~park, tht• <.' ll t'I'ClltWilt<:O!l !. illllC CnYet· d:\ g y l·lll'l< in~ 1.11(.· ·rot: tlle!'l·(,ll'l) t.l;e 
to p;\S::5 after t.h c COl! t:tcts lun-u l>c;~n sc:p:'.- tl i:>tancc o f tire ha lis c :\[~:; r~. c :: :1 IJe :1 clj :t:":.e•1. 
r:-t.tcd. At the rccci\"it:g-st.at.ion,thcro i~ a, <Z:·r.rcltolc~in the tnbc,f.~, tlt rnn;..: lt wlti<.:lt ,-:tsC'- Ss 
lnr.:\1-h:\ttery circuit, cout~!.i nin~ any ord inary ! Hue, oil, or like male:·ial is Int :·:,:J:iCel1 i:1:o! h~ 

: 35 t·ec0iYin.~ instnzme:\t ntH1 nn nppiiant!e for· i space hctwc~n the ba l!s c. 
closing t he drcnit, th e 1atter uei ng- ncLuntc<l I The ua lls c'i and e :'t:'l' p:·t'f~·:·:ti>i .\" of :<t>l id 
hy t.hc o~dlln.tinn::: from !.he ir:\llsm i ttin;;-stn- brass or c opilCt', :t.n<1 th f' di :'~an··~ i :tl~Y .-,1:-,•:id 
tion. 'Vhcn lr:msm it.ti n;!' thr·m~h thu n,i r I uo aparL tl t!pC'nc]s Q:t !1:0 c;:;;,nli!.y ancl ti••c- 90 
and it is desired t.hat. tl1c ~i;.:- n :tl should nuly i t1·omutivc· fp1·ee of t he c lt..:ctril'il y l'mploye•1, 

40 be sent in one dirccti o~1 , I place t-he oscilla-1 t.l1c e n·ecL increasing with lhc tl!sta:H'e :;ohm~ 
tion-prt>(lucet at: the Lransmilting-:-;tat!on in as t.!w ll isch:ugc p:tss.~s f:·ce1y. \Yilh :1 Cl1il 
t-he foens or focal line of a rellccf.or directed giving- an onlinnry ci;;!tt-inl'l1 ~pai"l.: the <.l is -
to the r'eceiving-:it:ltio:t, nnd I pl:H'C Llle ch·- ta.nce uctwccn e nnd (! sho~:l•1 lle ft·om 0!1 (.• 95 
cuit-closer at· t.J:c l'e t'OiYin;;-stat ion i n :t s:mi- tw~n:y-fift.h to onc·thi rticLh of an i:tclt :tnc1 

45 1~ ':' reflC'ctor clirCt!tc tl toward the t:-:\nsmi tti n~- the 'dist:ttlcc hefwcca ct a ::t! c :1 htllt ~ one aa<1 
st:~tion. \\"hen tran~m i tting si~n:1.ls th mit~h a ha1 f i nchcs: f is n c~yli !.ld r!.:·al I:;\ !':1 !>t>l ic :·c­
thc earth, .J connC'd 0110 C!Hl o( t.ltc osci!l:t· flector tn:J.tlC b:y bcnttil:;,; :1. mcta!Ji;;: ::;1:\;ct , 

~ .... tion-proclucer ain1 o_nc <'1~<1 of tltc ci.rc~tit- · ~r~fcr~hly of ut·:~~-" or coppc:-, . . t o !:,;·:n ~ntl rc· 
~ a~ii·'i lt f:loscr lo c:uth :\1' ~1 th Q .. nthcr CH11S to sull!l:u hxmg- tL to metal heM woo<hm rt os.t . <ll ·~ ·~:· 

. ·~~-~so l,lales, pnlfcril,lll~· c;k~!l :·k:ll l ~· tmH~ •l with N\ch I coiH1iLlons \ll• l n~ C•_11m l tho la 1·~~~ ~· ~h ·: b:ti' -, ;ii 
· (~ ··~ otlt1~ \' In thn :\tl' :tlltltll>~\1l:t!c••1 f1 '11::1 t':ll'lli. thr ~l't':\!t!!'l~ th ~· · l:~!:n~~··.~ :t~ w!: , .·!J :t :-; ' "'~· 
I ~ I I'' •' ' ·' .... 
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~ :~s of '"lid loa>S "' '"'" i oHioc•s o :,,,; :~; 1,~,~~ I io.o a '"""P: h• •>~Cio e> e~>d ,;, ; : 0 ~· ~ 
gi\'in~ \IS<'illal inns of t1 'll in elH'S lrn~!.h t>f I 'J'IH\ s• ·n~il i\·c:t• e•:o;;-: <·:ut also h· i llt' t'e:a,.;•·ci b~· 1 
,,··:1\'c~. · ·· · ····- ·--.. -· 1· ;\(!ding' a ~\· en' :-;"tii:1it a i:toi!n:. r"11 !t:llt'e ::r\' lti 70 ·j 

'l'lw n•fll•dors :tj>pli<·d lu tltt~ l'Ct:\~ i\'<: r :~n.l , Lite t!!'in~s att;l tni ~itt ~ ttp t:::t:; t .!tc~ ::1\·:-.":,: :-y ! 
5 (.:·ansmi Li c r ou~ltl!.o 1>1' p rdl't'ahly in l<:ngtit J is ah~o l'l><••l. 

and <>ill.! ttin;;- Lht <lcHt ll!e• at ! ~ ::st. of llt c l<'ngt!t! The tner<'lll".f ttt1tsL till ! lh: i n ~ : : t·h :: qn:•n­
o f ,·.aY•.• cmiLl <'<l fnllt: the nseiliato:·. ! t.il-\' il.~t.o c\1)\, or t·ak<~ l hl· li l itt ~"· .\ n :il:np,.:i. 

ll' a Y\~t·y powc rf11l snun:o of clcc!.rit•il.y 1 illli)l\J"C('j >l.ilJlc; .. doltnlu is s:t:li<:.;l'lll. _f,ll· a tuhc·. 75 
~i\'illg- :~·:c ry long- :'p:u·k b u cm plnycl1, it. i s ' lns tC'tHi <>f uti:dn~ !.lw :n<:rc:n:·y \\"it lt t.hc· po\\"-

:o p rcferal llc to cl ividc the :;park gap hci.\Y\:en dc r onccan o!Jta.inl.ltc~antc t!Tt·!:Ls i"·~ : ::~ ft: h· 
tit<: t'Onlr·al balls of lilt: o~c:ilbtor in!.o SO\'c :·al amalg:w :a!.in;! the ir'ttlt: t· su r L:c·rs 11!' "t !11· i:I:r_;..., 
smalkr gaps itt s('ries. This m:1}: lw<loll\' by \vhicli :1:-<: Lo l.Jc in l'on l:tl'!. ,,; ,it : !tc· !i li r:~,.;. 
introelndn~ 1>C' 1 \\'Ccn t.lto ld;::- !talis sma11cr Yery little ·,;,ct·en 1-y wus i L·~· t:~c <l, _ja"t. sn.ni - ~o 
ones, (11f abo;. 't:Llf an inch <l ia:nctcr,) ltchl l eicnt t.o hri~h t ell t he snl'f:t<'<: <> i: ll!c !tH'l:t!J! ,· 

t:: in {l<lSi l.i•.m U\' <·. ,.m i le ft·amcs. nlu c:swit.hot: Lsltowin:,:a::\·fr, ·~·::lc~hn : ,.~. Tlt·· "" . I • ·~ . .. . 
ll!ntl t-hat lh c rcgu lari t.yan<lpo\\'c:· of t.hc! ~i:r.c of tlti!lllhcantl t.lwd is::tll t' l.: hc·!-.,·<Tt: : !t c· 

<li:-~ch:u·gt! o( :tn ordinary Huhmkor!Tcoi! wiLh ; l wo meta !li t: sto ps :nay \';Lr_,. '::1: :c·:· (•e•r!aitt 
a tremblt:t· -.. hre:tk 011 its prinmry is gt·eatly I l imit~. T ltc greater !h t: sp::cc • :tJJ,,"· l·,1 !"n r [itt ~ Ss 
impro,·cd by c•al!::;in:.;- 0111; of lhc contacls of I p owl1Cr 1 !tc la r;_!'cr n.ncl c·o:\!"Sl'r tl :t~!:: (o IH• th e: 

_, tho vihrn.t.int! break t o t'C\'ol\·c rapi<ily. I do filings o:· :;rai ns .. 
this lly ha\· in~ :1. rcvuln l>lo ccntml core c2, ! I prcfct· to ttta ke 111,\" M~r: . ..;it h ·c l ::!w ,.; ell' I !tc· 
Fi;;. :J, in ~he ot·din:Hy sct·cw ··\which is in 'I followin ~sit.e: Til(~ lubt~.i h ot1 t: :1 1:tl n:•t'·lt :d!' 
COillllllllliea!ion with the pl:l.Linum conlacLs. inches lult~a ud ortc-t~t:!h •> :· otu\-:.wc~ft! t P l': : t: ~·· 
I catt~c t.ltc sai<l <:cnt.ml cot·c with one of the i:tch inl.<!ruill <1iaructcr·. Tltc !c.! ti~t!: o r l It ,• 

25 platinum· eonlact~ nl.tachec1 to it to rcvoh·c I stops}! is ai.Joul. nne- lift h oi an it: •\: a:rc1 1li i' 
by conn ecting it t o :1. small e lectric motor c~. distanee llt.!Lwccn thn ~t.ops is r.h0n~ une-tl:ir­
T!tis moLor can be wot·ke.cl by t he s:tmo ,cir- ticth of an ineh. 1 li11 tl Uta:; the ~tn:tilcr t !H· 
cnit that workl; t he coil, o 1·, if necessary, by space uct.wccn t he ::;lops ilr tl:__c lube Llw H:•>rt' •..>S 
n scpamLo cit'cuit. Thu connections :trc not scnsilivcitpt·o\'t'S, bn L t-l:espa<:ecan!h>~u nd c·:· 

30 ~>how.l;l in the d 1':\ \vin;!"'·- ··By th is lltca ns the ordinary ci rcmnsla.n CL'S l)c 1..' :\<:t:s:::i YCly :->illll't • 

pl:l.tinums nro kcpt~moot.h and nny tendency encd without in j t:rin ;.;tlt e fhlclity o~ tile.: Lr :t:l,.;-
1..0 st.ick is r~mO\'Ctl. They la:'t also much mission. , 
longer. At the rccC'i\'in~-stat.ion i::; n battery Tho metallic puwtlers ougit l. u oL to hl' li ll c, 
wlto::;ccircui~includcs n.n onlinarytcle~1·aphic but rather as co:1.r:;c a::; can I.Jc p:·olit:c··:d lJy a 

35 instrument (or it mny be :1. rc!ny o1· ot.her np- large and rough file. 
pnrn.t.us which iL is dc::;in::ll t.o work f rom :1. .All the Ycry fine · p owder o::~hl I<~ ltu t·e -
uista t) CC) and n. cit·c n i {.·closer. moved by blowing or si n.i :~~. 

In F ig. ·1, !J i::; the b:tl tcry, n:Hl h :1. tl•k- · Tho powder ought not to be eotHpn·,.;sl'd .i•c­
gmphic i nst. l'tlmen ~ on the <l crh·cfl d ren it of tween tho stops, bt: t r:~th ct· loo~,~ a ttcl ; n s11<:lt 

40 n t·cl:~y ·11. n condition that when the lnbu i~ t:<ppl•t1 the 
_The n.ppliance I employ a~ n cirenit-closcr powder may bo seen to mo\·c; . 

i::; shown full size n.t Fig. 5 ntHl cousi::;!s ·ot a Tho tube must be scaled, buL a \' :ll·:u:m i n­
~lnss t-11 ho j, cont.niuing metallic powder or 1 sido it is not csscn til"tl, cxccp L lite ~l i;; J: :. ' ';k­
grai-ns t•f mctalj', each entl of the coiumn of juum which resultsfromha\'inght~::.lc<: :t. while 

45 powu.cr being con nee ted to n. iuetn!lic plate k. scn.lin~it. Cnro m 1:st ~l so be .t.ak <:' rt no t t.u lr~!·t!. 
of snt t ablo .lcng tll to cause th<> system to rcso- I the t-nbc too ro uch m til e ccn lct· ''" ht~n sc:th n~ 
nal.c ~l~ctl'icn.lly in.unisou wit n the c1cctricn.t .

1

. it, ns it would oxidize t.hc surfaces ?C the sil ­
oscttlnt.tous transnut.tcd. The glass tu be ma. y ver stops and also I he powu cr, wlrt<: h wonlil 
bo rcplaecrl in somo cuscs by one or ~uttn- uiminish its ~cnnith·cncss. l t• ~e in scalin g-

so porch:\ ot·likc mnto.l'ial. 'l'wo short pieces of I tho tubes n. hydrogen :tnc1 ;lir fl:ttllc. :\ \':l.C­

thic!\: s il\'Cl' w!rcp of the same cli:unctet· ns nnm is, ho~nn-_or, dcsit·abl ~, n.n<l I h:.·: c used 
t.lto tntcmal dtamctcr of the tube 1 so as to on<: of nboutone ouc-thous:l.JH1Lh of :1.11 at.mos­
lit tightly in it, n.ro joiucu to tv.•o 'pieces of phcrc,obtaincu byamcrc l:rr·pl:.:~tp. l!.i:-; a lso 
pl:1.tiaum wire J"· I Tho tube is closed. and necessary !or tho powder ot· grnin::; to be thy 

55 scn.lctl onto the platinnu1 ~drcsj' l\t both ends. nnd !reo from ~reasc or dirt., nnu the !ilcs ll!'ecl 
){nny metals cnn bo employed [{)r produc- in producing the snmc ought to be freqi\Ciltly 

in~ tho .·powdcr or filings .f~· but. I prcfct' to washed nnd cll'icd nn<l used when. wa rm. 
llSll 1\ llllXtttt'O Of tWO Ol'U"\Ol'C uifTcrcnt llll~t.rlls . If thO tn\)o hn.S been well tn:Hlt!, tt sh oulel be 
I 1inU. hnrd nicl.:cl to bo tho best metal, n.nd sensith·c to the inunction of an ot·dinnry cll'C-

6o I prt'fer to adtl to the uickel filin~s about ten tl'ic be ll when tho snmc is working nt one lo 
percent. of haru-~ilnr filings, wl":.ich incren.sc two y;: t d s or more from tho tube. · 
gl'catly the sens itiveness· 9f the tnbo .t-o elcc · In ot·dor to keep the scusiti\"O tu bcj in g-ootl 

~ . tric oseillat.ions. Hy increasin~ tho ·p"ropor~ working order, it is dcsimb1c, l>ut not nl>!;o· 

'

. ~~. tion or s il\'cr powder or grains thn sensitive- lut.cly ncccssnl'y, not t.o nl\ow.nH'• I'C than ~mn 
r.s lt<'I!S or tlto Lnllc nlso lnct'<'l\~c-~; buL It I!! bet-· ·mllllanqH!l'O to flow Utro:t~h tl wh:~n :l.l' ~! \'L' . 

~ 1 t c:1• Cot· ;we1innl'.'t' w o:·k n0t In h:l\·c n tnh~ nf , Tf !t ~!1'1'!1!!<'1' C1 1t'l'<'ll ! i~: !11'<'•' ··.·· ::!"' . ~' ' ": · · 1' ·~ ~ N ~-:_ -~·~ . . 
~~~--~ · ~~·A .A-~ ~ .... 0 ' . 
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4. _iho plugs, a cir!'nit tbrot~gh tho plu~s auJ 'Lnt the trnnsmilling-stnlion, nu onrlh couooc- ~ ~ 
powder, a relay acwirccu oy th&""tirc;::~ .• :~:1:1· ~!~~~'Jon~ cnu nUh~ ~!J.nrk-pro.clu£-cr, an w- !b 
means ilctuated by tho rc:by for shaking the I sul:\tecl condn('tnt·conncctcd to the othcrC!:Hl, 70 
powder. · · I an imperfect electrical contnct nt. the rcc:eiv-

3~. In n. receiv.er f~1r elcctricnl oscillations ! ing-station, choking-coils connected to cnc:h 
th'e cot:-~binatioo of a tube, met.a11ic plu~s in cncl of the contact., nn cnnh CO!llJC'<:tiou to ono 

-the tube, a mixture of metallic powders be- end of tho imperfect. c.:ntact, an insulatccl 
: t\veen the plugs, mctt~llk pln.tcs conncct.et1 to conunctor connected to the other e1Hl, n. cir- 7 5 
.;the plugs! ch?king-c:oils com;ectcd to the i cnit through the ~oils_antlconta~tnnd mcnHs 
~plugs, a c1rcmt through the cotls, p!ug-s mHl I actnatC'dby the clrcn;L Cor sh:J.k;ng the con-
powder, n. relay actuated by t.he circnit mnl t:tct.. 
-means net:,"'' ~ <1 by tho rcLiy ;or shaking l he '17. The comb iun.Uon of a :-::p:u ·!~-prut1 a c·t:r 
powder. .

1 

n.t the tmnsmiUing-::;t.nLion, n.:: cart.h co:mr~<::- So 
. 40. In a rceci\'cl· for electrical CHciil:ttionc:; tion to OI!O cnu of tll~ sp:>.rk-proclt~t:Cl', an ill­
the combinn.tion of n tnbc, metallic plt1[,:'S ia 1 sulntctl couductor conncct.cu Lo the othet· end , 
the· tube, n. rojxtnrc of mc:tnllic powuor antl [ n. tube containin~ metallic pow,iC't' at t.ho :·c-
mcrcury between the nlngs, a t'ircuit th.rough 1 cei\·ing-st:ttion, nn e:u-t!~ connct·tion t.o o:tn 
tho plngs and powder, a :·elny :lCtlln ted oy tlte 1 end of tho powue!·, an lllSll btetl c-Gnllnclor Ss 
circnit nnd.r;1cnns nctu:ttcd by th0 r•!ln.r for , connected to the other end n:H1 :t ~irc:u1t 
slJttking the powder. . 1 lhrou~h the powder._ 

. ·41. In n receiver for el<·drical osc ilia t ion.s I ·18. 'J'hc com binalion. of a sp::.:·!.:·tJroc1 \!(;~:· 
·the combinnt.ion of a tube, metallic !,lugs in I n.L Lhe t1·n.nsmittin~-sta.tion, a.n c~rlh con:~ce­
lhe t.uuo, :L ruixtu!'c of Jrtel:tllic powtlct· ancl tion to one end of tho :-;park-p!'otlnccr, nn.iu- 9'"' 
mercury between the plu~::;, mct:t1lic phtcs :l sul:ltccl contluct.or comtcdcd t·) I he other end, 
conncetc<l to tho p1u!;s, :1. circuit through the n tube containing metallic powder at i.h~ rc­
plugs and powder, a rc!ny :.cttmtccl by tho cir- cch·ing--slntion, n.n cnrtl1 conncc:L!o:.: t.o o::o 
cui t nnd menns.nc~t!a ted by t11C relay for sha 1\- j cncl of the pow<l~ r an i nsul::.t.e•.l cond udo:· 
ing the powder. connected to the other end, a c::·caitth•·ongh 95 

· ·l:l. In a. recci v<:t' f ·.n· clcct:·ical oscillat.ions , t.ho powuet· n.nu 1:11.~ans net nn.tctl by t.hc ci r­
tho combination of n. tube, metallic plugs in I cuit for shaking the powde:-. 
tho tube, n. mixturJ of mctn.llic powder fi.B<1 . .J. :J. The combinn.~ion of n. ~pn.rk-proclu<:el' 
mercury between t.hc p1 ng~, mctnll ic plates I n L the trn.nsmitting-stn.tion, an earth eon nee­
connected t.o the pln~s, chokin~-coi1s connect- 1 tion to one end of the spn.rk-p:-otl i:'.:er, :1.n in- 1 ao 
ell to the plugs, n. circuit thr_ongh the cnil::;,_ I sulntcd conuuctor connectcu to the oth<.>r c:1cl, 
plngs n.nd powder, n. relay actuated uy the ci r- I n. tube con tn.inin::r metallic powder at. the rc-

. cuit n.nd moans :l.CL\1:1 (eel by the 1·eln.y l'on;1t:t k- cei\·ing-st:~otion, choking-coils cormcct cd to 
ing the powder. . cn.ch end of the powder, nn c-n.rth conuccLion 

•13. The Jombinn.tion oC a sp:\rk-protluccr to one end of the powuer, n.n ' insu~atcd con- ros 
·at the transmittin~-station, n.n earth conncc- ,uuct.cr connected to the other end n.ncl n. l-ir-
tion to ono cnc1 of the spark-producer, au in- cuit through the coils an<l powt1cr. 

-_.subtctl condnctorconnectcd to Lhc othcrcn<l, · 50. Tho combination of n. spark-producer 
;.an imperfect electrical corit.nct at the recci\·- .-~t the transmitting-station, nn c:'lrlh conucc­
':ing-stn.tion, nn earth connection to one cncl tion to onu end of the spnrk·pl·oc1ucct', nn in- 110 

:. of the contact an l nsnbtcd cond nct.or con- sul~tcd conductor con nee ted to the o l-hcr e~1d, 
·: ncctcd to the otiJCl' end and a circuit throug-h n. ~ubc containing metallic powder at the rc-
the contnct. 1 eeiYing-station, choking-coil!i con:~cctcd tc) 

· . -14:. The coml.linn.tion of ~~ sp:irk-prot1 nccr cn.ch end of tho powder, an enrLh r.onn<!ct,iou 
·at tho transmitting-station, an earth connec- to ono cud of t.hc powclcr, n.n in::;nl:ttcd con- 1 rs 
··. t.ion to one cncl of the spnrk-pro<lnecr, nn in- dnctor-conncctcd to tho ot.hc:- end, :l cir.:nit 
.'·.suln.lcd conductor cormcctecl to the other end, through the coils ancl powcer :-tad mean::; ac-
·'=n.n imperfect clcctricn.l contact n.t the rcr!eiv- tnntcd by tho circuit for shaking the powder. 
~.ing-stn.tion, an enrth connection to one encl of Jl. The combinn.tion of a. spark-prolluccr 
the eontnctn.n insulated cut:<luetor cont:cctcd nt the transmitting-station, n.n c:1.rth conncc-' 120 

:. to tho other end, n. circuit through the con- tion to ono end or the spark-producor, a.n ir.-
tact and means actuated by the circuit- for , suln.ted cond actor conn cclcd to t-he other end, 

. shaldng- tbc contact. 1 n. tube containing metallic powccr at the rc-
45. 'l'hc combination of n. spnrk-prollucer cciving-·st.ation, choking-coils :md cn.rth cou-

nt tho tt•ansm itti:l~·Hta~ion, nn c:trLh conncc-· t1cction t-hrougll condenser:; connccf.all to cac11 t: s 
tlori to one cncl of 'the spnrk-procueor, an in- end or tho powder, n circuit th t·our;h t.ho coiis 

'.- sulatcd con·:luctor connected to the othcl' end, and j)O\r'<lcr and means nctuat.ccl uy the cil·-
:;,n.n imperf.cct electrical contact n.t tho recciY- cuit fqr shn.king the powder. 
,.ing:station, cho!dng-coils connected to each. . !i:!. In a :'eccivcr for clcctricn.l oscillations, 
:>end <;>f the contact., n.n earth connection to one 1l the ~omHnn.tion of n.n imperfect elect:-ica.I. 'i ~A" ,··end of the in1pcrfect contact nn insulntcu contact, n. circui~ through the contact., nn c1cc­

':f.. -...:~· conductor con11cctcl' to the ot.her end and n.l tric trembler shaking tho contact, and means 
~ ~ ~ ··1.~~ . circuit throug1t tllo. coil~ nntl contnct. . !ot• pt·ovonting the scl!·itHl uction or the trcm· 

.... ~ ,~. --~- . ·!G, 'l'hc comuin:>.!.!on of r. ~pnrk•pt•otlnccr ult>t• h~ll\ ttfTcctin~ the. con1r.ct. 
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~~~:plates, but Lhi~ an·an~cm~ b .:":~:~>kcn,~>l ~'~'~the ::Uoc O> tn!>e is i n~· ~ 
quito as :-;;-.lisfacto:·y r.s !.ho !<ingk t.uur:. It is J llncn<:~ll bv the clcdrical•>Scill:l:.io::s L·rHH Li:c.: i 
n~ccssary w1ten u~mg tubes of Lllc type I h:t\'C 1 t:·:u1srnitt0'r it condlll'1S and clu:>t:s ;.he ~:in::: it. ;c. ' 
tlcseribctlnottniHS0t'iin tltncit·c:n!Lmoro th:t!! 1 I fitHl, howoY.l'r, t-11nt when once :;t;trtcd the 

5 one cell of the J,ccbneh,; type, as a higlu~r !' pmnler in the tube colltlnt:cs to CO!Hlnct c\'l'!l 
clc<'trornotivc force Lh:tn 1.5 volts i;-; :tilt to, when the oscillations frc11n t.lte tr-:J.m;miltc r 
p:ts·• a CtltTCllt· th!·out;!l the t.nue •:Yell \\·!ten l h :n·e ceased,- h~tt if it he ;;l1ai;;en r~r bppl·d 
no osc il lations a1·e traw-.;llliLl<'<l. l r:an, how- j tl:<' <: in;uit. i:- brokc:n. .·\ tuuc wcllJ)rcpnred 75 
eYer, <:onstr·.: ·t t.nucs e:apablc of '-l"l)rking with , will in-;tanUy in l.errupt, tl1<! entTent. p:~~si!ig 

1o a llltl c.:h h ight: ·lcdrom o ~i vc r.,:·ee. Fig. tj i Llt rong-h it at the sl igh t.c~ L tap, pt·ovitkt1 i L is 
shows one or til - .• ~ tnbC's. In t.lti~ tuho in-J inscrtc<1 inn Cl!'CUit in which there is lW!I! 
st~:u1 of one spae<.' or gap fi!lell \\"ith tiling:-; ] scif-ir:dnction ;tr.1l sntall clc·~Ltm :!vtivc fM<:(~, 
t lH! 1:c :nc !ie:·crat.;pacc~ sep:L:·:LI.Cll by scc.:Li ons l :; nch_ as a s! ng!c ce II, an ci wh,::rc tl~e ciT~r. (.;_;or So 
of L1ght-.lhLltlg ~t•V<~~· ''"11"0. .A tulw Ll11:s COil· i !oielf·Jlll11l<"tl0ll ht,\'0 hecn r<;lllO\"i:~; hy Oll<: of 

IS sLructccl , ou~crving n .. ;\} .. :lc !";ih:s ()~ :~illl!:it-ruc·! tile mcthcH1s whieh I will pl·csent.!y t1cs.::rille. 
tion of my tul:cs in general, "·ill "· ,jrk ~:t!.is- i The two plak~ 7~ r;omi::unic:Ltc wi!.h tho lo­
fnctori ly if the clcet romoti \"C fo~·.:c of the bat· ! ca 1 ci ret: i::, tl1rough t ,,.,) very Stll:tfl coi t::.; 7~' , 
tory in ~it:c~.i~ with the tub~· is crrllai t.o_!-~ j w!lic~l 1 will c:_tll "chokill~·<·oi~s," fo:::: !..::Li_ by ::;~ 
YoH~ mu1t:[Ji:C1.1 hy the nnmbc:rof ~aps. \\ llh 1 wm<1ltl~ a fe\\. 1nehes of Ye:-ytlun andll!;o;<l::tt· 

:zo this tube :1lso it is wcllllot lo allow:-.. c:i!Teut! r.cl <~opp<!rwin• at'OiliH1 :t 'bit of inn~ wi.:·o.:: atonl 
of more thnn one miilinmp,~:·C! t.n p:ts~. ! :1 n inch a:~•J a h:tlf lon ; . The object o~· :.ltC'~e 

The tn !)0 j Jll:'.y be rc p hccc1 hy o~ h ~~ r f•Jrti:s ! (.'hok i ng-coi b is to pre ,·en 7- tho h !glt· :·:·•;·~ l!(•n r·y 
of lrnpcrfc\:l elt:ct.rir::L; contact:.;, 1lll t. this is not ; l•seillat.i(>ll in<lucnrl ac:rosf; the::;r: platcK !Jy tit•: )O 
<lcsirabl,:. . j transmit-l,;r f:-o:n di . .;;-;ipat.ing ii:S\.:lC l.:y n:: :· 

25 The pln tcs 7,; nro of copper or aluminium ot· jnin~ aloll~ l he lnral • l;a:t.et·y wirr:s \\"hid: 
otl~el·met.al, about halr an inc:h or mt)nH.lro:H1, ] !n!:.:l: t wr!akc:1 it.::; o:TeeL on the ~et1siLiY<: 1.i!1•;_) 
n.hont onc-fiflicth of r..n inch lLiek, :wd pre!'- 1 J: Thest•eho:dng-<:oilsn:a,\·,hom~\·cr·.l;cson:~­
em1J1y of. s1:Ph :t. le:1~t.lt as lo be clectl'ic;:dly 1 timC'~ replarcu lly simi)]<.! t.h!n ·wire;-;. Tht:y :;;~ 
t.uned wiLl: tho elcctrie·o~eillat. [,,a:-: transmit- 1 may :d:-;n be cc-;:lllC(:t(;<l <1in:etly to :. l:c t>1!1e ,;. 

30 t.cc1. The mca.r.;; I :t<1opt for !ixing Lhe lell;_;lh : The loeal cir('nit, in "·hielt tl:c scnsit.he !t:::e 
of the pbtes is ns follows: I stick a ret:t:m- i .f i~j :~l.'iei'~\.·U contains n. !';1.:!1\siLin! n.::!:ty 1;, p:-d­
gul:tr strip of tin-fo[J ?ll (s0c Fi;.;. 7) al >OuL! cral>ly \\'CJ:1nrl to a rcsistan< :t~ or :tl ~ou ~ tweln~ 
t,went.y inc!H':-; long (Lite lc!:gth tli.::peHtb on ll>c ; hundred ohms. This rcs ::-;tar:r:c 11'-!(;..1 110t be reo 
suppose(! length of waYc that one is llleas:: :. l neces:>arily t!i:il. of tho rcb.y, lmL n 1:t.',: "ue tl!<\ 

35 iug) by meam; of n. weak .solution of ;!tll!t onto i :;i1m c, f t.he n~~i:;t.ance of !.he n:!ay a::d a::-
n glnss pl:ttc ·1:t '. Thcu by means of a n~rr 1 l'l-her ;ul,litionalrcsi~iau<:c.•. Th i.: :·t:i:t~· ought 

· .sh:u·p vonk:life ~)1' poin_t I eutacro>;s ll~·: .m.id-j t.o.l:<: one pos:-;cssini-f sn:a!l sr;lf·~;ttl:z~:~ion.~ 
. dlo of the Llll·f•.l!l, leann .'; a mark of dt\'Jslon , l he plate:-; /.~, ttwc .7, auil co:,,.; 7.: :1rc J;:~- n 5 

. m~. H Lhi::; olcter:t.<>r is hcl1l in the proximity I knc<1 by lllt~:ttl!' of wire ~:.ilr·hc·s t/ i;, :1 U!i:: 
40 (fot!r or ftn~ yat·i1S) :mil p:t:·a!icl wiLl! the :txis i glass tnbe o, prdr~ral>ly not ir>!l~t:r l h:n: l'.n:l \'C 

o( tlte oscilbtor i l1 :wt ion, i ~ wi Jl slt o1•: 1 i t.t.!.-, ; i !tC1t es, fi I' ntly li xc1l at un e c 1~d : n a s t !"• n :~ p !t:r;c• 
sp:n],s nf. '/11~. 1f the lcnglll of Uw l •i <::l:(:s i,[; or t.imu~r r}. This may t•e dt•llC l,J. ::lc::n,.; of 
tin·fvil npproximatc~ to tho len~lh of W:t\"<' I won<1 or ~bonit.e gra:-:piu~·!'i'~rews . 
emiLtcd [rOIIl tlteo:;l'ill:~Lo:·, thesp:~l'l;:wi]J take: f do tlw tapping auto1lt:Lli<:a:Jy by th• '"Ill'· 

t !V 

45 pbcc bet weeD them at :t <!Cl'(:t i 11 <1 i:-ta n<:l' from : !'l!lll. ~tarletl by t-he t.H be, em ploy in~ ;t: 1"<: 1:1! ,;,.:· 
_the trn.nsmittcr, wliil'.h i~ n. lll:tXill1l111\ Whl'll ! ]1 Olt t.hc <;irc:niL Ql the rel:!y 1l simi!a:· !!l •:O!l· 

tbeym·cof~niLLh1ekn:.;:h. J:yshot;CcHingor·l·strttclion to that of an e!cctrie lJ0.!!, l>u~ ha\·· 
lengthening the .s~rips, therefore, it. is ca~y1o i in:.; a shorter n.rm. The ,-ji,t·:ttor l:ll:!-i: h<: ; :5 
1i nd tho lcng!.h n10.st :tpproj1ri:< t.c to the knr:t h ! c:t.rcfu! ly aclj ustcd. . l 'n: fcrallly t l:l: !;lows so or wn.ve cmit.tel1 by Lhc o:-;cillator. It i::; lle-1' shoul<l ue tlircclcl1 slightly upward iu pren: : :~. 
si!·nl>lc tott·y this rlctcei.m· in the (ocnsor foeal the filings frotn geLLing eak1·ol. In pl:H.'C: nf 
liuo of the rc!1ecl.nr. The lengt.h so f011n<l is ; t.apping the tu he the po\\"lk!"(::w o<: <1hturhc·il 
t-he proper length for U1e -plates /.~, or mt.hcr! by s)ightly mnYing o~~.Lwa:·cl :~:H1 fnw:;r~~ r_• n·~ : ~o 
these should he al>ou!. hal[ an ineh ~ltortcr·on 1 o1· l1otl: o[ tl11! sLo11S .r, t.l1c ; :·"till Jet: ! " :'' lli~lli_!.! 

55 ll.CCOllllt of the h::ll~lh of the ~ellSiliYC 1.\!lll~_i, i n::pl:.l~Crl hy :t Sl1lall ~kc:ll"!>fll:l_!.!ll.<:.~ l:<.ll' lll:t;:· 
cc. : ~~ccted 'bet"Wecn them. . · 1 nct:;)Who:;cnn:Jat.urc J.sc;<Jll!tel'len .cJltll:~l<>jl. 

lis n. cylindric~·.~ p:lrabf'llic ref!t:dor :-imilat'l J orc1ini\ri!Y work Ll11~ :l·!\·.~1·::plt~e :·~cL·h·el' 
Lo Lh:\t used at t-he t.r·lm:-)mitting-:-;tn:.ion. h (ot· otltcr lltS!l'tllllelrt:-) by;~ dc:·t\":tlHJll, a:-; 1:5 

.. 'l'h') :r:tntes h may uc in lhe form of _tulw:-; o:· !>howll, f:·~1~11 f- h•!~il'<;ui_t. w::i_c !_t ":•~l:l•s. t,hl~ ~~:::~:.'~ 
6o e;·cn w:rc:>. · 1 ~)\er 1~· 1 ~t~y c.w ,\l:"oo, ," ' \, C\ ':I, \.,, \\ o, ,~~ 1· 

It is slightlyndvaut.:t~eons for tlw fnl·:--.l tlis- l :n s.cnes W!Lh the il'Cll\1 ,10 !'. '\ lt~:t \I'L)l"kttl~ 
t:mccof the re!lc\!ltlr to l>c~clt:r.l il) ·)ne-fonrt.h 1 ordmn.rysou ntler::; or ~for~e ::ppara: ;::-:, :1 :-:;:c:-

.ot· t.llt'CC·fOUl'thS of the W:lYe lCi1glh of the Os·l cial :\ll,it:strncllL Of the ::;:tt :l<: is ,.;,::::r~li:l!C.'s T~O 
cillation t.rn.H:;mittr.tl. · I ncel1Ccl to enable one tu ol>!aln d<>!s at1ti 

6s \\'hen no oscillatiOll!:i arc sent from the 1 dn.slws . S()lnclimcs H i:'i liPi.•.es:-:;u·y : .. wrr:-k 
tram-itnitting·.StfiL:;m, tilc1.nhc.i 11ocs not c!on·l the tck~mphie insLt·t~mullts m· t·c~·~~ · ~ rru,tH 
t1t!et the C111'1'CJll., :\ll<l tlu•ltJl~l\l·b:ttlc;l'~' r~il·cttl~ the b:t<•k·stops ot. tl1c~ itl':.;l l'C'i;t ,\", ll:-1,1~' dt>IH.: :ll 
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Solll<l S)'l'>l<'l ll:-i of lllttl!iple l t ·l < · .~ ra plty. · ·sli<·h; Hi:; ttol l!SSt'll,tial 1l1l::\ \'\: n n·llt:<·l•:l· a t. ;h,· 
:uljusLtnOJ t (~o,; nn: kuo w11 ! 11 ll'ie~raph : e t'X- I transuliltr.rs :tr11l n;,;oh·ct·s , 1H: t. in t.!J, •i r ah-
pn 1' (.:;. I sen eo the cl is! :t nee: a t wIt it.:! 1 0 1! <.' r :: ll: cn:nm ttl : i- 7 c 

1;yl:tl~;u1s of a t:il1e with lt l ltlliplc~aps it. i;-; rate is mn eh st t :Il ler. 
5 possih l ~l t o \I'OI'k !.It o tl'\\l t:IJ! I'I' :tn t1 a\sll the , f litH] i t. c'.OII\'I' ll il'l ll. W!H•ll t.rans : 11i! Un~ 

I> ig"ll ;~l i 11,!: (J I' ollll'l' :1 Pl •:\ l':l( I I." <1 i l'i'd Ill\ Ll w elr- I :l.('l'OSS lo II~ cl is t a 1\ I'I~S t I) Ill :d .:c: \Is •. ~ () r t.h i \ :.ra liS. 
<·niL whiclt <~ontair1s t.lw l.nlw, bill. I pr<.'ier I r.:l ~tor sluJ\\ 11 ill F i ~. ~! . 
W) l\~ 1\ )H)Ssih]LI tO \I'OI'k wjt}t lltn l'in~\e-.~;tp l {. :tl'l' t WI) po les (' (lt:lle(~t e<} ll)" :L l'tipt• { , 1 11 i5 
L~ l h•! ;~11 1 1 ~he 1·elay, as slwwn . \\' it!: a.~;nu s i- 1 which aru SiiS!h\lltl t'd ~~y mc•a: :~. <:.r i!:sn !a l i: t.~ 

10 1-1\·e _atul_ \\' t! ll-c ~. , ll:-.. l. l' tll : l.l'<l !.r<'l n~ tl<: l' 1L ~ ~ nlsn ! ~ nspctt<1 t• rs t.wn·ln_nl.alla: plalt's!--1-, lll't• f,! r:thly 
J>OSsll>k tn \\'tl t'k !.he~ tn!llll>lel' 1\' ll-h 1 ! H~ ::- t n~l c- 111 t.IH.\ forlll of c~yl tnd e r~ <:lose·•! :1:. :.he~ t-Ill '- hn: · 
g-ap tulJC~ in s<•t·ie~ wit.lt it wit.llllllt. t ltc! relay. 11(:eLed 1.•> t.lt e sph<:l'l'S e (in _n: l or ot!1cr c\:.:k•·· 

Itt c>' · ,·at.ioll on tlt•J !.· ~ rtuin:tls .- ,f t.l:o rc:lay tl'ic•, as bnft> l'l~) :tiHl l.otl1e o ! . !t c~·l,a! h !:: in pro :» · So 
u is pl:. I an orc1inary platinoid r<•sisl.:uh:<.: im il.y !.of he:-:pht' t'csc:' , in \!nmtn!_! a ic·:!!.i•m ·,,·ii h 

15 ~1oil ltlo-w_lllt l ld (or \\' ll\111<1 o.n tho " l> iglt t.," as it I Lite c:oii o1· \.:'a!l s fonncr ,.. The ! ;ails ~.'' :~n : no~ 
1~ sotnel.ttllCs !1~1·:ncd) c:otl If o( a !Hltl l, funr ,. ahsolll tP-ly lll!<'uss:try , as tl:c phl.\•s !- 111:1)" !11• 
1-i111CS t.ho rc!s:statwu of Llto l"elay, \\'ltic·l1 pre- luac1c tn <'.Cllll lt l llt li c·:LLC \\'it.lt tho C() i! 1:r t.r: lllS· 
vc11L~ Uu.) sclf-in :~·:c::t.iono( t.Jwwindin~o( t.hc : fo r nler!JynH::tusoft lt in inH:ilatell wi:-es. T he ::is 
rcl;ty from afl'ec~Lin~ tho scnsi U\'<: l.nb~:. ! receiver J aclopi.w it.h \'.his!,r::.ns lHili c' r :ssi1 11 i· 

zo Tho drcn il act.nntccl hy tho rel:ty Colt t:ti ns l Jar t.n it, c xt·c~pl. tha t the i-; p1H: I'I's r: an~ l't' · 
ILl\ ot·clin<Lt'.Y batter.)' 7' M ·about l.\\' (.•lnl c<'lls I pl:wc<1 by tlw smtsl li\'O t.ubo .i :1: : d pi:dc.:s /: . 
ancl the t.rClllbkr fl, t.lto l'Csis l;tllC:O ot' t.hc J whi le the splt ct·cs /:'arc rcpbced hy Lhc l'lttlk ­
wintlin~ of ~I'Jtich SltLl1\ltl be :t!lOllt. one lft oU -~ illg'·COils /,;' ,ill COII\ll\ llll'ieaLiO!l \\'i l l! lhc ln l'a l <JO 

sa nd ohms, aml tho ntH.:Ien~ on~l t: . prcfc rn.hly eircuiL. TL may he obsc:Te.J t h:\ t-, other t:on -
zs to be of soft. in111, hollow :\till split. lC!I;.!t.hwisc , ! ditions bei ng equal, Lhc 1 :-u·gc~:- ~he p l:Lt.c·s at 

liko lllOl't clt~ct.t 'OlliOlg"lle!.~ wwd in tc~le;p·aph 1 tho tr·;Lnsmiltcr and rcceivc t· ancl L!:e lt :;;1tc1· 
iuHLrllllH'llL~. In stn·ics o1· clcrh·aLion fmm they su·o from cn.rlh :1.~1d t o :1. cc r!.:t;n <'X t t•nt. 
this drcuil i:-; inscl'tcd Lite !cll'l.:' l ':LJ)llit~ or ot.ltcr tho fnt't.hcr .nparL they arc t ltu g"!'C:<t.cr is t l11! 95 
nppnralu~ lt wl ti<!lt on e n1ay·desit·c to wot·k. <li~tn.nco nt.whichcon·cspcn<l unee i~ pus:;iblc . 

.30 1L is uc~il'llulc tluLt. Lh is iusl-1'\lltll~ l\t or app:L-· \Vhcn transm iLLing 1.lt:·oug!\ t he enr t.h O !" 

mt.n~, if on n <lori\'nt.ion, shou ic.l hn.ve a rc- watc1·, I ~1se n. tt·imsmit.tc r 11.!; ~ h0\\' 11 in F!;;. 
sisl:~neo· equn. l to t.hc I'Csistn.nce of t.he !:rem- HI. I connect. one of the splt t'res cl to c:u·til 
lJlot· p. A plntinoicl rcshitsmcc h' of ;~bont I E, prefcrnbly uy n t.hick wi!·e, a.IIC1 t.hl~ ut..h<·r 1oc 
(i\·o time~ tl1o rosist.anco of Lite instrument is 

1 

ton. plate orcon<luctor u, s us pent'le<l on :Ltlll!c! 
35 i'il~I.)I'LCd in uorivnliou !I.C!t'OSS the termitH\)S O( 'L' nnu illSU}I~tcd from e:trt.h; ~ :· (.lw SJllll!I'L!~ rf 

the i nstru men t n.n<.l con nee ted n.s closo to the llll:~y bo om itLc<l and ouo of. t.::o s phcn:::; 1· b e 
s:uno ltS possible; In dcrivnlion ncr~.;)S tho connected w cnt'lh nnd Lite ot.hc r t.o : ltc plat e 
l.ct·m ion. Is of tho Lt·cmblcr 1' is placed n.nothor o:-condnctor 1.t. A tt.ho rcc! l~: Yi 1: ~-~lation , Fig". 1 os 
pbLt.inoid rc::;isLn.nco 1'' , nl::;o of nuou(, fi \'c timcs'lll, I connect one tcrmi nnl o( the s~11si t.: \'C t. u l>r! 

40 tho rcsistnuco of the trcm bier. A si milnr rc- j to cnrtll E, al~o by a Llt ick wi t·o , an tl l.l1c othe r 
sbtnnct' }'~is insc1·ted in acit·cniLconnccLing to :1. plato Ol' conunctur w, preferably :-;i m!];u· 
t.hc vibmLing eontncLs of tho tr<'mblot·. .Jn to n . . 'l'ho pla.te 11' mn.y be s n:-pcn<lc:,1 on :1. 

<lcriv:~Lion across tho tcnnitutls of lho rclny- poloxn.nd must bo insul:~Lc<l frm:: eal'!·h. T l!c 1 : o 
circuit iL is wcll 'Lo h!l.\'C a liquiu resistances, larger the p lates of Lhc reC'ein.• r :-ttlll l.r;lll s -

"5 which iM constitute<! of n series of tnuos, on c m i Lt.OI'l\Jld t-he hi~hcl'from the t':t :·t lt !.!re pl a h's 
of which iM shown full::;izc in Fi;r. S, fillc<l with nrc suspended tho g reater is th e cli:::l a:~<'c a t. 
wut.cr ncidt:ln~cd ·with sulfuric nci<l . . The which it is possible to COllllll llHil'a !.l'. \\' h;,•ll 

.lllllllUOl' O( t-hese LHUi:!S in series 1\Cl'Of-(S tho U!!ing tho last·dcscl'ibcu :1.ppa r:1.la~ , il i ~ n ot. : 15 
snicl term innls ought to be about ten for n cir- ncccsgnry to ha.vc the; two !m;t.l' :t ntcu L:; i 11 \ " ie \\' 

so en it of fifLccn volt.s, so us to prevent; in con- of each oLhot·, ns it i:; or n o t!O il:>C<!liCtH'c.: i f 
Hoq uctJ<'C of their cutmLCl' cloctt·omoth·o fol'c.e, lt.hoy nrc scpara.Lcd by uwn u !.;ti 11s m· other oh-
th!) cnncnt of tho locnlbnttcry from pnssing stuclcs. At t-ho rccci\·cr· it. is pnss iule to pick 
t.hrongh them, but allowing tho high-tonsiou up Ute oscillations frolll the e;t:·Lh o1· w:Hct·. 1 ~o 
jork of currout gencrn.tc<l a.t· the opening of without hnving tho plato u·. This may be · 

55 tho Circuit in Lhc rol1'.Y to pn.ss smoot.h fy nct·oss done. by connt'cting L1: o tcnn in:1.1s of tho scnsi ­
Lhcnt without producing pc1·tnrbing sp:i.t·ks t.i\'o Luhoj t.o two cn.rt.hs, prcfct':'l.uly n.t n ccr -
n.L tho mo..,·nulo contnet . b( tho rcl:'~y. · It i~:~ tn.in "tlistnnc·o !rom ea.ch other nntl inn. line 
nl)jtl 1WCcli~I\I'Y to insot·t n plntlnoid rc~IKLlmco wl th tho tli recti on !'l'Oill wlt ic!t Lltc oscilll~ti<'tul 1.~ 5 
iu dol'i,·at.ion on l\ny npparn.t.us ono umy bo nrc coming. 'l'hc~o conncc:t,iom; must not bo 

6 . woddn:.r o:< t-ho local circuit:;. · 'l'hc.so rc:;i:;t- cntiroly·conductiYo, but must cont.·dn n con-
1\.llces ought ill::;o to be insortou h dcri \'nt.ion. tlCHiiCl' o( suitnblo C:l.pn.ci t y-say 0110 sq 111'\ l'(, 
Oil the t~t·minals or n,ny rcsista.nco wltkh mn.y I yard or sm·faco. l3!Llloons can n.ll!O be uscu 

~--~"' lm t~pt· to givo sclf-intlttclion. i nstcnd of 1>ln.t-os on volos, prod <l<~d they c:\I'I'Y 

tr ...._' to UBO orJ!nl\l'Y CUIH!I\\' 0 l'O!IOCLOI'l:! 1 pro(Ol't\bly l.0 wh\ch thcy· ll\1\Y ho ~t' ll t is ~l 't' ;t!, the cl t ~-
·~ . .. 

~" ~'llli!~:~ ·· I lttL\"O hi Lhorto only men tionc<1 tho usc o( I tlp lL pln,lo ot· a.ro Lhcmsel ves lll:l.<lc con<lucti ,-e 
~~~ . ._._ ·.,_;;~,. ·. fis t•.ylintlt•icl\1 rolloctors, but it i~ nl:io pos~iblo I \Jy boin~·cm~orcd with t-in-ftlil. As the hci~)tt. 
, _: ~ ~~ . Jl!ll':\lJOli<•, Rll e h J\~ !l " l' \1~1.'11 rt)\' lJI'(IjU"hll'S.. (:t11C'l1 llf. W}ticlt (Hllll l\ll\ 1 1ir': \! ! .•~ ! i ' ' ,, ._:l>J ,• 1•('· 

. ji~· . __ ._ .. . -~--... ~ ~ ~ ..A-~ ~ ~ ~: .. - .... -----·----
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b~succc~sfuil.~· clll~lloycd if 111:-lde r •)nducli..-o po\nlcr ~nd mcnns actu:ttetl by ~l:e c:i:-r'~;it ; ' 
t>y ml!:t~;s of ttu·futl. -~· fo:· shukltlg tho p,:,wdL'l'. 

The app:l.l'atn:; a bon:~ dc~cdl>0d i!'l so £-cndi- 0. Inn. receiver for c·i cl:lr-ic:;ti o.--;.; il::ltions 70 
5 ti:·e tJ:at._i.t. i~S es:-;~ ntia l eithc:· tlrn.~_the !r:Jil,:-i· tbo COZ?binnti?n Of a t.ulJc <:Oll~ :~i o!ng :\ llliX· 

lllltt('l. · [\JlCl l'C''f'l\'CI'o: "L C"(·JJ _,._'T.Jl)!l lo:l"'ul· • l · -4· -- C~ • ••'\.L.•1l.,, ""'"''1.-.. •c• " '"f •>: 1.,.. nl ·ll l'<:: r>fl••-~. '-. •J ... , .. . .. -,v.t.J,.l, o,;. &.\ i ... ,r. v ... al a\..i ................ rr~-:. ·· ... (..~ .. .... ......... ;._.,-., .. .. . ~ · · --l~ • •#-. 

be at. a con:-;illcralile tlbtancc f:·om c:wh olltcr ' ncdc1l to th e• Jlowdcf', clt l)],i: ;:; - ccJil:-; 1.!\ll! -
or t.hat t!tey shc.•ulll l.Je ~crccned from en.ch I ncctcd to t.he powl1el', a l'i rcuiL t.hr<• llt:h the 
other by stout met :d plates. lL is su ffidcn t .

1 

<::oils, and powdet· :tll'l m cn.n~ act u a i cd by the i 5 
rc Lo hnYo all llrL~ tc_lcgmphic :tllJl<t:-at.us in ,1. circuit fot· shak ing the pow<1ct·. 

metal l.Jox a rill :1.11y cxposcuJ):nt uf the cit·cuiL 10. In n rccch·ct· for e~·~clrien l oseillni.ions 
o( t.he rcc<·h·o l· int~lo~ctl in mctailic tulles ! the comuinatiou o( a tube co:1t:t.iu!n;r a mh­
which arr in clc <!~t·iC'al communic;\tion with I tnrc of metallic pt)Wrlct· alltl morcur~·, :~ c!:·-
t.he_uox. ( 0 C com?e t h c pn.rt o_f tl_1c a pp:t rn tus .

1 

c;t it th :-~11 gh. tlt c p<l\n1 ~~- a ml m c1 il:'i n<:Lua t • ~· l Sc 
t 5 wh tch lras : c, rcc:c1 ,·c the ra.d t:ttt on ft·om the by the c: :·~~u 1 t. for 5ha k: ng the pom1•·r. 

(l!stn.nt st:t i · · must no~ l.Jo i:tdosct1, btl~ pos-! 11. Inn. rceciv~r ft)!' c1cdr!t::d O!;t:ili;~Lio ns 
sibly sercc:~t· ··r-om the loeal tr:u:smiltcr b\' i tl;e combination of n t.11llc co:1t:t:n:n~ n mi x­
tucans of !:1 Ci allie !:'hci.!ls.) '\'ltcn working l tu:-oof m·~tn.1 ! icpowt1t.!r:u H1 ute:-r:t~ry,'mctallic 
tlu·on;;h Lhe car~h ot· water, the loenll'cceiYcr 1 pl:ltes coutH:ctcd Lo tit<:: ptnnlc:·, a c:i :·cuit ~:5 

20 tnust l1c switchC'r\ nut- of ci:·~;:lit. ''hen the 1 :.hronf!'h t.ho po\\'der :utd mcatt:-; :tc tuili c<·l t.y 
t:·:ttt ~tn itf.c: is at_wnr> an<1 th!s 111ay abo he I the t:irc•tiL ior ~hnkint; the p~w·~r:r. . . . 
done when worl~tn.:; tltt'<>n~lt :ur. 1:?. Inn. reect \'e::· ful' c1ect-r;e;f, osc:i!laUil:ts 

\Vhat I cl:dm is- the combi n:~lion ,;f n ln1Jc ~;ont:dl!i!l ~ :\ t::ix-
1. ·11: 11. l'eccivcr for eleeLrir::tl o . .-r;ili:tti,;n:'; lti reo t' mct.nliicpowt1ern t:c1mercn ry ,'inct;dlic: 90 

25 t.ltc co:Hbin:1.tion of an in:pr.rfc;et. ekc::tric:t1 j pl:l.lcs con:lcelcd. lo t.he powu<:r, cl1okin;;·co:b 
cor.tac::, :t cit·ct : it t.J : rou~h 1,hc CtHt!nct ;;nc1 j co:taccteci .to t he po..-,. t1er, :1. circuit tl t :-•; i i~il 
mean~ n.c:tt:at.cd by U:1: cin:uit for· :-;!taking t.lt(; i t!tc coils :mt': powclc1· and :nc•:uu; a-ctt:"~d 1•:: 
c1mtact. ! thl! cin-nit, f•.H' shn.ki11g the powt!:~t·. 

~- I:! a :·c~~dV(.':· fo;· c;;i,~r:t.:·ieal osr:i!!atio:tsl 1:L In :t recciYct· f \.1 :· elcct.ric:<l os•.:iil:1 Ut.m:-; 95 
30 t.lrc c; lini,inal.ion of :~:1 it:~( "'rf(•r:t clc<:l-l 'i,·al '1 the c~oml.>i!:::.tion of :t. tu1H~, ll11~t:t :1ir: l•ln;~~ in 

C(ll!Lac:, n~ etallic Jib it'::-; erJJl!lr.•r·it'd I !I it., :1 cir-. 1lte tllhe,mu~;~1lic p ·.)W<ler b etwc-1:11 tltc plt :.~::;. 
(•I! it. t.ltl'l~\!~h. tltC c:o::tac:.l· :l.!l~lll!i':!:l!-:' :ti:tll:~ {Cil .,· ~t \:ircuit- lhrtw;::h lhe plti;!'~~ :: nrl r0wi\:.:r :l.l!d 
1>_,. t) l(t r;! n :tnt for ::;h:\kur~ tn•: «'n ftl:t c t. 1 l!ll~ans nclnated llr litr!'c: ireuit. f111' :-;ha·k i r:~ !-hr.: 

;J, ]ll a l'Cr;ei\·ct• l'or (:~td:·ic:ai (ISr· il!aiiroliS j IJI)W\Jcr·. . - '· !CO 

35 Lite cont hinal io!t ,-,f a a i rn p:·!·ie,_:L c:~et:l..r; ~·a! i 1-1. l 11 a reeciYcr. (t i t' l'kC:Lt· : ,~al :>:-;•;i!iaLion:-: 
c:on!.ar.t, :ncl:~llic plates con:H ~<:tc1t t(J the t:nn - the co:nbi:1atiqn r)[ :1 tn1)t', lll "t.--· :: . p!::;.;:-; in 
1aet., t:hnldng-r:oil::: cottllC'Clecl lc1 tltt! eou!act-, th~~ t:tl.h:! : lllOlnllic }>olnl c!·l>t:twc,,n tbC' pltt:;:<, 
:t l'ircuit tl:rl•llgh t!rc coil"', :ulll c0ut:t ~t. atlll mct:tllie pbtes C01lllr.~dr.:1l t~> ll:cr::, a c:i'e:!i!. 
nrcat1s ac Luate(l by t.lt1.: <:it·l:t:lt. for sha!.:in~ t.lrrou;::-h the 1rlug~ ·a11rt J li.>Wtll~ l' and m•.' :ll is 105 

.fu tlto crmtae:t. . I actnn.tcdhy t;IJC c ir·cuil for !'h aldn~· :.he Jl''"'· 

4~ . .) 

:1. In :t reeci\'c·:· for clcctl'i<:al o~ciila ! i~·HS dcr·. 
lhC' co:llhin:tt-i•m of :.l-ll1lc r!onlalnin!.." 1110.!allic J.5. In :t rcceh·ct· fot· dl~ctri ; · ::: t).>; l::!l::t:oll :-> 
powder, :t t:ircniL tl:;·o u;.;;h (.l:tJ [JI.l \\'tlcr arH1 thccombinnlion ofn tnbc,nrc~::l lic· p~ : r;..:-s in t ltt' 
tn cn.n:-; ac luat· ~tlll\·Lhe c:in:nit t'ot· :-l::lkin;..:- the> t.u hc, me:tallic powder ucL\H'Cil th•; plu~s, llle- 110 
powr.lc:-. · - ·- • tnllic plates connected to :.he plu;;s, ~hokin .!.!·-

.i. In <l rt~cch·cr· fn:· c!cr;trk:d o:>o::!llnt ions j ~.)i!s conncctet1 to the plugs, n cir cu it tltroug-J, 
the C:C'IIltlli:!:-,1-ion o f. n. tnhc contai n ing mela!! ic I t.hc colls · and. fJlugs ;u~cl mcar:~ ::r: t~< :ttr.tl hy 
powt1c!', mctn!lie plates co nncctec1 to the pow-. the circuit fot· shaking· the pow•.1c:-. 
llcl', n c!rctli~ tltron:;h il:o powt1ct· nn<lmcans I 11.:. In a. l·ecciYci" Cot· c lect:·ica l o:,:cilln! f•)::s 1 r 5 

so actuated by lhc ci:-cnit for :;lt:tkitrg- the pow- I the Ct1ml.Jination of n tube, mdalli ~ plu~!i in 
t1er. . - l the tulle, ~l mixture of tHct:tll it: powders l.Jc-

G. In a recci\'cr fur clcctric:Ll O!'t:illations 1 tween Lite plugs, :t circui t th •·on.!.!·h the t•irr~ . .; 
t.he -::ombinat.ion o( n Lube contain in~ metallic t n.ud powuct· nnclmc:lll s n.ctun:cd lly thu d t·­
powder, metallic plates connl'ctcd lu the pow- 1 cuit fot· slrnkiog the powder. 

;5 uer, cho!dJlg-coils connccte<1 to the powdct·, ' · 17. Inn. i·ccei\•cr !tw electrical oseill:tl-:ot~s 
n circuit th:·oug:h the coils nnc1 l)OWder :.tl\1 ' the coml.Jinnlion of n. tube; melall! c p lugs in 
lllc!\.ns nr:ttmtccl by thu t!i:·cuiL Cot· ~h:tldng the tube, n mixture of mctnlliC'-powdet·s be­
the powder. . t\vccn the plp~s, metallic plates conncctC\ll t.o 

7. Jn :~ recch·ct· fol' clec:tl'ic:d osc:Jint.iorJs the plngs, !\. circuit thro ugh t he p lugs nml 1:5 
Go the coml.Jinn.t!o!l of n t :tl.lc cont:l!ning n. mix-· powder 'and means :t.ct untccJ. uy the circ:ui :, 

llll'O <1f metallic powders, ll ei l't;tt it. tlt I'O!l~h the for shaking the powder. 
pow\le:·, :lT\U TilC:tllS a<:Luatcll u_y t.he cit•c:tit. I S. Inn. rcc:eiver for ('l('(:Lrk:d o:-;c:i llat.ion~ 

~ ~ for sl:aking- L::) lHl\\'dc:·. the combinat!on of n t.n l>l', In ct:~ll i c plt:;;~ in 
~ ~i 1'. In :L rc•.'ci;·er Cot· clc<:t.ric:al oscill:Uions the tnhe, :t mixture of .mc L:dlir· powders he- tJO 
·"·t · ' Gs tltc combinnt.iou or n tnbc coutn.inin;..." n. mix· twc~n the r)lu::s, mctn.ll k !)late~ l'l)!!ncctcd to ·* ~- ltn·e 11( mctal!i<' ptl\n\1~r:" 1111'l :tl!ic plates eon-, tlt c plt:g-~, choldug·coHs <' O lt t~:~.-tcd ~') ti:c 
~ ·:~ !· :"· -
. , ; ;:if~ . : 
~ .....___._ .. -----~---.. 
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l'lngs, a circu i ~ through !it t~ t oils pln ;.:"s an•11 the •' l1 mbination of a t.uhe contai ni11 :,: :t n~ : s­
powdnran<lwca:1s:u·:u:ll<'<1 by t l11' ci l·,· ni !. f,t· , Lnrn of metall i~ pow!.1ct·s, l l l e t:L !!:{~ p l:tl<:~ co:t· 
~hakin~ tl:c '[ll)W<h:r. ! tl•'l'l"•l l•> tl11~ [:uwclCI' , a c:i n:u iL Lh rntl;.:h i l1 c ''7C· 

i!), ln :t n~ c·ci\'~ t· fnr e l ec~ri < : : ll n~ · · il:: t :!, H ts : powd t~ t· , a rday ac:t.ual etl by t lt t: •:in.: :,:: a n•l 
5 \.he com b iilalio:1 of a. t uh<' , n:l'l :dli <' j >lt:.:.: .... i n , tt tt' :u ss :tc!ttat<.'d by the n:i:ty for s1l:d\ i t 1 ~ t he! 

Lh.r.. tube .... :t tp_ix t.urq ~>I. l"'.:~t_li~ H • W• ! t· r :Il l·! i pnwd.~r . . 
lllCl'CUl'Y bct.\\'CCn tlH! pln~s,a c·irc·nil tll:·,,;;~!t . ;;r·:: lit :t' 1'(!(:(:1 \·cr ri.lr"c'll't!ll:H.::d o~'(:'t': ~ :: t!., : : ~ 
th0.}>!tlgs ancl p tn\'llcrand llH:a!ts:t l.'! :t:tl• ·d \,y l.hc t'Ptnb inalion of :~ t.u ue ~o n t :~i 1 ri n;: ami~:- 75 
th~ cil'(:uit for sl1ak ing the puwtl e :·. 1 11 :· t~ nf 1n<:L:dlic powllcrs, lll ':: !a \li,· p l:t !(' :O: •·•m · 

!.!0. J n :\.receiver fos· ~~lce t rit:a l "-"•<l LI :i.n!s nr·•:ted lothcpowtkr, chok i: l ;:·<' l ,i l ,.., · n: : : :•~ : : l • · d 10 

the combination of a ttt he, n:ei a! l i1: pl : I;!" i: 1 : to : h1~ )Hl w<ler, a <' i :·c 11 it Lh :·•l tt ;.:h I h•: e< d ~ -" an d 
tiH: tlluc, :~ mixlnrc: of tne!:dlic poll'd"r :tnd ! po\\'dc:r, =~ rel:!y :t!.:ltt:l t c r1 l1y t b~ c ·i n~ ui: :.r: d 
tncrc ury b c t ·s<'t:ll tht' pln .!.!'s , t:n•!:d !:e p; ;!! Ps j tnP:\Jls ac tl!:ttt~d by t he relay ft) r ~ l 1: d, i :~~ :' :•· :.:o 
con:H·e :c·<1 f.t11 !: c ~ p! :;_::s, a c·i :·<·td t ' l l l't t\ i ~ lt t!h~ : po,,·,i<.! !'. 

15 plugs anc: ptJ .. ,·d ct· a n d " ''':!ns :: \.' : ~ t at(·r1[ ,~· ! h L~ ; :;! . I n a i"l't·e l \'l':· for e1 ce!r~;.·a l o:--. : ·:! L ~ ! !o n ..... 
l'il'vll i l. J'n:· ::;l:: :; i :1;: :. l: • ~ pnwdl'r. L!w <:cJI:tbir::tl ;n !t \l f a tn 1.10 < ! •H: : ::i , ~ ! : l .~ :1 !; !t .':· 

~ l. In :l 1'Cl'•· ·:· r.,r l'kr: t:·il':tl to:-' t.' iil:t!.in us ! t:: n · n:· llH'la llic; !i • .>wllet• :111d :n t:r:· ::l'y , ;; ··i :·· 
the t.!cHn h: il:tl i c~ ! : ." :t f u lH:. J : n· ! ~:! li r.: p~ t ;;:"'\ in · t•u:!. ' ~~~ ·ou ~h ti1 c tH:\\· d p ;·. : ~ r ~ : ; a \· ; t~ · :. l: :,: ,·d h \' :~ ::­
lhC' t n h r, ;1 t: !!X ~:!;·e n r lll(~i : d ! it ~ po\\"dt.'!' :l.!id !. ~ it! t• i l't't1i l :UH1 t ::. t ' :! ll ~ : t \·~t \ ~ ;ll \·d· ~-.'." ~ ;1t ' ~- ,. ; ; ~~·~· 

:! o llL<! r l' u :·y l 11 ~: "·e~ · n :h\· pl:t .~=", : n t ~ :a l l i(· p;a t '\' fo r :' l 1 : 1 k i n.~ thr: p n'" d Pr . 
<~Otli!0 (; !Cd ln : 1:~ ' jJl?::.!..;~ c•]l,J:,i:l~- ('(iZis C'Clll· . :::: . ltt :t l'r ! C:(•i\ · ,:~ · !~ ~ h· t·: c·t.: ! :·i .::; l · •' ~ · i : !: :::., : : .-.\ 

::s 

JO 

! ~t~(;tl' d ru t.! H; p1 u_::~ , a , ·ire · . ~: : ia ro:t ;..!'h : h (; C:!~i!~ : !.h,· c ·• : Jtl h i ll:t: i , ~ l t ) f a t ttlH~ ,_.,Hl !: ~ ~ l ! i ! ~ :~ ; t Iil ; ". · 
! :~ ng-~ ! I lid !Hl\,.,J,· r :u ~ ci lltc 'i tr i."' :t r· l. tJ; ~lt~d by ~ -h e · 

1 
l 1:!·r · n f ll :t: : ;t U ic • y,,.,,·<!er :u ~d i :lf ·;·,·: ::·y . !:: :·::d · ~.,.:: 

t; n ·tt i t. fur s!t;d~!r. ~ t ~H' po\Vd <::·. ::f~ !d:a:( ~ .' ( ~c , nnef :ied t.o t.he pu ,-.·d,~ :-. ·a ' · i:-··: ;! t. 
:.!~ . fn ;t rr t•Ci \"iJ:' f,)l' l~ i ('~ : { ri t'· :d 0:··\(:i!l; t.! inf! :' : !h:·o tt~h 1 iln p t) \\'t1e :·1 a ;·v !:t_\' :t t'~l l :t t t : · .. ! ~ , ~· ! iH ~ 

t.ho (!lHnl.:ir~:ll.~tJn of an i:tq ' t~:·f t:< ·!. t ~ ! (·~~r i •·:t ! i t·~:·\ · ~ ; ii . :~ntl ! :l C:l. : !.....; nei,na t l' d hy t! :u ~ ·t ~ !: ~ .'- f n r 
l" '"t ·~d ., l' ; "(''t ;t thl""' " is lit t• ' ' "ll t ·•c·t ·• "l'h\· · s l : : :i; i n~ t.h l.! po wdl:r. ~·• o 1 o , ! , ' • t o .., • • •: • l o • : -.-. # .• t o , , • • I o •' 0 " 

:~r·. ti t al .c:u hv· th~ cu·cu ! l. :n td J nro:t!:~ ; ~: ·t t! : d t:tt · :;:!. in!\ i'(!<!Ci\'C!l' for c l \·c l :· i \-·a ~ l i!'-' Ci il: : ~ i •·iL' ') 5 
J,y t.ls e :-cl:;y fr; r sl:ak:ll;! t. l!C' c: Pni:: .: t. : 1 !s e enm ltinat.ion uf a t :tlJ(; eo:t l :ti i i! J! ~ ;~ r:t::-: -

~ :.l. in r. n~c:c!;·er fl>r etr: <::rie:l~ .,_:-;,~::::~ l io:ss : t.nn~ •.>f llle,t:tl! ie powdc:· a ;H1 : :)t: t'(· : ; r y, rn •· i: t. :-
t.ire cornb iJ:a!i1H: of an i m pr.rfr:•: !• <~ iPc: :r ic ·a i ! ! ir: :J\a!c·s eon: lcc:~e(l t" t.it ~ · nowoler. l 'LDl' ­
c•nJHac t, rncta ll ic plates conlt<' '' l t' d to it., a c·i r - i i n~:l'o i !s con ne<:tcd to Lise po~'· t1 c :· , a ' ei r<·:t i L 
c~ r: it tlu·o u ~h t.he contac::. a r·C' l;:y :~ t' Lll : t! •'d ;.~, i !.h ·t:l:n~h Lhe c:oiis [(!lei p mnler, :\. :·ch.': :tt·t.a · roc 
t1te circuit allc1mc:tn::; nc: tll:tl<'d In· t.!tc· :-•·laY: ;Jfcc1 br tho ci rcu[t a nd titca::s :t ctn:st c:d l •y 

35 for shaking tiw. con:aeL . • . . • i t.h~: reby fo r s!J_:~kin~ Llte Ji~J '~·ti ~; r . .. .. 
~4. Inn. l'C(:c:n·cr fn :- c!c<:t.n ea! vs r.:il l:: !.trJll:'i i · ,;.t, ln a rc~c\YC t' . o r <'k·<:.t·tea: o;:;r;Js!;\ , lll ltS 

Lho cornuin:'..Livn of : ~ a iTniH! J'!'(!{'[, c lc<:!:·ica! I ll.r: Cillllh ir t:\Li u n of n. U;h', l_nc la llic p:::;.,:-::; in 
· contact:, mcta1!:e platr~:; con11ee1.cc1 to t.hc r.on- ! t!tc tube, !llctal!ic powdct· bd.wc~: :t t.he 1'! 11:,:,.;, 105 
tne~ choking-coils cnnnectncl to Lhe c:onl:u:t, in circuit.. through the plugs at lt l powdt' r, .:L I'C! · 

40 a ci :·cuit th rollgh t.hc coi !5 :tnc1 con tac t, a :·r~!ay ! 1ay acLu:;. t<'<l .by the ci rctt i r. :tnd mc:tn!i :w : n· 
il.ctnntNl by the circu it, :ttttl .HH~ans ae:.natccl . :.tcrl by Lise !'!!!:~y for !'haking- t he p •)Wl1c:·. 

· by the relay fm• shaking' t.l:e c:ontaet., l :Jii. In :t t'C<'civcr for oleetril'a l Pscill :ttinlls 
· ~5. It~ a receive!' for elecLrical oscillation8 I the combination of a lul>t·, mctali it: v!ug:o; in r to 

-the comuinaticn of :1 f.ulJc containing metal- I Lho LlliJC', mct.nllic pr~~nler· UC!lWCC!1 the p lugs, 
45 lie powder, n ci!'cuit Lh roug-h tl.:tc powder, ~ · I mct:d!ic plates Cvntlectcl1 to the pl u;;s, :\ c:il·­

rc1ny actunteu by t.he circuft. :mel means n.c- cuit throt:gh lhc plu~s and powtler, a re1 a.r 
,tnated by tho relay for shaldng the powtlpr. actuateu hy the. circui t n.nd 1ncans :~ct. u:l. tc cl 

2G. In a recci\'cr for· electric:~] oscillat.ions 
1 

by the relay for sh:tld ng Lh c powuer. · 
the comui'uation of a tul.>o conta!nin~ lllCtal· l 3G. Inn receiver for c~lcctri<'nl os ci ll at-ions 

so lie powder, metallic p!:tlcs cor.nccletl t.o tho the combination of n t.ul.>e. mct:tllic p! n~s in 
powder, n circu it thron;;h the powucr, ;~relay Lite tube, metallic powdct·uctwcen the> pb;:s, 
nctua.tcd by t.hc circuit ancl means act-t:atc(l metallic pble~ cor: tlccleu to the p!ugs, c:hok-
by tho relay i or sh:l.kio~ the powder. iug-coils <:ounectecl to t.he pln~s, .n. circui t tzo 

· · ~7. Inn receiver for elcct.l'ical O!'!cil!at.iolls tl11·ou;;h tho coil~, plugs and r,owucr, :r. rclny 
55 tlto c·orubination of a. tuue contain in;! metal- ! nctaatcd by the c:ircnir., nnd me:'..nS ncl n:~lc 1~ 
, · lie powder, metallic pln.tcl:l connoctcd to tho by tho relay for shaking tho powd\!t·. 

powder, choking-cons connected to the po\\'· :n. In n receiver for clceLriea1 oscilbtions 
dcr a circuit through the coils and powdct· :\. the c.oinbin:l.tion of a·Lnbc, metall ic pln:;s in : zs 

· · .l'Clay actuntcd · lly tho circllit ·::md means ac- the tube, a mixture of metnllic powders br~-
6o ,tunted by the relay for shaking tho powder. tween tho plugs, n circuit throubh the pln;;s 

2·8. Inn receiver for t-lcctrical oscillations ancl powder, n rcln.y actua.terl by Lhc circuit, 
~ · the combination of n tnbo cont.1.tning a mix· nnd means nctu:l.tcil uy tho rclny for ~!wk in;; 
·~<~ : tnre of metallic powders, n circnit through tho powder. . 13· 

, · \.<~ · t.he pcm•dor, n rc13y nctunted by tho circui t 38. In n rccch·cr for clcctricnl oscill;~tionl{ i ~- ~~S '&nc\ motms nc~nntN1 by tho r~ll\y for ehnkl n g , the com hinn.t.ion or n tu bii, metal: :c p ln.!!:; i 11 
-...._ ~~ the po',v<1cr. · : ~~~~' ':1!,,.\ ., · , ; ,.· · ~ ·· ' · .... r · "' '"'' '· '·:~ . .. . '· .. - ~ . 

··~ ~~' . . . 

···, --··--~·------... · ~ · 
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53. ·.A recei\·c~r fur c~ e<:Lrical o:-cillntory i:a - t t:·ie o:;cillalorj: impu!:;c:; or 1·ay:>, :l!Hi a re­
pulses havill;; a :netlinlll whose ~~l~.:ctrlc::l r <! · I e<:i·~·cr responsive thereto h:1xin~ n va:-ia.bi<'­
si:;\'.:UICC is nllt:rt'tl hy tho rt'C:ci\·cd c!cci.rieai i re:,;is~anc\.! mec!!nm wh(Jst~ rcsi5 ta:J;; n i!? a lt c: :-cu 30 
o:;citlation~, :t t1·cndllt:r or ~h:lk<!!' fm· aeting 1 by soeh rcecivcd osciliat.nry i!:;p:~l:>(·:~ . :ncnns 

.5 upon the \::•riallk-rt · s!~;tane,) :nl'lli::m to rc- i Ct)lltrollctl by the received osc: !l l:~~. l •:>ns f:)r re­
st-oro it, to it~ tlt)r!ll:1.! cnncii:ion of ckc:t.ric:d l sto!'in~ s::d; !! ! ·:~l inm to it~ norm:d e•l'ltl:tion 
rcsi st.:·tn c~. ;uul llll':l!IS for· eontr1Jl!i:1g' suel: I after c:H:h re<:t!ption of !'UC'.li o~d i latiO!l:3, :u~d 
trembler to cause it, It> ac;:. apon the variable- i tnP:tn~ for n ' tH1cring manifcs L t-he :-e:c~!n'U o~- 3; 
resist :ll! CC m ccli 11 111 tO rest O!'C! iL to its II or:na f i ci 1 !;,it io~s, where by si ;;ua!s :"('lit fro i:l t l:c t mn::;-

10 condition nflcr e:;ch reccpl·i<Hl o f s it.::!t osr;il- ; mit-Ler maybe rccci\'ell ;tp:m t he !'CC;ci•;c:·. 
latt1ry impulses. i ;iti. The c:omui naLion of~:. L:·aH ~:lJ itt or c.'lp:t-

5 L . .A rcccive r for C!icei ric·:d nst:!lln.!.ory im - julc of p1·o•lucit);.; ~.::cet.rk:d os,::~bti0n~ or rays 
pu l::;c:; II. - :t~ a me•liu:n "· :wst' c lecl rica!r·e- 1 at !.he will of t.he ope:-;t(.,):·, :11:d ; t r\':c c i ,·,~r- lo· .: < 
sistnncC! b ' tercel b\· the rcC!tJi\'e<l c1cctrit:al C;t:.c<l nt :\. tli !j( ;tnC\\ antl h:tvin:.! :'.. CO!lUt:ctor 

rs oscilia.:.ions, a. L:-ctttb.lct· o:· shake:· for acting- ! tuned to rc;:;pond to ~11c:h o~cili::.ti cns, ::. Y;~:-i­
npon the varin.ble-rcs ist.antc: medium to rc- I able-rc~istancc medium, in circ; t:it. wiLh Lhc 
sto!·c it t.o it's n cwm;d CI)THl.ition uf ci c!d!·ic:tl 1 co:lt~nclo:·, \\:hos? rcsi!'tan ;·c is :tl~.crc cl by t.l!c 
rc~tsL~nce, means , ... ,n t<~·o lit n g- !;tl<.:h Lrotn b lcr lrcc:(' t \'C<l os(:ill:tt10:ts, m cans con trollt~d by I lu.• .;s 
to cnuse it. to :tc~ upon the \';~l'i:t!>le-rcs ist.an c:<:. rccr;;in!cl osci l\;\t ions for rcstor\ r:~ t.l:c resif'L· 

:zo Hlctlinnt to n~:-; tore it to its rt:::·:u :tl contlition I' an<:c mc1lium to its normnl eondit.i011 n.ftcr 
aft.cr each reception of s uc·h o~cillalory i m- c;tc h rcct'ption o( snc h osclll;' t ion~, :tnd mca.ns 
pn!se:s, :wcl means for rcnclcriug m:wifc:;t for rendering the received o~cii i:Ltio ns m:t:li· 
~nitl cleetricn.l oscillatory impulses cons<.-cu- fc$k · 
tivcly rcccivccl , whereby dcli:1t:ld signal:; may 

:zs be given out by thn ro<.:eiYt;r. · 
50 .. T he combination of a LransmiU..cr cnp:t: 

blc of p~·otlucing nt will of the opcrat0r clec-

\\ · i tn esse~ : 
\VII,FltED COIU':I!AEL, 
}'RED c. IT A lUES. 
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To all u:lu;m, ii may concern: 
.Be it. known that I, NIKOLA T~SLA, :\citizen 

of t-he United States, residing at tho borough 
of :Manhattan, iu tho cit.;r, county, and Stale 

5 of New York, have invented certain nGw nod 
useful Improvements in Apparatus for the 
Utilization of Ra<linnt. Energ-y, of which the 
follo\ving: is a specification, reference .being 
]Ja(l to tho drnwings nccompanyingand form-

ro in~ a part of the same. · 
It is w-ell known that cel'tA.iu rnclintions­

~uch ns those of ultrn-violet light, cathodic, 
Roeut:;ren rays, or the like-possess the prop­
erly of charging and discharging condnctot•s 

r 5 of electricity, the <liscbar~e being particu­
larly noticeable \vhen thG condnctor upon 
which the rays impin~e i~ negaliYely electri­
fied. The so radiation~ Are generally con­
sidered. to be ether vibrations or extremely 

lO smnll ~-a \'O leugt hs, nncl in explanl\tion of the 
phenomena noted. it hns beeu nssumed by 
somo authorities, that they ionize or render 
condncting t-ho ntmos phero t-hrough "·hich 
they nre propngatt!u. My own e:cperitnent.s 

25 nnd observations, howe.,·er, lead me to con­
clusions more in accord \vith the theory here­
tofore adYaucc<l by IDO t-hat sources or such 
rndian t energy throw off with greAt vnlocity 
minute pnrticles of matter \vhich nrestrongly 

JO elect1·ifie<J, 1\nd therefore C:lpnble or charging 
n n electrical conductor, or, e\·en if not S!>, 

may at any rnte dischar~e nn electrified con· 
u uctor either by carrying off bodily its charge 
or olht'ndse. · 

35 ?!Iy present application is bMcu upon n dis· 
coYery \vhich I ha\·o made that when rays or 
radiations of tbo above kinllnre permitted to 
fnllupon au insulated conducting-body con­
nected to ono of thG term innis of a conuenscr 

40 while lho other terminn.I o( tho same Is rnade 
by independent men.n~ to recci\'c or to cal'l'y 
nwn.r electricity n cul'rcut flows into the con­
denser so long n!i the insulntcll body is ex­
posed to lho rar~. and under the condi~ious 

45 hereinafter specified an inue!inite nccumu· 
lation of elcctl'ical cnc1·;y in tho condcu!;cr 
t.'lkcs place .. Thi:! ene1·~y nfter a suit.'lule 
lime intcr\'al, \lttrin~ which tho rays aro al­
lowed to act, may mauifcst itself in a po,r"· 

so crfu I di~chnr:;e, "'h ich ml\y be utili1.cu fort he 

operation or control of mechnnical or elec­
trical dEJVices or rendereu useful in many 
other \vays. 

In Rpplying my tlisco,·ery I pro\·itle n con­
denser, prefer:tbly of r.onsidernblo electro- 55 
static capacity, and connect oue of its term i­
nnl:~ to an insulated metnl plate or othcr_con­
dueting-body exposecl to the rays or strenm~ 
of radinnt matter. It. is Yery impo•·tl\nt-, pnr­
ticulMIV in vie,,. of tbG fact that electric:tl 6o 
energy is generally supplied at n Yory slow 
rate to t.he condenser, to construct the same 
with the greatest cl\re. I use, by preference, 
the best q\lality of mien M dielectric, tnking 
e,·ery possible prec:mtion In insulr.ting tho 6s 
nrme.tures, so thnt the instrument mny with­
stand great electrical pressures without leak­
ing .1\nd m~y leaYe no perceptible electrifi­
cation wbeu tlischarging instantaneously. In 
practice I hR\' 1) round thnt tho best results 70 
are obtntned "'ith condensers trented in lhe 
manner described in n pat.cnL gr:mteu to mo 
Fe bra ~try 23,1807, No. 577,Gil. ·obvionsly tho 
Rho,•e precautions Hhould be the more rigor­
ously obser\·ed tho slo,,.er tho rAte or charg- 75 
ing nud the 51111\ller the lime interY;tl during 
which t.he en'ergy js nllowed to nccumulat~ in 
tho condenser. The insulated plnte or con­
ducting-body should present as ll\rge " sur· 
face ns pr~tct.icnblo to the rays or strenms or 8o 
matter, I having Mcet·tained· that the nmonnt 
of energy convoyed to it per unit of time is 
nuder other\vise illcnlic:\l conuitions propor­
lion;\te to the aren e:tposell, or nP.arly so. 
Furthermore, t.he Slll"f<lCI'l shoulu be clean anu Ss 
preferably hi~l1ly polished or nmnl:;aml\teu. 
Tho second terminal or :u·mat ure of the con­
denser may be connected to one of the poles 
of n battery or other source or electricit-Y or 
to any condnctin:,r body or object. whnte\'er or go 
such propcrtie!! or so condit.iouetl that hy it~ 
mean!\ electricity o[ thG rcq ni rctl si:;n will be 
supplit.><l Lo Lho termin:LI. A simplo w:ty of 
-~upplying posit-h ·c or ncgaLh·c electricit-y to 
the tcr•uinal i:o~ to connect tlw samn t>ithcr to 93 
nn i nsu lnlcd conductor lit! ppurtctl at somo 
hoight in tho ntmos11herc or to a gt·oumle•l c'>n­
cluctor, the rormcr,.n!i is well known, (lirnish­
in:; posith·o nnd lho laLtcr nc;;ati\'o electric­
ity. As the rnys or snpposccl streams or mat· 
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I f.'r generally cotn-ey n po~il h·o Clmt'J!I'l t u the 
first <>omlenser·tcrmin:tl, wl.ich is <·oru•c~ted 
ro r.h~ plato l.lr coiHltwtm· ;Lho\'U mcul ium·tl, I 
m;ually connect the !;CCOiul terndnal of tho 

5 contlenser to the ground, t.his l.>ein:; Lh" lllost. 
con\·enient way of ohtainiu~ ue;;ath·e elec· 
tricit-.r, tli~pt>nsin~ with the llC'ccssity of IlrO· 
\'idiu~ an artificial source. In order to util· 
izo for any useful purpose Lhe t>nergy accu-

to muh\tcd in the contlenser, J furthe•·moro con· 
uect. to the terminals of the snmen ei•·cuit in­
cluding an instrument 01' apparatus which it 
is desired to opet·ate anu nnothot• instrument 
or de\·ice for alt€'rnat ely c~losing and openin~ 

15 the cit·c:uit. This latter may be any form of 
<'i •·.cuit·cont roller, with fixE'd or tuo,·nule parts 
or electrodes, which may IJo nctuat.ed either 
by thestoreu enc .. g-yot· by iuuependen t means. 

M.r di:;co,·c•-y will'he utore fully unden;toou 
20 !•·om the following <lt>;;cription null annexcJ 

clrawing~, to which ref crt-nee is now mnc1E', an<l 
in which-
Fi~nre 1 is n tlia;!l'am showiug the ;.:cucml 

nl'raul,!emf!nt of apparatus as usually ~m· 
25 ployetl. Fi;!. :? is a simi!M diagram illustrat· 

ing more in uet:\il f.ypi<>al forms of lhec.le\' ic~s 
ot· clements ns~tl in pmctict>, anJ Fi~s. !I an<l 
4 are uiagram mat icall'f'prl'sentationsof modi· 
fled arrangements suitablo rur spt>cial pnr-

JO poses. 
As ill ustrati vo of the m;1nnc•· in which the 

£e\'eral parts or element~ or the appamtuJS iu 
one of its simplest forms are to be nrrnngc<l 
and l'Onnected for useful opnt';\tioo, reference 

35 i~ mallc t.o Fig. 1, in which C is the conden4>cr, 
P the iusulatet.l plate or conc.lueting ·hotly 
which i:i exposerl~to tho rays, anJ P' nnoLher 
pl;~te 01' COnUllC!Ol' \V\iich l::i grounded, all be· 
in.z joinetl in series, as shown. ·rhe terminab 

40 '1' 'l'' of the eonll€'n!iet· arc also connect~d to a 
circuit which includes n <lc\·ice R to be opet·­
ntc<l nncl n circuit-eont.rollingd~\·ice a of the 
character above referrec.l to. 

'!'he apparntus l.>eing arnm~ed as showu, it 
-45 will be found thnt when the rndiationsoflhe 

.~;nn or of anY. other sonrco cnp•~ble of pro· 
dncing the eff_ectll befo1·e described full upon 
the plate Pan nc(•llm uh\t ion of electrical 
euert;y in the condenser C will result. This 

so phenomenon, I belicn·e, i:i best explaincu as 
follows: 'l'he sun, n.!J well as other sources of 
ra<lia.nt energy, throw::; off minute pn.t·t.icles of 
tnalter positi\·e\y electrifiell, which,impingiut; 
upon tho plate P, commoni~ale continuously 

55 no electrical chal';:o to Llte s:une. The op· 
posito termiual of tho con<lenscr ueiug con·· 
ncctell to the ground, which lll<\Y IJo consiJ· 
ered as a vast rescr\·oiro! ne~ali\·eeleclricii·J', 
:1 feeble cu l'rell t Jlo\l"S conLinuoul!ly in to the 

6o con<lenser, 1md inasmuch ns these SllllJIOsell 
11a.rticlcs nre of nn iucon<'ci \' al.>ly smnllrall ius 
or cnn·ature, nud cousequcntly charged ton 
relati \'ely ¥cry high pot en tinl, this char:;ingof 
tho co"udeu~et• may continue, as I ha,·c ac-

6S tn:1lly obscn·cu, almost inllelinitcly, c\'cn to 
the poiut of rupturiu~ lire cliclcctl'ic. If the 

cievic.:(.' d bo of sHell ch:u·ac:lc-t· th:tt it will op· 
t.•rnlc Lo <:lost! tltl} circuit in whil·h it i~ in· 
clml,•cl whc•u the pot!'nl ial in tln• <:oucl,,n:o;er 
ha;; n•ad1c•l a C'Crfainlll:tgnittlllc•~the :\l~t·tln:ct· 7o 
latc•tl l·h:LI'1-!0 will pa~s throu;h the ~irc:nit, 
whidt also iuclutlc)) the rccch·c!'l~. :u11l oper­
ate the lat.t(.'r . . 

In illustration of a 11artieut.u· ftJt'nl of ap· 
pnmtns which may be usccl in carryin;; out 75 
my disc:o\·e1-y I now refer to Fig. :?. In this 
ligurc, which in the geneml n.ITfl.ll;.:cment of 
tho elements is illt!utical to l•'ig. 1, tho tle\'ice 
cl i!i shown ns c:ompOSt.!(l of two very thin con­
Juc~tin~·platcs t l', plnced in close proximity So 
and \"ery mol>ih', either IJy r€'n.son of extreme 
flexibility ot· owin.!.!' to the character of their 
support. To im LH'v\'e thei I' action, t.hey shoulu 
l.>e inclosNl iu a receptacle, from which the 
air may l.>c exha~steu . The phi1es t f are Ss 
connected in series with a working circuit, 
incluuio~ a snical.>le mcei\·e•·, which in tl..ti!i 
case i:i ~hown as consisting of an electro111a,r::· 
net llf, a mo,·aule anun.ture a, a retracLilo 
spring b, nncl n. ratchet-wheel w, provided 9o 
with a l'prin~·pn.wl )', which is lli\·otccl to ;u­
matm·o a, ns ill us! r;\tcll. When the raLlia­
tions of t.ho sun.or othet· ratliant soLu·cc [;\II 
upon plate P, n. .cnrreut ftows into the con· 
denset·, ns auO\'El €'Xp);\illeU, \IDlil the paten- C)) 

lial therein J'iscs sufiicicntly to :-tllt·:tct and 
brin;.! into <:onract the two ll\;\ tcs t f', an,[ 
thereby close the circuitcouuectNlto th(.' two 
conc1en!;ct··tel'lltinals. This pet·:nits a flow of 
current which c:ncr~izt>:; thflmngnet )!, <:nus· toe 
ing it to draw down the armatu re a antl im· 
pat·t 11 pnrlial rotation to the l'atc:hct-whecl 
w. As the Clll'renL cc:tSl'S the •u·mature i:;; 
rclmcled by the spl'iug b, without, ho,re\·er, 
movi n~ the wheel u:. With the stoppage of 1 os 
the cnt·rcnt tho plates t L' cease to beanractell 
and sepat·ate-, thus restoring the circuit to its 
ori:.dnnl <>onJition. 

Fig. 3 shows a moui fied form of apparatus 
used in connection wilh an nrtilicial source 1 1 o 
of radiant energy, which in this iust;\nco mny 
be an arc t.>milting copiously ultra·\'iolet ray.:~ . 
A suitable refiector may be pro\·iued for con· 
ccut•·;Hin.,g allll dit·cc:ting the radiations. A 
magnet tt nnJ circuit-controllet· d are :n· 115 
range<l :1s in tho pre \'ions li~u re~; l>u t in the 
present case the former instead of performi n~ 
ilsclf tho wltolo work only sen·c:1 the purpos!l 
of alll'rnntcly opening a.uu clo:;ing ;\ local 
circuit, eontaining 1L sont·ce of cut-rcut D anu 1:10 

a receiving or translat.iug c.lHice D. The 
controllel' d, if desired, may eousist of two 
fixed elccta·oucs separated 'by a tUin tile air· 
~ap Ol' weak diclct:Lric film, which bre:-tks 
down moro or less suclcleuly when a definito 1::5 

tli!Tercnce of potl!nlial is t·eached :Lt the tcr· 
minals of tho condenser and l'l.'llll'nS to its 
original state upon the pnss:1;;c of the dis· 
chnt·J.!c. 

Still anMhl!l' mo,lit1catiou is sltowu iu Fi;;. 
-1, in which the source!:) of r:uliant cucr~r is 
a special ftn·m of Rucutc;ou tui.Jc \lc\'iscll l>y 



~ 
m~, vin~ bn~ one lcnninal k, g-encmllr o( specili<'allyue!;crihell with t•cfct·<"nce to Fi~. _ 
nluminium, in the form of half n sph<'l'<',with ntlllnlsolhatthespccial•letnil:;orcon:'trnction 
:l plai11 poJishP.ti :'lll'face Oil tho ft·ont :-.ith~, n.ml :l.l'l':l.lll;eiiiCIIL of the SC\'('I'ai parts of tht' 
from which the !'tt·e;\ms arc lht·own ofT. H npparnt u" mn.y· bo ,·cry .!:reatly ntl'it•tl with· 70 

5 may ho t•xciteu by nltat·hin~ it t•> one of tho 1 out tlepartm·o from the in,·entiun. 
term i nn.ls 0 f :Illy f;Cnern. tor of S\1 niciently h i~h lla Ying u~scl'ihe•l my iII \'en th)l): whn.l I 
etcctrorwti\·e force; uut whntcn~r apparatus I clnim is-
uo useu it i:; important that. the tube be e:t- I 1. An apparatus Cot· ntiliidng radiant cn­
hausteJ to a b i;;h de;;rP.e, as otherwise it might ergy, compl'isi ng in com uinntion a condeuEet·, ;s 

Jo pro\·e eutirely ineiif!cliYc. The working or ono armaturo of which is subjected to the nc· 
u ischar~e cil'cui t conner.tetl to the terminals lion of rays or radiation!!, inuepenllent means 
T T" of ·tho comlenser inc!utles in this cn~;e forchar;;in~thcoLhl't·n.rJilature,acircuitnnt.l 
tho primary p of a trau~formcr and a circuit- npparat.n~ therein mlapteu to ue opera leu or 
controller comprisin~ a fixed terminal or contt·olled uy the tlischarge of the conucn·ser, So 

I 5 'brush t and :1 mo\'able tct·minall' in t!Je shape ns seL forth. 
of n wheel, with condt1ctin; t\1Hl insnlnting 2. An npp;untus for ulilizin;,: radiant en­
segment:;, '"hich may 'be rota led at an nrbi- or:;y, com prisin:;r in com 'bination, n condenser, 
trary speed by any snitnblc tne<1ns. In in- one armn.t.ure of which is subjccletl to the ac­
rluctive rl'lation to the prirnnr~· wire or coil p lion of rays or r:uliCllions, inllepentlent means 85 

20 is a secondary s, llsnally of n much ~renter for charging the other a rmature, n local cir­
numbet· of turn:;, to the ends of which is con- cuit connecteu with the conll~nser·tenninals. 
uectet.l a rccci \'et' R . The terminals of the a circuit·con troller therein and mcnns:ulaptetl 
co o~lenser hein; <'Onuected, as indicated, one . to be operated or controlled by the discharge 
to an insulated plato P and· tho other ton of tho condenser '"hen tho local circuit is 90 

25 ~roucu~u plate P ', ~·hen the tubeS is excited closed, as set forth. 
ray:; or streams of tunt.ter aro emitted from 3. An appnr;llus for utilizing rauiant en­
the ::a me, which con,·ey a posith·e chn.r;e to ergy, comprising in combination, a condenser, 
the plate P nntl condenser-terminal T, while one terminal of which is subjected to llle a<"· 
terminal T' is continuously recei\'in:::r nega·1 Lion of rnys orr:luiatious, ioucpeoucnt menns 9; 

3o ti,·c clectricit.r from the pinta P'. This, ns for charging the other nt·tnn.tu re, a locnl cir- . 
hofo:·e cxplainel1 , results in nn accumulation I cuit connected with tho conllenset··termiunhc, 
of electricnl cner~y in the conuenscr, which ncircuit-conlroller therein ucpeo<leut for op­
g-oes on n.~ lon; ns the circuit including the eration on 1\ giYen rise of potential in the con· 
p r imary 1' is in terru ptetl. '\Yheno\·er the cir· denser, and devices opcmteu by the U.ischn~·;c too 

35 cnit i~ closed o'~in~ to the rotation of the of the condenser when the locnl circuit is 
terru inn.l t', tb.e ,store~! enerf!y is discharged closed, as set forth. 
tht·ongh the primary p, this gi\·in:;:r ri"e in the 4. An nppn.ratus for nlilizio~ rauiaut Cll· 
sccondnry s to ind nceu cu rrcnts, '~h ich oper- crgy, comprising in combination, aeont.lenser, 
nle the rcceiYer H.. one terruinnl of which is snl>jcclelllo the nc- to5 

40 It i::~ clear from what hns been stated a.bo\·o lion of rnys or ·ratliations, nncl the other or 
tiJ:ll if the terminal T' is eonnecteu to a plate '"hich is connecterl with the ground, a circuit · 
snpplyin:; positive instead of UPgnt.ive clec- nncl nppn.r2..tus thorcin adapted to be operated 
tricity the rn.ys shoulrl conYey negative elec· by the dischnrgo of the accumulatcu encr~y 
trici t:r to plate P. Tho sourceS mn.y ue nny in the coutleuser, ns set forth. 

45 Corm of Roentgen or Lennru tnbc; !Jut it is 5. An apparatus for u tiliz:in; rn.d iaut en-
tlO 

obYious from the theory of action that in cr~y, colu prising in com bination,a conueuser, 
o~ier to be \·ery etrectiYe the electrical im- ouo terminal or which is subjected to the ac­
pulses exciting it ~hoult.l 'be wholly or at least tiou or rnys or. rn.<lialions and the other of 
prcponderating"ly or one sign. If ortlinr.ry '"hich is connected '"it.h the groun<l, 11 locnl liS 

so symmetrical alternating currents aro em- circuit connected ''ith tho conueuser-termi· 
ploye•J, pro,·ision shoultl be made Cor nllo\t'· nals, a circuit-controller therein nn(l menus 
ing the r:lys to fall upon the plate P only ndapte<l to be opct·atet1 by the tlischar;.;e of 
during those periods when they nrc pl'Oduct- tho condenser when the local cir<"ttit is r.lv:'ietl, 
i\·c of lhl) d~~it·erl . rc:;uH. Edtlcntly if tho ns :set forth .. 

55 rntliatious of the source he stoppe<l or inter· S. An apparatn:i fu:" u ti lizing r;ul!aut Cl!· 
ccpted or the it· in tensity \':\ricll in nny. mnn · orgy, comprising in cc>m bi ua tion ,<\ con•lcn:;cr, 
ner,:ts U}' p~!riouically interrnptin;;orrythmiC· one terminal or whil.'h is Stlujcctcd to th~ :\C· 
:tJiy \';tryit>g' the CUI'I'CIIt CXCilin;; the SOIII'CC'1 tiOU O( rays Or r:\tiilllions nnu the Other or 
there will be corrcsp01111ing ch:\ll;::e~ in the '"hich is connected with the grounu, a }I)C:tl I:5 

6o action \tpou the rccci\'CI' R, and thHs si;;nal~ circuit connectcu with the conucnser-tcrmi­
may he tmnsmittetl and many othet· useful nals, n circnit· controller therein nunpteu to 
ciTects prodnc:~rl. Furthermore, it will uc nn- uc operated by 11 ~i\'en ri.:;c of potential in tho 
tlet~IOt)tl that any ft)l'lll or ('ircuit·closcr which conucnser, nnd de,·iccs operated U\' tho t\i:)· 
will res,tJontl to o&· ue set in operation when n chat·~e of t he conden.set· when the local circuit I.)Q 

65 prcuctcrminc~ amount of ener~y is storeu iu i!i closell, us soL forth. 
tlll!comlcuscr mny 'be t~scu in lien o! the deYice 7 • .An nppnmtu~ for utilizing radiant en-

· er~y;comprl:>iu;:: a conden:;jct·, ·h:win~ one wr-~ allaptct.l to ue opcmtctl bra g-h·en rise of po­
minal cnnncctctl ~o eart-h n.n<l ~he ~lhct· to an t.entinl in thl• r.orHlenst'r, as sot forth. 
(.'11!\'atetl contlucltug-platc, whtch 1s ntlaptC'tl 

1 
~Nrror A 1 . .FST \ 

to rcc:ci\·e Lho ra\·s f•·om a distanr. source of L \. •· • • '' • 

s rndiaut one1·gy, a iocal circnit connected \\"illt \ntm•!isl!s: 
the -contlt!nser-tol'luinab, a rccei nH' therein, ~£. LA wso~ D rEn, 
nuu n. eircniL. controller thert>for which is IliCI!.\RD Do:soV.\S. 
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_To all wb,om,'it may concern: . 
;Be it ·kno.wn that I, DANIEL MCFAitLAN 

.- --MOORE/ a citizen o! the United States, a,nd a 
resident of Newark;· in the county of -~ex 

5 and State of New Jersey, have invented cer­
tain new and useful Improvements in .Appa­
ratus 'for Electric. Control of Devices at a Dis­
tan~, of which the following is· a speGifica· 
tioo. · 

to My invention relates to those systems or 
appar~tos in which electric control or opera­
tion of devices at a distance is effected ·with­
out wires or conductors by "Hertzial;l" waves 
or oscillations generateq. onder con~rol at one 

15 point and propagated through space, reach­
in~ to another _point, where they act npon ~~ 
:::".ii_table coherer or receiver adapted to gov­
ern-the condition of an electric circuit. When 
used for pnrposos of telegraphy, such a sys-

zo tem is preferably termed a "Hertzian-wave" 
or "wireless" tel~graph. . . 
~yinvention or discovery relate!! mJre par­

ticularly to the manner of generating the 
waves or oscillatior.s used in such a. system of 

25 con'trol or operation; the object being to im­
-prov£ the system by producing waves or os-' 
cillations of greater . penetration or carrying 
power, thus e!!abling the _control to be effect­
ed over Jcinger distances than is possible with 

30 the apparatus and methods beratofore em-
.ployed. · · - · · 

In previous apparatas the source of the 
wav~ bas been a pair ~f meta1lic tex:minals 
o'r electrodes, across which a disruptive spark 

·35 is maintain~d by electricity obtained from 
· any suitable source-as, for instance, the sec­
ondary of an iodnction-coil. I have discov­
ered that superior results may be obtained 
by asing as the emitter or producer of the 

40 oscillations the electrodes or terminals of a 
circuit-interrupter operating in a vacuum to 
produce interruptions of a. circuit of induc­
tion. For the best results the vacuum should 
be very high, so a.s to produce very abrupt 

45 changes of resistance in the circuit. A vacu­
um which is as nearly as may be an abso­
bte vacuum is best suited to the practice of 
my int-ention. By "circa it of induction " I 

tinnoos, it!termittent, pulsating, or. alternat­
ing currents and w:hich is adapted by it.a self­
induction or by-its induction upon a parallel 
circuit to-generate electromotive forces at the 
point of separation 55 

By employing circuit-interrupters of the 
character hereinafter described, whereby An 
exceedin-gly high speed ·or rate of circuit in­
terruption ig obtained, I am enabled tv secure· 
vary greatly improved results -with electro- 6o 
motive ·forces or potentials of comparatively 
small amount, whereas heretofore in the art 
where a mechanical iaterropLer is emJ?loyed 
the afm has been to secure a comparatively 
high potential by slowing down or retarding 65 
the rate of interruption of the .circuit-inter­
rupter in the primary of the indriction-eoil. 

In my invention induction waves or oscil­
lat-ions are produced at the electrodes of a 
.circuit-interr~pter,- and in this respect my iri- 70 
vention differs materially from dev_ices here­
tofore employed for the purpose, which in­
YGl-veM the nse of ball electrodes or surfaces · 
or "capacity areas;" nor do 1 employ in­
duction-coils and interrupters operating in 75 
the primary circuit while the secondary· is 
connected to the electrodes of the emitter to 
maintain a spark. 
. At the receiving-point any prope~ or osoa1 

means for rendering the oscillations or waves So 
sensible ·and for utilizing them to control an 
electric circuit may be employed. I may use 
the Branly coherer or any modification there-
of or the .form :of instrument employed by 
Hertz for rendering such osci!lations sensible 85 
and properly included in the electric circu it 
whose~arying electric condit ion produces the 
·desired operation· directly or-indirectly upon 
any translating device or device whose action 
is to be controlled. 90 

Any Circuit-interrupter of the character de-
. scribed in my Paten t No. 548,127, dated Oc­
tobe.- 15, 1895, may be used for the purposes 
of my invention, it being understoou that in 
every case the interrupter-contacts are in 95 
a high vacuum and willop~rate to make and 
break a circuit of induction. 
· In the accompanying drawings I illustrate 
diagrammatically various forms of apparatus _ 
by which my invention 'may be prMtic~. . Joo jiiil ~ . m•an any ci<euit tbongh which electric CD"­

~ ~so rent ftows from any suitable aonrce ~f cOn· 
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Figure 1 shows a. form in which'a vfb'raMilg l the interval "'between the contacts ~f the in- ·~·, 
interrupter is employed and in which there- terrnpterwithin the vacnnm set op the wave!l ·: 
ceiving apparatus comprises mean's for re- or . oscillations :which .operate tpe receiver. ; ' 
lei\Siog a wheel instead of the us~al .telegraph- Said contacts beCo.me'1n B!Jbstance the terfut- .. 

S recei\'"er which would be: employed !cir wire- nals of an emitter, although it is to be un(l<'r- .. 
less telegraphy. · Fi~.: 2 shows a ·~ype of in- .stood' that in the normal operation· or-the de- · 
terrupter.known .as the "rotary" 'type. . vice there is :nothing in the natnre ~fa tlis; . 

In the accompanyi~g drawings I have omit- r:uptiv:e· spark across saiq terminals 1mch as ·7. 
ted to sh<:>W the. ·Use of reflectors, which are bas been heretofore . employed in the· ·nrt . 

tC'l Rometi~es employed for directing _the oscil- where there is a .breaking through of an air-· 
lations toward the receiving-point, as a1so the gap; At the receiving-point, E typifies .fl.·co- . 

· means so1~1et'A ~es employed for adjusting .the beret• 'or device ioclqd.ed in the circuit 3 au.d · 
frequency Of tbe Oscillations or wayes and operating, as W_Elll· understood in the art, to 8< 
t.he ·capacity areas which have been employed \~ary the r~sistance thereof. The circuit:·3 

15 in some forms of wirelet~:~. telegrapbJ, a.<~ the.<~e may include ·any Ioc~il sonrce of energy M J~:!, · 
1ue aH ·well known in th~.art. l \\'OUld f!tate, the flow of eMrgy trom which is varied by ~he . 
how&v.er, that it. is desira)s1~ to a.rrange ·the sa.ic1 coherer, the usual effect being, a~ Wflll 
electrodes of the emitter ISO that the TAdia.tions un~erstood, that when th'e transmitted oscil- 85 
thereof will be best directed toward ~here- lations impinge npon the coherer.the re~ist- : 

%0 ceiVing-poin t-tJl~t·is to say, to arrange them ance is }O\Vered, to be re~tored by the rMr­
wi~h a view to the taking advantage of the rangement 'Of the particles in said coherer by:· 

'··fact that the radiations' from an oscillatbr mechanical'means or otherwise. 
consisting of a ~air of separated elt-ctrodes is In the. apJ1lication of my invention herein 9.o 
greaterin an equatorial than in the axial di- shown th~ circuit 3 includes an ele<:trom·ag-

•s rec~ion. . net F, whose pewerin~reases under the effect 
Referiiug no~ to the drawings, I show in ·of the oscillations or waves upon the coherer, 

Fig. 1 a circuit..iute1·rupter capable of pro- and which may tl:lereby be made to e;ct more 
d uciog a very high rate of inter~uption-even strongly upon an ·armature-lever j, arid there- 95 
as high as one hundred th.ousand times per by disengage the pawlordetenth, whichnor-

::.o minute. The interrupter is of the vibratory mally detains a. wheel i. These parts a:re tq · 
type, consisting of a circuit-closing lever A, be taken as merely typical of any mechanism 
mounted to work iu a highly-exhausted re- for controlling mechanical or 'other po~er, 
ceiver or io.closure B, preferably of glass and and, as will be well understood, the.re may, be xo< 
kept in vibration by an electroma~net 0, substituted for them-any other device whose 

35 whose pole is· iu close proximity to the arm a- action is to ba eontrolled-as, for instance, a 
tare of the le\·er A, qu& is preferably located· telegraph apparatus. , 
outside t.he inclosure. The action of the elec- , . In the modification of my invention illtis­
trqmagnet is.to withdraw the armat~re or con- trated in Fig. 2 I show as a circuit-interrupter 1o;; 
tact-lever A from connection with contact- for generating the oscillations. a rotary form . 

4<:> point a, also within th~ ioclos1,1re1 said lever of interrupter, the parts being inclosed in a 
and cootMt a. form'ing the electrodes or ter- sealed receiYer and consisting of the shaft M, 
minals of a circuit of induction 1, charged carrying circuit- breaking w.h~el.A2, which 
from any suitable source of elier~y D-1 B forms one terminal of the circuit of induction., n<:. 
and preferably including the coil C, whose while the brushesmm, bearingth~reori,form 

•5 self-iudnctive effects may be·added to those. opposite terminals of branches qf said c~rcuit. 
which naturally belong to the circuit. · The of i'nduction and interrupt the .samein alter­
retractor for the a1·mature-lever, which eon- nation. Rotation of the shafti':M js produced 
st.antly tends to keep the circuit 'Of induction by rotation of the magnetic field set np around us 
closed, consists of an electromagnet D, exert- the rece,ptacle in the plane of a suitable ar-

so iog a constant influence upon an armature matureS, secured to the sha.ft .M, the organi­
attached to. the 1eve~ A, as sho,vo . Fo.r this zation b~ingpractically one which is des~ribed . 
purpose the electromagnet D may be charged in my prior patent, No. 604,685, dated.May24, 
from any suitable source of electr.ic energy 1898. In this case, as before, the con~cts of .uG 

M B'. In the circuit 1 is a.ny key or circuit the interrupter 9perate as electrodes of an 
5 s con t roller K, by \Yhich the operation of the . amitter whence the Hertz ian wa\·es or oscUla-

apparatus may be controlled to vary or inter- tio!ls originate. . 
rupt the prodnction of the Hertziau waves or What I clftim as my iuvention is--
oscillations, though other means may obvi- . 1. In a Hertzian-wa.ve or wireless-telegraph I?S 
onsly be em played for this pnr·pose. At every apparatus, an emitter or radiator cons~sting 

l)o interraptiou of circuit produced by the alec- of electrodes or term inals ·of a. cfrcuit-mter~ 
tromagne~ C said magr1et by that· ioterrup- rupter operating in a high vaca·um to in~r­
tion loses its own power and electromagnet rupt a. c~rcnit of induction, combined w1th 
D immediately acts to restore· tha circuit, the means such as a li:ey or circuit f9r controlling 130 
operation being repeated at a very high rate. a propagation. of ~he waves or oseillations as 

6: The degree of exhaustion in · the receptacle a.nd for the purpose described . 
.B, as before st.ated, should be very .. high. 2. In a wirelee a-pparatus fo;: electric con-
'Discharges of the circuit of induction acrqss trol or operation or devices at a. distan~e by· 
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Hertzian wa.v~ or oscillations; an emitter or with means for .controlling. the propagation 
radiator consisting of electrodes or termin·als of the Hertzia.n waves ~r oscillations pro­
of a c.ircuit-iuterrupt~r operating in a high duced by the said interrupter as and for thE 
vacuum to interrupt a circuit. having self-in- purpose de.scribed. · . . . · 

s duction, and .means for controlling the opera- 5. ·In a system of wireless electric control 25 
tion of said emittel', as and for the purpose or ope1·ation by Hertz!an waves or cscillaticns, 
des~r\bed. : 1 a source of radiation consisting essentially of 

· 3. In an apparatus for electric control or electric contacts included within a vacuum 
O(?et·a.tion of clerices at a distance by the wire: and forming the pbles of a. charged electric 

ro less ·system, an emitter or radiator consisting circuit, combined with men . .t;~.s fer separat.ing 3o 
of contacts or electrodes of a circuit-inter- said. cbntacts to propagate waves or oscilla­
rupt.er operating in. a high vacuum to iut~r- . tions suitable for operating on th~ distant ap­
-rupt a charged electric circuit, combined with paratus, as aiid for the pnrpo8e described. 
weans for controlling the oper11-tion of said Signed at New York, in the ct>nnty of New 

r5 emitter or radiator, as and for the purpose York and State of New York, this lOth day 35 
clescri_bed.-· - ···----· . of December, A. D. 1898. . . 
·· ·4:- In :. ~ertzian-wave wireless-telt~graph · DANIEL McFARLAN .:MOORE. 
apparatus, elect-rodes or terminals of a. circuit- vYitnesses: 
in:··3rrupter operating in a high vacnnm to in-, WM. H. CAPEL, 

zc- ~e1 ,·opt a circnit of self-induction, combined CLARENCE B. SHULTZ. 
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EARLY UHF RADAR DEVICE 
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A.!J. 1904. J"UN!t 10. N~. 13,l70. 
"H"O"LsMEYER'S CoMPu:r~ SPECJFrCATroN. 
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Fig. 1.3 Figs. 1 to 4 of Hulsmeyer's 1904 UK patent 
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· : :The ~ searchlight detection · and location system has some 

similarities to a radar surveillance system, .viz: . . :;:; 

· a) : the use of electromagnetic radiation and a powerful · 
. radiation source; · 

· .b) . the utilisation of means to focus the radiation in 
a narrow bPam to increase the radiation flux in ·a 
given direction and hence increase the detection 
range · of the system; 

c) the employment of a mounting which allows the beam 
to be swept over a given region and which enables 
the bearing of an object to be determined; 

d) the incorporation of a sub-system within the overall 
' system, able to detect and track a given target. 

The ·major disadvantage of the utilisation of search ­
lights, which meant .a _capital ship using them revealed .its 
position .to an enemy, was quickly realised. Again it was 
found that if searchlights were mounted well above t he wat~r-· 
line on masts it was possible for torpedo boats ' to pass 
under the beams and be undetected. Solutions were soon f or t h­
coming to counter both these system deficiencies: it is 
interesting to note that simi lar situations arose when radar 
systems· were introduced. 

1.3 CHRISTIAN HULSMEYER 

Hulsmeyer, an erigineer working ~in Dusseldorf: Germany, 
was the first person to patent a method and apparatus 
which essentially replaced the searchlight system by a 
system using non-visible electro-magnetic radiation. Hii .. 
first British patent [9] on this method was applied for on. 
~Oth June 1904 and had the title: 'Hertzian-wave projecting 
and receiving apparatus adapted to indicate or give warning 
of th~ presence of a metallic body, · such as a sh ip or a train, 
in the .line of 'such waves.' , Later in 1904 Hulsmeyer made 
an application £or a second . patent [10] and this bore the 
title: 'Improvement in Hertzian-wave projecting and receiv­
ing apparatus for ·treating the position of distant metal 
objects.' · · ·. • ·· 

Neither of ·these patents indicates why the inventor 
wished to . advan~e his ideas but it is highly likely that he 
wanted to produce an anti-collision detection and location 
system, which _would be operative when searchlights were not 
capable of being ·used, that is in misty or foggy conditions. 

Figs. 1 to 4 of Hulsmeyer's first patent s how the 
principle of application and the apparatus of his invention. 
The equipment consisted of a transmitter (e, h, i, 1, m) 
and a receiver (n, o) mounted 'similarly to a co~pass box , 
so that they are maintained by the action of gravity in an 
approximately v~rtical positiorl. A metal partition or 
guard t'obviated any posibility of waves passing direct from 
the transmitter to the receiver', vide Fig.l.3. 



~ \1. 
\ ;\ ~. " . 

Early in 1934 this equipment was used 
propagation tests for the French Navy. lOkm range was 
typical, although telephony across the English Channel 
was subsequently achieved [1], using larger reflectors. 
It seems that Henri Gutton recognised the effects of reflec­
tion from terrain and other obstructions because he propo­
sed the ~se 9f the system as an 'obstacle detector' and 
filed a patent application [3] ·on 20th July 1934. This 
essentially· constituted a c.w. radar system, using separate 
transmit and.receive antennas. 

-:. -~ 'f·~ :.:'~"7 
' I h ~ ~ 

· Fig. 4.1 :,; ;:: The tYpe UC 16 valve used by Fig. 4.2 · The UC 16 placed at the focus of 
•. · . . · :· ·:· Gutton 1n 1935 ::. 0 'f;· · 0 a parabolic mirror 

. An· ~,op~o~tu~~ ty for explo~ tatior: present-ed i ~se~f when 
1n January .1935 the 'owners of the l1ner 'Normand1e•, then 

I still being completed, requested that the ship be equipped 
with the "new system. Preliminary sea trials [1,4] were 

( carried out on the cargo ship 'Oregon' using a pair of 
reflectors, .one fore and the other aft, directed sideways 
as the ship steamed up the Channel. Reflections from the 
coast were detecte~, and some from ships at a few kilometres, 
but break~hrough from transmitter to receiver, and sea 
re flections, were t~oublesome. Other tests gave similar : 
results; pr-omising, but not fully satisfactory. It was · 
decided to build a radar specially for the 'Normandie' ;;r-4.3.). ·;;J;·, 

.\.it 
)i~~ 
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UNITED STATES PATENT OFFICE. 

t.284,t~s. 

HZlBT 7, IJLUlTDll, O:t UI'f'OHJ'IBLD, XENTUCXT. 

:ll.ZC'l'lUO Otnr. 

lpttiloaUoa tt %.etten hteat. Pat~nted Nov. 3, 1918. 
AppUoatioa t.lH lua ll, 1117. lertal lro.17UH. 

To all rrlaom U may ronctN&: continued from tnd tD encl or mn\· be closed 
& it kno"'·n thnt I, Hz~RT F. SH.Alt1'%En, ftt the reftr end RS illuatrntNI in FiJr. 2. 

n citizt'n of the United States, residinll' at A t'eee!'ls i!t form('fl in the ~tO<'k zuljn~nt 
Leitchfil"ld. In the county of On.r~n and the J"eftr enrl of the bnrref to rweh·e a switrh 

a Stntr of 1\l'nt:Jcky. hn,·e inventr.d certain m~hanhnn, which compri!l!~ ll levtor 12 ful· so 
new nnd u~ful Impronments in Eledrie erum~d aa nt 13 within the ~s pro1'idPd 
Oun~. of whk•h the follol\·in~t il' a apedflca- with a tri~r portion 14 which tnc-ndl' 
tlon: · · without tho re<"ef!B and bcnt>nth the rifle 

~ 
This innntlon hns rolntlon to radio en- within 1 trlllJler ~run1'd U. The other por· 

o f'rj:_r n{>pl\rutua, with e~lnl refel'fnee to the tton of thf' Je,·cr extcndln~ within tho ~ 115 
embod1mcmt tbt'rein of what. mlgh~ be and in 1 di~ion op~ite the dirt'Ction of 
termed an electric rlfte, and baa for an ob- extention of the tri~Jrer portion i. fonnf"d 
jC'Ct to pro~irlo a dcvlee for directing Hert· with a MArJ?C!ned tenninn118 adnpted to en-
1.l:m ~·nvH in any direction desired whereby If!~ a spr1n• contact ftn,:rer lT mounted 

u to t'ner~ize appnratns ·located at a di~anre upon one of tho inner wall~ of the receM. 10 
nncl ndnptE'd to receive the wnvee to rt'ltllllf' A c6il of bnre cop~r or aluminum wi~ 
t•~p1osi"rt'S or the like for military pn~ 18 is wound around the b~trrel of th~ tlc1'i~ 

Anoth<-r object of the invention is to pro- from one end to the other, ~in~ held in 
' ·hlt' appnrntu~ fr>r the purpose abo\'0 ~t "J)II~ ~lfttion from the hn!ftl, however~ by 

to !urth in the nature of and hAVing the ap- mHns of Atrips t>f immlntmsr mnt<-ria1 lll. 7& 
J><'nrnnco of n rifle whereby the srune mny be Tho l'!nr hmmnrtl of the coi118 is conneeted 
nJmP<l nnd Hertr.ian waves projected there- to one sliding contact 20 of n trnnsfonntr 
from in the direction pointed out by the rifte while the other sliding contact 21 is ground· 
for tht' pnrpo.~e a bon st't forth. ~ as at 22. The tenninftl of the trnns-

u .\nother object of the invention is to pro- fonncr is then connected to one of the so 
,·id<' nn Rppnrntua in the nature of a rifte in· aphericnl mem~rs 28 which nre disPosed in 
chtclin~t n bnrrt>l having a bore nnd embody· clO!IIe rcllltion to permit n spnrk to jump 
intr n mn~ilyintr Jeru mounted in the mnz· therebetwE"en while the other spbericnl ml'm· 
1.lr "·hC'reby to direct nnd eoneentrnte A my her h connected to a slidin~ t'ontnct 20' of 

so upon a di!rtnnt point. the tran~ormer by ntcnns of n conrhtctor 85 

~ 
In ntldition to the foregoing my inven· hi\ in~ a Jow cupncity conrlen~er intcrpost"d 

tion romprohPndll improvtmrntll in the de- tht'rnin. The primnrv COiJ 24 lB COnnM'fcd 
. tni1 ~1 Df con!'ltruct ion nnd arrnngenu•nt of tht' at one tenninnl to tlie eon tact fln~r 17 of 
p:trtq to he> hrreinnftt-r more fully described the trip mcehnnism Jocnterl within the riO(\, 

s5 nncl pnrticuhrrly filet forth in the. nonended while the other temtinnl of thr. primnrv is DO 
claim!. , ' connected to n vibrntintr eontnct 25. ~nid 

In the nC"Compnnyin~r draw in~ in which contact is arlnptr.d for intermittrnt eniZ"fl~te­
.,;mqRr Rncl cor~pondinJ pttrta are desig- ment with a stntiooary contnct 26 pJnced in 
uatt'<l hr th<' snme characters of referenct!l commnnicntion b~· mt>nns of " conductor !?7 

.co t hJ•u:r_:!hout th(' PPfenl Tiews in which they with the leT"'!r 12 of the nforesnid sTritch u 
n ppt•nr: mechnnimt. A IIOIII'tt' of rllrt'Nlt ~S i~ "l~o 

fo' itrure 1, ia a \'it'w in 11ide elevation of an interpo.c:ed In tm id conductor ~7. To in· 
Rpparntus conatMtcted in llCCOrtlnnce with Cffnse the efficiency of opC'rnt ion ot th~ ln­
m,· im·ent ion. . duction coil a eon<lcn~er :.!9 mnv be con-

·~ 'Fitr. 2, is n frngmentnry ~iew thereof in neded across the ,·ibrntinl!' contlict 2!5 nnrl 100 
!E'dion, illustrntin~ in detail the essential stntionnry eontnct 26 ns indicated in Fi~. :t 
part!!, and In O(.crat ion th~ rift!! i!t t.l irt'<'trd toward 

Jo'jg. 3, i1 I din~Z"fammntie Tiew illustratin~ the ObJf'Ct intencJf'd to bl! n tr~t('{l by the 
au:tilinry appnrntus and the ml!thod of clee· Hert1.inn Wftl"es, llncl nt thl' proper mnment 

10 tricntly connecting the same with m1 inven- the tril!~r 14 is drnwn ~ n~ tn complet(' the 105 
tion. c:in:uit through th~ primnry of tltt' induction 

With referenre to th- druwin~ 10 lndi- coil whereby a h il!'h tl'nsJon cu!'M'nt ia in­
C?.tes the stock of 1 rifte of convl'ntJonnJ con· dueed in the !M'COndRry with the ft"!o;ttlt th:1t 
fi~urntion nnd 11 the hnrrel which may be of Hc:'rt:inn Wn\'es E'mnn.ntc frnm thr coil 1~. 

16 steel llnd formed with a bore which mny be It hll! ~n my expt>rience that with a rtJit 

Ill 
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1mrroundinJr the mt'trdlie bnrrol IUCh 111 I nott-tl thnt inntmuch a~ the len~ 30 is ntth"r 
hn\·e herein disclo!fed, the 1U\'CI 1\'ill be 1.li· 1mtnll iu tlinm('fN' in otdt'r thnt it mny be 
rcctcd in n {larticulnr abnnuftnct along a fitt<'d in tho end "'an ordinnrv si.ze gun l•nr· 
line coincident with 1 he axi1 of the said coil Nl or of n bnrrel ali$rhtly lnrger, it. will be 

a 18. While '1\'R\'et wm of COUM!e be rudinted necessary to ~nt'rata Wirt'let~~ WR\'ttl of rt!ln· a& 
in a dlroctlon at right llnglea to the axi1 of tlnly 1hort lenJrthll in order that ll bt-nm of 
tho coila, and from every con\"olution there. 1'1111 of sumclt'nt conccntrntion may bo re· 
of, the wan• will be emnnated more abun· fructed, and tlinocted in the manner dl'flircd. 
dnotly in an axial direction relath-ely to the To this end a trnnsformer 11nd low CRpa<'ity 

JO coil. The object of my im·ention iJ therefore, condeui!C'r are u~, althouJrh it will be un· 80 
to P.rovide a tle,·ice whereby the wne.-4 Dlay dl'rstooc.l that uny fonn of wirele<rS 'fl"n\'n 
bo direct«!d in pllrticular towartl some appa- . ~n~rntinJl nppnrntut~ cnpnblo of producing 
rntus located at a distance ~tnd designed es- a 1hort w•n·e length will he amply .ufficicmt. 
~iall.r &o be affected and energized by and operable lor the pur~ of my innn· 

u llcrtzian wans. To thi• end the appurotua, tlon. 8& 
!or military purposes may be in t&e nature Whilo I han illu!!trat('({ nnd dt>!!Crihed mr 
oC a mine or other container of high ex· inrention 1\'ith some d"grw of purticttlnritv, 
plosiTes, haYinJr aaociated therewitli a re- I reali~ tlust in prnctica \'urious alterntiorl.~ 

. echoing apparntus for Hertzian waves, which therconr mov be mnde, nnd 1 therefore de· 4 
20 Ulll.)' include a sensitiYe projector, ~roundel) flil"t' to J'eR('tl'e the right and pridh•gc o( 7 

10 u to complete the circuit thro~h the changing the form 'of the detni~ or con~truc· 
ground ~; a ~enaitive relay actuatui.Jle 11>: tion or otherwi!le altering tha arrnngcment 
current pusi~ through the projector, anil of the t..'orrclntive parts without <ie1inrtin~ 
an electric fuse in a circuit .which may bo from tltc sph·it of the in\·cntion, or th .. IICOpo 

u energized by operation of the relny, together of the appended claims. 73 
with any otl1er 11pparutus that may be neces- HninJr thu." described my innontion, whnt 
aury to eft'ect the object desired. Since ·re- I claim AS new u.nd desire to secure by T...ct-
cei Ting apparatua, of tho natu~ n~"e stated tora l'atent is:-
are well known in the·art, it 11 not thought 1 • .An apparntua for directing wircl~:i 

10 necc884ry to describe any particular type of wnet including 11 rifle Htock, a ~teel tub11lur so 
apparatus in detaiL barrel mountet.l thereon, a coil of wiru 

4\ mngnJfyina l~ns 80 of the best guality wrup}X'd spirully nround thE' bnrn•l with the 
obtaina6le li fitted in the muzzle of tlie bar· conl"olutiona IIJ>nect"l therefrom, a ""' itda 

· rel. It hns been my uperienee that with mechanism mounted on the Mtock. nncltnt!anM 
n this arrangement. a rax genernted by tho for generating high- f~uency ~illntory S& 

high tension current will be concentrated at currents of ~hort wn\·e lengths for trtut-.mi~ 
n distant point or at the focal diatllnce of the sion throu~h the coil. · 
lcn~t, anq thnt intc~so heat will bo ~ncrntcd 2. An RJJparntu~ for directing unu lr:ltl..,. 
nt the suul foenJ ·pomt of com.'entl'ntwn. Tho 111ittinp: rnys of e!1crp- includinJr "· hollow 

40 eiiJ uf the barrel opposite thnt end {>roviucd stct-1 core, n aungm!ym~ hms fltretl mlo •mr to~ 
with the lens 30 mny be formed with a re· end of the core, ll coil of n·ire-·wnt}JJ.ICd ~>pi­
uuceu apcrtUn! 81 and I concnrc leni fitted rally around the (.'Ore. Utltl menns for ~n· 
in snid Opcninl[ of It focn} Uistanco adapted, erutin~ WircJc~ 1\'U\·es Of short )('n~hs fnr 
in conjunction 'fl"ith the focnl strength of the transmission thruu~h the coil. ... • 

4& lens 30 to.form a tcl('SC()pe wht-reby the ob· In testimonv whl'rrof I uffi.:t tuy l't~''llltttu·,• e~ 
jcct. at 1\'hich the rifle is pointed may be en- in presenca of two witness<>s. 
Jar~ and rendered more distinct thE'reby HE~RY F. SHARTZER. 
facllitatinJt the use of the instrument, with· Witnesses: 
out affcctmg the cnpneity of the lens 30 to 'K T. SHuwsn-cRY, 

. ao concentrate the wireless waves. It is to be .J. ~foROA~ B£RRY. 

Coptta of tllb p&ttllt =-1 'be obtailu4 for ht onta eael\. b7 a44rull:~~r the 04 Comm.l&doaer of :htnU. 
'WullJ.qtoa, ». o.• 
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UNITED STATES PATENT OFFICE. 
JOHN HETTINGER. OF STREATHAM, I .ONDON, ENGLAND. 

AERIAL CONDUCTOR FOR WIRELESS SIGNALING AND OTHER PURPOSES. 

1.:mn.o:; 1. Specillcation of Letters Patent. Pat<>ntNl ,July~. 1919. 
Application 1\led .Tune 4. 1917. Seriallio.172.792. 

To nl/ll'llnm it 7Jin!f ronr·(•J'JI: 
flt' it known that l •• lou:\ lh:TTt:\r.F.It. n 

~nl,jt•·.·t of tlw Kin;.r of C:·l•:tt Hr·itain and 
I n •la nc l. 1'1':-icl inu at ~H Hil,blt·~tlah• road. 

r; ~t l'l':t! l1:11il . L. •tJdon. ~. "·.. 11:. Engl:uHl, 
han· iun•ntl'cl c t•t·ta in Jll'W and u,..t•ful Im­
J•I'Il\'l'ltll' lll:-- in awl Ut•latiHI! lo At•rial C'on-
dndur,.: fc)J' "'it·PI<''"" ~iJ!nalin;.:- atlll otlwr· 

~0 Pl!l'Jlct~ l':-'. 0 r w h il'h t lH· follow ill,!! i:-; :1 ,.. p<•:·i. 
fic ·ation . 

Th is inn•ntiotl l'l' latPs to :111 itnpro\'ctl 
l!!l'lhcul uf prop:t;!<•tin:.r t•h•c·tric l'IH'rl!_\" at :t 

<li"t:tn· t• without l'Olllll't'1 in;! win•s an<l of 
l'ollt•t·t in:.r ,.lll'h l'IH'l';!."· tht• inn•nt inn ill'ing 

J;; rno t'<' part it·tllal'!y intl'ndt•tl for 11!-i<'· in wire­
It•,.,..; L<•ll•graphy and telephony but genC'r:tll,,· 
ll't•ful :II"~> for otlll't' pnrpo,;e,.:, !,ttc ·h a ,; the 
Jli 'OI)IJI·t inll of t•h•l'tt•ic> di:otllrh:llll' l',.;: at II tli...;· 
t:IIH't'. J'ot· in"tnm·t• in or fromuir,..hips or lly-

:?0 in!: madli Ill'~-'. t Itt• l'Xplosion of homl,,.. or 
Ill i Ill'~. t•k. 

Tl•c lll:tin ohjt•t·t of the in\·C'ntion is to pro­
,·idt• :t sub,..titllt<' for trnn,;mittin~ :tnt! l'C· 

t'<'idn~ :tl'l' ial~.- whi<·h <lot's not n•quir<' any 
2,j lli;!h or t•h·,·all•d !'<ltpportin:.r lll<':tns. otlwr 

ol•jt•t·t ., of the inwntion bcin:r ht'rt•inaftcr 
n:on• p:trtil·ttlarly rt•fl'l'l'l'tl to in t'OilllN'tion 
with tliC' Y:triou,; applit·:ttion..; of tlw funua­
mcntal itlea. 

30 The inwntion bro;ulh· ('on:-i;:ts in th<' 
utilization of n lonu l~;un of ionized or 
ionizin!! lllC'<lium_,.,i.teh a;:: a !'<C':tn·hliaht 
ltt•:J ill o.f nltra-Yioll•t rays prodn<'etl h~· 111e~ms 
of a suitable t•lt'l'tric arc or mercury Yapor 

3.j lalll})-:ts a substitntl' for 11 lon:r t·ontlndor 
of ~·k·l.'trit·it,·. whidt IIlii\' be lC'tl tlwrt•to in the 
form of coittinnot~:> <.'lll'l'cnt...: or o t impul,.;cs 
or 11ltemat ing cm·rent:-; of low or high fre­
IJilC'Ill'Y ami of lc~w or hi:rh t.H>tt'}ttial. :tl't'ortl-

40 i11•.,. t,, tht• part11·nlar npplll:atwn nml pnr­
pt~c of d11• t•lt•dric t'il'l:uit in whil'h :-.:titl 
lon:! ht•alll is incluclt•tl. 

TIH• inn·ntion abo <·on,..i:-ts in thC' utiliz:t­
lion of tlrt• lonl! l;t•am of ionizt•d or ion izinl! 

4;; llll'dimu a"' a tr:ml'mitting or r.-.·l•i,·ing a<'rial 
for wirl'h·~,- tt•lP:, . .'Taplt.\· and t<'h•phnny, lwl'l•· 
in:tfh•r rt•ft•J'l'l·tl to :ts tht! '"ionizNl l.x•;uu 
al'rial". 

The in,·cntion also l'ollsists in the arran~e­
llO llll'nts of ioniz<•<l lw:uu at' rial:-. al' ·l long ion­

ized 1 oll<lul'tors a.-; hen.•inaflt•r nmr·r partio·u­
l:trl~· rt•ft•IT<•<l to b~· way of t•X:uuplo•. 

th~ C'lectrieal <'Ontln<·th·it\' of n sl'l,•ninnl c·C'Il. 
not• the method in whil'li tlw OL'<tllt of lh!ht 
Jll'tHltu•pt)l>y a sp:u·k tli:-;<•har·:.rt• ol' hy allot.rtrr 
!-iOill't'l' of Hltra-rioh•t 1':1\':-; is utilizPd to l':t11"C tiO 
a <li:-:char:.re th1·ough aiwthcr di,..tant .... park 
gap. the lll<'thOll :t<•c·m·<lin;.r to tlw Jll'<':'t•nt 
in \'!'Ill ion <li tfcrin~ froru t ht•!"<' \n•ll known 
HH'tluul:-:. lll:tinl.Y in that :wc·oJ•dinu to tlrl! 
pn•s<•nt inn·nt ion t•l<•<·t rit·it v is :wtu.a ll \' c·ou- u:, 
n•yt•<l to arul propa;!alt•d thl'l>lll.!h tJu.' IH•:I Ill 

Ctllployetl. the bt•am at'lualh· for111inu p:r!'t 
of nn elt•c·tri•· eirc·uit. · · 

In order that the t•ssl•ncc of the inn•ntion 
nta\· be l>t•tter tllldl'r:..too<l. it nra\· ill' a,h ·is- ;o 
able to explain some of tlw ph,:nmm·na on 
which the im·<'ntion is ha:'t•<l a little' nwn• 

!-ipel'i fieally. 
.\l.'cor<lin;.r to the in\'!mtion. a ptll'tion of 

the atmospht•rt• is t·ont imwu,.:)y ionizt•d a Iotti! ; ;, 
a bt•:un so as to rl'mh•r it mot·t~ t•ondudin• 
than tlw remaining portion tlwrN>i-. anti :t 
;.roo<l <.'h•l'tri<':tl <'Oillll'ction is e...:talllisbt•tl lw­
tWC't'll the ~aid :beam :uul thl' llll'tallic· por· 
tion of tlw l'l<'l'tril· t·irt·uit. in whid1 th•• so 
h<':tlll is ~nbstitutetl for :mot lwr lmw t'Oil· 
<lut'tor. In \' iew of t hl' f:H·t that tltl' :1 i ,. 
a I on~ the bt'atu is not itwlost•<l hut is in 
:u·tual contaet with th.C' l't'lu:tinin~ part of 
tlw atmosphere. thC're is a ct•rtnin amount of H5 
ditiui-Oion with th£> <·onseqn<'JH'c that the ;::nr­
romHling ntmosulu.•re in the inmrt•<li:ttl' 
nei~hhorhood of the beam i;; :tl,.:o rC'ntlt•n•• l 
t'OJHllll'ti\·e to a le$s <'Xtrnt. the t'OJHludh·if\· 
<lN'l't'a~in~ t•ontinuonsh· and qnil·kh· alon;r !10 
t•irdt•s t'Olll'C'ntril' with the ht•:tlll. nl~) ~rath;: 
:t 11~· (IN'l'<':tsin~ from its elN•trkal conne.·­
tion in the <lirrl'tion of the ht•:ull fal'ill!!' 
u wa~· ft-om its SOltl'<'t': furthl•t·. owing- to tlit• 
fad that tht• nir is frl'e to mow nhottt. or> 
ionized p:trtit·les of ai1· will. in tlu• t·a,..,• of 
wing:'. he shift<.'tl from tlw posit ion tht•\' 
oet•upy in the path of th<' h<':llll so that tli:• 
actual form of t lll' <'<m<i Ill'! h·e zmw wi 11 ht• 
a ltt-rt'tl to n t•t•rta in <>Xtrnt :tt \·:u·ious point,.; 
tlwrt•of. Th<' t~fft•<:t of tlwsc n11·iou,., a liSt'"' j, 
that althoug-h ionization is t·ontinuoll,.;h· 
nmilttainetl :tlong' :t )m>tl<•h•rlllitw<l lilw. dz .. 
alon~ the ~am, the. :-:nhstitutt• < onductor is 
not to be suppo:>Nl to haw tlw :1<'\ ual forlll 
of tlw Lt-am. hut n form <i<'penclinJ! upon tlw 
cin·unrstaiH'('s ttl>O\'<.' J'l•fcrJ•t•d to. tlw lin,. of 
<·ou•p;u·atin•ly strongc,.;t t•otulllf·ti,·it .\' l~t•in!! 
in th<> t•t•ntl'l'' of thl' ht•a111. with s111all ch•d:t­
tions tlwn•frolll h. tlw l':ll-1' or lllllclt•l':tlt• 
lllo\·eurent,.; uf :ti&i, Tht• :-.llhstitt:h • •·undtlc·t :ll' 
llCl'Ol'tling to the innmtion, wlll'n ll:"t•tl as :m 

100 

IO:J 

llll 
l wj ,..Jr it to bt• lllllh•t•:-;loocl that til1• pn•.-;t•llt 

ill\c•nlioll dcw"' not itwlmle thl• IIWth,Hl of 
~> wh,•J.•» siunalinl! in whio·h • l•·•m of li~<ht 
~~or ultm-dolot r•~·s is ntili•"l for d"mging 
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~J :rial Cor >i~'"'lin~ Jl">-i""''" ma;· tln•J·,.r:::~··:::,,.,.,j ln•an1 ,,..rial /,, whi.-!1 ""'; 1 ••• tn•ol\~ : 
b1• ,., 1111 pat't•d to :Ill t•h·,·att•d t'OIHI111'1t>l' of tlw·pd at ,. :t" lwt·t•inl•t•fol'l' I'Pf••l'n•cl ln. I h·· 

uw.tallit• t·in·uit. tlw otltt•t• t•n•l of wJii,·h i,.. or its l'IJHiYalt•nt. ot• with auotlll't' ionizt•,\ 
lat·u1• ,..udat·t· in t•h•t·trit·al t'olltll'd ;uu with a utht•r t•nd tht•t't•of l)('ill;.! 'Olllll'··kd t., •·at i It \ 

;, <•artlwd. Tlw poh•nt~:tl iHIJHII'tl'tl to th~ l'll••·- ht•ant :H•rial whit•h i:-; paralh•l to tlu• lir,t ;u 
tri 1·al t·onnt•dwn w1th tlw bt•:uu. trws to ionizt•tl ll!•am :tl'rial. (,..,.,. Fiu. -t l. iut••r,.•···t, 
NJHaliZl' ~tH•If alon:;r tlw ht•aul t•on<lnrtm· nc; tht• latt<'r nt nny <lt•,..in•d Jit•il!ltt fro:11 t lw 
abo\·,. dt•hnt•tl. nntl tht• wholt• s~·:.;tt•m thu:-: ab- <.'arth. (S<>l' Fi~. i1), or ha,.; any olhl'r :-;liital,l,· 
~01.1J,.. a lal';.!t' alllOllllt of t'IWI'~,\' ns ('1~111- positiourt•latin•ly tlwl·t•to.tlH• ,..olll'l'l'' of tiH• 

10 pnr1•d with till' t•.m•t ·:r~· that .t·m.tltl Ul' 1111- lll'allls bl•in;.! an·:lll;.!t'tl at any th•sit't•d di--- -; :. 
partco1l tlwn•to Without tlH!. tmuzt•tl ilt•:u~t. tan<'e apart from eal'h otlwr. 
ln th1• lattt•r t·a:-:t•. all th<' lmt•s of t•IPetrll' ..:\t·cordin:r to a mmlilit·ation, (:-:Pl' Fig. li l. 
fon·t• wonl11 b1• ll4.•nt towartl tlw t•arth J>l':tt·- two intt·l~l'<'tin:r ionizt•tllll•:tJII at•ri:d:-. :tt'l' :1'" 

tit"alh· i1ullll'tliatt•ly aftt•t· lt•aYin:,r tlu• outt•r ~x·iatl•tl wit.h two st•paratt• o-willatory cir-
15 {'!HI ,;f tht• llll'tallit· t·ir<·nit. In tht• atTangt•- t•nits r<'Sill'l'tin•ly, while :H'<'ol·tling to all- :-11 

111ent. a1·cor<lin•r to th<' prt•st•nt inn•ntion. other lllodifil'ation. (:-;ee Fi:r. 7). tlu• ~l!; 'ol:.t 
howe\·t·t'. ·a <'lll'~t•nt will flow nlon~ tlw lint.',; inter:-:t•ctin;..r iouizt•tl lll':tlll :wrial i:-; t':tl'tlwd 
of h•ast t'l':-.ist:uwe. dz .• upwarcl within the but is not l'OIIIll'<:fl•d to an u.-;cillatm·\· t·iJ'l·uir 4 
h!':ttu and iruute<liat<•ly aromul the sallll'. except throu:,rh the first ionizt•tl lwain at•J·ial. 

20 lllOl'l' partil'ulal'ly. alon:r. tht• t·t•nt<•r of ~Ill' which IIIUY abo h"' earthl'tl. :-. .• 
lu•a111. a111l tlwn• wtll l~ ltm•s of for,·e whwh By conibinin~ tO"l.'ther a plurality ~~f ion­
will sl at·t ht•ml iug tlown w:n·<l t owanl t h<' izNl ht•ants t\ll\' well known t•on,.;t t·ul't wn "f 
t•:trth at a 11111l'll highl•r point th:t!l .in the nerial maY easilY be lmilt up. :-:uch :I" :ll•ria!' 
<'a:<e without an ionizt.>d U<':tlll. "lule the of the miJbrdl:i. (S<'l' Fig. 8). of tlw mul· 

2:; ntununt of t·urn•nt :ll'tll:llly flowing through t.iple parallel, (see Fig. !>). of tlw triangular !Ill 

tht• bt•:tm lllay be :'lll:tll antl tlcn·<>n~ l·on- d.iret'tin~ (~e Fi~. 5 to i)~ ot· of any otlll'l' 
tinunu=-h· towal'll the uppt•r l'lHl of the beam. type in whid1 u umuher of win•s han• hitht' r-
it j,.; to l;e l'l'llll'lllht•rl•<i that thi~ i~ not malt.•- to ht.•t•n t:onnech.•tl to~t·tht>t· in an ntwn Oi' 

rial in tlw c:t:;l' of an at•ri:al. it hl•in;.! known closed. cirl'uit aerial. The plurality of inll-
30 that tlw ('lll'l'<'llt tlowin:r throu:rh the :wrial, izt•tllH.•ant al'rials muy ht• prmltll'l'tl fro111 olh' !t;. 

:uul tuore particularly th1·ough the uppl'l' single souree hv usin~ rdll•t•tot·:-:. :-;lll'h :1tl 
part tht•r<>of. 1uay he s111all ns lon:,r as t}l{' nn·an:r<'nlent is ilhtstrntt•tl in Fig. !l" i.t 
potl•ntial i:-; hi!!h in tht• U\>J)er part tlwrt>nf. whieh the source c of tlw \)(•am is at'l';lll!!•'•i 
nml the l'lll'l'l'tit l:u·~e at its l!:tl'thin~ pt~int. to throw the Ul':Un:; bon t'l'll('l•turs ('1 wl;i<·h 

3 .; The t>h•drkal cotmection of the lllntzctl t·eflL•et. the same in snch tlirt>rtions a=- to in- 1 on 
lwam with a point of high pott•ntial nml the ters..•.('t with one anothl'r whl' r<' r<'t}ltil•t!tl. · 
nb,.;orption of g1·cat e~wr;..ry hy Slll'!l .a l~a:n The connt>dion between the uwtnllit· por-
in:->lll'<'s the fulfiltut.>nt of th<'se t·onthtwn;;. tions of t.h<' <'ledric l'irruits ntHl tht• iont7.~·.1 

In tht• :ll't'<>lliJ>:IIlyin!! 'lra win:,r,.; whit·h illu~- lwnm al'rinls is prefcra hh· cJT~;>c·tetl h,· mean.; 
1 
,·,.·4 

40 trah• cliagratllllt:ltkally :uul by way ~)f l'X- which n.re known to fnd'titat<' tlt£' tli:;ch:tr:!l' 
n111plc various :tl'l':tngPIIll'nt:-: nml detatl,;; for of <.'l~rtricity, such as rods with poinll•<l t•tul.-. 
carrdn:r th!! innontion into l'tft•t·t :- l'tc. Th~ conne.ctin~ rods or plntt•s utaY h• 

Figurt•s 1. ~. a. -l. ii. H. i . S. !) :mtl n~ illu::- nrr:mg-ed within the ionized lH.':tlll p:u:allt·i 
tratt• \'at·ioll,.; nrrangt'llll'llts of n<'rial.-. or nt anY suitahle nng-lc tht>r<.'to an<l uta\' h1• 

.n Fi:r=-. 10. 11. l:l. 1:3. Ian, H. 1-t~. l:l. t:i~~ repla<"cti lw or he usetl in t'"<mjutwtion ;,·ith llt; 
Hi. lii~. 1 i. lin. IS. H!" · :mtl HI illustmte n. m<>tal cvlind<'r or trnnr:tt<'cl con(' in tout·1t 
various form,.; of clt•l'tri,·:tl beam (•onnct•tion~. with :m(f surrounding t.he heam. 'fh1• t·nn­

Fig. :20 ~hows :l detail. n<'ction with the ionizecl h<•:tnt maY also I);• 
Fig. :H illu:-:trates a mmlifimtion whert>in cft'l:'ctrd by means of wire ~mze or 'by a pt•t·-

so tht• source of ost•illations is nlso used ns th<' foratt>d mctnl p]att> or superpo:-:N( platl•:< :n· · 11:. 
soun·e of the ul':un. ranged across the lK'am. or hv uwt:d l'l•llt•l'-

Fig. :!:! shows thl' form of application of tor:; suitably inclined relati\·<'(\· to th(• :-:onl't't• 
th<> inn•ntion to snhmarint>s. nn<l of the IK'<\111 or in nnv otlwr suitahlt• manut•t•. 

Fig.:!:~ illnstrah•s ont> form of applil':ttion FiJ!S- 10 to 18• illn:-tratl• ,·:u·iotts lK':tllt 
55 of the inn•ntion to the dett>:·tion of nircraft connl'Ctions whil'h :trt! ~lll)(lh'itlcod for till' 1 ::u 

in ~p:wc. pnrpo~ of ohtainin;.! tit£' h<·~t rt•!>1tlb. 
Figs. :H. 24·~ :l:i, ~;)•! 21i, 2i. 2S. 2!1 and. 2!)a The conn('l•tion illu:-traft•,l in Fi:,r. }(; l'Oil-

illu:-;tratt• diJf<•t'l'llt lllOilifit·ation~ for t•arry- sist~-; of n grid a <'Oill}Wisin:,r a ~ri~s of paral­
in:r th<' in\·l·ntion into efTl·t·t. l<'f wil't's. tht! conni.'Ction :-;huwn in Fi:r. 11 uf 

GO 

M't undat'\' nf an oSt·illatinn tt·ansforlltt'l'. (:«'t' wirls or pi1•<•tos of wit'(' J!:lllZl' '' n:-: :-!town in 

.\c·t•ot·tlin:,r to onf' :trrnn:r,•ut<>nt. th<' on<' n pi('t'C of wirt' ~:lltzt• a. whil<' tlw <'<>lliH'l' - J:!:·~ 
<'lid (I r :\ spark ~a p. ( :<('(' Fig-. 1 ) • of t hr t ion ~hown in FiJ!. 1:2 l'Oill pri:-;('s a ~t·rit•:-: II f 

Fi;.!. :!). 'ur uf a :-:t•lf-intlul'tion roil ell' 1·on- .Fi~rs. 10 an<lll suj,<'l'JXI:'t'llupon unt• auotht•J· 
~ ~ don,.,· ( ,...., l'il!. :1). form in~ pn rt of n n and eledri<"alh· conne<i<><l toon•tJ,..r. ~ 
~\1 osdllntol')' eircnit ;, conne<-ted nt u with tl•c The conn..,tlon illustrated in l'ig>'. 13 alri"Ui. 
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1:1~ <'On~ist.s of n sc•ri!'S of concl'nt ric cvl in­
c lc•rs a t•lt•c·tl·ic·:tll,r colllll'Ctecl to~,rutlwr; the 
t•onlwc·t ion shown in Figs. 14 un<l U• ,. f a 
st•ric•s of point<•tlrods a supported on bars rt1 

ii t•lc'drit·ally c·omwct('cl togcth<>r, and the con­
lll'<~tion illn:-.tl':ltetl in Figs. 1:> nncl v;• of u 
jwt·fot·atc•d pbtl' a1 prodtl<'tl with tubul:lr 
c•xlt·u~ion:-. a. 

.\l'l'onl i n~ to anoth<'r mcxlification illus-
1 o tl·atl'd in Fi:,r,... J(j antl Hi", the connl'Ction 

u~ay consist of sc~\'l'ntl scrics of pointl'u lllt't~.t 
ptt•t'l':-. 11 suppurtt•cl on rods a1 and penctru.t­
tn~ into t lw intc•rior of a cylinder of insu­
latin:,r lllat<•t·ial rz:. the pointed encls being 

I iJ pn·fc•raiJly inl'l itwll m the forward direction 
of thc• bt•:uu passing through the cylinucr. 

.\••t·onlin~ to a fm·th<'l' moclification illns-

~ 
tratt••l in Fi~"· li antl H•, th~ t•onn<>.ction 
twn· <·on~ist. of a :-oc•t·ic•s of metallic platl'S 

0 ((.t iu·n\·idc•d with ,..<'t'l'ations a, the pointed 
<'lltb of \Yhit·h an• prPfc•rahly clirl'dNl i11 the 
fon\':ll'tl clir<'d ion of thl.' ht•am, whic·h is split 
11)1 b.\' th<• platc•s at. 

Fi!-!"'· 1~ and Is~ illustrate a l'<'flt'din.z con-
:!;, tH·c·t ion c•nn:-i:<t i11:,r of a nwtallic plate a1 

t·arrying a plurality of small metalli <~ sur­
f:tl't's n !Jy whid1 the IK':tlll is l'<'fled<'d in the 
rc•quit'<'<l.clin•ct.ion. 

.\ fnrtht·t· fot·m of C'll'l'trical connection 
:;o is illustmt<>tl in Fi:,r. W: the sam<' com•ists 

of a h:mk of llll'tal tubc•s n of small cli :ttlW· 
tc•t·. tlw cli:llll<'t<•r pt·l'ft•rahl,\· incrl'asing- to­
wat·cl tlw l'lltls of tlw tulll's f:tdn,!! a way ft·nm 
t hl' ~~m·c·c of the beam. .. . ... ., It i:-1 knowt) that wh<'n CC'rtain ml't:tls nrc 
t·hnl',!!c•cl. lllOJ'C' partit·ularl\' with nf'~:tth·e 
t•lC'ctril'it~·. th<'y h:n·l' the · property of ~­
coming- di,.:('h:trgNlun.clc•r the m·tion of li~ht. 
:11ul it has h<'l'll a"l'l'ltaitwtl that this di~-

1 .Jll ch:tt't.rt' is <lnt• to ultra-\·iol£>t and other rays, 
I nn<l to bc• clt•(ll'tHlC'nt upon th<' stMe of th<' 

!'lll'fac•c• of thc• mt'tal. This property of cer­
tain nwtals is ,!!l'll<'rnlh· rt'ferr<'<l . to as a 
photo-l'lc•c·h·ic• t•fft•t•t. .\'s n. small length of 

.JiJ til<' ht•am b lit•s bt•twC'!'n th<' <>lectric:tl con­
nN·tion a anti tlw snm·c-<' <' of th£> ht'am, nsc 
ma~· IK' tll:Hlt• of t.he photo-t•l£>ctric property 
po:-:sl'""l'< l by ct•rta tn ml'tnls. antlnot by other 
Hu•tnl,..:. or suhstan<·t>s. to prt'\'(>nt n cliS<•h:tl'~l' 

iill of t•lt•l·tric·itY fmm tht> c•lt>dric·al connection 
rr tow:ll'll till! Hllll'l't' c of tlw bcmu. or to 
n•clctc•c• it. :1~ muc·h n=- pos:-;ihle nnd ·nt the 
!':till<' tinit• assist. thP disdtar~ from the 
<>lc•l'tril'al C'ClllllN'tion n in a dirl'<'tion awav 

r,ij from tlw ~mu·<~t· of tlw hc•nm. 'Yith this oli­
j<'<·t in \'it•w. tlw photo-t•ll'<'tric effect nbo,·e 
J'(•ft•rrt•d tci, has to be nssistt'd in eYer\' re­
spl'c·t em the snl'fa<'<' of t.Ju~ connection- fac­
in:,!' a way f•·on t tlw =-cllll'<'e of the IK'nm. while 

li" .. ~:mil' has tn bl' prC'\'<'ntt'cl from t:tkin~ 
pl:t<'C'. or l't'chu·<'<l :t=' llliJC'h n~ poR<iihlP. on th~ 
:-urfac·t• f:u·in:r th<' !-i(ltll't'l' of the lx•nm; for 
in:-.t:mt·f'. tlw ~:urrac·p of th<' ~lll?.t'S or p<'rfn-

~ud:w<' may })(• c•o\·c·r·c•tl with n lll:tlt•r·ial ~ 
whil'h i~ not tl':tn~p:trl'llt with r·c•..;pt•t·t to 
ullm-riolc•l 1':1 rs. Tlw ~:lint• ohjl•c·t lila\' :dsc 
bc• attai1wcl h'y rnakin:,r tlw c·ontwc·t i•~n II\· 
llll'ans of a uic•tal whic·h i~ liltle ~~~nsitir'c· ;u 
with t·c·~:u·d to the plaoto-c·lc·drit• plwn<lllll'-
non , ~•wh as eoppc•r. proddc•tl on the :-m·-
fac•e f:wing awaY ft·om 11m :-om·c·c• u f the 
bc•:tlll with 'a c·on•'rill~ of nwtal whil'11 is \"l~IT 
H'll~itin• with l'c•:->pPI't to tltat plwnouH'lllltl. ;;, 
~•wh a~ rnbiclinm or :tn :tlloy of pota,..sitnn 
or soclium. 

The disc·har~o of c•lec•h·h·itv from tht> c•h•c·­
tril':tl COIIIH't'tion tt towat·•l tfw soun•t• of 1111' 
IK•:tnt 111ay al:-o hc• prc•\·c•ntt•tl. or :,rt·c·atly t!i- :-;o 

tui11ishNl. l1y l't'lllo\·in~ or :!l'l•atly n•dut'in~ 
tlw c·oncludivit\· of the IX'am bet.m•t>n it:.; 
~om·ce and tlu;· c>lc•('tric·al IJ<':Illl t'!l!IIH'dioll 
by cnu,.:ing a clir(•<·t altcrnatin~ ot· o~c·illat­
in:,r t'lll'l'<'llt. to flow ncro~s the h<>am in tlw :-:, 
part thl't'c•of lying hct.W<'<'ll the SCllll't'C of the 
bt•:llll and thc• <'ll•c·tric-al eontwdion. Thi~ 
flow of clllTc•nt lll:t,\" he producc!cl by nwans 
of an <>h•dl'ic fiPid. for in:-.tam·c•, as shown in 
Fig. :W (:-:c•e also Fig. ~5·). thC' two plall':-; ,/ !lll 
of a concll'n~er l,C'in:,r conn<'<'tl'll to tlw two 
poll'~ of a sourcc• r/ 1 of <'onstant potential 
which may lx• repl:u•t•cl by an altc•t·natin~ 
l'ttrrcnt supply l'ir('nit of low or high frc•­
C}lll'lll'Y· which may helon~ to thl• tmnsmit - !,;, 
t ing :<Ystem. 

For' tlu.• Jll'O<lnction of the ht~am, u~ llla~· 
hl' madc• of :\11~· ol'tlinary :-:carl'h-li~ht. in 
whit·h an nrc lamp or nwt'Clll'Y ntpot· lamp 
is <'liiJ>lo~·c•cl, <':uv hein:r how~n• t• takC'n to 1 oo 
pr<'Yl'llt the ab,;orption of tlw nltra-,·ioll't 
rn.Ys hy substituting qu:trtz for all tran:<pai·-
l'nt parts u~ua1ly employed in ~arch-lights. 

The ~park or art· producing thl' os<'illa­
tions m:ty abo ht• t'llll,)ln~·<'ll for JH'mlul'ill;! 1 n.·, 
thl.' ht.>am. In Fi~. 2f illu:o;trating snt'h :m 
n rrnn~cnwnt by wa.Y of exam pic•. u spn rk 
:rap(' is inl'lo:.;c•tl in a t•,dincler of insulntin~ 
lll:ttl.'rial f ha\'in~ :tn t•xtpn:-;ion / 1 whil'h j,..: 
OJ>l'll at its ont<'l' l'n<l to allow the pas~:t~c· of i i c; 
the lK'am to the t•Xtc' rior nn1 1 t h<' <'h•l·triral 
comwdion is clrc·l'tl'll ln· :1 sc•l'it•:-: of poinll•tl 
nwtal pic•t·t•s n c:trric•cl ;>n a support. at c•lt•<·­
trit!:tlh· t•onllN't<'<l with th<' :<l.'<'OlHlar\· of an 
o~<'ill:ition transform<>r whic·h is c•:u ·ti:c•,l. .\ 1 1:. 
quartz lc•ns ; may also be m·r:mg<'cl in the 
p:tth of thE' hl•:tm. 

The hi~h fre<IIl<'nt·y ,·nrrc•nts or itupul"<'~ 
supplif'cl to the transmittin~ ionizc•d 111':\111 

:t<'l'i:tl or c•ollc•dc•cl hy tlw l'l.'<'t•i,·in:,!' ioni:t.t•d 1 ::o 
lx!:un :tl'ria 1 may h~ ~IIJ><'l'J)(lst!tl 11 pon an 
alternating <'lN·tric fh·lcl of low fr<'~llll'tl<'\' or 
upcm a continuou~ t>lt•<·tric.· fic•lcl of hh!h. po-
tentia I. · 

This utoclificaficm is illu!<tJ':lt.(•cl, lJ\· wa\' 1:! :. 
of ~x:uupll'. in Fi~. 2-l nrHl :H• in ,:onnt•t:· 
tion with a cont innous <•lt•c•u·i<· fil'lcl. and in 
l•'i~. ~;; :uul :!5• in t•onn<.•l'tiun with :in :dtt•r ­
nn t i 11!! t'lt'<'l ri<: fi<' ltl. 

Hefcrring to Fig~ :!4 ancl :!:J, thl• t•unt iuu-
~-- r:ttNl platc•s fa<-in:r nway from t.lt£> sour<-e 
~""!"be highly J">li<hC'I, while the opp<>sitc 
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~ .IJ4 1,809,031 e- 1111:-; or :dlt•l'll:tlin~ lit•ltl of low fl'l'll'll'lH'\" j..; \l•rst.J,\' to fot'lll :l trou~h. llu• iolliiwd lll'l'ial 
:.l'l 11p I•,Y •·••lllt<•din;.:- till' two poh•s of a li i~h /, ltt•in:.r )ll'mllll"<'ll In· a plurality of llll'l'<'lll',\' 
, ·oll:t!!l' l'lllltinllou:-; l'lliTt'lll lll:whint• .\ ·•apoJ• l:uup,.; ,. of tuLula•· ~hapt• suital•h· ~up­
tlll·o•i:.dt th,• iudul'lin• n·si~t:tlll'l'S Hit ot· till' porll•tl in tlh• <:oncavc.• part of till' llt~•talli<· 

r, t wott·rhlillal' of th<• ,..c.•t•oudat'\' ('of an onli- tro11~h and llc.•in:.r <lin•dt•d ti}IW:tl·d in a 711 
tl:tl'Y t ran,.;f"l'l111'1' (not a lii:.rh fl'l''l'll'llt'Y plan<· containin~ tlw lll<'lallit· :wrial. Till' 
""willatiuu tran,-f••l'lll<'l') to two <•h·l'trical llll'l'cllr,\' ntpor lamp:; r~t·<•in• till' <'111'1'1'111 
l11':tll1 t'lllllll't'tinll:- flit. l'l':-jll't'tin•ly. <llll' of fro111 tlw solll'l'l' of l'll<'l'I!Y Ci. 
wJ.i,·h i,.. tl il\'<'1 h· m;lllt'<'ll'd to tht• IN·illator\· Till' inwntiou is al=-o Wt•ll ad:t,lh•<l fur ll'<' 

111 ~,·,..tt·ut 1>. as !ll'i·~·inl•t•fot'<' n•t\•J'l'<•tl to int'IJJ;. on ~uhmat·inl':', lltlll Fi:.r. :!:! il11stmtt•=- II\· 7.'J 
J;<'l'tion .,·ith Fil!. :!. whilt• thl' otlwr u~alll way ,,f <'Xantph• a tran,.;mittin:.r atTall:,!t'IIH'J;t 
l'OIIIIl'l'l ion is ;;~:t clin·t·th· t'lllllll'l'tt·d to till• ll~·tl illt'lllllll!dion tht•rt•witlt. Tltt• t•h•l·tri<•:tl 
o,..,•illatory :oy~li'IIJ. :1111!. j ... plan•tl in an l'OIIlll't'lion 11 i,.; att:ll'h<•tl to till' IIJ>Jll'l' part of 
ion ir.l'l ll•l':ttll :tiT:tll!!t•d to intl'l':-'1'1'1 thl' lll':HIJ a Juetal tuht• !I whi,·h i=- at'l':lll:.!t'<l within a 

F• in w!ti1·!J tlw l~t•auJ·, . .,Il!ll't'lion fir:-t rt•t'PI'l't•d JH•ri:-t'llJH' or likt• tuht• r/ ami forms with tl11• ~~~ 
to is plat•t••l. I:,•ft•ITin~ to Fi~=-· :! i• :tnt! :!:,•. lattt•r a <·ontli'H:'l'l' itwlud<•ll in an u,-t·illatoJ'\' 
till· ~:tllll '· ,till'< •t' (l'lllll Fi~=-·:! i ant!:!;,, l'l''"'lll'l '· <·it'I'Uit. Th1• l',\'sh•m is ~artht•<l tlu·o11~h tilt• 
tin·h·. in that IJoth lw:lllt t'lllllll't'lion:-; art• di- lH1dy of the :'llhlllarim•. Tlw \Jl'ri:-t'UJH' tnit·­
n•l·tJ',· I'Ollllt'dt'd to tiH• o,..•·illatol'\' :-\',..tl'lll. t·or (not shown) wltil'lt 11!:1\' II' tt~l'cl to 1'1'-

fll. tit<· appli1·at i111t of lht• itin·ltt ion to fh•d tIll' bl'atll in anr d1•=-in•;l tlirPI'tion lllll,.:f 
win•h·,...' ,..i!!ualin!! to :tllfl frotu airt'l'aft. u,..t• lu• madt• of llll't~ll oi· tlw !!Ia=-=- 11:-t•d in OJ'tli­
i,.. prt•l\·mi•ly t!l:.l•h· on tht• ait·<·r:tft of ont• nai'Y nritTor:-; mu,.;t bt• n~plat<''l by qttart r.. 
ioniz<•• l 1.11'alll :ll'l'ial tlirt•<·t<•,l 1lownw:ml :<~) Tlw l'l'<'<•idn:.r appar:tttts lllil,Y bt• t•onnl'de>tl 
that it Juay ,tt·ikt• llH• t•:11·th. a tt·h•!!raplt up to tlw ht•anl :t('t;jal in a :-oiruilar 111:1111H'l'. 

:.!:J '' in•. tlll' rail of :1 train. m· otlu~r eondul'tor. .\ Ion~ ionizt•tl lwant at a tt':lll:'llJittin~ !HI 

:n11lof :mntlll'l' innizt•tl h<•:tut :11•1'inl whidt i:; station eomwet<'<l to :1 som·t·~ of continHoU!' 
:-ttl,,..tantially pat·alh•l to th<• (':u·th. tlu•n•lt,\' o1· onlin:u·y altl•rnat.in:,r l'lll'l'e>nts :11111 tH'tli­
fonuin~ a din•t ·ti\·~ :ll'rial. (~t'<' Fi~. ~li). nary tran,.;tuitting' appamttJs may be n:-ot••l in 

Tht• :t<•t·i:d :ll'l'oJ·ditt!! to till' Jll'l•::,t•nt in- t'llliiLination with :tl'iruilat· ht•am at a J'l•t•t•i,·-
::o \'C'ntion. 111:1,\" lw ust•tl in l'tllljtllll'l ion with ing ,;tat ion t•cmne>cfl'tl to a n.•t·<•in•I·: for tlu• !1;, 

ntn· wit:t•it•,.. ... :ttTi:d of knowu l'llll"'ll'lll'tion- pm·po,.:l• of t~h·gmphic Ol' tl!lc:!phonit· t•ont­
fol· in:otalH'<' it 111:1\' lh• tno\·alth· l'Olll\l'l'f~d lllllllit-ation. the t'll'l'Uit hcin:.r t•muph•fp<l 
with tlll' tup<'tlll of th<• ll:<lla) l'lt;\.all•cl :wrial through l'arth and th1·on~h till' nppe>r iun-
t lwn•ll\· fm·nt iII!! :1 d i t'l'l.'t h e :u·ri:t 1 of tIll'. izPd !:tyt•r,.; of th<~ :1 ttllc),.;pht>rc. nn1l t Itt• <·h·e-

3.; lwrizoiotal typt•.' Fil!. :1i illustmtt•s sm·h an t t•it·a 1 hram connl'Ctions U('ill#! cfft•<:tl•tl n,.: 
:trr:tll!!l'llll'llt in whit·h t lw sotll'tt' <' of l hl• hl'l't•inh<•forl' l'l'll'l'l'<'<l to. · 
lll•:uu: tol!l'thct' with th<> l'l~dril'al bt•:ml t•on- .\ furtht•r :tpplicntion of th<' ioniZ('Illll•am 
Jwetion a. which is utotmt('<l in an insnlatt•ll :t<'rial,.: consists in tht•ir utilization for <h•­
llt:lllll~l' on thl' en;:in:.r of the.• snm·c·e> ,. antl is fl•t·tin:.r the passagl• of aircraft through tllt' 

41l dt•t•tt·it·ally t'Olllll'<'ll'<l with the> top of the spacc•. Fm· this pnrpo=-(' a suit.nule H•nsitin~ 
:t<•ri:tl E. is lltotmh•tl on a high ~upport in <'lll'l'<•nt indicator or d~tl.'l'tor. fur in,.;t:lllC'<' n 
a \n•ll known tuantwt· ~~ that it llla\· ht• t~lt·photw !t. i,.; ins<'rtt•d in a ('OJUw•·tion bt•­
tm·m•cl in a hol'i~ontal plan<' n,.: \Yl'll :'t=- in twc'<'ll the LaSC's of two beam :l('l'ials. thl• lat­
a wt·tieal plant•. t~r intl'l':<('('tinl! ('ltdl otll('t' nt n \·arial,Jt• 

.\tt<'lllpts han' h itlwrto L~<·n m:ult• to point by chanl!'in~ the> <lirt•ction,.: of tht• 
transmit win•lt•s.-: ;;i~nals OH•t·lon~ <li:-;tnnce>;; Le>:u11s in a Wt'll known uumn('r, nn<l the> 
ll~· nH•:ms nf horizontal nl'l'ials l.lf shlll·t. lt<':lllls fortnin~. hll!'l'tht•r with th(' uwtalli1• 
lwi~ht. hut ,-udt atlt•mpts ha n• not hitlwrto . part of th<> art·an~l'lliCilt. un t•ledril' drcni!, 
letl to :til\' J>l':tdiralt·e>,.:lllti;; sudt J'l>,.;ttlt,.; tll:t\' tlw cnn,·nt thruu#!h whieh is dt:m:zt•d hy 

50 lHHH'\'('1' 'Lt• ol•taitll'cl b\" ('Oillllinincr this kin~l the> Jl:lSS:Ig'<' or th<' nircraft. (~l'l' Fi~. :!:l). 
of :ll•rial:o; with the im1i:t.l'tl l>l':tl\1 ~wriah,; :tc- I wish it to lx> UJHh•J•,.;tc)(lll that tlw Y:ll·iuu;:; 
C'OI'lling to th1• pl\ •Si'llt in,·e>ntion. for in- arrang-<•nwnt:-; aml <l<•tails )H'J'I•inlll.•fnt·t• 1'1'­
~-otancl• •. a:o; "'11<1\\'Jt in Fi;.r. :!~. b,,. h•:uling tlw f<•ncll to fn1· (':tl'rYin" the ill\'t•ntion into rf-

1 
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fl'l'l' t'llll of th<• llorizont:tl lll('lallic :ll'rial E f~d umY Jl' Y:ll'll'll without in am· W;t\' tlt•-
r.;; into the iouizt•<l hP:uu II\· nw:ms of n Ul':tm parting-' fmm tht• :-;pirit and scopc'of tlit• in­

<·onn<'c:tion a. till' ~ulll't't' 'of till' l•t':tllt l'l'l't•i,·- wntinn, :uul that the inwntion is not lim­
in~! its t'tl<'l'%.!'." fnua a !;U\It'<'t' of l'lll'l'l'llt ( i: it<'ll to th<• nppl icutions hct,.inlll'foJ't' :<)ll'l'ifi-
ot· l1y :u·rau:.rin~ said uwtalli<· lU'l'ial in :1 t·:tlh· lll<'lltiunctl. I nl,.:o wish it to he ttnth•t·-
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plan<' of ultra-dolt•t or l'')lli\·:tl('nt r:tys <li- stot~l thut nlthou~h I h:n·c u:;sl!mNl thnt 
n•cll•d upw:tl'tl. Till' l:tltt·r an·an~ ... m·nt i,; tl t<' contlllcth·it\' of the> Ut'ltlll is 1{11(' to an J ·•.; 
Jll'l'f<•t1thly c·:tt·rit•tl out :1:-: i'hown in Fi~,.;. :!!1 t•ITI·l't of ionization. in IH'l'Ol'll:tncc with tlw -~ 
and :!!1•. hy tt:-in:.r :t" tlw 11u•ta!lil' horizontal Jll'l''"'l'llt clay tht•tll'~' · thl' inv('ntion is inch•-
IH'I'i:tl. a lu!!:,! :-lt·ip E of zinc· oJ• otht•t· uwtal Jll'tllh•nt nf any :-tll'h tlwor~· :lllll itwl111h•,.; all 

~~ wh;o·h is ~·n<itiw with n•:nu·~l In dw phuln- un•ans b.•· whi<-h n Inn~ l>ram nf n ~a><•uns ~ 
~"'olc>ctr<c t>ho·nm=on, :d " l><•nt tran>· uoodimu can be ~"Hie L'>lnlucth·c. ri Iff, 
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lrlml 1 .-In i"' k-- l.:lOO.~,:l d"• I"''"" [,,..;,.~ '""'). fo·nm 1 I,. ""'": t::: 
(. :o-;ul,,.(j(ll(l' llll'all,. for Joll;.!' l'llltdlld•li'S prodllt'lllg' tlu• ioni za tiurt. :ttliJ IIII':IIIS f11t' 

of t•lt•t·lri•·ity funning pari of an t•lt•t·t ri•· t·ir- pn•\'t•llt ing- a pltol•~-t•lt·t·l rit· t•ll't·d n11 t l11• ''II'· 
t·uit t'OIIIJiri,.jng lllt'ans fot• ioni1.ing till' at- fan• of till' t•lt••·t l'il';tfl\· n >IIIH't'l irt!! llll'alls 

;, tllo,.pht•n• :tlong a long- bt•alll . aiH1 IIH'all:-: for wlti,·lt i, f:!t'ill!! tlw ;lllll't't' of tl'u· ult : .& · ~ 11 

l'h•l·tri,·ally l'llllllt'l'ling "aid ioni1.t•1llll':llll to violt•t ra\·:-:. as ~t·t l'ortl1. 
tht• l'll't'fl'i•· t•it'l'llit. as :-;t•t forth. 11. .\,.'t·iaJ,. fot· wirt•h•s,.; ,.i;.rualin;.r <'lllllpt·i:-.-

:!. In t'Oilthination an l'h•dt•it• t•in·uil ing tm·an:-: fot• iou izin;! tlu• .atuln:-:phl' t'l' :dn11g 
thro11gh whi•·h l'h•dl'it· t'IH'I';.!',\' is ""Jlplit•d. a ltHt!! 111':\111 and t•lc•t·t l'll':tl lv I'Oillll't'l in" 

Ill nu•an:-: fot· ioni1.in;.r tlw atmo:-:plwn• :dong" a IIH':tll~ itt:-;t•l'll•d in ,.aid inni1.1'tl iH•:1111. tlw l:t(": ;~, 
loll!! bt•:ull and IIH':tn:-: fot• t•h•l'tril·:tlh· t·on- ll'I' lllt'alls IJt•in;.!' ,.twh H" to f:wilital1• tlw dis­
lll'l'tin;.r :-:aid ionb~l'tl bt•aul to tlh· :-;aid ,:lt•t·tri!· l'har;.rt• o~ t>h•t·t ri, ·i ty in tlw dirt•t·t ion of lht~ 
l'in·nit. a:-: :-d forth. l~<•alll f:H'Ill;.!' away froltl th1• 1111':111"' pr·odtlt: · 

:1. :-:nh-.titu!t• nwan" fot· long C'Otlllndnl'" ing tJt,. ionization , :1"' ... ,., forth. 
1;, of pJt.t•tt·i,·ity fortnin;.r part of an <•lt•t·tl'it· t·ir- 1:! . • \t·t·iaJ .... for wit·t·lt·:-"' ,.i;.rnaling ' 'lllltpris- "" 

t·uit t•onrpri:..:in;.!' a :..:olll't't' of ullt·a-\·iold r:n·,.; in:.r llll':llll .... fol' ioni zi!l;!" t lw altuo"Jl.hl•l't' :tlon:.r 
:ll'l':tll:,!t•d to inni1.t' till' atnlo;o;plwt·t• along' a :t lon;.r w:lltt. t•lt•t•l t'tc·ally C'lllllll't'l Ill;.! Jllt' :tll,; 
long l~t•:tlll a111l llll':tn:-; for t•lt>drintlly I'OII· ill:-t•rtt•d in s:!id iouizt·d ln•:11u. till' laltt•r 
IWding :<:titl ioni7.t••llwant to th<• t•l<'dl'il· t·ir- llll':tll,. ln•i n!! sud t a:..: to f:wilitalt• the tlis-
euit, a:-: sd. forth. l"ilal';.!l' of l;lt•t·trio ·i t\' in t l11• clin•\'l iclll of tlw .-.: :; 

-!. In <·muhinntiou an C'lt•l'h·ie 1·in·uit l1<•:u" f:u·i11g :tway 'rmn t tl w uH•ans pt·tulu<'­
throngh whit·h t•h•<·tric t'Ill'l'g'." is snpplircl. a ing th1• ioni1.at i1111, and IIH':tll:-: for pn·n·u t­
:-lllll't'l' of ultr:t-\' ioh•t ra,\·s :tl'l':tll~<'tl to ion- iug a plloto-t•h•t·tt·i,· t•Jf,.,., nn tltt• ,.;ndat·c of 
izt• tht• atutn,.plu•t't' along- a. Jon~ ht•ant. :lllcl tlu· <•h•1:t ric-ally 1'111\\ll.'l'lin:.r uu•ans whit·h is 

:!:.i nu•:tlls for l'lt••·tl'it·ally t•onn<'t'fing saicl ion- fa1·i1t!! I lw mlll'l'!' of ultr:t· \ inlt•t r:n·,.., as :<l't !tO 
izt•tl ht•am to thl' :-;ai<l t•h•dl'ic. c•in·uit, as :-'<'t fot·tll. · · 
forth. )::. :o-;uJ,,.t itult• 11 11' :111:-' fnl' loll!! c'llntlul'!ot·s 

il, .-\C'J'iaJ:-: fot• win•Jt•:-:-. si~naJin~ t'OIIIJll'i!-'· of t•)p!'( ric·ity fol'tllillg". J>lll't of ail t•lt•dt'il: l'il'· 
iII!! lll<':t n:-: for ioni:dn;.r thC' atnwspht•t·e l'll it. t'Oili!Jl'isi ng tm•an, for· io11izi 11:,! t lm 

::o a];,ng' a long ht•:uu :tn1l t•lt•drit-:llly c·omwct- atnto-.pht·n· :don,!! a loug- !JI':llll. :uul sllb- !J:; 

in~ 1111':11\:-' in,.;t•t·tt•tl in sait1 ionizt•t1 beam. ns tlh·i1h•,1 lll<'alls fo1· t>lt•t·trit·ally t·onnt•t·tin;.r 
set forth. saic1 ioniZPI1 ht•:llll to tlw t•lt·t·trit· cin:nit, 

II. AN·ia),.; fnt· wit·el<'ss signaling compris- w ht•t·t•ll\· tIll' d is<·hargt~ of pJt•c·t rit·it\' into the 
ing- a source of ultra-Yiolct rays nrran~ed to hl'alll i~ f:u·ilit:tf<•tl . a'- s<•t forth. · 

:Iii ionize tilE' at.mosph<>rc along" n long U<'am U .. \1•rinls for win·h•,s ,.:i;.rnaling" cotnpri,:- I oo 
:uul e1l'ct.rica1J_v connecting means iiu.:C'tt<>tl ing tut•:ms for ioni 1.ing tlw atnm:<:phere along 
in snid ionized beam. as set forth. n lon;.r hl':llll. atu1 snbtlidt!Nl ch•ctrically 

7. Aerials for wirell'ss signaling compris- <'Oillll'cting mean"' in!'C' I't<'ll iu saitl ionize<l 
in~ n plurality of ionized beams of th<' at- ll<•am, wltl'r<'hY thl' 11i,.:t'hargc of electricity 

-10 lllo;o;pltt•J·c. mt•:tns for ionizin~ said lx•:mt:-:. is f:u·ilitatt•tl. ·as s<•t forth. 
:Ill! 1 cled.t'ica lly ctmnl'ding 111(':\i"IS inscrtecl lZ'i. Snhst it utt• llll'a n,- fot· ]on£! t•ontlndot•s 
in saicl ionizl•<llwams. as set forth. of l!kc·tl·ieity fot·ming- part of an <'lt!ctric: 

t o:; 

R AC'rials fot• wirell'sS sign:tling <~ompris- t'in·nit. l'OIIIJH'ising uu•au.;; for ioui1.ing the 
iug a plurality of ioni1.e<1 beams of till' nt- atmosplwre :dong a lcm;.! l~<•nm, tncans for 

o~ .; lllo:-ph<'re aiT:tll;.!l'<l to inh•n;ct't enl'11 oth<'l', <•lt•l'tri<'ally l'tJillll'l'ling saicl ioni1.c<1 l><'am to 1111 
mt":IIIS for ioni1.ing" r-:nid beams. nntl <'lt"dri- tlw !'ll'l'lrit· <'it•t·llit. tlw lattt•r IIH•an::: lwin~ 
t:allv conn<'l:ting means inserted in said ion- snt'h a=-- to fal·ilitatt• tlw di:·il'hat·gc of <'l<'c-
izcd beams, as set forth. tridty in th<' tlit·t·<·tion of th<' bt•:ml f:u·ing 

n. Subst.it.nt~ means for long conductors away frntu tltt• uu•an~ pn11lueing the ioniza-
50 of eh•drieity fonuing part of an electric cir- tion. :uul tm•au,.; fot• cl<•,:troying" the t•lt•t•t rkal 11;; 

euit, comprbin~ mcan5 for ionizing the at- ennt1ncti\'it\· of the hcatu hetwec•n saitl cl<'c­
tnosphere along" a long beam, and mC':ms for trit·ally cminct·ting tu<'an;-; :mel the ioni1.ing 
t•h•t·tricallv conm•din;.r saicl ionized beam to me:1ns. as s<'t forth. 
the <>ledric cin·nit. ntHI for facilitating th~ HI .• \<>rials for win•lr,:,; :-:ignali ng t'OIHJ>l'is-

5:) 1li:-:dt;ll';.!C of elr·ctricity in the r1irection of in~ means fnr ionizing tht• at mo:-;ph<'l'l' :don~ 1 :!II 
tlw hcam fueing :n\'a~: from tha :ne:ms pro- a long ht•am. t•lt•l'! t·i l·a lly t•onn<'din;.r mt•ans 
dlll·ing th<> ionization, ns set forth. in:-:<•t·lt•cl in said ioni1.ing lwam, thC' lattt"r 
· 10. ~uhst itut~ means for lou~ l'Ont1ndot-s uu•an:-; ll!'in;.r slh·l, as to f:lf'i litatC' tlw tlis-
nf ('h•dridh· forming" part of an cl<'ctl'ic c·hargc of C'h•1·ft·i1·i t ,. in tlH• tlirt•d ion of I he~ 

uu l'it'l'llit com};ri:-;in~ 1\ sonrt·c of ultm-violet ))('a Ill fat·i n_g away 'frolll the tm••tlls pt·odne- I :.!~• 
ra~·s for ioni1.ing the ntmosphc1·e ·don~ a ing thC' ionization. ancl IIH'all~ fot· dt•stt·m·in~ 
long" ))(':1111. mean~ for electrJC'all,y connect- th<• el<'dl'it·:ll t·oncllldi\'il\· of tit<' hc•an1 11('-

1 in;.r snicl ionizl'<l beam to the electrie circuit~ t ,,.,.,.n tht• <'lt•t·h·it·:IIT\' t•on'nl•t·tin;.! 111cans antl 
~ 1 the latter means l><'in~ such n~; to facilitate tht" ionizing Jlt<'all,., 'as :«.•t forth. ::-
~the <lisdmrge of eleetricity in the direction 17. In combinatiooo "" ck-cto·ic circo'i /;:f. 

~A A .A-~~~~ 
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-
tht'lllt:!h whidt till' l'll'l'trit• l'lll'I':!Y is sttp· 
plit•cl in 1 he fm·n1 nf hil!h ft'N(IIl'llt'Y c:ut•t-ent~, 
uwans for ionizinl! the ntmosplwre nlonl! ~~ 
lon:z ))(•auu, ntcnns fut' elcdrit-ally conncd-

5 i n:z sa hl iunii~l'<l henm to the s:titl electric 
l'in·uit. :uHl :<t•pnr:•tc means for superposing 
au l'lt'l't l'ic: tit•hl of hi:.rh potential on the 
Lt•:un.' as Sl\t forth. 

1~. · Aerials for wircle:-:s si:.rnaliug c:ompris­
. 0 i n:.r uw:m:-; for ionizin:z the ntmosphere along 

a lou;! hc:uu. a hi:.rh ft"\\CJUency c:irc:uit.! means 
fur dectric::dly connecting snid high frc-

CJIII'IIl'~· c·it'l'.llit,t',, till' iuuiz,•tliK•:tllt. a ~~·, ·otHI 
llll'IIIIS fur 1Ulll1.1llj! tIll' at tno~plwt'l' :dun;! a 
lmw lll'am, n S(•emul hil!h volt:t;.!t' dt·cuit, 1 ~ 
auJ llll':tlls fot• <•ll•dl'icallr c:nlltwctill" saicl 
sl•cotul high voltn;.!l' cit:c:uit to tl~~ two 
ionizml benrus, us set forth. 

1 !1 •• \t-ria Is fm· wi rl•.lt•s...; si;.!na I ill:! l'Oill pri~­
inl! in comhitllltion an ionizml h1•:un :wrial 2,; 
ami :L tuet:tllic nerial. as liet fot·th . 

In testimony whcrl.'Of I have si:.rnc1l my 
n:une to this specification. 

JOB~ IIETTDi<iER 
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B;r THOMA§ W. BENSON 

RECE:\T <icvdopmcnts ten<! to iullill 
th,• old. n!<l dream oi power trans· 
tni~sion w!thout wires. For ,-~ar$ 
tll<'!l ha vc Ia bored in ,.a i :1 : o ; ·ran s · 
l!~it powt•r withot::. win·..: ai':d dl!:'i 

,oJvc a mvria<l oi tran:<portatiun pruuicm'. 
.. 1.:c!1 :ts ;irntH.·!I:r!:.: vchidcs, ships. :rains. 
:tircr:t ft. etc .. with-
ou: h:1Yin:.: lo :n­
,:~:<ie a $Ot:r cc of 
P•'wt•r :n th<'ir ('('}:1-

~~~tu:dPn. I: n~a~c5 
f"~::~··=- b·:1.,! :d:::n:0.: 
~ ·.·:·! :o :h::!k •):" :::-: 
:· · :-$:~.:!:::t.'$ ::1 ~t:~:: 
:1:~ :l c !: ! c ·: (,." ::: 1,." :J !· 

:I 
'I 

·.~ .. .-. 

trnn~mittin~ radio wav··~ without mat,·rial 
:<•·r ials. ~I r. Ht·ttinga hit npon the id<·:l oi 
u:<i::g- ionized · Ii~ht J,,·an" as c!c,·atcd C•ltl· 

dt:c!nrs:. OL\'iOu51y ~irnplc: wh~·:t •J:~c think~ 
oi !~. 

it :~ a well-known i:1c: :h:a t ;,:~ ~111\1/c'd 
t;as !.:t a conduct or; in f:1c~. the ... -~lnth:t.·:n·l : ~· 

,H ' ' -"' • •' ' 
I \. .. ...,. ~•.. ._ • 

oi a ~:J.~ ~~ =l i:!C":\<-~lrt~ .,£ i~ ' :,n:i.~;J:t~·;~ 
Furthrrmnr,·. :t 1< Jh"~:hi<- !q :~~nt:t• a :.: t .. 

h\· nwan~ ,,f ,'\ ·\, ~C':tlll .('l !. ~ti:ra \'l• •lr! r.1~ .. 
\Vnrkln~ \\lt~t :ht• ... t• LiC:~. ~.(r. lldtfn~··:­
'i t·•;i ... rd n:c-.1n .. ~ - · ~:! 1 :::·· · !:t ·~!l fur r:t !:" 
tr;ul"-ttlili't"n 1:1 tl~r :· ,\:l"w; 1 ~~ :r:ann(•r. 

. \:o ~latlWil in :::, .. :1 .. uu:-~·e ui td::-~ 
·. :11 !,- ~ :-;1\·~. :\:~ :lrt.: 

':~ ~ :~~:~~~· ;_~{:'' j:· ~l·~;:~ 
:-;t::.:~ ·d :o thr.n\' :t 
'-t· :~:a ., f i"nt:t~L..: 
':"1\' 0ol':"th:~ l!·. \ 

··: h,·,c:- r .n,. ,, 
.. ~:~: :n .1!1 j. •It : .... . : 

' t r ,·a!:\ . o1 .l: r : :1 •• ~ 

• ... :: :!: · ... . . 
~· I ' I ;1: 

:: ....... . 
l! ' . :t .. : . : : 

.: .· .. :-: , . 

:h~ ;.u:•.:p · , ""J.• , , .. ,, . -: , ,,,. nu• VJu· .. ,., .. ., ' . nu,H .. a•o" of f'l\lw•r ihru 
· ••. ·.,;~H .3e.ll!: ') ,.,: : :~ • .- ,;::~ · e• l" '"''"•l ~tr.ot.l .. r the- 1\lltHl 'JJh~te . 

IOiill~tl 

' 

·.o:· 
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\ 

.. 
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·:qt&;·--~ \ 
.,· ' I J:. ~ t)u• ch~·t:\IICt' (r•'lll .t);, •• ~·:>itrcc ·,;creases, n·==='=· ============================='::=':::",.,:--:==~"R 

.· 

• \ th~r·dnrc· tlw ,.fT,·ctin· lwi~ht nl such ~n 

·.l 

:an anl!•·nwnt is <ktarninc•l It,· the intcnsitv 
I clf th<' 1:\\' ):t'llt' T:&Iur. So IIIIlCh for th<• idea 
· ·" appli•·;l 1<1 racl111 ('omnttmicatinn. 

lint h·t us cun<ioh·r furth<'r. In studying 
. tlw ' i'''<' l rtlm we tincl that the sunlight on 
. n·adtin~ the ··~rlh contains fnv ultra \'iolet 

r:l\'< .. r shurtl'r wa v..!c:ngths than 3,000 
,.,;,~,trnm units, yet we. arc able to gcn­
··ratc· tnndt 'hurt<'r rays with an :~ore lil(lll. 

'i l t is uttreasnnal,Jt• to assume that shorter 
J.. : w:l\'r~ tlu nut !,.ave the sun, :Pond in view 

• .) .. r '"" r~ct that it has bc:<'ll determined that 
·~ thr upper stratmn of our atmosphere is 

runi~t•tl. it i~ accepted that the shorter rays 
:H<' ~hsurhnl to cause this ionization. 

Oi 

:L. 1 (I w ill llttW he OIJIJl:P.rC'nt th:P.t a verr good 
~ ,.,,,Jit ion C'xi•ts lor the: transmisston of 

\ 

'..,, t. <'ll<'£1:)' without wires. As shown in Fig. 2, 
·•· ~ w~ ha,·c the <'arth, a good conductor, sur-

·. ,/1( · . runnol<'cl with a t.l:ank<·t of insulating air 
.,.,~:( . alonnt 1<'11 mil<"' thick, beyond which, up to 
, ; ·.: • :oluortl a hurulrt'cl miles. the :~oir is highly 

r:HI'Ii<'ol :Uicl k<'pt in a 'tate of ionintion by 
. l i ~:hc (rum th<' ~utt attcl. star,, · 

J ll~nrr, W<' ha,·e twn ~nod conductors sep- · 
u.otrcl hy St'\'CT3l milc, of atmospherc, 
praC'I it':ally a perfcct insulator, :~on ideal 
:o rr:w~:rnt<'llt lnr our purpuses. \\'e h3\·e 
lout '" c·uunt"ct 3 "'"tree of current to tht' 
r~r t h ~tul tu th<' iunitc,ocl strata of air and 
rurr1:Y r:.n '"' tr3u,.uittt'd entirdy around 
thr o·;irth withnul wirn. The c:nt'rft)' could 

; lor ulllllrrl in :lily p:.rt of the 'e3rth by 
ntnrh· runurc-titll( tu the pair of conductors. 

TJo;, runolitwn h~' hccn r<'eognized for 
" '"" tnur, Inti the rlilliculty lie" iu making 
• ·•nn<t' llllfJ' tn thc ltfl)'Cr l~ycr of conduct­
lOll( :.tmo•ph<"r<. l t t• haroll}· practial to 
,.,u,trnrt tuw~n ~ix or seven miles high 
fur thr JlllrJKI't', th<'n a~~:ain the encr)C,Y 
'uulol nnl l.r uti(i,~cl without usin~; a simt­
l .. r •trnc-turc: :ot th<' JK>int of reception, 
"l~tc·h rn:ak~' tlti• •dt<"me hardly feasible 
fur :~irrr:.ll nr mn\'illl( vehid~,. 

l<rturn tltrn In the ionit.<'rl stre:&m for 
'·""" ;orri;~h , \\'c c~n ea•ily construct 
,, ,.., th:a t will thrnw 3 ))('atn t<n or twenty 
uu ln . Tlorn wh)· nut rn.ake cunn<"Ction to 
th;>t "\'I'« '' r:ttum with ::.n ionized ttre:&m 
ul ""! \\' nn<lrrlnl in ih Jintplicity. 

In FiK .! thr wrtt<'f altt'ntpts to portr3y 
~ Y.f"t~rr.:a.IHIJ£ 't~ltou c rnhudyinJt th(''c,t prin-

' '"'"· Itt thr '""'" hml<hnl( will be housed 
llw .. :••ttr r :.tllf1Jl Ul1 1h fur JUPI•lyin~ the cur .. 
, , . .,, ' " thr ;~r r ar1<l th< prirnuy ol the hi~eh 
'nh ..a .. :r .11'1'.:11 .&hi' fnr tr.atumis,ion of 

ll f'" I I{\ ~UpluHtC"t( CH1 lh~ fC)Of 0 ( this 
ttl1tt•n,. wdl t .... a ntnn,trHu' arc );anlp 

' ) 

( · tr ·.:1r1 1, , ,•r · 

I II 

·' 

Trun.smlllv .I 

Olagr:am Showing the Tranamtttlng and Raeetvtng Clrcutta for 
Reception of Electric Power by Wlret .. a. 

cap:~.ble of throwing a stream of ultra onc:_e · ~tart~d, the ,recc:ivinr mtTI[)' ~n' a,. 
\'iolet rays for at least' ten miles. In this _ ustd to k~P.· the arc 'goina. . 
he:~m is supported . a conducting screcn' to Ships wtll· h:~.ve an arc and ttJ\tctnt 
make connection to the conducting stream . mountecf on the mast~. aeroplane~ havt t~ 
of ionized air. · The •insulation of these .arcs, one on top, the other below, an.J eo oa, 
part~ prt'5C'nt no great difficulties to modem This ~heme "ill not lnterlen: whb ~··· 
engineering. . - ' · . ent short range transmiuiofl, It bf~ 

The building will also house a. huge step- hardly practical .!or each home ·to ha" .._ 
up transformer, a set of high voltage con- · arc on the roof when o~ are would 
dcnsers, a spark-gap either of the rotary or /illt'r a town and Sc:vcral for & larce Qt)'. 
qucnchcd type and a huge oscillation trans- "'- IUtlter iu benefit will lie In the uuUu. 
former or Tcsla coil. These instruments · tion o£ water f:lllt far from civllilatlon, 
arc connected in the usu:&l manner . and now· unused on account o£ difficultiu lit 
tuned so that the inductance in the cin:uit tr:msmittin~ the power h111tdreds or t.hO\I•. · 
:&nd the c:&pacity formed by the earth and • sands' of mtlcs. • • 
ioniztd J!Pre_r strat~ will have a well de- Aside- from the transmiuion of-powtr 
lined oscJllatton pcnod.. ----othc!'-ad~tages-may-accrue. Will aiKh a 

Dy these means the whole earth will be-' stress between .the nrth and uppct' air 
come an clrctrified body, energy to be strata reduce the presence of dust partida 
dr:&wn at any point by simply making me- in the atmosphere? • ·Or, al{ain, cauM &h. 
tallic connection to the earth and pointing immedi:lle condenS:llion of lo~rs and mob· 
a bum of light vertically, a screen being ture in tile air to give us perfectly cloud· 
used 10 take lhe energy that will flow down less days? Perhaps it will become ainlply 
the l)('am. An inductance coil being ncccs- a rn:P.tter of changing the frequency or voh·,: 
sary in the circuit to insure resonance with age of the current to cau:te rain or to prt'4 
th~ transmilter at the recei\'ing set. After vent it. · i 

Then the question of effect on radio cocn­
municarion: will it make our prexnt xu' 
obsolete, a transmitter of the' future be~' 
connected directly to the power ~ aDd 
acting by supcrimposint different fn:- i 
quencies on rbe power frequency? Or 'WiU 
radio-telephony work hand in hand with 
the power system, the voice currents .bei.._ 
imprest on the power •circnit and •.6ltend i 
out at the receiver?· ' 0 r r. 

There arc a thousand and one thin~ 1 
such an arrangement might effeet. Wan·. 
trees and vegetation· increase in growth at 1 • 
experiments in electrical culture would in-1 
rlicatc? Wliat effect would such strentt •• 
have on germs and bacilli? Their numberi 'l · 
will be dccrtased by the destructive effects I \1-
of the ultra-violet ltght. \Vill rnan grow to 1 
:111 unsuspected height and become uni- J 
formly healthier due to the electrical treat- , 
ment he would be constantly undergoing? · 

And so on-<:onjccttlre is withou\ bounds, 1 • -
hut tht scheme is practical to all appear- ·~ 
anccs; it requires but some financial g-enius !Jt' _ · 
to give it a trial. -

And to think it all was within reach ' 

-A- rig.J -e- " 
.• :-::-=:- - -· - ·-=--::..======ii 

t-u ()p .... ,.et ,.~, ... , ut WI•••••• .Antann•• Fotm•'-' of •••rc.hllyht tham•-lonlz•d 

~rrch a short time jlgo l Had Tcsla but put 
a ~o:iganlic arc on top of the tower of his 
~xperimcntal st:llion in Long Island ac-· 
cnr:~te data would be at hand now-were it 
!Jut even a promise it would mean another 
si<'P tow:&rds the final mastery of all~mttc:r ... 
by man. • - ' .. r.,.~.---~· ... H ...... _ . ' 
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.A:PP AB.ATUS l'OR DIItECTIVE TRANSMISSION OF ELECTROMAGNETIC WAVES. 

1,403,700. Specification of Letters Patent. J>atented Jan. 17, 1922. 
Application tiled October 30, 1916. Serial l'fo. 128,375. 

To allt!!lwm -it ntflJ/ connern: 
Be it known that I. FREor.ntci\: H. :Mc­

Cui.I.OtJGll, n citizen of the United ~tates. 
!'£'siding at Clenlan<l. in the <'Ottnty of 

6 Cuyahog-a. an<l f5t;tte of Ohio, ha Ye im·<'ntecl 
a <·ert:t~ '1 new nncl useful I m pro,·emen t i u 
.\pparatns for DirectiYe Transmission of 
Elcctromft:tnctic \VaYes. of which the follow­
in~ is :t full, clear~ and exact description, 

10 reference being ha<l ~o the arcompa.n,rin~ 
drawings. 

This innntion r<.'lah~ to an impron~·l 
!'n:tE'm of transmission of eledro-m:u ... 111etie 
,\·a yes for purposes of wireless commimica-

15 t ion, si~nalin7. etc. The :,!l' ncr:d ohjec·t is 
to in{'rease the cfficicne\' of awl to simplify 
~ud1 apparatus. ·· · · 

A more specific object of this in,·cntion 
is to so construct the apparatus that it ma,v 

20 nc effecti\'t'ly 11sNl for actuating- selectively 
one or more of a pluraiity of receidn~ 
deYiees by directive transmission of elertro­
ma!!net '~a\'es from one or more trnnsmittin~ 
apparatus. The in\'ention is particulat{v 

25 usrful for si~'llnling snccessiYely intlh·idnal 
lllClllhcrs of a series of receiving de\·ic(•s tlw 
transmitting' 1levicc ll('in,rr so arrnn:,rerl as to 
trnn~I in a pat11way l<>arlin;.r past said rcc<'i\·-

30 
ing dcviees. . 

Another specific object of the invention is 
to armnge the apparatus that it may he well 
aclaptecl for use in a system incluciina a 
plurality of rer.eivin$! merrihers. located nt 
int<>n•als alon:r n traclcwny or ,rrmrlewny and 

35 in cJosl' proximity thereto. whilr. a coacting 
tl':tnsmitting d£'vire may communicate sele~­
th·cly wit.h the rt>ceiving- devices as it is 
moYcci along the trackway or :ruidc,vn.y past 

·JO 
thC' same. 

The manner of ncr.omplishinJ! the ahove 
:mel other objects of my invention is S<'t 
f()rth in t.hr. foll·n~ing ·description whi"h 
ref1•t·s tn thr rlr:n~ings i1lnstt·ntin$! a pl'e­
fl'rr<'<l <>rnhocl imC'nt. thereof. The psc;cntia I 

-l:i t·haraC'trristi<"s of th~ present invention arc 
~<d fotih in 1he ciaims. 

I lta,·c shown. in the dra\vings. illustra­
fions c1f my inYcntinn in <lia~ammn.tic form. 
in m·rler that it rna!· be more rearlily tm<ler­

~~~ stnocl. ns it is apparent that those skillecl 
in the art may rearlily emhody the im·ention 
with proper m<.'chnnicnl clevices correspond­
ing to ibn rl ia%\mmatic illu~ra.tions. 

In the tlrawin_gs. Fia. 1 is n diagrammatic 
illustrating a simple fonn of trans-

mission and receh·ing apparatus; Fig. 2 is 
a similar Yiew showing a modified form of 
rN·ei\'in:r apparatus; Fi:,rs. 3 and 4 are a 
side cle,·ation and a fron't elevation respec-
th·cly. of n particular form of parabolic- 60 
~-;hape<l capacit.y members; 1• i~. 5 is a vie'v 
showinu a series of recciYin•r station and 
u transmission de,·iee coactingtherewith and 
acl:t ptNl to tra ,·el in parallel relation 
thereto. l n th is fig11re thb .:ransmittin~ de- 66 
\'ire is illustrated in solid lines in the inter-
mediate position, and in dot and dash lines 
in the other positions coa.cting with other 
re1·ci vin~ stations. Fig_ 6 Illustrates a 
slightly moclified fonn of transmitting and 70 
rPr.eiYing stations adapted to be used in a 
similar manner. Fig. 7 is a cross-section on 
an enlarged scale of the tube 40 showing the 
wire ;);; in heating· contact with the glass. 

HefeiTing to Fig. 1, 10 indicates a suit- 75 
able high freq11ency generator which is 
illustratiYe of any means for l!enerating 
electro-ma:metic '~aves of high frequenc\·. 
One pole of this !!enerator is shown as con­
nC'cted to the ground 12 by a wire 13. From 80 
1 he other pole a wire 14 leads to a coil 
1 G prrn-iding- a variable inductance, the con­
ta<·t. 17 being mO\'a ble along the same. This 
incluct:mcc is shown as connected with a 
capacity member inflicated at 20. which is 86 
pt·d<>rahJ~r of the form shown ill Fi:..rs. 3 atul 
4. ancl which will he later more specifically. 
rlescrihed. 

By arranging the capacity member 20 or 
the induction portion 16, or both, so that tO 
they may he adjusted. they may be brought 
into proper proportion to the desired wavC: 
length. The fl'equency of the generator may 
ue Yaried by chan$!in~ its speed. 

At 2.; is indicaten a receiving capa.city 116 
similar to the transmitting capacity 20 and 
{~rmnect~n bY a wire !lO with a suitable re­
<'rh·er incik:.tU>ci at :32. and ('onnected to the 
grotmrl 12 hy a wire ~:t The telephone at 
:12 is rn£'r£'lv s''tnholic~al nf anv suitable re- 100 
<'l'i\·in$! apJ)ar:itus. and its ciia.phra(!Dl is not 
intenr]cr] to vihrate itt rarlio frpquendes. 

Referring to Fig. 2 ancl Fig. 7, in which 
is illustrateci an apparatus mo1-e particularl,Y 
ndapted for relay sigmtlin$! bv directive 10& 
tr:msmission of electromagnetic~ waves, the 
transmitting device is suhstantiallv the same 
:lS shown in Fia. 1. while the receivine- de-
vice is shown as comprisinl! the receiving 

capacity 25 and a hot cathode tnbo •o h,~ 

A-~~~~ 



--
~~ a~ 
A :I! <•onnc,•tions J I a nol 4" lea ,J i ng i """' 

1

:1::•·1:~: e< II." u po 1< i lsnlf i 11 a l orl<wus path, form- ·~ 
eapac:it.y to' til~ t·atlcod,• t11l :r• ttll·l ti,c·Jl(:t• i·o iu:,r :t sc•J'ie!-= of l~>ops li2 c:wh c-rmnecteu at 
the ~round l'('Epectin•ly. "'ithin L!1ic:; tnl;e one Cllll \\'ith tl:•.~ loop w•an~r tlu.~ •Yirc GO 
are a phmllity of :Jlilltttt~ ,.,;r .. s H. )I.,mlte '.l ancl at the otht•l' end witl1 tiHl loop next 

:; •l<ljaccnt the sa1ue il' plate .J;, <'tlllllt•r·t.<·cl by uwa\· fr(clTJ tllllt \\'in·. as illllicatetl at (j:}. and 70 
a s<•p:tl':lte wire ·Hi with a l-'•llll'l't' ,,f ··ilrn·r:t <':td; qf ilH.>~~-~ ribhc.n~ j·;iu!!" in an ima!!"i.nary 
-!7 lt•aditl;! th:·:.•ll;~·h a ma!!"!Jetic·r£'la\' ~~. \\'in• snrf.1c·c of t l1c l't•!lt!dot:. This d isposition o'f 

· ~ :~. and th<'nc:l' t11 tlw \~:ir<· -ll. th:~ t'l'lay iht· l'cllltllwtor al.~ec n·.lnc<•s tbc inclwtan..:c to 
+H is s!hJ\\'11 a!-; ;•.·tnntin!!" <'II nnn :ti 1\J'f! .!!J a wmmlllm. 

10 ;!O\'ct·ni!l~r an in•k:•c·ltrlc·ut dr•·1:it .-.11 l:.1\·in~ :\ ,.:,pw·ily !;ll :·i1 a~ jnst rlc•;:c:·ii>L•;l has ht•cn 75 
a source of <:UITl'llt :d an•1 <'ontro!ling a fol1ncll,.\. <'Xpel'iiiH' ll{ tn l,e \ '('1'.\' s:~nsitin~ anJ 
lii!!nal in•lic:atccl at i'•2. \\·hir·h i!la~· I'<.'Jll'l'~ent <'li'P.r·t i\'1' wlH·n ""'"'] with a n:r·ci\·in;.r appa­
at.l\' iwli<:atin;.r de,·ic;t•. slHI\\'Il for CXPIII)Ilt•. :1s t';ltus. 
nn·,. l'lcc:tr·ic: li!!ht lmlh. l11 c·anyin.!! oil t thP liJll'l'i1i.- ol>jP.d nf a r;-

15 ;rlH! tnl>e .!fi i:; pt·adi•·:dl.v c:\·:•c·J t:•tc·· f. i111t t 1·:d in.!! a pl c:ralit.\' ,,f n•e .. id ll!! cle.\·i. ·es L.v 110 
tlla\' •·out;tin :1 n·~;cl!lc:!!\ r•f ;JIIlllt' :t !.!·::~ .. -'!;•·', .!in·r·tiY•• tTan!'mi-sinn qf p\e,·tr• •·Ol:l!!lll'tic 
a,.: i1itr·o!!Cil. The c·oil of wil'(•. :,.-,. Slll'l'ec;!ll·l~ \': :t\'c•:- frrcm :1 statio11 ha\'i u~ its caim r·ity 
this tnl,"c ••nrl is c·rmJw•·tPd ~:: itl1 tbe hi!!h fr.•· t.r::n•lin•.t in :1 n:1 th wa\· in ll:\r:dlt•l n·l nlion 
l(lll'l\1'_\' aJ~el'l\at:il !! C' lll'l 'i'llf !!•· ra•r:d.or'::ci: f.11 (11 tht• ~:Jil:lt' i {i't'S , f t ic!' r:•.·t•i\·jliCY rle\·jl'l':'i 

20 eir<:nit with tlw !!t'lh'l'a(.,!· :ln.] il:t' • •> :1 c.; nncl \\·ithe;nt inlerfPI'<'Jle·"· 1 han:~~. •an!!e•l 8~ . 
t}l(~ \':ll·iahle rc•sist;wc·" r,-.:. f!•l' l'l'!!itl:.f:s·! lhl• 1!:1' S\'.-'ll'ln ~liOIY!c !n Fi!!" .. i in wh ich 'th~ 
t·lli'J'C'llt in ilw c·in:niL Tiw r'l'l'1 lll<'ll! ',\' ,,f !!l.'l!f'l::ltlll' !11. irHl ll•'t:l!Wo• · lr> :t!ld .'!'! 'Olllltl 12 
the ;!CilCI':ttor iifi ma~· he •::u·i;·cl !c~· f'l l:lf l !! ill~ ;,1'" illn~tratf':l snl •l'tant.i:tlh· a,; 'ill Firr. 1 
its ~p<'P.<l. "\. hratH'll ,·ir·r·uit . . .-.7. rllll =-' to t : tl! :l!lr1 in whid1 lhc> ··:cp:H·itY 7i1 m:n·l~t• o f~un.· 

25 wire 42. ' '""in•d ~hape Ill' fot·m. · · · !JO 
The rapiclly ahl•ntatin!!·<•l<:drifi. :;tinll or Til•• •·npa··iti c·~ 7:i !11'<' a.J:qct l'•l t•l T't'C'Ci\·e 

<·hangin;: 11f tlw c'ltl'l'l'llt" it1 th t: •·:c!! :.:, impnJ~,.,. !'rrnn tl11• <lin·l'fin· "'ll'"'·ity j() only 
c:ansPS thP latter to hpr·onw h<':l{c•:l. TJ,j-, wlct•l! tJi,. r·:tp:!Pity 711 i!' in ~)!'f)Yim i t\' nr pn­
hPutccl c·oil ~ttrreHmclin!!" :lllll snl.~t••' ••ialh· ~j!; •.• , !'t:lcstantialh· lll)llla<:i1P orw 11r tlH• ··a-

30 in contn<'t with thl' !!l:J"!; : lllll' or c:-!,.1,;.. p:cr.il i··~ iii. . . . !15 
<·a!lS<'S tht•. lnltl'l' tn l;t•c·lc!,jl' I:P:;t,•rl ;·,;; ~l, : • Tn Ll li l' Fi!! . . -. t!ll' olin·r·li\'1' tt•:tllSlllis•illn 
r·c~nlt of rntliatinn an rl C''llldJir•tinll ,f ~:: ·h r!( .. ,.:,.,. i!-: :1•!:. :>:, .. ; 1, , ; ,,. l!l''"p, l alcm;r :! path­
ht'at. The filamPnt "I' wir·c•!; .J .. ~ :!1'1' lw:iiP:l \'.';!v :!!1•1 :1~ it I'Olllf'P i11tn th<' pn!=;iti<m 
bv the <'h:trt>:e effN·t J)) ;~r · c••l 11)11•!1 1jw r :t· tnn'r·ln••l .\. ":hir·l; is ~hn\\'11 in !'nlirllinr;:. it 

35 n~ll'itY memhE\1' 2:i. wh id1 l'l'<'a tN; o'lll'l'•'l:t •·OJPTiltm ic·:!h•s \\'ith t lt(' l't• •·Pi \' ill!! .::tatirm eli- 100 
flowiiHr thrmr!!h wirPs . J.. ~ in l'ollllt~e·l. in!l ,·:it 11 rr••·th qppositC'. 'l'h!> pr:sit ions B :mel C m­
t.hc C!J'nnncl i2. mnkin!!" n :·Pfll!>h•1p e·in·11i t r1 :1·:dP f.ht· sc•nc1int! .)p,·i··l• in position to 
throit:rh the trnnsmiti'Pr :c nrl r.<'''"i H!'. 1 il tr:111c:m it !rnpnls"" tn the c•ot'l'CStioncl ing re-
this manner. thendore. it \\'ill J,~· llllrlcoi·.·:t o,,:l t·c•i\·ill!!" stations. · · 

40 that a m:tximnm cmis~ion nf cleetmn~ ili o!J- Tn th<' arrnn!!t'nl<'nt ~hown in 'F1~. !i. one 105 
ta1ned. t !'l'TT! in:! 1 of Ol(- <'ll'•:t!·o-mn,!!Tletic icm•rator 4 

The frN]ll~ll!',V of :rrll~r·:•tnr ;;r, shoulel he nwnns is c·onnc>Ct<'rl \\' ith tlt<' gronncl whi•·h, 
the ~a me :1s that of uetwr:tl I>J' Ill nt tlw tl'ans- !'Hrni~hin.!! :t <'OOilndnr·. retHl~r::; ncrC'ssary 
miffing st.ation. :n1cl n rapirlly nst•ill:l! in!!" only one srt of <':tp:u:itv mrmhct~. Tfmv-

-!5 fiPlcl i~ <'l'<'atl••l iu tl 1t\ tl!l•t•. withi11 Ill<' c·nil '":<'1'. i11 Fig. (\ il' ~ho\\'11 a J=li~~hth• nvulified 110 
!);,, 17 nd<.>t: t.he::r c·i r<'lllll ~(;lll<'t'~. wJu•n f !It! :ll't':lli'!'"ITH'l1t iJ1 '" 1J·i· ·h t hP !."~IH'l'litnt' 10 )1:1 S 

\\':1\'!'" frn!JJ tit<• tr·au~111i1fin!! ~laf.iotl arC' t·e- it~ c,n; .. (pr·rninal C'll!llll'•·t<'•l ,\·ith tlH• c·apac·ity 
<'(•.ivc•cl at tl1<' r·cc·f'idll!.!' !=t:ition on !11<' n·- !IH'lllhc·:· 70, ns nl >m·p clt>~rrilH'ol. ".Y)Jil<' tho 
c·l'i,·ing ··:tp:t ~'it.\' 2:-•• :lliol tlu• nsr·ili:Jiioll" :n·e diu·•· tl•t·millal il' r•ntJ!tt•• lc•d with :1 o•:tpal'ily 

r.o trnnl=m ittc>cl hv tlH• win• 41 lo ilH' win• or ~Cl :l·bpl<'tl fn t'<'•'l'i\'1' in•p n l!';r·~ from a <':\- 11~ 
wirrs ·1·1· in dw flrl•<'. tlw fl rl\\' nf c•lt••·f rn!l!'; ~J : :··it ,. lll<'llllwr· ~:; \Y]wu thC' c•:ql:tc·ih· m<'!ll­
l .. •h\'f'f'll fhe wire,,,. win·~ ·11 :111•1 tl1f' phft• 1'"~'' ;11'1' lll·n:t!!"lll inl•, t!:t• rPI:tliq• n·n,.itions 
-J;, ;._ inl'l'l':l!'l'd to an c•xtc•nt. ~nflic·ipnf lo)'t'l'- ilh:!'lr:tll'ol in flds li!!tll'c•. Thi" p;1rtirnlar· 
111it. a flow of t'II1T<•!l1 in f11P •·ir·· ·11il irwlndill•! :1 1'1':\ll~···t•H·l l l· i~ ll ·'•·fPl in in~I:IIWP!' wh<'I'C L 

fl ;j tlu~ hat.(Pt'V -17 nnd r<'l:tY ·l~ "l'l':tt <'ll lll!"lt In l!l'llllltditl:! flt<' c·it·•·llil \\'nnlcl ll':td (n mis· 120 
npc•rnt1• t.l1~ l'<'l:t~· ·1-". !';fJ th:!t ~~·n·rrn! will-flo\\' 1lit·P··l tlH' ~:IIIII'. :!,:; thr• c·:rp:l•·ih· llit'!Jll•l' l' lll:IV 
in tlw dr'l'llrt. (!flllhillill!! th~· indi··:dill!! cl"· ],(' Ul:l•lr Jn (l l'(' frld,\' !=f'lt'rti\:(' ir IIJW!':Iti\:0 L 
d<'!' 52. an•l \':\II!';(' the lntiPt' t11 r!'iY<' n ~i:;rnal. only whf"n hnth C':lp:l<'itiro;; :tl'l' hJ'()U!!ht into 

Tlw p:11':1holi .. l':l]>tl<'it,\' •1••\·ir('. illll"tr·:l( ,.,J c·l r:se pro~imit.\·. :l~ illn:::h·at<'cl. · 
60 p:trticnlarly in Figs. ~ an1l 4. is shown nR 'l'h(' nrl':!ll!!r.mrnt nf tlw ~\·strm just (lc- 125 

ntade lip llf !1 ('(l'Jtillltllll" flnt mrtal S11l'l:lo'(' .. ,.,·ihrtl i::: pnrt.irnlarh· ll!'<'fni. lot• exnmplc, L 
'vnrpN1 into th<' shnpl' of n pnt·nhnli•· re- in Ri!!n:llh'!! !'\·stems· fm· Ph·\·:rtnt'!'; nncl th 

~ fl<'rfnr. This flnt. snrfnr<' prrf<'rahl~· <'nm- likr. · 
~6~ prises a thin ribhon of tnl't:tl cnnnedrci Th" cnpari(\' mrmhC'rl' 1n. 7!i. !=<n nnd 
~,,.,, each end to con<lt<>'t<>rs 6!1 n11d bent rc- "n' cliagrnmmat.i,•ally illustrateol as 

..A .A .A A-""- ~ "'- ~ ___ __ __, 



plates, but, in instances where the distance 
la~twecn the capacity memuers is compar­
ati,·ely ~r·eat. capat·ity members such o.s 
illustrated in Fitn-;. ;~ ant14 maY l)(' used with 

5 advauta~e, aS thl! W:I\'CS Illi:,!ilt then be di­
rected tow:n·,l a partit:ttl:Lr station whieh 
wuul1l receive sul1i1·icnt cner!!\". IJ\ reason of 
the directing action uf such :t·t;:q)acity mem­
uer, to a<.:tuate its l'ccei\·ing de,·ice while 

10 those toward whi~:.h the capacity nH•mber i:; 
not directell wonlrl recei\·1.! no impulst•s !iuf­
!icirnt to rc~ister. .~ 

Frolll the furegoin~ <leseription it will 
be ~Nl that I ]Ia \"e }ll'odde' 1 a ::;ystcm and 

1;) appamtns for wit'<•h·::s tran;;missiml. 1·apahle 
of sdcdin•i. • .- collllllllllic·atill:,! from cme or 
mo!'t' ~(:Jtions to :tO\' of n sr.riP:; of stations 
and that when t!H· ,·fi~btu:l! IH•twN•n thC' sta­
tions is npprct:iahle. the <lircdiv~ capacity 

!!O mcmbP.r hcrf'in de~cTihcd will function veL'\' 

use fulh· in c·otlfrollin!! the !iclcd ion of til!.:. 
rec:ei vin~ station. · · 

JJavin~ tints dcsc:ribed my innmtion. 
what I claim is: 

25 1. In a sn;teru of wirelt•ss tmnsmission. 
the comlJiui;tion of llll':t!1s for !!Cllt'nttiui 
electro-magnetic: wa n~s. a cl i rec-ti ,:c <;a pacit)• 
mcmhcr a!'sor:iatNl with . saicl means and 
comprisin:,! a conductive flat ribbon bent 

30 upon itself it1 a snc:cc:>s.c;ion of lonJIS and ar­
ranged in the form of a pambolic reflector. 

2. In n. "·irelcf;S ~ignalin:,! apparatus. a 
means for rceei\'ing o;. projecting_ elcctro­
mnJ!netJc wa \"e!". <:'Omprlstng n capar.:tty mem-

35 her. made np of a flat conducting element 
which is ohlong in cr oss section nncl ar­
ranged edge to edge in courses spucecl a.par+. 

a 

~. ~\ capacity member for use in a wire­
lt•ss tranl'ruisslon system, consisting of n 
t•outhll·tor c·on\·olutctl into the form of a 40 
~kcl1•tou parahuloid. 

-t. ~\ capacity mC!mbrr for usc in n wire­
kss trausllli~sion sn;tern. consistin.!! of a con-
d udor COil \'oltltetf into the form of n S}{e}e­
tun paralwloitl. the conuuctor bcin:r elon- 45 
gated in cross l-it•dion in the direction of the 
paraholir. surface. 

!i. "\ capnc:it.y memhcr for usc in a "\Vire­
}c>ss tranl'mission sy~tcm, comprisin~ a skel­
(•ton tJaraboloid eonsi~tin!! of a substantially 50 
/l:tt ··:;t.'tnllie riblmn con-.-olntcd intu parallel 
:;trips with the Pcl,!!PS :uljacent but sepn-
ra ted. 

1:. Ill a win•l<'s,; sYstem. an elemc:>nt con­
~i~titJg ,,f a colltinw~ns thin. flat cotHlnct~•r~· 55 
oJ,]rm:,! in cross-sPd ion. clisp~"~<>ed eclge to 
cclg~ in a ~l'l"it•s of :Hlj:tt'l•nt c·u11rses. said 
l'lllHlnc~.tnr being bent IJ:u·k upon itself in a 
p a ra bo J if' Sill' face. 

I. In a wireless S\'Stcm. an element con- fiO 
~isting of a contiunom; thin. flat conclnct.or, 
ol,Jong in eross-sec·tion. clisposcrl crl,!!~ to 
t•,lge in n series of aclj:u·cnt courses. the ncl­
jac<'tlt colll'S<'S ruuning in opposite (lirec-
tions. inn pnr·aholic snrfacr.. G5 

S. In a wireles...: sn:;tem. an element con­
f;i~ti u,!! of a continuo11s thin. flat ecnclnC'tor, 
oblun~ in c·t·oss-section. !"o disposed in· a 
par·nholi<' Sllrf:II'C. as to inc:rcnse its cnpnci-
(:mcc and rC'<lllcC\ its inclnctance. 70 

In testimonY whc·renf. I hcrennt.o affix mY 
si!!nnture. · ~ 

FHEDEHICK S. l\IcCULLOUGH. 
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To a:a whom it may conce~: lie circuit for direct current. when direct 
Be it known that I, Co:xRAD RENol. a citi-, cll.rrent is supplied to the beam or cable. or 

zen of the "Gnited States, residing at :Spring- system of wireless conductors. · 
field! in the county of Hampden and Com- The wireless-and-metallic circuit, or sys-

r. momvealth of :Massachusetts. have invented tern of circuits: inay .be established entirely 60 
an Improved :system for. Transmitting in the air, _or partly in the air and partly in 
Energy -Without Wires, .of which the fol- water or m the earth.· Both-waY sets of 
lowing is a specification. wireless conducto~. for transmitting energy 

My invention relates chiefly to a new both out to the lltDizing apparatus and back 
to method of, and apparatus for,· transmitting to the .transmitting · apparatus~ may be 65 

electromagnetic energy in a confined path in located m the beam; or a one-w:.ty set of 
any desired c4rection. tl:u'ou ~h the. air, the wireless conductors ma v be located in the 
\>.·ater and other non-metailic . substa1ices, bea~, and the other-way set may be located 
without the directive aid, or agency, of con- outsrde of the beam. 

1:> necting wires or metallic conductors of any Each wireless-and-metallic circuit is a 70 
kind. <.livided circuit with manv branches or di,·i-

The main object of my invention is the sions beginning at the· transmitter-gener­
directive wireless transmission of energy. ator and ending at the utilizing apparatus. 
I attain this object by causing the energy A divided circuit is known to reduce the 

zo to flow in the concentrated form of a stream total resistance: impedance and .reluctance. 7:> 
or current, which can be transmitted in tmy Other devices and means for reducing the 
desired direction along a wireless-and-me- resistance. impedance and reluctance ·will 
tallic. circuit, or system of circuits, "·hich be stated later. 
connect the transmitting apparatus with the When electrical connection is made by 

:!:; utilizing- apparatus. The energy is local- two sets of wireless cop.ductors, where•er so 
ized within the narrow confines of the wire- located, with the metallic C()nductors of the· 
less-and-metallic circuit, or · system of cir- transmitter-generator.at ();ne end. of the line 
cuits, like water flowing 'through a . pipe, and with the metallic conductors .of the re­
and does not spread out over a .wide wa:ve- lay or other fl?riD of u.tilizing apparatus at 

:lO front . . -The energy flows in stream-like the other end of the line,· a: complete wire- 8:> 
form in contradistinction· to · the usual less-and-metallic circuit ¢ll be established, 
spreading .w~ve-lik_e · forn:i' of ~he · wireless capable of transmitting enet:gy in the form 
flew of energy. My methOd of w1reless tr~ns~ of a stream. 
mission of energy ma·y be descri~d .as the . :Other ·objects . aiid -advantages will ap-

35 "stream method." to distinQ1lish it from the pear in the following description and in the oo 
usual wave method of wir~ess transmission accompanying dra:wings: in. which: 
of energy. Fig. 1 is a · diagrammatical view illustra-

.Another object of my in>ention , is to tive of the X-ray type of transmitter-gen­
gather and receive energy · transmitted by erator,-designed for the use of either di-

~o wireless means, and to pass the energv on.by rect current or single phase alternatin7 cur- 05 
metallic conductors to suitable utilizlng ap- reri.t ; · 
paratus, such as relays, controller$, ampli- Fig. 2 is a diagrammatical view illustra­
fiers. retransmitting apparatus, motors, ti,·e of .a transmitter-generntor of the X­
lamps, and the like. This object is attained ray typ~ designed for the use of two-phase 

45 by the aid and agency of a ri.ew .f<;>!Jll qf ~- alternatmg current; · 100 
ceiving antenna, ·described herem, which · ·Fig. 3 is a dia~n:imatica1 vie;; of a re­
may be placed.¥.;. oper~tive rel3;~ion ' w~th, .. a cei>·ing and utilizmg apparatus for use with 
bea.m or ~able, or syste:ID of :w1reless ·~on~ the· trarismitter:gerierator. shown · in Fi~. 2; 
ductOrs and with .the metallic' conductors · · ·Fig. 4 is a ·aiagi'amtilatical .view of the 

:;o of the utilizin;,: apparatus, so as to . establish primary of a. tran.snlitter-generator of the 105 
a complete wi';eless-and-metallic circuit for _dyriamo type~ for u5e m practicin7 the Z-ray 
each . pha.~. '9J &:~teruatffi.g· .~;uri:eP;t: .. :n-hen. or ultra . X-ray method of wireless trans-

,. suchcur:::entissripplied .toth~beam .orcable, iniSsio:id:if enerQ"V• ·· ·':J ·) •. ! :··; · .. :. ·: . . ';,, ·· .. 

·.. . ·or svstem' of wireless condud:ors ·;··and also . . , Fig. · s: ~s ·a . 81agrammatical view: of the ~ 
~~5· -~.o e~t~bli$~-.~··.~~ri;~~e~: ;w.~r~!e~~;:~H:1.-,TeJ~~- se~qndary · of the sanie apparatus; ·. · · · .- ' -110 . ,....-
~ 1 -- ,._, """ f.,_., ... __ , , , .. a .• ,L-,-".,- "' · .• : - m 
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--- Fig. 6 is a diagrammatical view combin- violet~ray devices, ~';tream of ele~c· t.J ror1!': 

ing the piein~eFS -se~arately' ~p~~ ' lli :fjgs: P.~J.?ed thr.~mgh :.the ::~ire,le~s-and. ~~~ ............ ... 
. 4 and 5 j .. ' . - - . . '""" ·- ., • ·· Cll'Ctiit t'o the relay or other type • Of 

Fig. 6a shows a method of producin8' -a ing apparatus at high pressure, and 
5 beam of wireless .condu~tors through heatmg ·ba~?k to _the .t~anszni.tter-generator at 

the cathodes by mg.uct10n currents; pressure, when these pieces of apparatus 
Fig. 7 is a diagramiii'ittical view 'of a tra11s~ ·properly -co~ected into the wireless-and­

mitter-generator of the solenoid variety ·Jf metallic circuit. In the operation of the 
the ~-ray type and illustrative of the opera- Z-tay device, a stream of electromagnetons 

10 tion; ~s pumped through the wireless-and-metallic 
. Fi~. s. is .a c'liagramni~tic vie" of ~ t~'l:e circuit, including .~h.e .windi~gs of the re~aj' · ::1 .. _. 

closed sp1ral Iron-core vmnety of apparatus: or other type of utlhzmg apparatus: at h1gh _ 
wound for four-phase curren't: \l"hich inay pressure, and flows back to the transmitter-
be used as the primary for u. transm!tter- generator at low pressure. This operation 

1.3 generator: o1· as the primary for a relay, or is repeated over and over ·again \l"henever 80 

re-tr.:1ns~1itter-generator. The four phase these pieces of apparatus ·are properly con­
primary windings are connected to one fonn nected into the wireless-and-meta.llic cir-
of my recei>ing antenna; cuit. . 

Fig. 9 is a d1agran'lni.aticnl v~e" of a Referring to Fig. 1: the X-ray type of 
:W transmitter-generator of the tra.nsformer tr'ansmitter generator, designed for the use 85 

•ariety: for use in practicing the Z-ray of either 'direct current, o'r single phase ·al­
method of "ireless trans'mission of energy; ternating current, will he described. A · A 

Fig. 10 is a di•1grammatical >ie'' o! a sec- are a pair of tra.nsmittin,.,. a)ltennre, which 
ondary member of a tr:t'nsmittet·-geirerator connect with the pa.i_r of ~r~y \>ireless cou-

:!5 of the three-phase type; ductors marked X X, w1uch m turn connect 90 
Fig. 11 is a diagrammaticul view ·of the with the pair of receiving antennre marked 

secondarY of a ''double barreled·' transmit- a a. 
ter ge!lerator for producing two beams of R is a parabolic rc·fl.ector; K is a spiral 
Z-ray wireless conductors and two streams coil of ttmgsten wir~ or 'filament, located at 

::•> of energy in opposite directions ; and the focus of said reflector R.; ·G' is a gen- 95 
Fig. 1~ is a clingrammatical view of a re- erator connected mth the spiral -coil of 

transmitter-generator designed to receive tungsten, employed to ht!at the tungsten to 
the energy from ~me receiving antenna and incandescence, thus forn'ling a prolific source 
relay it to another r eceiving antenna. of electrons, which are violently discharged 

z:; In carr)·ing out my n1etl1ods of transmit- against the interior walls of tl1e :refleCtor R, IOO 
ting, receiT'ing, and utilizing energy, I Itl.ay, and generate the ·pair of X -ra.y wireless 
of course, employ various forms of a:ppar:\- con!fuctors marked X X; ·w is a ""indow" 
tus u.nd devices. In order 'to illustrate my o·r thin partition wall in 'the re·fl.ector R and 
method, I haT'e. sho>m t\l"o main types ·lf !orms with the latter a chamber which is 

40 apparatus, namely, ~he X-ray type and tbe partially 'air-exhausted; 'G is a generator 103 

Z-ray or ultra X-ray 'type. supplying current to the -wireless-and-u1etal-
The X-ray type of apparatus generates a lie circuit throu~h the 'pair o·f frunsmittiiig . -. 

beam of X-rays, and what I term X -ray an'ten'1ire ' ri:uirked~A A. .. · . ·· 

45 
wireless co~cluctors, by tb.e means described The receivi~g 'antenna ·shoi'n ·in Fig. a. 
later. The Z-ray type,.. of ap:pa~atu~ gen- co:Q.sists of two ·~uments, a a, in~ula~ed fr.o~ 110 

erates a beam of ultra X-rays~ "luch I term each other and from the ·ground, .formmg 
Z-rays, and also a beam ·of Z-ray wfteless a pair of segments. This P<\ir of se·grrierits 
conductors. ..-\.nother tJ"pe of apparatus i~ is Rdju.Sted across .the pair of w .. ireless '(!on- : ... 
the ultra-violet.-ray.type, which generates it ductors as shown 'in Fig. 1, in such ·a manner : .. :,. 

50 beam of ultra-violet rays and ultra--violet- tha't the outgoing curi·ent will flo»' t~r(rii~h l_l~ .. 
ray wireless conductors. . _one segment and the 'incoming current '\\1ll ' 'i.·i· 

·The X-ray~ Z-ray and ultra-violet-ray flow through the other segment of the pal'r~ t~ 
types of apparatus may each be diYided arid The particular antenna shown 'in Fi~.' 1 _~{f .... 
st:bdi>ided into varieties and modifications, includes a 'circnlnr bnnd 5, a . centra1 huo 6, ·· 

55 some of which .are 'descdbed herein 'imder arid a 'diametrical bar 7, which connects the 1.~9 .. 
. the d~cr'iptive. A~l~s -~o·f "~yna~~.':? ".~r~~- 'hu.,b a..na _band ; _ar~ ~11~ el.ements 5, _6 aria _7 /i.!i 
.former·', ·"solenoid·· , .. ~'closed spt;ral .co1;e ', :bei.ng of msulatmg matenal. ·~rom . the bul? -:.-f'~ 
·':magnetic ::mplif1e.:(,. a~~- ;:spir~:Ily 'r~v.~lv- .·~ .t.her~· · ~a~iate a seri;~ of . met~\llic .:r.d~ ~' )J~ 

60 ·ing ·magnetic .. field". -~ppa:r~tu~. ~nd . de;vtc~~· .e~ch .of :whish ·pa~ ·a . ~~r_~e.s ·of ~tnp~ or cr~~-.:ilS· 
·Also many d1fferent ·combmatlons of these .pieces 9 of tm fOll:·copper or the hke, 'Wluch ::~ 
.types, varieties . arid. P.l9~i~ca~iqns. !?~~ pe .~onnect, 'i\-it!l. !h~. ~i.rel.~s~ ·co~ductor~ ~' :it~~·~t:- . · 
·employed to fit tl}e e:.~ngenc~~~. ~f ~paFhc.ulaF .~at~~r:}h~. cu~p~~~ 1lo)1·mg m, t~1e Wlre1~_s;· , 
·:chses in the practice of the·stream meth9(i of .and-metu1hc .cr~cmts. ' These ·rods :S 'abOve_ . 

13• In the operation of the X -ray a:na ultra- the 'antenna, ··and the 'roas 8 below !the'' birt-

~~ ~ ~ ~ .A .A .A A-~ ........_ ----- --
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-· . . ~--.c~~{t~f~·:t~e: 'other ·seghl~nt"o'f the 'tii~' ~{:t~hh~' wit!liihe ·P1etallic•cond~ctor8 ·of the ·re- ; ., \ 
segiiliili:ts i'eferied •to above.· : -' · ·.: · ::· .' ;: ,':·: ceiving a~'tenna, ~and the 'latter conductors 
~e'feriing "to ~Fig. · 2, -wherein is -shoWn a·: are :·connected with th~ _metallic conductors 

, Jr:uis:initter-generator designed for the liSe 'of the utilizinO' apparatus, 'thus forming one 
li ·or two-phase alternating current, the metal- ·or -more ·complete -wirele5s-and-metal1ic cir- 7:J 

lie ·conductors from 1he ·two: phase generator · cuits through :which the energy flows in a 
· G~ e·xterid ·to 'the ·parabolic reflector~' 'as · confinea path or narrow channel in any de-
above ~X})lained, .. and terminate ea.Ch . with sired direction. . 
a series of tra'n.'smitting antennre. .'The ·me- ~other 'feature of my invention is to 

10 tallic C'onductors A for phase 1 current are, produce a beam of X-rays, which rays are 7.> 
of course, located diametrically opposite known to construct lines of conductivity in 
each other, and so also are the metallic con- the air, the water~ and in other substances 
ductors A' for phase 2; the conductors for through which the rays pass. X-rays con­
phase 2 being disposed at right angles to stitute one species of my "ireless conduc-

lii those for phuse 1. In this instance, the re- tors. X-rays are lmo,>n to be produced bY :>~ 
flector R is sho"n .as located "ithin sleeve the sudden stoppage of swifth· mo>in!! elec­
P. The. receiving ' antenna, as before, in- trons; and it is also known th;tt when -tuna­
eludes a circular rina 5 dh-ided diametri- sten (among other metals) is heated to in­
cally by a bar 7, and-in addi~ion again di- ca_ndescei_lce, a copious supply of electrons 

20 vided bv a second bar 10 at nght angles to mll be liberated therefrom and discharaecl p,:; 
bar 7; all such elements being--of insulating ~t high speed ; that when a mo\iug electron 
-material. The rods 8 are substantially the 1s brought to a su~de~ stop by impact "ith 
same as described above except that they e::r- a hard substance, 1t grves rise to an :X-rav, 
tend beyond the periphery of rin~ 5. The which is reflected from the surf;tce of tiie 

· ::.:; bars 'j and 10 dh·ide the a~tenna mto four reflector at the same an!!!e at "hich the mo,-- a.) 

segments arra~ged in pairs a, a and a', a'. ing elect~on st~ikes that surface, the angle 
_ The tr:msnutting antennm A, A are sup- of reflect10~ bemg equal t? the angle of m­

plied with phase 1 current~ and t~e tra~s- c1de~~e, as l!J. t~1e case of h~ht. rpon these 
mittinrr antennre A', A' are supphed ~nth fanuhar prmc1ples I produce a beam of 

:10 phase 2 current. A beam of t"o pairs of :X-rays by ~lacing a source of electrons~ such !Jj 
X-ray "ireless conductors is projected from as an electr1cally heated tnnsten-wire spir;tl. 
the parabolic reflector R , and these "ireless at the focus of a parabolic reflec.:tor. X­
conductors X, X ' connect both with the r_ays are further known to tr;tYel in straicrht 
transmitting antennre A. A' and with the hnes, and to penetrate water a considerable 

~:; receiving antennre a, a', thus forming com- distance, and to penetrate nir a greater dis- !t~Q 
plete "ireless-and-metallic circuits. The tance, and to act upon the photographic 
wireless-and-metallic circuit which carries plate, and to take "shadow pictures." 
phase 1 current is indicated by the letters Another feature of my in>ention is to pro­
A X a X A., and the wireless-and-metallic duce a beam- of Z-ru.vs or ultra. X -ra.vs 

40 circuit which carries phase 2 current is indi- "hich constitute a second species of mv wii·e~ l'ii3 
cated by the letters A' X' a' X' A.'. These less conductors. Z-rays are ultra X-rays. 
two-phase currents are then led to motors, and are produced by_ the sudden stoppage of 
incandescent lamps, or other types ~f util- S\>iftly mo>_ing ·ele roma!!netons. or electro-
izing apparatus, as shown in Fig. 3. · mu.gnetic units com o e c.txons .. sa -

43 In Fig. 3 I have sho"n ho;> a !eceiving ra e · · magne~c energy, as eiplamea· 1W 
antenna, such as that sho"ll m :f1g. 2, for more fully elsewhere. A oeam of Z-rays is 
e:xami?l~,- may be connected to variou~ ~ypes produced qy_superposi_ng a mo•-ing magnetic 
of uhhzmg apparatus. Thus~ the rods _8 .fiel~, preferably a spirally re>olving mag-
of the se!!IDents a, a are connected to metallic net1c field, upon the streams of electrons dis-

~ 1 1'-
50 conductors 11, and the rods 8 of the seg- c 1arged from a hot cathode at the focus of • .J 

ments a', a' are connected to metallic con- a parabolic reflector. Since electromag­
ductors 12. Th_e wires 11 carry phase 1 cur- netons possess higher kinetic energy than an 
rent~ and the w1res 12 carry phase 2 current. equal number of electrons rnoYing at equal 
·when a high voltage generator 'is used, as >elocity, it follows that the Z-rays generated 

5::i is often advisal;>le, step-do"n transformers by the suaden stopp_age of swiftly moving l:!O 
marked T may be employed for one. phase electromagnetons w1ll ·be endowed with 
~r ~or . both ~r al~ phases. M is ·a :smgle- greater penetrati?~.,power than the X-rn.ys 
ph_ase mo~or; 'M' .Is a t'\\"o-phase motor1 _and genemted ?Y. th_e ;~u~d.eD; -stoppage of elec-
~ Is _a strl.lfg of lamps. . . . . . · trans n.1o-n~g at · the . same speed, and the 

1
:!

3 co A. feature of my m>entwn IS to construct be~rn of ~Ireless conductors "hich is gen-
and muintain wireless-and-metallic .circuits erated by the ·Z-ray' beam will e:rtend to a. 
between 'tl~.e tran~~i~ting apparatus arid the greater. :dis~:l~~e · ·~ro.rri the' transmitterj~·en-
apparatus for ublizmg the energy. l~y -so- erntor ~than ~nil the beam ·Of wireless con- •-..­
c~ll~d. ~~eless .· con~u~_tor~ co~ne.c~ :!h~.: P.~:- d;tcto~ ~~i~~ i~o·g~erated py the beam .Of 130 ~ talhc conductors of the · transm1ttmg an- X-rays .. J.An:other ·advantage 6f =superpos- ~ ~ 
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~ . .. in~ th~ _ . J;piraUy ;_rev?l~ ::P.l~gne~.i~ ·£eJ4 .J a~q. pass ~e o,u~zo~g 
upon _ th~ . ~leQtz:ons discharged.. ;from ~ .h.ot. .. segment and the m~oining or 
catho<;l~ ., !J,t the ·focus of tlie ·parabolic re-. . thro~gh the other segment ·of. each 
fl.ector_1s that the 7lec.tromagnetoll$ are more .segments. ··:When two-phase current IS 

5 advantageously distnl;mted over ,the inner I prefer t'f9 P:!:irs .of segments, a ·a and ci' i . 
surface of the pa.rabo.hc reflector, so that the as sho.wn:. ~n Figures 2 and 8. When' foui:<:J 
rays produced by their sudden st;o~page will phase cur;l'en~ is . usedl 'fo~r ·)>airs ~f ·seg.:,'.;.':·.· 
form a denser and more symmetncal beam -~ents may be _employee, a~mdrcated m li'i~. :.-:.: 
of rays, :whereby a denser and more sym- 12, or two parrs may be employed, .as incli- :> 

10 metrical bea:t;n of wirel_ess condt~ctors 'vill be ~ated in Fig. 8. When three-phase current ','75_.: 
constructed 1n the desrred portron of space. rs used I prefer to employ three p:1irs of , . ] 

Tire density of the beam of wireless con- segments, each pair being ·so adjusted and. · -- · 
dnctors depends upon the number of elec- placed across the beam of r:1ys as to receive 
trons discharged from the hot ca.thode. and to permit to puss through a particular 

15 \Yhen a yery dense beam is desired, it may phase of_ current. In the preferred case the so 
be produced by employin£1 the· method oi short. axis of the antenna should coincide as 
two cathodes !H~atecl by polyphase currents, nea_r as ~ay be feasible with the long or 
as shown in Fig. 6", and explained elsewhere D?a.Jor axis of the beam of rays. T he metal­
herein. he conductors of each pair of set)'ments are 

.Anothee ach·anta.Q:e of the Z-rav method connected with the metallic conductors or 85 
of producing a beam of wireless conductors windings o£ th_e ut!lizing apparatus, such as 
is that the superposed mo...-ing mo.,!!'netic m?tors, _;le.ctnc lights, etc.. as shown in 
field renders it unnl~ee,:;sary to employ a Figures .:>: ~ and 12. . . 
high vacuum. or to e~haust the air at all. '\'\l1en d1_rect current IS suppheJ to my 

~5 iD the chamber or burrel containina the be~un of \nreless conductors. a seetion con- 90 
source of the electron streams. A roLting sisting. of one-h:11f o~ the wireles~ eonduc~ 
magnetic field m:1y be used for this purpose, to~·s. Will c:u·ry ~lft~omg current to the re­
but I prefer to u::;e the spirally reroh·ing ce1nng u!ld utihzmg_ apparatus, and t~1e 
m;tg-netic field. for the re.1sons sto.tt'd. othei· sectwn of the w1reless condul'tors will 

::u The electromotive force generatetl in a carry the return or incoming eunent buck o.:; 
circuit bv means of the snii·allv revcldn.2: to the trunsmitter-generator. For direct 
magnetic·· fielll is distribnte~l on~i· a space of current, the receiving. antenna cnnsh;ts pref­
three Jimension,;. where:1s the e!ectromotiYe erab~y of two equal-s1~ed seg-ments forming 
force generated by the rotatin!r magnetic a pan· of segment:;, ad] usted a t r ight angles 

35 field is distributed onr a space of only t\\'u to the beam of. Wirele~s conductors, so that 100 
dimensions. one segment Will receive the outaoincr cur~ 

The feature of generating distrilJuteu rent and t_he ot~?-er segment will ~ecPi;:e the 
electromoti...-e force by the use of the spirally retu:n or ~ncommg current. . ·. 
revoh-in£: maanetic field is obviously appli- 1'\- hen smgle-phase alternatma current is 

-to• cable generaliy to all kinds of con-ductors. supplied to my system of wireless conduc- I C.3 
whether wireless or metallic. tors: one-I:alf of such conductors will c.arry 

Yarious :forms of antenna are shown in the outgomg current and the other hal£ 
the drawings~ and may be used either with "ill carry the incoming or return current. 
the X -ray type or ~.itil the Z-ray type of Of course_. w~1en the alternating c~trrent 

4:3 transmittina and ubhzmg apparatus. changes d1rect10n, the half of the wireless n o 
The tr::n-ismitting .antenna co!lsists pref- condu.ctors which _prenously carried the 

ernbly of copper wires extendmg b::.!yond ont~omg _current ~nll now c~rry the return 
the open end (or encTs) of the transmitter- or l~<:ommg current, and v1r.e versa. The 
!!:ene!'ator. toward the wireless conductors receivmg antenna for sin.2:le-phase current, 

.:;o und intercepting or connectin!! with the as well as for direct current, consists prefer- l lS 
·wireless conductors. as indicated in Firrures ably of one pair of se.2:ments whose centers 
L 2. 6, 9, antlll. . . .. - are displaced from each other one hundred 

The receiving antenn:1 consists prefernblv an~ eighty degrees in a cir cul:lr antenna, 
of a wheel-like structure divided into one whlch is placed n.cross the system so that 

;;,; pair of segments·~ a a, or into two pairs of its short axis will coincide appro:ximatelv I~O ~ 
segments, a a and a' a', or into three (or with the major a:xis of the · system. . - . . 
more) pairs of segments. Each se~ent 'When polyphase current is supplied to·: ·, .!­
consists of metallic conductors and is in- my system of .. wireless conductors. the - :-~ 
s:ulated from all other segments, and each various phases are · SU:pplied at ·different >'-:.:! 

60 pair of segments is preferably so arranged transverse points· or sections of the system,' 13?- . ~ 
and phced across the beam of wireless con- corresponding to 'the number of phases _ ... : ·~ 
ductors ·as to receive · a particular phase of supplied. Thus when two-phase current is . . ;.~ 
currf;!nt, when the current is alternating cur- supplied to the system, it is supplied to foui .. -~~,~·~· ~;iii 

~; rent, and. "wheil direct current is used, each sections of the sj-steni whose centers are ·~":-J 
~

1
pai' of ,egments is ~o adjusted aS to rec0iye displace.d . ~inet;r . d~~rees f roni. e~ch ofl\e~ ~ 

~A~ At-~~~~ 



~~~~~~ 

~·- :·;·, ·-·_···-··r ·.·· ·· ' _ , ·_· •"-~'lt~~l , Eel~ 
~ · (The ;~~i_ving' '!.'~·~· ,oonsisi,s pr!!~r~h.!Y ~-ating c_urr!~~ having phase displacem."!'ts J'~ 

-of two pairs of ,segmentS, the centers of each equal to the spiral displacements m pos1t1on 
·;paii p~ing .. ~?"( ~~.n~~ea ~n9- eighty -~-~gr~s . ·_o~ the~. ~ari9us . ":in:clings· or_· 'c_'?il~;~' "'T_o pr?-
·re,mov_ea. from each . ~the~, when two--phase duce such a spnally_ -~vol~ng magnetic 

~6 curren,t IS used. . field I Jlla:v use two or more n:on cores ar- 70 
li . When· three-phase Clirrent is supplied to ·ranged in· spirals and· "preferably doubled 

my ·system · _o~ ":Wireless · conductor:~, ··_ it :_-is :back upon ~heins_eJv~s so ~s t? interlink and 
supphe4 to sectiOns of the system whose cross each ather an"d themselves ·at andes 
c~n!e~ are displa_s:~~ ~y sixty degre~~ thus equal to the phase-angles . or phase:-differ-

!0 d1V1ding the system mto three pairs of ences of the currents used m producmg the 75 
·' sections, corresponding to the three pairs spirally moving magnetic field. Thus when 

of segments of the receh·ing antenna. That the currents have phase-differences of ninety 
is to say phase 1 current is supplied to one degrees, the iron cores interlink and cross 
pair of sections of the system and flows each other at ana-les of ninety degrees. 

15 back p.nd forth through said pair or sec- vYhen the currents ha>e phase-differences of so 
tions and through one pair of segments in one hundred and t-wenty degrees, the iron 
the receiving antenna, which segments are cores interlink and cross at an angle of one 
so arranged and adjusted as to receive this hundred and twenty degrees. 
particular phase of current. Phase 2 In the solenoid va:riet>-of the Z-ra> type 

- ~o current is supplied to a second pair of of my transmitter-generator the ends of these 8-3 

sections and flows back and forth through iron cores are carried out bevond the bcch 
this second pair of sections, and bacf" imd of the apparatus: s~ as to surround my ber.m 

· forth through a second· pair of segments or system of -wireless conductors which con­
in the receiving antenna: said segments be- nect with the metallic conductors of the 

26 in~ so arranged and adjuste0- as to receive secondarv appnratus in my transmitter-gen- 90 

th_1_s particular phase of current. Phase 3 era tor. )-Iy wireless conductors ars -wire less 
current is supplied to a third pair of sec- extensions ·of these metallic conductors. 
tions and flows back and forth through this The action of this n.pparatus is to projed a 
third pair of sections, and back and forth beam or system of wireless condt~ctors in ~he 

:lO through a third pair of segments in the re- desired direction~ and to connect these wire- ' ' 
ceiving antenna, said pair of segments being less condnctors with the metallic condu~tcrs 
so arranged and adjusted as to recei\e this of both the transmitting and receh·ing up­
particular phase of current. Metallic con- paratus, and to produce and superpose upon 
ductors are employed to carry the three- such -wireless-and-metallic circuits a spirdly 

· 35 phase Cltrrent- from the receiving antenna I'eYol>ing magnetic field~ whereby electro- n o 
to the three-phase. motor and other apparii.- motiYe fot·ces are induced and currents pro" 
tus designed for three-phase current. duced in $Uch wireless-and-metallic circt!its. 

This method of transmitting polyphase The X-ray method of wireless transmi:::-
currents consists in pro>iding a system or . sion of energy has been clescribed in connel'-

40 cable, of wireless-and-metallic circuits: and t ion with Fignres 1, 2: and 3. Figures -1: 105 

supplying to said system or cable at dif- to 12, relate to m.y Z-ray method of wireless 
ferent transverse sections the various phases transmission: reception and utilization of · 
of alternating current, and providing at the energy, the preferr_ed method,- and -will next 
r eceiving station an ·antenna divided into be described. ··· 

45 a suitable number · of relatively insulated Fig. 4 represent? the dynamo form of pri- 110 

segments! each pair of segments being so mary of the transmitter-generator used -;<;ith 
adjusted and arranged as to r~ceive a par- my Z-ray method of wireless transmission 
ticular phase of the current and to pass it of energy. G3 is a four-phase a-enerator sup-
on to utilizing apparatus by metallic con- plying four-p~ase curre~ts to the four wind-

50 ductors connected there.with. ings of the sp1ral soleno1ds marked S S and 115 

_ In more general terms the stream method S' S', and C C and C' C' are the iron cores 
of transmitting energy consists in estn.blish- ~hereof, which intersect each other at right. 
inu a -wireless-arid-metallic circuit bet...:-een angles. The phase windings are arranged 
th~ transmitting apparatus and the utilizing like those of an induction. motor. 'I11e iron 1 ~!) 55 apparatus ··and in applying electromotive ·~nds C C, and C' Q' _of _the solenoids: S S 
'force across said circuit to produce ~ stream and S' S , are not wound for cnrrent~ and 
.of electrons (electric energyL ·or in super- extend out _beyond tl~e . cylindri~l frame-

. posing ·a: -~oTina- mn.gnetic field, preferably work P ~f the appatLt~ at the fro!lt ~nd. 
a_, spU:all~ revolving ma!!D.~tic field! ~PC?ll The function. of the~ .f~ur-pha~e :w~ndmgs 

60 said, s_rr~-mt; thereby pr~ucmg 3: stream _of ~nd _currents IS to .produce four-J?has~ fiu:s:es 123 

electromagnetons . (electromagnetic energy). m time-and-space quadrature w1th one an-
>"'. A. leading fe~ure _ ~f ~Y - ~-_ray I:!let~19,d other, as in _the fo~!"-phase igduction_ni_<;>to; ; 
of directi•e wireless transmiss_ion . or energy _and the ~urrents sho"\1~~ be caused to" :fJ._ow 10 

~ ,;' is the .prOductiO~ of a spirally revo)>ing the like rela.tin. directions ·as in .~~}our-;~ 
~ ,., "'~~?c ~~d h? ,!Dem 9f polyph~ a\~r- ph~''.''l~uc_\~o¥o~~,t~~,;;ffi1~.,i2~J[~~;~'res~~ 

~ A .A .A-~ ""'- ~ "-
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~-~, . . . 'i;k04,1ii\ . .. . >. ' "d1' 
of the solenoids are thus wound and sup- generated, and electnc currents are prod~~d 
plied with four-phase currents, spirally by induction in my wireless-and-metaiJ,{c ~ . 
shifting m,a.gnetic poles will be produced circuits. ~ The poles of this magnetic fie).d ..... 
in_ each solenoid, which poles move in the di- shift spirallv around the secondary metll.lllc ~ .. -~ . ~~ 

5 rections indicated by the arrows in"Figu.res conductors and around the beam of _Z:ray •o 
4:, 7 a.nd 8. Moreo"Yer, .by reason of my ar- wireless conductors, and thereby induce cur- -::cy, 
rangement, two streams of spirally moving rents in these conductors and in the wireless-- · .·:~ 
magnetic fl.u:x:es' will be projected from the and-metallic circuits, between the transmlt- "J 
iron ends of the solenoids S S arid S' S' into tin<Y and utilizing appara.tus. __. , . ·-~ 

iO the space surrounding my beam of wireless The result of this arrangement is to pro- '·t6 · 
conductors, and the poles of "polarizations" duce a spiraliy ·moving stream of mag:D.etisni, ··; 
produced bv the combinations of these pro- which is analogous to the rotating stream or 
jected four-phase flu:x:es will also shift state of magnetism of the induction motor, 
spirally around said beam: as sho~n m with the important difference that my 

15 Fig. 7. spirallv moving stream of ma!rnetism is so 
'!he apparatus just described in Fig. 4 projected out into space through the ends. of 

is the primary only of the transmitter-gen- the solenoids, S S and S' S' _ 
erator, and is used with a secondary Q, such My transmitter-generator may be likened . 
as is separately shown in F_ig. 5, the two to. an electro-magnetic pump, in that it -~ 

20 constituents or members bemg separately dr1ves. or pumps streams. of electromagnetic U 
shown for the sake of clearness. The pri- energy around the circuits. Streams of elec­
mary and secondary members are shown trons are driven along the lines of my- me­
combined in Fig. 6, although much of the tallic and wireless conductors, by the X-ray 
detail has been omitted for the sake of type and ultra violet ray type of apparatus,. . 

:!5 clearness. In Fig. 6 the apparatus is shown and streams of electromagnetons are driven oo 
in operation, producing a spir4lly revoh·ing or pumped through the circuit or svstem 
magnetic field, and deYeloping a beam of Z- of circuits by the Z-ray type. of appa-ratus. 
rav wireless conductors. The wireless-and-metallic circuit mas be 

i han shown four-phase currents and cir- likened to an electromagnetic pipe-line in 
:.;o cuits merelv to illustrate mY method of and that it affords a narrow and confined chan- OG 

appara.tus for J>roducing aw spirally revoh·- nel for the flow of electromagnetic energy, 
ing magnetic field, and transmitting the and preYents the energy from spreading out 
energv to a distance from its source. But over a wide e~panse. This pipe-line is 
polvphase currents with any convenient porous in the sense that free electrons and 

35 nunlber of phases may be used with a. suit- electrons which are dislodged from their 100 
able number of electrical circuits. which are mother atoms and energiZed by the beam of 
spirallv displaced in position ··from each rays and by the other means and devices 
other by a position angle eqmtl t0 the plwse disclosed herein, are driven from one part 
angle of the polyph:!.se currents. In gen- of the pipe-line into another part of the 

40 eral terms, the apparatus comprises a pitt- pipe-line and are all urged to flow through 105 
rality of solenoids, spirnlly arranged~ whose the wireless-and-metallic circuit. The quan­
iron cores intersect and, extend beYond the tity of energy flowing in the circuit is thus 
points of intersection. and a plurality of increased at various points, by the agency 
electrical coils supplied with polyphase cur- of some kind of distributed electromagnetic 

! J rents, said coils being spirally displaced in motive force. 110 
position from each other around said spiral Fig. 6a illustrates a method of heating the 
iron cores by a position angle equal to the cathodes K and K' electrically by polyphase 
phase-angle of the polyphase currents em- currents~ which are induced in the secondary 
ployed. conductors by a moving magnetic field, pref-

;;o Also in general terms, the method con- erably by a spirally :revolving magnetic 115 
sists in proYiding a plurality of spirally field. In Fig. 6a each cathode consists of 
arranged electrical circuits excited by poly- two tungsten ''i~s which cross each other ··­
phase electromoti n forces displaced in time- at the focus of the reflector R . but are not . ·::.: 
pha!e from each other by a phase-angle in metallic contact with each other . . Ea.cb ,{. ,~; 

S5 equal to. the position angle of the coils of of the four tungsten wires of the two cath- Y~ 
the circui~s. · . · . . odes is placed in circuit with one of t_he · .-~-£~ 

The spm1.l movement of the magnetic copper conductors of the secondarj". W1th - ::~ 
poles, prod!lced by. winding the iro~ c<?res~ f?ur of said copper cond~ctors displa.ce;I ~y ;~~ 
C C and C' C', w1th four-phase w-md1ngs mnety degrees and carrymg four-phase·cur- ~-&":, 

· co and supplying these windings with four- rents: the· two cathodes may be heated tO i.I;l- ··lZ., 
phase currents, is indica.ted by the arrows in ·candescence, and will liberate and: '-·' 
Figures 4:, 7 and 8. By this arrangement I .a copious supply of electrons. The ,....,, .... v•~~ 
produce a spirally reYoh·ing magnetic field, may _be heated, howe"Yer in 

~~ by means of which tl)e elei;trons are. eon-· . .manne.r .. , In. Fig. 1, t.hO 

~l1.verted into el:ma:nS :Z·=~=nd:n c:<: & · ____ ...;..;.;,_-... _ __. 
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~, .·· '•i,5o4~74 f!? l~ 
·· '~~/fhe: s~urces of ~lectrons. may consist {)f with four-phase currents, whereby a spirally CS6 
any metal which can be heated to ·a. high re>oh-ing magnetic field is produced. There 
~ezi!perature without melting, ··such as· tung- :are also four secondary coils wound upon 

·sten, or tantalum, and the. like. : ·. ,: · the t"o solenoids, marked A, · A 1 , A2, and 
,··:5 Many of the existing·:type$ of electrical ·A3, whose ends constitute my transmitting . 

machines, suc}l as· motors and electric lamps, · antennre -and ·connect · '\'l"ith the wireless '10 
can be operated by the energy transmitted conductors as shown. R is a large parabolic 
by my methods'·of wireless transmission of reflector. with a hot cathode, K, located at 
energy. The electromagnetic energy trans- its focus; and R' is a small parabolic re-

. io mitted by my stream method c~n also be con- flector, with another hot cathode K', locc.ted 
verted into mechanical energy by means of at its focus. These hot cathodes are the '16 
my spirally revolving-field motor and other sources of electrons, most of which are dis­
forms of apparatus which are especially de- charged against the walls of the reflectors 
signed for utilizing my spirally revolving and generate or originate Z-rays. 

l5 m~onetic field., such as my re-transmitter- Fig. 10 is a diag:rammatic representation 
generator, illustrated in Fig. 12, to be later of the secondary for a three-phase s~·stem, so 
described. . consisting of t hree.copper loops Y, Y\ YZ, 

Fig. 8 represents in diagram-form the extending longitudinally around a cylindri­
primary for the closed spiral iron-core va- cal frame"otk Q, with their ends project-

:o riety of transmitter-generat{)r, ·with connec- ing beyond the cylinder, and constituting the 
tions to my receiving antenna through the transmitting antennre: marked resp<:!ctively 85 
primary windings. The iron cores of the A A. A ' A', and A 2 A 2

• These loops are 
primary are spirally arranged 9n a hollow eqt~ally displaced from one another: and are 

. . -... cylindrical frame N, as already described in insulated from each other. 
<~5 the case of my solenoid transmitter-gener- Fig. 11 represents a double-bn.rrelled sec-: 

ator, except that their ends do not project~ ondary: projecting two beams of Z-ray wire- 90 
but are -welded together so as to make a Jess conductors in opposite d irection!O. 
continuous iron circuit with small ma!!Iletic There are t'\'l"o reflectors. Rand R'. £acing in 
leakage, in place of the large magnetic~leak- opposite directions, ancl there are two 'Sets 

::;o age at the ends of the solenoids in the sole- of antennre. A A and A' A'. K and K' are 
noid variety of apparatus. In the dynamo sources of electrons, heated by electric cur- 95 
varietv of transmitting and re-transmitting rent. 
apparatus, relative motivn between the prl= Fig. 12 sho"s my re-trnnsmitted-gener­
.marv and secondary members is permitted, at{)r of the solenoid ,·a.ri~ty. "·ith tlH' pri-

;;;; and ·either member (or both members)· may mary "in clings connected with the four pairs 
be driven by mechanical power or energy. of segments of a receiving antenna for four- 100 
The dynamo converts this mechanical energy phase currents. Tile fonr pairs of segments 
nearly quantitatively into electromagnetic of the receiYing antenna connect with the 
energy. The apparatus has a large and· >ari- four phases of the altern~ting current car-

40 able reactance. Self-excitation of the ely- riecl by the Z-ray wireless conductors. By· 
n.amo variety of my transniitter-generator means of this apparatus, ·which is like my 105 
andre-transmitter-generator by armature re- transmitter-gE:>nerator: streams of energy can 
action a.t speed can be explained by the fact be transmitted either in the same direction 
that the counter electromotive force of self- as that of the original stream of energy or 

4.5 induction is not watt1ess or in quadrature in any other direction. Long-distance wire- · 
with the current, but contains an energy less transmission of energy in large quantities no 
component of reactance, as in the case o~ the thus becomes feasible by the aiel of my in-
reaction ~nerator. · ·N e~ative power com- ,vention. · 

: ponents of reactance extst in m}' -wireless- ·:My stream of energy consists of two chief 
50 and-metallic circuit, as in the case of a me- kind:: or varieties of stream~ which may b( 

tallic oscillating-current circuit: The indue- ·described as~ first: the electric stream. com- 115 
tive reactance, as well as the condensive re- posed of electrons (or electricity) flo'\'l"ing • 

· actance. do not represent wattless electromo- alon!r mv beam or cable of. X-rav wireless 
. tive force5: but introduce power components· .cond'i1ctors: and, second: the electromagnetic 

-55 of negative sign into the circuit. " ... '.. .' ·:.stream, . composed of electromagnetons flow-
- ··Fig. 9 r'e,t>res.erits the tr·ansformer type of ·ing along -my beam or cable of Z-ray wire- 12o 
mv transmltter-J;!;enerator in action, ·sendin:z · les5 conductors. : .. · · · · 

__ ..... :(hit two pairs .of wirelPss conductorS . .. s S · .. :·uo,jng electrons are. ·kno"n to be en­
- ·· and S' S' are two solenoids wotmd in spirals · do"~d with kinetic energy, and to possess 

-·60 ari:nuid a: cvlindricnl framework P, and in- .'~ JD!I.Sl?." .· T4e kinetic energy of my stream 
·:~~rs~c~in~(each _other a~ r.ight aj1gl.~s._ ·'. ~~e : ·of electrons~ or electric stream, is therefore 125 
·~o1enoids afford four prtmarv co1ls arranged · 'eqtial to the product. of half the mass of the 

~' 55Jn. !!>.f:WiiiiO .IJ>.P• -~f.aj!PO!'a ~~s; 'ihoWn .~L!c_tr~ns into tl,e ~uare of Jhne!ocJty; or, . 
~' :--,m}'J,!f;'ti,?.~~.~~~ ;(~JJ ~PW.,~r~, ~.~P.P1o~d ~~-~H'h?~. ':.''.:.:.:··, ' . "•· "' u • • ,~ 
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. ... -·. - ·~ :lie conduct9rs cQ!lSi.sting in P.l4>t:'T.1"'1l'<> 

· neding· said spaced metallic 
~h,ere·w is the kinetic energy, m i:; the mass, a,n 1.1ltra X-ray wir~less condu.c~or . 
and v is the velocity. · · . ing the whole ·Qist:mce betweeQ. ~i~ 

~ The kinetic energy of my electromagnetic metallic cpnducto~. ~ r·r.."·""" 

~· ·: stream is greater than that of the electric 3. A system :for genera.ti:r;lg and 
stream, it seems, though I am .. unable. ·to ting energy .;omprising a . closed 
say how much greater 1t is. Moving mag- metallic ele~tric current, mea.lli? for 
netic poles and mo't"ing polarizations of ing a spirally :revolving magne~i.c 

10 space pos~ess velocity ( v), and they act as means f?r applyi;n~ s~ict m~netic 
if they also possessed mass ( m) , and mo- across sa1d electnc c1rcu1t -· · ·· · · - .. . ·.~ . . _ 
mentum or inertia; for insta.nce, in the poly- ~·.A system for transmitting energy co:W-· .. · 
phase induction motor where the rotor is prmng a polyphase alternato:r, a spiral-c;:Ore 
set in motion bY. and: reYolves in the same transfot'ming · apparatus ·whose primary 

:--~ 

15 direction as. the· rotating magnetic poles. member is connected to said alternator 'S;nd 
The sume conclusion maY be reached. how- ~s adapted ~or producing a spirally re~elv­
enr: namely~ that my electromagnetic mg magnetic field~ a secondarv member in 
stream po~sesses greater kinetic energy than inducti~e relation to said spirally revolvin" 
my electric stream, by sayi1_1g that a larger magne~ic field, recei~ing-utilizing apparatu~ .:::; 

20 number o:E electrons are dnven or ptunped at a distance thel.'efrom adapted for receiv- .. ss 
into n1y circuits and set in stream-like motion ing and utilizing alternating currents, · · · 
bv mv distributed electromotive forces and means for producing a pluralitv of ultra 
niv spirallY revolving magnetic field than by . X-ray wireless conductors, one .P~iir :for eaeh 
concentrated electromotive forces~ without phase of alternating current,. and means for 

25 a spirally revolving magnetic field. electrica.lly connecting said wireless conduc- go 
The kinetic energy develo:p-ed by my ap- tors to s!l'id secondaFy metr;~.ber at one end 

paratus is considerable even when both the ?f the c1rc~it and to said receh-ing-uti;liz­
primary and secondary members are fixed mg apparatus at the other end of the cir-
in position and without relative motion. cuit. . 

30 In the dynamo variety_ of my _transmitter- _5. )feans for producing: _an ult~.a X-ray !iS 
c-enerator. where r eln.tn·e mot10n between w1reless conductor eompnsm!! a parabolic 
these t;ro. members is permitted, the kinetic reflecting sm·face adapted for- converting a 
enerav deYeloped may be increased by driv- strean;1 of impinging electrons into a beam 
ing ' the seconchry member o; the. tra?s- of X-:ays, an incandesc~nt .filamen_tary spi-

35 mitter-<Yenerator m the opnos1te d1rect10n ral col! at the focus of sa1d parabohc reflect- IOO 
to that"' of the revolving magnetic field, or ing strrface adapted foJ," discharging ·a 
bv drivinrr the primary member in the same stream of electrons .against said surface, a 
clirection ~s that of the revoh-ing magnetic pa_rtial!:v air-e~hausted chamber enclosing 
field. The kinetic ener~ developed may smcl co1l and s:u.d stream of electrons, means 

'o be still further increased by driYing both :for proclucil;lg a spirally revolving magnetic 105 ,; 
members in these respectiYe directions at field, a_nd means for superi~posing said ... 
the same time. . magnetic fiel_cl in such mann,er t~at the ma~- "".~ 

The frequency ?f the. apparatus rs also netic ~tu wrll pass thro~rgh sn,1d para?ohc t'l 
increased bv drinng- one member or both reflecting surface and vnll be ~;~ubstantla,lly · -~~ 

i5 members in the directions stated immediatelv parallel to the direct ion of sri.id stren.m of l'lo :f 
above in this specification. w electrons. · · ·' · 

'\'\lutt I claim is:- 6 .. The method of producing a beam. of 
1. A system for transmitting energy with- ultrn X-rays consisting i.t;1 discharging a 

out wires comprising a source of electric stream of dectrons fr01v. the ~ocus o~ a 
50 current, a pair of symmetrically disposed P<ll'aholic x:~flecting surface against said s~r-. 

parabolic conductors connected to said face, and m exposing said streaD;J, of elec­
source of electric current , utilizing appar a- trons t? the a~tio.r;t of a spirn.lly revolvi:r;tg 
tus at a dista:o.ce therefrom: a pair of sym- ma.gnetrc aeld m such manner that. th,e ~g- . 
metrically disposed segmented conductors netic. flux. \\:ill be: sul;>stant~ally paralleJ to ... 

55 connected to said utilizing apparatus, a pair the direction of sa1c~ stream, of elecb;on!? aJ;J.Q. . 
.. < of ultra X-ray wireless conductors extend- '>il~ Pt\~ q1,rough, said paril,bolic .reflecting· 

ing the whole distance bet~een said pai.rs sm·face. _ .. · .. . ·:: 
of spaced conductors, and means for elec- 7. rl_l.e me~hod of producing the 
tricallv connecting said pair of wireless con- element of a wireless-metallic Circuit 

60 ductois to said pair of parabolic conductors consists in discharging: . a. stream of 
at one end of the circuit a,nd to said pair trons from, th~ focus of a pa~abolic · 
·of segmented conductors at the other end of ing surfa~e l!-ga;.in~t said ~?U~face in i IJ"'·<_~'"'"- -~ 
the . circuit. vacu.um~ and in expo~~~g said 

2. The meth_od of closing ~ ~;>therwise stl,"e:l:Jl?. to the actio~ of a ~~rally-----··---
open electric circuit between spaced metal- magnetic .field in such manner that 

\ 
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15 

pasS through said _i{#ab~lic_ ! r~fl~~ii~it~r.~ fui'p'osing 'said magnetic 'field thereon in such 
face. ' · · ·- ~-: ·· · ·' · ·, :·.. '· '·. ·-" ' ... · .J ·. ' •·• ri1anii'er that the fuagnetictiux will pass· 

8.' ~Ien.ns for produCing' a b:~am~ :Q~ .. ultr~ thFough. -~a_ch and. e-yery pair of _ paraoolic 10 
X-rays comprising a para~olic're.flecting sur- :r:efl.e~ting sur~aces . an,d _through the major 
face ,adapted for converting ·a_ :$tream·-o_f pin·hon of the electron discharge at less than 
i.m'pinging electr<?.._ns into a beam 'Of X-rays, a right'imgle. : · - ~ - · ·· ·. . ' . 
a source of electrons at the focus of said sur- 13. The method of transn:ilttm<T alternat-

10 face · adapted for discharging a· stream of ing current through a Closeq. an~ confined 75 
electrons toward said surface, a partially wireless-metallic circuit. or svstem ·of such 
air-exhausted chamber enclosing said Svurce circuits, which consists In the displacement 
and said stream: me:;tns for pr9ducing a of ~eparate ·and distin_ct wireless conductors 
spirally re>olving magpetic f_J,eld! and means in ~pace by a position angle equal to the 

15 for superimposing Eaid magnetic field there- phase angle of the current supplied. so 
on in such manner that its flux will pass 14. In the wireless transmission of alter­
through · said surface and will be substan- natine: current means for producing a sys­
tially parallel to the direction of said stream te~ of confined wi_~eless con~luctors compris­
of electrons. . ing: for each phase- ·of"alternatinrr CUlTent. 

20 9. Means for producing a pair of ultra a pair 'of parabolic reflecting surfaces ha,-~ 85 
X-ray wireless conductors comprising a pair ing a cciinrnon focus ancl adapted for produc-
e£ parabolic reflecting surfaces having a ing a. pair of X-ray beams: a source of elec­
common focus and adapted fvr converting trons at the focus of each reflectine: snrface 
a pair of electron streams impinging thereon adapted for discharging a definite stream of 

25 ipto a pair of X-ray beams. a. source or electrons toward each particular reflectin!:! PO 
. sources of electrons located at said focus surface: and means for displacing the diffe1':: 
adapted for discharging a pair of electron ent streams of electrons from one another bY 
streams toward said pair of reflecting sur- a position angle equal to the J?hase-angle o"f 
faces. and means for foc-using and concen- the alternating current snppl;ed. 

::o trating each and every electron stream into 15. In combination a plurality of reb- D5 
:m intense and confined stream of electrons tively insulated parabolic conducting- seg­
comprisin~ a spirally revolving magnetic me:nts~ symmetrically spaced, a r ecei>ing 
field whicn is applied in such manner that antenna at a distance the1·efrom consistincr 
its flux will be substantially parallel to the of an equa.l number. of relatively insnlatea 

35 <lirection of each and e-very electron stream conducting segments, likewise spaced. means J O~! 
and will pass through each and every para- for producing a plurality of confined X-ray . 
bolic reflecting surface. · · wireless _conductors, means for connecting 

10: The method of generating and trans- said wireless conductors and the suitable 
mitting electric current consisting in expos- segments into · a closed and confined wirele~s-

~o ing.a closed wireless-metallic circuit or sys- metallir circuit or svstem of such circuits. 105 
tem of such circuits to the action of a spi- and mea.ns for proclucin~ and applying n 
rally revolving magneti~ field. · · .. · ~ · . . ·. spir l.l.lly rerolving magneti~ . .f:l~}cl .. . 

11. Means for producmg the ~Ireless !!le- 16. Ip a system for ·transmittmg electnc 
mc>nt of n. svstem of dosed wireless-metallic · en~rg.· throu!!h closed and confined wireless-

4.3 circuits comprising ~ plurality of_parabol~~- - and-met~llic circuits: . the methocl of endow- 110 
reflectors, a source of electrons at _the focus in:r electrons with motion along the conduc-
e£ each refl.ect?r adapted for discharging ~t, to~ of snid _circ_uits whi_ch. co~sists i!l e~­
least one defimte str~am of electro~ agamst · posmg each c1rcmt to the actlon of a sptr<•lly 
at least one definitE: segment Of each refl..ec- revolvinc:Y magnetic field. ·. . 

50 tor, a sealed chamLer enclosing_ each sourcg_ 17. Inc combination a trnnsmitting-gen- l l:3 

of electrons and eac~ stream of -~lec~;t"On~, · erating apparatus: a receh·ing-utilizing ap­
and means fot· focusmg and conce_ntrating paratus at a. distance therefrom. means for 
each electron stream upon a segment of the establishin!! a closed and confined-path wire­
suitable parabolic reflector comprising a less-and-metallic electrical circuit .or S\S- -

;;;; . spirally reYOl>ing mag:rietic field whose fltn:. tern . of SUCh . circuits CODIHictine: said ap- !:!0 

is snbstantia_lly parallel. to. the -.~ir~c~~~~: .Pf, ~ar~ti1s,es, jn~a~ for_ 'gener~~ing -e_lectro:no­
each and every ·electr~n stream, ·a.~q p~~s. hv~ Jor~~s d1st:r:Ib),1ted ove.r. two dimensiOns 
through ea_ch ande1-_erj i>9:f?-b~~iq ~~fl._ect~lli( of space~ _~rid r?earisJor._applying said dis­
s~~ent. . . - ".~-~ : -... .- -.~ ... ~ ~-' -'(.; ;.~-~ ,_:,:- ;,~·:'~ t~i~u~ed :~plt~g7· _ac_ros..~ . e~c4 ci:r~lfit: . . . . 

~~ ·- 12. ·Means for proaucm)r' the 'Wireless ~le- · · ·1s. ·In <:·ombmatloli 'a transm1ttma-gen- 125 
~ent. of a sys~~ of c~o~~1d ¥.r~l~~~~l*.~~a1.ljc: eiatiii~ appata~t11~;;~, ,fecei-yjng~_utilizii1g . ap-.· 
c!rcmts compnsmg. for ~ach ·pair· .. ~f ~u:e~~~ - paratus at a dic;tance. t~ere~rom, means for 
conductors desired;~ ·pair of paraooEc ''re'-• esb,blishini"a Closed ind ·confined wireless-

~~, ~~:~:a~Bt':'~i~lf.tir\llt.~W~~~, :~~?iWlitit~~~~tij~~~~· ~Pv.=;.:,~ 
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~Jj~o l~1 
::;,f ·;~~ f?< g!,ng~tiJ!g._ ~~'!I;V!'!otl!,., fgr.ql'!l c;~o.cnn~~Vle_ c:Mt-;. ~t Sffh.."?e,tf'm· ~e~t' - ~ll.u.c•""'"'"· ... •"" tt~er:l~n~~rii' 

ili,:?,tpbute9,. ov~r, t!J:t~e .4@y~B9J?.,~. q£_ .s.P~~~ 
5
, ~.·. ~ . .,~.1J,e~d u· 'tJ. •. lizQ, -· .. J.D.,L.., ;.:. ~·-.-ht;'a~~· a' t .. u .. !5-,·. . an~-- me~~-¥-- .:tor apJ?l;p~~- ~d- ~1~r.(~,i;J.t~<} e.t~Li'\~ ~ ~.r 

e!~ct~o~otn·e torC.e§; ll,!!~()~S ~,cl)._ apd,_ ey~y a1s£mct ultra ~ray' Wireless 
s c1rcmt. . · ~91~t~q ~si ~g . ~a.ke, .e1e~tr_ic~ co~n~~.titm 

· · ~~: -~~~ans . ~9r gen.~,r,at~ng el~~4"_q~Q~.j:~~ ~~J _ ~~;ppa,r~~:t.qs.~. . ..... .. 
forces distributed over three~ dinienslOns.· of 2~, !A ~o~~W.ati9~. ~_wo 
space . comprfsirig means ' 'for · -P~9:~lu~i~g ·~ t~f§. Opel).glg !A. oppo_~lt~ 
SJ,>iJ;P.lJY revo.h~in,g ~a~e~ic_ fi,el~. ... · -.~ ~9rgcidi.I).g n:iajor ~xes, a~ e,_Lec\~,4~.Jo.-cnsl~n;~t 

lo 20: Means fo:: prodlwing · a spjral~y. r~.- i,J;lg · c~tho_d~. a:t tJ1e fo<;u~ of ~.Gh 
V\)}vmg D;lagnehc field COIIfpriSi!1-~ 3,, spj.ral- a,da_pted to the discharge. o£ str~a,ms 
co~e app;1ratu:;; provided, with c~cuJt~cqils. t,r,on;~ a.ga¥1~t p~·ed~tetmiJ!ecl· · 
~upplied. wit~ pol~·phas~ a~te_r:na..'t~:q.g, c~l_!:'- l;!ach reflector. and means for 
rents. srnd COils qemg displaced UP9.il S;lml S~~~~lly ·, re.volv:ln~ magneti~- . . .. _, . - '~ 

15 core by a position angl~ equal to tl).e phas~·- ·~~J:'.S.ely t!)· the, ~8:J?r ~Xe? of. S:;l.ld r¢~ClOJ:~ - ~2 . 
angle of said currents. · 2_6. I~ con::>,bu}atlO.~ a P.~U:ra~1ty ot par.~~ 

21. In. co.r;nbination a sp~ral-core_ trai_ls~. ~oUc_ ref;le,ctoFs, ~n el~ctron-.~ch!\rgii_lg ·~~l~-~ - ~ 
mitting-generating apparatus pro~iq.ea, with, st~~ce a.t tl}e ~oc.us, o~ eac)l, ref;leqto_r a.dapt~~t 
metallic primary and s_ec.o.~c\ary cjr:cu.it~ for the discharge of at least one_ s_tl:e<-i.m~q~ . 

20 adapted for the pr:oil_uctio.!l o.~ a s,Pira.I;ly e1~c.tro~, a~.q mea.~s . ~01: pro<;lucjp.g a"s~n~ .~ 
rev.olving ~agnetic ~el~l ~ij.d, fo~ g~n~.r.ating r:~!lY r~-\-.~lyi~g n;:u~-~ne~ic . .6eld_ tr.D:n~~~~¥,!y · - _ 
electrom<;>,tl:Ve forces_m 1tsm~talh~ s~c9_ndary to tp~ maJor:. a.x.es_ ot S<~ld _ r~tlectors,. . ~~-· ·:. 
c9nduc~ors, a meta)lic_ receiving a~t~~na at · 2.7. I_n C;OIIJ.bi~<\tio~ . spa,ce~ Ir).~talli,q _ ~9.-9;~, 
a distance therefro~ ad~p~eq for receiv~o- d1w.toxs, t~w pqr~pql.I..c r,efJ.ectors }:!,anna ~-I!. 

2 :-i alternating current transllf.itted to it t~rougt electroJ;t-¢.schargmg substance at the focu~ 'iQ. 
a sYstem of confined wireless conduct01;s, o_f. e<\Ch r:efl.ec.tor. means for t4~ pr~clllC_tiol,l_ 
ancl means for producing ~ system o~ ·con: o.~ tw.o beams of w.ire~ess con~udors ex.t~n~~ 
fined wireless conductors extending the ing th~ entire distapce between said m~t<tt­
whole distance between and electrical.ly con- lie conductors, means for electrically coh­

~·'1 nectecl both to the metallic s~copdary con- z:I.ecting saiLl b.earps to saiJ metallic con1.1J.t~.- o~ 
c'luctors of said transt:nitting-gei_lerating ap- tors and for establishina ll. closetl anll ~ oll ­
paratus and to the. metallic conductor:s of fin.~-~-put}1 w.ireless-aril1-m.eta.llic cii·t_~it, OJ..' 

said r~ce~ving antenna at symmetr:ic~.t.ll:r sy!;tem. o~ such cirl'uit, between sa.id ~le~aJ­
spr..ced pomts. lie cond.uctors, means fo_r producing a spi.-. 

:~ :; 22. A sYstem of closed wireless-and-metal- rall.y re,:olvi~g magn~t~G fj_el<l ai_ld for super- too 
lie electrical circ.uits f.or trans~Wjlig ·a)t~i-~ po~t~ s~~~l. field upon t~~ af_qre~aicl in. su_ci1 · 
nating current co~prising twq sets of. met~l- manrier that the magJ;!eti.c l,ipes 6£ sai_cl q~lrl. 
li~ conductors at opposite en9,s o_f. e3:ch cjr- will cut the condudors of each. circuit in th:-! 
cuit which are C~isphtced ~r9rp.. e~ch oth~1: by C.Op,~se. of· z:e\~~lutfon.' . .. . . . . . 

41J a position angle equal to t.he pqqse angle o.£ 28. A system for gen,erating an.cl tra~~~. l~~ 
the i_mp~·essed alterJ;!.atiJ;!:;t e}ectrol'I:lpti~-e IIJ..i.Wng polyphase alternating currents com:' · · 
force, and two sets ot conp~~d w,h:eles:;; .' cQI~- prising means for establishing at least twn. 
ductors on opposite sides of e·a~h Circ-uit c~o~ed a_nd confi~ed 1\·ireles:Hlz:Id-met:illic· :; 
which are likewise cl;i.!?Pl.~ced . fron;:t each. e~e_ctri'cal_ c4:cuits arrange4. in qua.d~a ture po-. <~ 

4·' ot~er, 1!-nd I?eans for: electric~l~y .co~n~_til;lg: sitlo!l: means f?r producmg a sprrally re- . lt9. .. 
· s~1d m~tdhc conclw:ton; . a,ncl s~rd.. w.rtteless . - ~o}.>~rn~ magn~t17 .fjelq, means ~or ~upe!-"Po.s-. ·· 
conductors to en.ch oth.er so. a.s to. estp.bhsh. a m¥ s~1q, magnetic .field upon sa1d C1r-:u_1ts ~u .:~ 
closed and confin.~d~pn:th wir~l.~s~H':n~l.-rnet~_l,- sri..Gh rp.a~~r that the reYq.h-ing m_ugne_tl~ 
lie electrical c~rcnit fox ~c.~ ~.!f.9.. ~se,.;y. ph:i.~,e. l~:t;!:~_s. o! tb:e. field w.ill cut the. con.~lu~to~ o~;: . · 

~0 cf el~ctromqtl n force I;IPpres!?e,d upqn· sa:1cl each. cn·.~mt, a.ncl m_eans f?.r m q ·ensmg tl)e , . 
syst.e!J.:l. · · · . . r~t~ of c~tting b~b>:een. sa,1d magnetic lipes .. 

~3. In combip.a~i_qp a s_om;~e: o~ cuq"elf.t , a aJ.l.i s~~q COI)._d,uc~r:s. · . . ... _, 
pair of. metnlli~ ~r~~it.~~ ant_~· ~Qn: "2~-. ~ 9ll?.~~t! . 'X~r_el~ss-~~q-me~al_~l~ el.ec_tn~, 

53 
nec~ed. ~o ~ai~ _sotJ.r:ce. o.{ ~u~A.~:. ~ ·1?-W. q~ c~.l cxr.c_lHt ~C!lnPt;Isrn,~- ~ . ~r:~~SJP:l~t~ng-_geg~J,"-. 
Jl?..~talli~. re,9~1v;~g.g, ~.nt~ItR-~· !).t ~- · di:f,\aiJ.~~ a.tigg a.PP~lat~w, ~. ~ec.elY.I,ng-ubhngg . 
t!J.exe:Q:-O.IJ,l. coPP,.e~t~d,. ~o. t~ I}t.~ta)!lc. ~9.JilfiJ.!s-. ra,tu~ . R,t • 3.; d}.~tal).~e 1J2,eJ;_~f,ro~~ 
t9rs. o,f. a. s,e~e.c~<!- 1}.~.1¥~¥-'-Z RP.P.l!-rAtl;l~1 • ~W;4 ~!:~l~s . <;o;t;lq9~tq~ e~~~~9,~g tl~~ 
J!?.¢.l).Il~ f9f p,r89-~~W.:r .~ p;~ q~ s'tt?P-.r.aJ~.-~~1}'~-. t;J:n1 ¢~ . ~~~~ a1p1~ ~~li!.c.~~l~_a1J.ly cox:rne<~tm~ 
le~s co'nC~\l~f:..Wg ~~,~.~lO.P,~ e.~t.~}}P:¥.1~ 'I~~g~~· ha: f of we. meta 1c termma 

60 ';l~e., ~?. lqc_ll;.~eP: a~.tq,m,l!-~~ .el~p,t;r,Isa~ ~.?~~TC- e~qh .oJ: ~~~ ~:p~_qr;~t~s~~: l!P.d 
t!~D.. ~~tlJ. ~ptl), _ JNV,t:.~ o,f ~alJ~. ~p.~~JJ.~.c ~r.a.n~;. e)~~-n~NJ..r~ ~¥-lc':t.l:P.g· th_~. ~th.~r: . 
~.l(tl~g ~m.d r~~-ep~~~l11f !!E~~11~-~! · · -- .·. 1:9-~.&:..~X: t~~l!l}.lt11. <;Q.1;_l~~ct9;t;!?: ~~ e~~ 
: ~~~ ~I:l. ·c~m .. m.~~lWf, a_~. ~ .. ~rl,1at!?1}. ~ If!UI. aJ?pa.z:M~~.s .. ~o 2: qo~ . q~twg, I_!l~d!.ID.f!. . 

of; 'tn~~~!fq: . t_r,8).1~P.H~w~· . a.n,teg~~o . . ~p;. tntn· · ~~<1: . --wt.r:~l~.S-;5 . CQn~p.qt~;r:. ~ · ...... ~Ji:W.~III~!.::ii 
~ i ~~~!r4 .;~9; . ~U,i JJ1~r~JfffiryJ t! ~_,1~ ·Ytr .lfi.1t~f!;--: .~,~P~ ~~ W.f.~ ~PF. ~H~.~~¥.~: ~ 
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· Wireless-and-metalliC ... CirCUitS . compnsmg for each imd e'"ery phase.i!ilterna~irig cur"-
t~O sets of. wi~el~s cci~ductors ·on. opposite rent. · - ·- · · 
s1des of each c1rcmt. and of two sets of me- 35. A chain' of ·wireless-metallic electric 

·;, tallic conductors at· opposite ends of each circuits comprisin~ a plurality of such cir- 70 
circuit, for each and every phase of alter- cuits linked togetner and electricallv con­
n~ting curz:ent_ supplied to the system, which nected from beginnino- to end of the v chain, 
mreless conductors and metallic conductors each circuit being- ind'uctively connected to 
are so located with respect to each other as the adjacent circuit or circuits, so that elec-

!11 to make electrical connection, and to f~?rm tric currem can be transmitted a lon2: dis- 75 
a wireless-and-metallic circuit for each and tance through a plurality of electric cfrcuits 
every phase of alternating current supplied from one part of the chain to another part 
to the system. · thereof. 

31. In combination a pair of metallic 36. In the wireless transmission of energY 
I;; transmitting a:;ntennre~ a pair of metallic bv alternatin2: current. for er.ch and e>er~• so 

receiving antennre at a distance therefrom, phase Of alternating Ctlrrent~ a pair of me­
means for producing a wireless element di- tallic transmitting antennre: consisting of 
vided into a pair of conducting sections on two sets of copper wires, each pair of trans­
opposite sides of said wireless element, and mitting antennre connecting with a pair of 

~IJ means for so locating said conducting sec- wireless conductors extendin~ to and con- s:; 
tions as to make electrical connection with necting with ·a pair of metallic conductor:: 
bot'h pairs of said metallic antennre. of the receh-ing antennre, which latter arc.> 

32. In combination svnunetricallv spaced connected to the pair of metallic conductors 
.. metallic transmitting antennre adapted for of the utilizing apparatus desiQ'lled for use 

~;; mn.kin2: electrical connection with svmmet- with that particular phase of alternating t>O 
rically -spaced conducting sections in "a wire- current. 
less· element, symmetrically spaced metallic 37. A receh·in!! antenna di>idecl into one 
r eceiving antennre at a dist.ance therefrom pair of relntively~insnlated segments for each 
likewi~e adapted for making electrical con- and every phase of alternating cunent sup-

::o nection with said conducting sections, means plied to the system, consisting of a circular r.; 
for producing a wireless element divided fr<ln:e-work having conducting segments e~­
into symmetrically spaced conducting sec- tendmg from near the center to the circum­
tions, and means for so locating said con- ference. the base of the circular frame-work 
ducting sections as to make electrical con- beino- msnlated from the ground, and the 

3~ nection with said metallic transmitting and whofe apparatus adapted to be placed in lfJD 
receiving antenore. nperatiYe relation with a system of wireless~ 

33. In combination a source of electric and-metallic circuits so that each pair of 
current, a pair of metallic transmitting an- segments will receive a particular phase of 
tenore connected thereto, a non-conducting current and conduct that phase of current 

<iO parabolic reflector furnished with a pair of to the particnlar circuit in the utilizing ap- 105 
electrical conducting segments, means for paratus designed to r eceiYe said phase of 
producing a pair of confined wireless con- current and to conYert it into useful work. 
ductors and for connecting them to said - 38. In the wireless transmission of cur­
pair of metallic conduc'tin2: se!!lllents at the rent. receivin2: antenna dividerl into a pair 

45 transmitting end of the circuit, a receiving- of r elatively insulated segments. one segment 11'0 
utilizing apparatus at a distance therefrom, being located across ·a beam of ·wireless con­
and means for electrically connecting there- dnctors in such a manner as to receh·e the 

· to the same pair of confined wire]ess con- outgoing current and the other se2"1'D.ent be-
ductors. ing so placed across the beam of wireless 

50 34. '\Vireless-and-metallic circuits for con- conductors as · to receh·e the incomin2: cur- 115 
necting an _alternating-current transmitter- rent, flowing through a pair of said wl:reles:; L-· 
generator with utilizing apparatus, com- conductors or flowing throu2:h a plnralitv 
prising, for each phase of alternating cur- of pairs of said wireless condt1ctors. • 
rent.- a pair of metallic transmitting· an- 39. A receiving ··antenna comprisin2: a 

55 tenn're, and :for each phase of alternating structure with metallic spokes and pendants. 120 L 
current, ·a. pair of metallic" receiving an- or cross-pieces; divided into one pair of rela ~ 
tenore, arid :for each · pha.se· of alternating tively insulated .segments: the structure· be-
_current; 8. pair of wireless conductors con- ing motmted so its to permit' it to turn on its 

-.---: necting said transmitting and receiving an- short a::risor .a::rle; 'in operati>e relation' with l : 
60 tenore, and. :for each pliase of alternating a system"of wireless-arid-metallic ' circuits 125 ..... 
. current, r a ;pair 'of metallic .. conductors or carrying' current: ·said recei>ing' 'antenna be-

windings of the utilizing" apparatus de- ing insulated from. the earth. . . . 
signed 'for. 'il5e ·With that !articular ~phase · _4~ .. AP~~!:a:.~~- 'J~r -~~~~e.i>ing ·al~ernaq!lg L 

~ ;r' of . illterruiting :eUITOlit ail connectea to- a energy . transnnttea by Wlrele;s . eOnduotors - -
~ ,, pa.ir·on&id rOcei1Pi-;.;;te;mre;-tJ>UHofni; comprising a structure th~ '!"Of•:~ .~~ w~C~ L 
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~Jl-!! . . 11~~71 
~ is divided into relati.-ely insulated segments · .. -.ll4T· .. ~n. comb~!!-t~do_n, ~ spiriij · 

containing ·metaJlic. ci:mductoi-5, ·iwith . o~e ta lC prunarv Wln mgs for 
pair Of Segments for each ana e\"'ery phase Of COre which are COnnected With an · ... _~~.:;.U}Cl.~,\JJ:, 
alternatin2' energy flowing through said re~ metallic. s~condary . conductors. in ~--·.,c.-,-. .," 

5 ceiving apparatus, located in operati.-e rela- relation tp . said primary windinus, 
tion with a SYStem of \>ireless-and -metallic in~( a ppar~tUS. at a distance therefrom;· 
circ\.1its carry1ng current, .. s-a1d rec'eiving· ap- wireless conductors which are so ·loca..tea 
panitus.being insulated 'from the"earth. to 'make electrical connection "with safd ·~ 

41. Apparatus 'for receiving and i.1tilizirig lizing ':i'pparafus and with said meta"llic:J ~-
10 energy . transmitted by ·.wireless means com- o~dary conductors~ _thu~ fol:ming a co~p)e~~­

prising a hollow structure the surface of "Wlreless-and-metalhc c1rcmt, or system .of 
which is divided into a suitable number of circuits. . · · · ~- · .. ,.. '·• • 
metallic sezments insulated from each other 48. In combination, a spiral iron-core p~i2 ~:; 
and from the earth located in operative rela- mary wound for polyphase current: adapted ;,~: 

15 tion ,..,-ith a sYstem of 'vireless-and-metallic to producing a spirally re,olv:ing magnetic so ·-~ 
circuits carrdn2' current. and a solid struc- field) a secondary apparatus so mounted · :: ·· 
ture loc.ated· within said hollow structure with reference to the primary apparatus .as 
with an air-space between the h\o members, to permit relative motion between the two . .. 
which ·are so mounted as to permit relath·e members, means for drivinO' one member ~ .:.: 

!!0 motion between the members. said outer a~d producing a spirally revol,ing. magne~i~ q§_-~ 
member corresponding to the primary of an field, thus inducing electromotive f orce ~ . ·:~. 
induction_ motor, and said inner member the metalli~ secondary conductors, utilizing 
corresponding to the secondary of an indue- apparatus at a. distance therefrom, and wire~ 
tion motor. less conductors which are so loc.ated as to 

25 42. In combination symmetrically spaced make electrical connection with said utiliz·-· 90 
metallic transmitting antenn~. means for ing apparatus ·and with said metallic sec~ · 
connecting opposite antennre into a closed ondary conductors. thus forming a complete 
and confined wireless-and-metallic circuit or wireless-and-metullic circuit or svstem of 
system of such circuits, means for producing circuits. • 

so a. spirnlly reYolving magnetic field: and 40. In combination a wireless element di- 95 
means for applying said field across each vided into a pair of wireless .conducting 
circuit. sections extending lengthwise, a pair of 

43. In combination a seamented wireless metallic transmitting antennre and means 
receiving antenna, means for connecting op- for electricalJy connecting them to said pair 

35 posite segments of said rec~iving antenna of wireless condnct.ing sections, a pair of 100 
into a closed and confined wireless-and-me- metallic receivina antennre at a disb.nce 
tallic circuit or system of such circuits, from said metailic transxpitting· anten~re, 
means for producing a spirally revoh·ing and means for electricn.lly ·connecting saicl 
ma&'lletic field, and me:-tns for applying said receivin&' antennre to the same pair of wire-

40 field across each circuit. less conctucting sections. 105 
4-:1:. The method of relaying energy with- 50. In combination with a wireless element 

out wires which consists in spirally twist- divided into a system of wireless conducting 
ing magnetic lines of energy aro1md the sections extending length'\\ise: a pair· of. 
wireless conductors of a closed and con- metallic transmittina antennre for each and 

45 fined wireless-and-metallic electrical circuit. every pair of wireless condncting sections 11_0 
or svstem of such circuits. in such manner nnd me.ans for electrically connecting the 
tha£ said magnetic lines will cut said wire- s.ame, a pair of metallic recei.-ing antennre. 
less conductors in the process of twisting. at a distance therefr¢m for each and eYeY.Y ;· 

45. The method of relaying energy which pair of wireless c.onclucting :sections -~~ . ·' 
50 consists in spirally twisting closed streams means for electric;>.lly connectmg each p~1r IH.., 

of polyphase magnetic enerey around the of metallic receivina 'antennre to the corre-, .? 
wireless conductors of a closea and confined- sponding pnir of wireless conducting sec-· . ,. 
path wireless-and-metallic electrical circuit, tions. . ·.: ;~~ · '~ 
or svstem of such circuits, in such manner 51. Apparatus for rela.-ing and :?, 

55 thatw said streams will cut said wireless con- mitting energv comprising a 
ductors at a distance from the sources-of said sp~ral_ly a~~a~:~ed "h:on· core~ _wouii~ . 
streams. . pr1m.aH co!l~ foy; pol:vphas_e Cl,l~rel\ts . 
.. 46. The combination with a wireless re~ Cf?il~ ax:~ spn:~.lly d_i_spl_aced aroun.d . 

ceiv:tng· apparatus Of a wireless-and-meta}- CC?;:esl?:v ~ positiOI} a~gle. ~qu~l to~ t4_~ }J~:~!'l'=:il: 
ag lie; cjrcuit co~ecting the receiving station angl~ 9f th~ pqlyph~~e ~u;r;re~ts, t~~ 

~ith. ~ transrilltting ~tation, and containing t~~ ir~~ c.ore~ proj~cting .. t~e_ priinl!~~~:. 
a source· of distributed electrom.oti.-e .. force, cq_~ls, ~Aq the. te~i~~l~ of . . 
na:rp,~l;y_: a. ~pira1ly rev6h:ing magnetic field b~_~g cq_~~~t~~l tp ~h~ !"e_c;el 

~ - ~pj)~~<?: -~c'fo~ ·~aid mrel~s~an.~-:~~t~l~ic c_ir- the ~e~aymg ?t~t~on, a~q ".·",..,.,,,...,.,..,..,,,.. 
~-~~~t.. ' ·.. . . . < c'.' , . "' '"· . ; '"<···· • .. . liF_ §I'?'.!!~. ,fe.'!<llli<t'?.\1; Jl! 
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tion to said primary circuits, and a system of 
wireless conductors e:rtending from the re­
lay to. the next receiving statlon, the termi­
nals of said metallic secondary conductors 

~ projectin~ into the space occupied bv said 
.sy~em ot wireless conductors and intercept­
ing said wireless conductors, thus forming 
wireless-and-metallic circuits between there­
lay and the next receiv?-ng station. 

10 52. Means for relaymg and re-transmit­
ting energy comprising means for establish­
ing a system of closed and confined ·wireless­
and - metallic electricn.l circuits connecting 
the reln.ying station with the next receiving 

15 station, means for producing a spirally re­
volving magnetic field, and means for apply­
ing said field across each and every electrical 
circuit. 

53. In the wireless transmission of alter-
20 nating-current energy, a metallic receiving 

antennre insulated from the earth, compris­
ing for each and every phase of electro­
motive force, a. pa.ir of conducting mem­
bers diametrically opposite each other 
and insulated from each other a.nd from 25 
every other member, adapted to gather alter­
nating-current energv and connected into 
a system of wireless-and-metallic circuits .in 
such manner as to afford a wireless-and­
metallic circuit for each and every phase of 30 
electromotive force applied across the 
system. 

54. The method of producing a spirally 
revolvi!lg ma~etic field which cons~sts. in 
supplymg polyphase currents to m.ndmg 35 
coils which are displaced upon a spiral cone 
by a position angle equal to the phase angle 
of the currents supplied. 

CONRAD RENO. 
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CONRAD RENO, 73, 
DIES IN FLORIDA; 

· WAS INVENTOR 
Former Springfield Resident 

Leaves Wife in This City; 

Was In teres ted in 
Politics. 

·coNI? AD RENo DEAD; · D 
FORMER LOCAL .MAN \ 

> 

Was ... Candidate .·of People's I 
:; .·~_Pa.tty· :: For .. President . . 

DA YTO~ A BEACH, Fla.. r,Iay 7- ' . . I . ·I ! 
(AP~ Conrau Heno,_ .!3, P~oples Par~~~ ' >19~2-.A so nventor . . . I 
candtdate for Pres10ent m the 1!),)_ 1 .< Conrad Reno, 73, . for many years a : 
campaign and one of the leadmg- par~ 1 resident of thi~ city, and candidate of i 
ticipants iu the Theodore Roosevelt i the ·People's parry fo1·. President in : 
progressive _revolt ag~in.st the Repub- 1 ~ 1932, ··died Sunday at· Da~tor::1 Be~~h, l .. 
lican party In 1!>12, dted here today. ,.-;,Fla. He had long been active m politics 

His wiJow, who lives in Spring-field.! and···was the· in\·entor of seve1·al · de- i 
Mass., and a br?ther: J. \V. Heno, Kew {~-' _vic~s .which ~ttracted much attentio~. 
York city, survive htm. i While a . re.s1dent here he made h1s 

Reno was the inventor ot the; headquarters at the Oaks hoteL He 
·~stream" method and beam system of :..-.·leaves· a widow \Yho \-Vas Susan 1.1. 
wireless transmission of t!nerg·y, the : . Eustis, daug-hte·r of Rev William T. r· 

..1·egenerative levitation mot.Jr. and was' .Eustis and a brother, ·J. \Y. Reno of 
the discoverer of the spirally reYolv- New .York city .. 
ing- magnetic field. . Mr Reno's best kno·wn- .:political ·ad- J 

.ventui·e was .his role in.· the · Progres-
Con rad Reno, who wa.q best known sive .. revolt. ied. by . the : late Theodore W.lll!l"'!li"-

in Springfield becatt~e of his political Roosevelt in 191~. He. has .. bceri . tpr ..-.:.,._, 
leanings, had been a resident of thi~ 'years · a re.s_ident of th.e Oaks_ J:lotel and 
clty, with quarters at the Oaks Hote.J. his research into political and ceo-
until several years ag·o \vhen he went nomic questions · brought . him· · into 
SOUth to Spend most Of his ~ime there-; contact, personal and otherwise, "\Vith 
after. His political headquarters were~· many leaders throug·hout·the country. 
in Sr.rin;:;·field in l?:?S when he was. a 1 )n 1!>28, he organized:. the .Ar:-1e1·i~m 

~-candidate for Pres1rlent as well as :n , , Horne. ·party n.nd was 1ts presidential. 
~ .!.93~. - , candidate, ·while ln.st. ·yc'rtr the :People's ; 

.Mt·. Reno was one of the comrnra- · party g-ave him the nomination. 
"'- tively few Sprin;;field men to rate :t i Neithc'r party, ·of course, gained suf-

f bi0~TaphicaJ ::;ketch in \Vho·s \Yho l .ficient popular support to even· have 
each year. Se\'eral indH~~ of .space i · its \·ote tabulated' in the ne·.v.::;papers, 
were required lo relate all his .accom- i ·although there. were· scattered. votes 
pli!-;hments. · - 1 for the party and ;.\Il· Reno ..1n all 

Con rari P.P.no married Susan :\f. parts .of the country. : . .. 
\. Eustis, dau:::·Jller of ,Rev. \Villiam T. iJ' .. Besides being active jn politics in . 

c' 

4 Eustis nf this city on ~\pril 1 ~. 1SS7. rr his own way, ~vlr Reno was. known 
He was an in vent or, :::j u thor· anti 1\ ·as an · author, inventor ·and· lav .. ·yer. 
lawyer. .. . Lf 1 · -/· · _He was pn.rticularly well 1\:no":n .. for ~alll1lla 

i' , . · ~ · the ·"stream·· I?e.thud and beam s~s.- : ~~"' 
· . · ,..:· :. tern of transmtt_tm;; cnel'gy, n.nd .dls-

, 'A' · /· covererl the spirally !·evolving · m:J.g--
. ·netic· field. . r 6-

. \if' 
ft~~ 
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Appl!catif'- .flied :JT'::e 26. 1922. Serial No. 570.966. 

Tn nll ,.J,,,/11 if mn11 t;nnr, ,·n . 
Dr it known that J. Er, \\·.uw F. H":'\· 

~~:!.T.Y. a <·i ti%'''1 11f the• FnitPrl State;:. t'l':-i d­
in!! in ~··hr.m•<"t:uh·. in tlrC' '''llllt(y of Sdw-

c nC'.rtadY. ~tate of >."C'w York hn,:f' illl'l'tHC'd 

,

edaiti 11('\r an<l w:pfnl Tmprcl\'(•tncnb: in 
nlf?l ifier~. of whieh the followill!! i,.: a ~pL•ci­

rntiOn . 
~ -'f.'· prP"t'llt inn:•ntion rrl ntPs to :tmplilipr,: 

10 nnr1 lllnt'•' pnrtir·ulndy tn nmpl ifit•r:" of ll rl' 
m:l!!lll't t·on typl' :"1:<-h :t!-' :Ire f11lly ,!,.,.., .r·iiH•d 
in a pn_rr r entitl!'l! :.'Tit~• ''.':\;!!111'1 ron" I,_, .. \ ). 
hrrt \\. H ull. pnnr:,.:lwd 1:1 t l11• ~t>pfPml •l'l'. 
lfl:?l. numl ~r of the .Tonn:al nf thC' :\m<'ri-

1!:> :_a~ Tn..;titntC' 11f Eh>c·t !'ic·:t! Engttl('PI'~. p:t!!P 
11-.>. 

The object of 111_1· inn~ntion i~ to pt·o,·!tlP 
r:-team: whPrc•ln· t1:r- dC'!!'l'I'P n f :till p)i fica~ inn 
whil'h lll:t\' hr' ohtainrrl with rlt·,·i(·p;:: of tlll' 

~u mn~ctron typP m:ly hC' g"l'~'ntl.'· inc'l'cnsprl. 
Ih tbr term "ma!!ll~'irnn" "" ttsl•rl in thi:: 

;::prc.ificaticm nncl thr C'lairns ,,Jtich follow. I 
intt>ncl to c1Psi!!11ate a cl<'l·icC' n;:Jizin!! an p)r.e­
tron l"trrnm the flow of wltrl'h is ~ontrollecl 

25 bY mrans of a marm<'tic· field. 
·The non•] fcattm·~ whirh T l•<•liHC' to he 

cltaractl':- il"til' of Ill\' in~·rntion nr" Sl't forth 
with parti r:nlnrity 'in thl' npprnrlr(1 claims. 

in l'c.>nt !on itsPl f. • hm"r'···r. hoth a" tn it;:: 
ni:r.~rinn anrl m~tlt •)<l nf npf~!·a tinn will 
hi' m'!rlerstoorl h\· r~frr!'lll'P tn t lw fol­

lowin,!! drsrript inn ta.kt>n in ;.,nnN·t inn ~·it h 
the :tl'rnmpn.nying r1rnwin!!. in ~~·ltirh Fi!! . 1 
shows fliaarammntir~alh· :1 rit•rtrit anan,!!P-

3:1 ment ,,]H!l~<'1)V mY im·r~~inn mn1· lt!' rnrriNI 
into effect. anrl Fi!!S. 2 anrl ~ nrr. rhararter· 
istic Ctll"\eS il1ttstratin!! the relation bet\Yeen 
the mn!!netic field •tr(m!rth :mel t llP C'li :-rent 
in a m~.Q11etron . · 

·YJ .As illustrated in F i!!. 1 .. th~ ma!!netr0n 
comprise~ an cva~n-atr.rl r~et>ptncle ·r. cor.­
tninin!! the filnmentarv rnt.hndl' ~ whirh i ~ 
s;::rotir:ded bY n CYlin-rlr!l'::! anr.r11' ~- T:1c> 

soitrre o! cui-r~nt ·-+ pro\·idP~ hent~n!! ~n;-
M r'?!l t fo: th~ r.athode. .\ polnri;>;inp: fielr1 fnr 

the rr:n~etron mn~· i)p prm·!r1C''l hy m~n.-:s nf 
:-oii 5 ~urro11ndin!! the receptncle 1 wHrh 
:~ "'UtJpE~d ''it;, c:trr~7lt 0f the fit'Oj'"l' \·:;.!t;o 
fm· producing a ma!!Tlet::r.in~ fir1rl d t!~~ rle­

d st1en!!t'h f~om a ~r. :"rce r. f ~U~!P!it 6 . 
.. er.~~. ~hlr:h .. arP t~ ~~ n!11p1~f;r,.-: :1:!; al~n 

~unni!':_)n tc, t~e C{'i 1 :> f~o:1~ t ~ ~ ~ =--"!t:n~d:lr .. ~· 
7 oi be tre.nsiorme::, primary 8 o£ which 1:: 

c•ntii!Pc·1c•d with th •• :"1>! : !'1 ' !' of <'II!T"lll to ).,. 
a nt!'lifi1•rl. T lH· output c·i:·•·uit o f th•• ::ta::- -"; 
Jll'tron ·.d1ic·iJ j,.: t·otlllf'rtcd b·twc••• n till' r·:1i t.. 

odt•:.! and the :rltcll]l' :: inclnd• ·,.: :1 '"q:·t·(' c:' 
c·l!r:·pltt !l and jlrittl:rry winclin!! l " of :: 
tran:;foJ•Jltf'l' !,,. llll':tlt-' or whirl! :t!tti.li!i···: 
c·tttTl'nt:< :trr stipplit•c11o a nt il~znt i nn ;.i!·,·::! : r, ,. 

t\t· to :u1ditio!l:ll :unttlific•r-: !>,· n;c•a:l' ~>f iL·· 
~!'C'()JH1:tt·y windilt;! .11. ThP. Oli! J'!l' o·p·. ·:;:J 

OJ' f)l!' ftl:l(!l!f'{ !'OTl :Jl.~ll it!dllr11'>' t 1tt • !'IIi! !.~ 
\\'lli.-!1 >'tll't.'!llll!cl..: tlu• l'<'t:l' ttt:wlc• ! . 

Tn tltc• ofll'!':tti o_n ol' ih;, ".Y~i,.:n .f"·"' '~';;. , .. : •;:; 
llw l'oil I~ i,.: "" w .. n:td tl1at t!J P nw ,·::··: ; .. 
fip]t{ pt·o;J:;<•t•cl thc·:·pl•:: o ppo<:p<: rhl' pt~-l:, ~·= z . 
ill!! lll:l!!tiC'ti•· fi c'ld nrn•1n• ·N1 J,\. th t• t•r,il .-.. 
T lw cui·\'!• o f Fig. :? 'is :t typic:: I t·lt:r :·::!'! c•:·: .--
ti(' t•tlr,·p :-;f!n\\·in!! tltf' l'Pl:tt:l)!1 hp! ""f'f\!') :'1 i!!f• ';' 'I 

ndir firld st:·Pn!ith nr;c1 t'lllTI'n!' in t:ll' !'l:t~· 
nrt:·on. Tl!P clr.'.!'!'PI' nf arnn1 !fir·a1:n:: ., ~-]:: ,· .:~ 
m:ty he• ohtairH•tl cl t'JWn•l" n'pr• r! t;u• ,.:ln:"· , f 
thC' \'Prtil'al p:u·t ll f th i<: ('!1!'1'('. T:~ tl!•• ::n;·. 
111al OJH'I':ttio:} nf t1l(l t!l :tg"ll~'trnn a ··::!~ ::il:!d_: .. 7.i 
fiC't' th<' pola!'izin!! (]Plrl 1•:in.J!n~:· i::: :::::.; •. ·.:· 
St!ffiC' iC'nt ~trC'ngth to ho],J d:c• ··!;r:·,.T;: 
th ro11!!lt thC' rn :l!.!'!tPtr"n :1t """"' •::•!! ''' · ::- . 
fc)l' c':\:11np1t•. tht• ·\·:th:P in•li··ntc•cl 1· -'· 1 · ,. :::~i::· 
A on t·!tr• ~l\1'1'1' :tlfll! !! t'1c· l'l':·ti•·:rl :·••r!ittn ,,:· sn 
t hr C'tt:'I'C'. 11-hC'n tb• :v1d! ! :n:J:t!' 1::: :!.!· ::1' ~:,. 
firlr1 snpp!ircl hy t 111' · · n : ·:·pr~~ in : :;P :tt:t~,:·; 
(·l:·r·1dt :1~ il!t,:-:tnt!rc! :trHT d,• ... j·r:l~,. :; ;~. !~:·': 
Y ~r!t'rl. thP r-lr:n·:trtr r~~t!t• c·u~·~·c\ ·. ~: !!I t:!k·· · ! , •. 

·fnrrr: sh,wn in Fi!!. :~: th:1t !-·. t!:r "1> ·:·,,. ,,; .•. , 
rlw l'('!'t i··nl pn:-1 ,.;r !ltl' f 'tl l'\'fo \\'!1JJ ,p ;., •. : .. 
Tlll lf'h -:IN'JlC'!' :tllrl !'lit• clc-;!1'1'1' nf :•1 :1pl:r;,.,1 : !<> :· 
wh i··h ma1· hP ohta in<'r1 ll'ill thPrPfrn• :.,. 
mtt('h !!ren'trr. Tn th i<= ca'-'t~ t hC' 1'!1!"" of r:: " 
J'0l:tri7.in !! f.~k1 rP'jl!i l'•"1 to !\!:\=~, •:,: ; : ·'~r- t: r) 
":t1nr of thr mn!!TI~'tt'nn t:m'T'c':~t :1t r1:1' ,,.,:~. 
-\.will he c:ij,..,.1lt1Y In•·,..,.C'r l)t]•nr F~ r· · , .. :: i,r.:-- ~ 
-('r.tt"l.tlln·n·t:-n· tl1. n ~.,· ;e ,·i,., ,;·r··J~;:,l ':,r,'.F:.,·· ;.,-f C\. • '-• ~ - \ ,o . . • 1 , . , , ~ · , • ·-. -• 

th i;: rl!ffrrenc~ bPing" t' flll~l tn t1 lf' ~t:·rn!!- 11 .-,~ 
thP fiC'irl fnrn ishec1 hv th~' cn!lc: 1::?. Tr. t::, .,_-, 
rn~r i1 hts~rntN1 i:~ F;~- ::l. :tn in,•rt•::;:ro ;n r!-,.. 
fie1rl proch:C't'fi hY "~:1 -" ,.,.m prnrh •·r a ""'> 
serment (1crreas,.: in thl' mn~nntr-0~ "tl:Tro!:: 
:1n;: th1~ in t,!rr~ ,,, .. ;n ~·:1n~~ n rlf'r"tf':l~!' i~ t:'o 
fiPl!1 prnrl ncrr.l hy cr: i11 2 \\·hic•h ,,;11 rc:"n]; ~ ~ roa 
f·~~·thP~ f"l(l~rf'~~L"\ nf t:l(\ !'"'!!!~~-:0tri'l~ ~l1 .. !"P!'"'~ . 
'fhP r~~H1 t of t h;~ cnr.in~nt n,..t:n:1 of t: · ~ 
flP.!ri~ p!·')r:ilf·r.-l !:-: ..... n:]~ ,-; anrl 12 !·~~1~!t.= ~~ 
thP ~teP.pc:'nin~ of ~ h P t:h n··~r·:P;~::t:,. ,. .. '":~:r- :,_:: 
in~~ ~ cated in F:!!. S. !n.; 

\Ylliie I hc.\:e shown and des.:!':Oec~ t}:e 
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~i:nplcst embodiment of my ·in\'t'llliiJtt, it will nur:e with Y:!riatious in t'nrrrnl supplircl to 
h<> armarent that IH•m'· woclitic:ations in tlw tlu! inp11t c- ircuit. 
cirn iit :nTatt~!'ment.:; :'is well as in the form !1. The ml'thod of opcrali ng a matrtWl r·•ll :! .". 

of ma!!llet~ou rmployed may be madc• '~ !th- haYin,!r inpn t and output circuits ''""hfch c·t)t\· 
.j "1:t riP. part tng from the scope: of my inw!n- si::: :" producin,!r a polari:;.:ing rna:,rnct i•: 

t!on a:-: set fm·th in the nppt>ncl<'d claim~. flclcl in the magnetrnn and prorlur;in~ h:-· 
li.hat I c-laim u:-: new and de,;ire to !"Ccurc Jncam; of current in the nntput circui ~ a 

1_.;- Letter::; Patr!nt of the Fnitccl Statl'~;.is :- mu:,rnctic ficlcl which oppc SP.!; the polarizir::r ::11 
· 1. In an amplifying sy:;tc•m. a ma:,.rnrtron ma,!rnctic field. 

!·• ha ,·in!! rarl':llls ft:w pt·orlnc:in,!r a. pola.rizin,!r 4. ThL• mcthoLl of opr'!·atin:,! a rna!!ne: !"'1 '1 
ru :I!!IlCt!c· tidrl. i: r; •r:t a 11cl outpul circuit;; :tml haYing inpnt ar.rl outpnt circnit:< whic:lr c·n::-
:t c·nil i!i ~ : • ;. : " '.'' pnr ·~it·cu it connP.c-tecl in si:-t:-: in protlncing a polari:;.:ing ma~r. r>ti': 
:<n.-lr a w:o .,. ; ! ·a~ it nro<lnc-r:< a lll:t!!IICtizin!! fit>lrl i~ tlH' ll!!l!!n<>t rnn. !'llpp1yin!! :1 I'H IT1':1t .,., 

fiP!d wlair:li n rorma1 1 .'~ oppn;:l',.; llll' porlnrizing to he :unplifie1l to tlrr. input eirc:n it :tT!cl p:·:,. 
1:. trl:l!!twtir· ficltl. clueing l>y mpan!' of c-urrrnt in the r,;;; pa d. 

:!. Tn all :lll tpli rying !"Y:<tc·rn. a rnn!!nctron cirenit a ntngn!'tir flp]cl \"t"hi c:h oppo:"f'" ttH' 
11:

1
rill!! nwan,- for pr·orlneing n polnrizin!!: polnri7.in!! fit>lcl anc1 whir·h rarie~ in nr;rnrr1-

mn!!nctic- fi<>l•l. inpnt :mel ontpnt rin·n i t~ anrl ance ·.'""ith Y:triation!' in th e cm·rent !'Up[>1 iN1 40 
n cnil in ~nic1 ontpnt f'in·nit ronnectNl in to the inpnt circuit. .~ 

20 such a wn~- that it pmrlwc:< a mngncti;r.ing In witness whr.rcof. T hnYc hercnnto 10r-t ~~ 
fit>1 c1 ,,hich nm·rna11,,- oppo:.:<·s th r. polarizing m~· h:tn<l this 2~n1 clay o{ .Tune. 1922. ~ 
m:181!'tir fi<'lcl anrl "·!rich r:!rit>s in :wrnrrl- · EDWARD F. H'E;.J"Xi':LLY. ~,g 
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To all u·hom it mny rnnr('.rn: 
HL' it knn\\'n that I. Er~X~T F . '\Y . .Au~x­

.\xm:r;~ox. :1 cit1zL'n of the l.Tnitccl State£. 
r<"~i Lli ntr :{t f;~:hen cdallv. cmmtv of Schem~c~ 

5 tach. Siat<' of X<'" 'York. h~n.vc im·entecl 
certain new and usefnl lmproYemcnts in 
Eh•ctn'n-Di~char~e D1~viccs. of which thc 
following j:-; a ~l)ecificution. 

The pre<oent inn•ntion comprise"' a no·.-el 
10 electron cli!':'ch:n·gp deYicc which i~ partir.­

ll l:trly acbptcrl to th<: contt·nllin!; and ampli­
fvin~ of ekctrieal C111Tents. 
· H~retr)fnrc <'li•c·trnn cli:-:L·har!!'l' dL~dl'cs 

haYc hrrll r:nn!"tl'tiC'tcrl in whi<'ll thL' trans­
l!i ntitt<'\1 ct:r~'E'nt wn~ :;nbiect to the control 

of a ,·ariablc lll:l!!'netic tield. I n thC'se dr­
Yll'C~ the ~athoc](' v;:1~ asiall\· arrnngr.d with­
in the anodl'. prC'fnnhly hc.ing snlJstantially 
L'cp1idi~t:mr frnm t 11c nnocl<! ·· • n 11 points 

~o nlm1!!' its bl!!l h. 
I l1:1Ye r1iscin·erl'•l th::i an L'n~n tnnrc ~!'n!:'i ­

t i ,.e de,·icl' can IJe cnnst r11cted ln· locatin~ 
the anode centrally with l'<'!=p~ct to the cat11~ 
ode. and prd~rahiy spac:in; the cl~ctrodcs 

:!5 S\' l11metricnlh· . 
. 1 haYC iJin~l'rn t('cl cli:t!.!'L':lllllll:ti lCUllY lil 

Fig. 1 :1 fcwm o{ apparnti.1s cmhoclying my 
itc\·C'ntinn: Fig. ~ is a dia~ram illnstr:~tin!! 
:li! l'lPI'!J·iral ·l'ltat·aLfPri :;ti;~ oE mv deYic~{. 

:>n :ttlll Fi!!:;. :~=-. :~b nncl ~c illnstrah~ visuallv 
t·t .. ~·tl'•ltl tln\\' ttndl't' Yarious conclit inns n~c;; 
:m :tirl 11) PXJ'lnin Ill_\' inn~nti()Jl. 

TIH· rl•· ,·if'e shown in Fig. 1 i~ :utaptccl fo~· 
::,.,· :1~ :: n :::nt'lifi<'!' fo r Wt':lk PlPctrical cur­

:~.; n·nl~. for Px:tmplc•. i·:u1io ~ignals. It com­
pri~l'" :111 clnng-att•c1 ~la~:; cnn~lnp<· 1 con­
tninin:.:: :1 r·rntrn1h·]o'-'a!<'n elon!ratccl or rod· 
likP :mnrl:• 11 anc'l n helical c:\thode ~ svm­
ltt<'l ril':tlh · snr rot nHlin!r the anode. 'rhe 

:•1 c· ::! ltnrl(• ~ i!' pn• ii't·al1ly' altltnlt!!l t not nN:c~s­
:-arily t'lj t!;cl !c:! ant frr:::t t1 tr• n.;tndc 17 a~ 
:dl t·oin; ,.. :don~ its )!'n ~l!t :t.ltcl 111 :.::t·ner:tl I 
l"'•·i·,.r [., :t rr:t;l;.!.'< ' flw .!'! ·r·t r,.f,.:~ j·,, cl!'\' iCP:-' 
o•Jo1l onoh·i ll" Ill\' in; · ~·•:lio:n in r ·i r ·~· •rhr· .•:nn · 

!~. 1dP! J'\" .\YJfi1 I"I'~Pl'1'f ( CJ P::•·it nf Ju'!". 
Tl ;,. c•:tl iH "It,' :! !:- :Hl:rp ic•cl (., t'i1 ci l ,.],•r.·· 

i rnn:: ino!t•J'ot'llclPnth· , f t lh· )' '' '":!!,!'<' ••i ('11 1'· 
n•n: :tt'l'll~; t!tr ~J•::c.:l' l11•1 \\'t't'll t:.,. <•lr·c.:trnrh•s: 
f• Jl' l'~::ullpk. in 1111' ~:;:•e illl:stl':ltP(l in th· 

:,o fi!!'rtl'l' t·he r.a!hrull' ~·~n,.i~t,.: 11J' n·fractP y 
- lt;; t ~l'l'i:d. )J!'r~frr:tlt!!· i ;;l.l!!"!"tt · l'!lllllCCI;cJ lly 

:'111n1lc 1 ~ mnY ai~o co11~i:::t of tlm~.!';:i ;•n and 
Y:u·inu~ o1het: wet:;b tll:l\' ab~· tlc , ;~,·~L T lw 
~p;;rr ,,·ithin t1H• Pi!Ycloi)c i>: C\':tcn::l erl and 
tlw parts of the cleY ice nrc dPprin••.l n i' gas 
to such an c~Jcn( !lwt tl1c d t•{'i i'•lll cii~- fool 

ch:t l'!!C l':tn nccnr thcrC'i n witlwn(' 1n:1 ~ ('l'i:!! 
!.!'::~ ' ioniz:· ~ion. _\ ~lid1t amoJmi' c:f ::::,.: 
1on1zntion will clo 110 ·h:1l'lil. btlt. i1 sht,.:;],] 
not be !'O hi~h n"' 1 n m:tkc tht> €'1N:t r':!1;: l!ll· 
controllable · in· a J!l:t:.!llCt ic fi<'ILl. · ::::n;nc· 1:; 
~uitnble mean~ fm· !!l'nC'! 'a tin~ :1 ~·ar:ahk 
111ngnetic fiPlcl i!'Z pro~· i1l r·rl. n,.· fqr r:x:n:tpk 
a coil ! dlirh ha~ k•<'n c1i:1!!l':l! lll:l .ttir•::lh 
~hown nclj:w•nt to thl' rli~rll:;:·~·(' t 11IH•. h1;, 
'vhich. as in C!cYiccs of tl1is tYpe. "·ill nr- 'io 
c1i!!arih' ~m'l'otm(l the tt:l w. · 'i'11is coil 7 
is conn'cctt-cl to tl tc !'11\li'CI' of W<':1k \':U'i::bl•' 
cune:~! \Yhich is to l,C' amplified. :1s tcprc­
~cntN1 in tl•1!' c:t~l' ln- the crmc1nc:1 nrs S. (). 

'n1C'rr i!=i al!=io proYicled ~o~t~(' nw:>r.s for 7:i 
f!Pner·ating n pol:J.rizintr elect rir lic-1c1. as rep- • 
rc~cnt0cl lw coils 10 imcl 1 1. rnm1ccted i11 
~cries to n ·source of clirN:t C'll\'l'<'nt. snch :::-: 
a h:t.tten· 12 it'. circnit ''"i:h a Y;lrinh:e re­
sist:>ncC' '13. In circuit with thr C'lcr.trr.clc,.: so 
2 and 17 arc included a ~nib h]e ,.:nm·t·c 0f . 
dircrt c:mrcnt as repre~cntNl hy tl:<' lJat!rry 
H :mc1 a sttitahl<' indic:':ttin!r cll·\·;,.,, ~nr·1t n~ 
a tPlcphonr rt't.:l'i\·C'r 1:-i. · 

\Yhcn no cxtt>rior m:lgtwtir (!!>]r1 i,.: :111 s.• 
nlic!r.l to :111 c>lrl'tron rli ~1:har~!' c1c'\'ic·l' it::\·· 
i ~~~· :t n anorle CC'ntra lh· lrw:\1 rcl \\'it l1 1',•:-!ll'' ·: 
to t!t<' c':tt.hncll' tlw <·k~:trr:ns in !!C'Iwr::l !·,. ,,.: 
to :11m·r in c1irrd. p;l!h~ front t.lw l"l:l>•:c!t· I • 
I hr- :!llo<l r . :ts :-:h"'"n in Fi!!. :)". 1'\"hPil :1 !lu 
llt;r.gn!'tic~ flelrl is !.!'1'!\l'!'ah ••l :'lll1!'! •t:1: i:tll·; 
pn1:nl1rl to tltc rn1hn<lr. thr f'l<'I'!J'CJ!i ~ ::r~' ,],; . 
fl N·t<'ct nnt of a clircc:t n:11lt. \rit h :~ ~·r:1: r::! 
1or:ation of tl1e ca(ltn11;, !n pri1~r clc•·.-i•·:•·: ' he• 
path or thf.' (\lrctrnn~ tC'nt1 t!! l'('t•()il:·· ·•1t !";~~! ~: .-~ 

n~ !-!hnwn in Fi!!. !1'-. '\\"h<'n ; lw :ita:.:·•:••: i: · 
fidel i~ inr·n•:JO'!:tl ~~r!~i ~ ·ir•n!! ·. l !w ,.; ..... •·;,•: 
1'\'l':tl n:tlll· tr:t\'Pl i11 :t ] ; ,:c ~· ~;·, ; , ., ,: i •'" ;, ,; .. , ., : 

llw o·::lhr;d1• 1111 1].;•;,. \\' ;t\ j, :1, .. ;c,, .. : . • 't•l 
linalh· wl~t•ll t l ll' lic·ld :.t':·:•! i :.": lc :: i:ll'l':·:t.· •·:l 
' flfTio •ic•ll lh· !'Jr • o·il'" li ~ \\'ill i':,;: I ·•: .,,.:. ,;., . 

:!llt1d(• !1\' • !'('::;'lOll 11 r llt i .. I {l' fi<•o·l ;,• 11 , 

Itt :t.t1n·ic~~· h:t l' il~!! ·: c·c•:;tr:d!;· ; ........ , 
:1111~<1~· tlit• C'lc•r: tr:>ll!" flm•; in: i<:;•::;r::li·: i'!·:.:: 
tlw :-;nrrom:oli n!.!' r·:tthrHlr• In tlw :lil"·l;• w!<r':l 
tlPf! rr·fpd IP: :t lll!l ~n~·~ ic· np~ :~ ....... ~; ! ,·:::t ; . : 
v·:!,!". ;~ ! . !II"~' t':iii:O:r•cl f , , 1r:t':."P f ;n :• :_:r'::Pt'·tf 

clin•c:finn ! :ll:!!Pllti :t l h· tn th· :lll•·d·· ::n·l !n: ::l 
to f<•l'!ll ot'ioil,.: :thn.ttl t~::• :Jt!•"ic• .. \...: !!11 • 
r"l'll (t';fll!!:tl t'P1'1' 1' or th•' • p-~ .... .. I 'd',, ;, .. . , ,."':"' tl:t ~ 

r:<lltcl t:r;tnl'.:; :;, I. ln a :;n;talo!P "'•H!'Ce col ..:11.!.:-
..... ~ t<·i .. t• :wr;!y n•prPsl•ntrri hy :tn e]1•clt:ic: bat-
... ten· ~.. A regnl:Jl,Jp n·~~~ranl'!' t; 1~ prn­

i. II ~ ,-ifl<'c1 (t• r:onf.rnl t 1"' ln::r! ill;! Clll'!'L'lll. ThL' 

&.:: • ._. ... ~....-·· •• ~ ........... __ _ 
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work:; in the- sau1c direction as the ma~- :.:xis l~Xtt•JHling in the <1\l'~cLiou of llll' tnajnr , • • 

~ 
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netic field in a. deYict• havi:rur a cenlntlh· axis of said c.allhlclc and means for pt·odll...:- ! 
located anode. sudt a deYice 15 much mot:e ing :t magnetic fie ld p<mtllel to the axi~ o( 
sensitiYc. to Ytirhttions of the n).;tgnctic field symmetry uf said electrode:> for controlling 6.i 

!) than :l deYtCC h:n-ing- the C:J.tllodc locatec1 the flow of l'lcdrOllS -from Said Cathode to 
wi thin t.lte nno<h•. I n t he l:lttcr case t.lw said nnod0. 
ma~~netic field mu~t he ~tro11g enough t.(.l :). An cll-!dron <lisdtarge dc,·icc compri;.;­
o\·ercollll' tht' ccntrifu:.ral fon·c of the- <'l<'c- in!! the t·onthinal ion of electrodes containt>d 
trons in tht-il' 'cil'cula~; pa th. The l'('lation iu~an l'Vacuatc;l spnc<>~ the cathocle compt·is- ill 

:u betwet•.n the llt<tgnrt.ie fiekl h•lHlin~ to <1l'- in!! a coiled conductor. the anode hein!! lo­
tiec:t the eleett·o.us tDlCl the ClllT('.nt tratli"· cnted ~llb~tantiaJh· cenfJ•nlh· \Yithin ·-s:l.id 
m.ittcll bY tlw dc,·ice is indiealecl ln· the d1:1- cuilcd cnn<lnctor! :lnd meuni' 'for gcuerating 
g rant coi1stitut~ F ig-. ~~ th<' Ya.lues of the a magnetic fieiLl suhstantiallv parallel to the 
magnetic fie-ld ~1eiog: I)lottl'd as ~thscissrc nnd axis r,>f sai<l cnthotlc. • 

13 the corr{'spond mg field , ·alueg ns ordinati's 4 .. \ n ell!ctron disc;tal'f!e <lcvice· compri!-i-
for :1. gh·en cathode tl!ntperature. _·\.s the ing the combination of an clougated arwue~ 
strength of the magnetic .field is incrcn~erl a helical cathode symmetrically spaced 
from zero the current. rema ins !=nhsta.ntial h· about sairl anot~~ me:u1s for heu,ti ng- said 
constant until the mo!!lletic field l't'ttclt<>s ;1 cuthodc, an endo:;ing- e\·acnll.tecl l'n\·clnpe loin 

, !:0 Yalue represented as Qa. On the abscis~;re. ..:\. <lnd magn<~tic lllCU:1S for controlling an el<~~~- 4 
further inarense of fi l"ld strength cn.nses a. tricnl discharge bet.,nen said electrodes. 
rapid .reduc.tion. of currt>nt unt il at n field 5. An electron dischargE> apparatus co:ll­
strength of ob current h:ls fallen snb~;ta.n - prisinf,! tl1L' enn1hinution of nn <!longated 
tially to zero. <:'lectrode. n lw.Jien l (> lect..rocle epa,~t·cl abo1:t :--.; 

T he mngneti.; field t;e;:e:::s;n·~· to pro1lnce n the same. means for eondncting an clectri<: 
deerense in CtU'rE:Ut. in other Wot•cls. the CUl'l'l'nt throttgh said helix. a senlecl PY:tC\t· 
\'a,lue oa will 1Je lt>S~ in a <l~vit·l' <>mh<Xh-in!! ntcd enwlopl' enclosing- sa irl olcctrod0:-. :t 
mv inwn.tion th.an in ch•,·irc~ heretofot:c loud circuit connected to said electrodes. :tml 
constntctecl h;n·ill.'! ,, centrallv 4.ocntcd a magnetic ' '"inding located to generate :1 !IO 

:.; 

~r, cnthodr.. Tu p!'t~dicp th<' str<'nit.h of the lll:1gn0tic ·field stthstant iallv paralld to the 
polarizing nHtgnetic field is ndjus.ter1 nt axis of sai1l helix. • 
~omo value between on and oh. Con- G . .An electron clisr·ha rae de,·ice colll pri:::-
sequently when the Y<u·i~ble magnetic field ing in combination an ::\acuatccl enwlcpt': 
of the coil 7 is supe-rimp~ed ~tpon the an elong-ated anodP. n filamcntnrY cathod~ :,,, 

:n pohu·izin~ firlrl n n incren~e- 1"11' r1ec1•enF=e of :;y;:;,l1l'tl:icall.\· spaced a hont sn icl a'node: and 
concluctiYitY of the de'\"ice occurs. For ex- meuns for generating a mttgnetic field snh-· 
ample when the vuriab]{' mag<nr.tic fit'lcl pro- stnnt inlly pnrnllel to the nxis of said 
thteed h~· the coil ·j tends to t1ssi~t. t.)l(J polar- cathode. 
izin:.r field !!Cnerated lw the coils 10 and 11. i . An l'lcdron clischar~e ch•YitE' compri~-

40 thC' 'cm·rent: in the ci~cuit l G tt·ntls to ell'- _in;; in combinntion an eYacwttcJ en\·elnp<': 
erease. and c~nvrrscly. when the ma~metic nn elongated anorl(l~ a hel ically coill'cl cath­
!ield of thP <'Oil oppol'<!s th<' pol:u·iziri~ fiel ll orle :,:\·ntmetricallv arrang<>rl :thnut saicl 
t.he cun-ent in the circuit 1G inc'i·~nRe;:. nnode.' HH.':m::: for he:ttin:r .s:tid cathode tn :t 
Tht:.rdot'('. :t ...-u r iahlc current in the circuitS. tt>mpcratw·c snfiicit•ntl~· high to <'mit t•l!'C­

~;; n produces a corresponding a.mpli fit•cl 'arin- h·1ms. tJJagnetic menns fur pr1)dncing a fil'ld 
ble current in the circuit 16 whi<'h can he wh ich will 'leflcet eh•etrons ont of a din•ct 
used in :my desirPcl mnnnN·~ ;1~ in n tell'- path LcLwel•n snicl elPctrod{!S. llll':tn~ f~>r 
phone rQCei,·er 15. Ynrying said fidel, anrl :t lo:ul circuir t'on­

\Yh<~t I claim as new and c1e~ire to f:ecurr. I!<'Ct\':1 to ~aid Ph•ctrode:-. 
:;C) LY Lettel's Patent of tltt.' l7nitN1 S tatcs. i~.- ~ .• \ u de<:tron lli;.;charg<~ npparat u;; <:1)11\-

; ;)C) 

]l).'j 

!lO 

. L In combination, :1.11 electron rl isdt:tl'!!'l' pr! ,.:in!.!· 1 h<· ('<:llJl ,ination of an :modt·. an Ph•l ·­

tlt.•,·it:e aclaph•d to opt•rnte indt•lwnrh•n tly ·of tnHH'I.lli tting catluxle arrang~·c1 :tl•c•!ll :-;:ti ·l 
"'!\~ itmi:mtiun cnntpr i;.;ing tlw cnm lrinal i~Jn :til<~dt•. :111 t'!tdo!-iiltl! C'\':t!:llah•d <'11\·:·lnp<'. an 
7,f au ano<ll'. :UJ l'll•ctro:1-!'ltJi t tin:.r cnthodt• nutp111 1 · ir·~11i t r·•lllllP!:II':1 tlwn•tn. Jll :t;:!'nct i•: I;:; 

~:; arrangecl about ~u.icl :tnnd•• nne{ magnPt ic· 11\t•;Ju,.: fnr g-PnPt·.:t .t: n~ :1 lh·ld .r'l'i''l"int,.r tlJ,. 
1\ll'llll:'i :tl'I'Ullg"l!d to oppo~l' t1H• ]'H!"!-':1~1' n( j•n..:':':t!!<' nf l')l'l"l ron:- f rni ll ,.:aid l·atlJodP In 
electrons frnm !'luicl cathndc Ill :-:aid anrH!I-. :-;nirl :t lt<H it· a11d input 111<':1 1\~ for \'arvill!! 

2. In combination, an (•lectt·oJt .li~chnr:,r~ !:':tid li<'lrl. · · 
do....-ice compri~ an e\·acunted em·elOl)(!. :n witm·:;~ whereo f. I baYt.:: ltl'r<' tttt(o :-d 1:!0 

~ 

(jl) a n eledron-emithn•Y cathode nnd an anode .t:• hnnt! t.hi!' 27th da~· of Scptcmlwr. Hl:2C.l. 

1
~ ~~inclosed by soici c•thode :cl h=ng a~a~jolr 

1 
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UNITED STATES PATENT OFFICE. ~ 
REGINALD .A. FESSENDEN, OF CHESTNUT HILL, MASSACHUSETTS. 

WlllELESS TRANSMISSION AND RECEPTION. 

Application ~ed October 13, 1924. Serial lio. 743,265. 

1\r y in,·cntion relates to the wireless trans­
miss"ion and r~ception of energy, and more 
particularly to wireless signaling; and still 
more particularly to increased efficiency in 

5 transmission and freedom from disturb­
ances in reception and increased selectivity 
an<l range; and more especially in wireless 
telephony and broadcasting. 

It has for its object increased efficiency, 
10 freedom from disturbances, increased selec­

tivity and range, and convenience in opera­
tion and cheapness. 

Figures 1 and 2 shew, partly diagram­
matically, apparatus adapted for carrying 

Hi out my invention. Fig. 1 shews bow the 
waves are transmitted and received; and 
Fig. 2 shews a reception device in more 
detail. 

This invention relates to further devel-
20 o:pments along the lines of applicant's pre­

VIOUS patents, U. S. 956,489..,....June 21st, 
1906; 974,762-:-Jan. 14th, 1907; 1,015,881-
Dec. 19th, 1906; British 2955, 1908; and 
others. , · 

25 Heretofore in the practice of the art of 
wireless signalin~ it has been the practice 
to use for transmission and reception waves 
having their electric component perpendicu­
lar, or in ·a plane perpendicular to the 

30 earth's surface. The reason for this is that 
if the ·antennre wires are placed . parallel 
to the earth there will be substantially no 
radiation in a plane at right angles to the 
antenna and to the earth's surface; m fact 

35 the antenna then acts as a directional 
antenna in a plane containing the antenna 
and at right angles to the earth's surface. 
This is well known and is shewn in appli­
cant's German Patent 225,256-J an. 14th, 

40 1907; and the methods therein shewn are 
used extens~vely and known as the wireless 
cempass. . · 

So far as applicant knows no attempt has 
been made to use. waves having their ~lec-

4.5 trical com~nent parallel to the earth with 
the exceptton of British Patent 2955, 1908 
referred to above; and this, while operating 
\vell for its limited purpose, was very waste­
ful of power and had but sho~t range. The 

60 experience of . others .has no doubt been 
similar. · · . · 

But during the course of some expei-i-
tnents during the late war it occurred to 
applicant that it · woulq be of interest to 
see if & beam of waves ·h~ving its electrical 
componen~ parallel to the ~..rth's surface 

would act differently. On trying the ex-
periment it was found thnt the previous 
excessive absorption no · longer occurre<l, 
especially when the reflector was so tilted 60 
that the beam of \Vaves was slightly inclined 
away from the earth's surface; as shewn in 
Fig. 1; where the electrical component is 
perpendicular to the plane of the paper. In 
fn<'.t the transmission was found to be much 65 

bette·r than '\"ith the usual way, in which 
the electrical component is parallel to the 
plane of the paper, in Fig. 1. 

It was found that it was not necessarv that 
the beam should be inclined awav from the '10 
earth's surface, as if the reflector "was siowlv 
tilted nodes of alternate large range and 
:anall range were found to occur~ especially 
If a sheet of copper were laid on the ground 
beneath and in front of the reflector. 75 
It was also :found that the effect was 

somewhat better, on manv occasions con­
siderably so, if continuous waves were used. 
It was also found that the efiect of atmos­
pheric and other disturbances was reduced 80 
nry greatly, and at times entirely. It W!lS 
al~o found that the beam of waves so emit­
ted was not absorbed to the same extent bv 
the Heavyside layer, (for e:tpl:ma.tion of evi­
dence of the existence of this layer see Elec- 8S 
trical Review, London, Ma-v 11th and 18th, 
1906 ; Trans.·Amer. Inst. Elec. Eng. July~ 
1908; Electrician, London, Dec. 19th, 1919; 
Popular Radio, November, 1923) the turn­
·ing of the plane of polarization through a PO 
right angle from that hitherto used appear­
in~ to greatly diminish the absorption and 
reflection losses and scattering. And the 
fact that other stations operated with the 
plane of polarization perpendicular to the 115 
earth, greatly diminished their disturbing 
effect on the receiving station of the present 
system, which is arranged to receive waves 
~ransmitted with the plane of polarization, 
1. e. the plane ·of the electrical component 100 
of the waves, substantially parallel to the 
earth's surface, or approximately so. There 
were also other advantages. 
. In Fig. 1,1 is the surf8ce of the earth, 10" 
a sl1ort antenna end-on., which may be of the lOS 
type shewn in applicant's projector patents 
referred to above, or of other form, as well 
known in the art, or of the type shewn at 
10, 10', Fi~. 2. · The source of oscillations is 
she~ at 4, and 5, 5' are the ~eads thereto 11_1t 
from the antenna. · · · · · ·. · ··· ·~ 

The refl~r 3, may be eit:her of the para: .. ~~). ~ 

fil'h 
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~2 1,617,040 ~ 
holic spherical or cylindrical form~=;! accorrl- rmay from the plane of the ·earth's surface, · .. ~~ 
ing to the latrnll rlisper~ion Cle~ired and as shewn, though. as staterl abm·e, it may 
ranae. It may be made of a sheet of copper be tilted down to be parallel to it, especially 
or other eondndor! 01' of parallel wires, as if a sheet of conducting material is place;! 

n WE'll known in the ;~rt. The w;n-e-len~th in front of it or beneath it, as tlescrihcd 'iO 
:mel size of antenna, which lies horizontally above. 
lo the carth's ~nrfuee, will preferably be If the dh:tance is short. ther~ will be no 
small eompared with the dimensions of the reflection from the HeaYyside layer as the 
reflt>ctor when it is desired to send a con- waves will not reach that high. With ·long 

JO ct'ntratf'(1 heam. nv the term "small wave transmission tht! waves it is believed, see 75 
length'' is lnPant ~'ave length small com- ex~ts referred to above, are reflected 
pared with that standard in the art, or, in as shewn. 
other words, substantially as discloserl in At the receiving enll a small horizontal 
applic:anfs companion application, Serial antenna~ us shewn at 10, 10', Fig. 21 may 

1:3 Ko. 5:32~48!): filed .Tan. 28, 1922, where the be used. Or. as shewn in Fig. 1, a loop 80 
waw length is disclosed as above one meter ant~nna, suitably ~uned and with capacity, 
anrl helow fifty meters. This application is as 1s well k-nown m the art, described for 
a continuation-in-part of said application, example in applicant's German Patent 225,­
~('ria 1 ~ o. 532,489. · 256; Jan. 14th, 1907; and elsewhere. This 

~o Means for generating waves of short is shewn more in detail in Fig. 2. The 85 
" ·a ,·e length are well known in the art, loop is supported in anv suitable way. Dor-
e. g. as shewn in applicanfs patents referred mully in a horizontal plane, bv the leads 12, 
to -above, and in applicant's application Ser. 12' of stiff wiret attached to ~the insulating 
No. 532,489, applicant's Patents 793,777; support 13, so that the loop 7 may be ro-

25 923J)63; et al; applicant's papers in Nature tated and tilted in any desired way. The 90 
and elsewhere; and have been used success- receiving apparatus 8 may be of any of the 
fully by himself and by others. See Elec~ well known types, such as are used or are 
trician, London, May 19th, 1922, for produc- suitable for receiving the wa-ves of the type 
tion of 3 meter waves with applicant's com~ used, i. e. wireless waves, of short length, 

30 pressed gap transmitter and Austin's paper preferably. 95 
in Bureau of Standards technical publica- In place of the loop 7 a receiving reflector, 
tions, :May, 1907, on one of applicant's com- preferably similar to 3, may be used; the re­
pressed gas gaps loaned the Bureau for pur-·. ceiving antenna may be similar to 10, 10' 
poses of tests. Also the-DeForest three ele<:- of Fig. 2, and the leads 11, 11' attached to 

a;; trode hot cathode tube, as is well known a receiving apparatus like 8. 100 
in the art. Also the hot cathode oscillator The loop 7 used as receiving apparatus .as 
tube of applicant, shewn in applicant's shewn in Fig. 1, bas the advantage for some 
specification, Ser. No. 423,185, filed N"ov. purposes that it will rec.eive from all direc- - ·.; 
lOth, 1920. This, which is a development tions in the earth's horizontal plane and at • 

40 of applicant's former types, snewn in U. S. the ·same time not be responsive to disturb- 105 ~] 
application 222:301, Aug. 26th, 1904, and at!.tes coming from overhead. It may also ·;; 
U. S. Patents 915,280 and 1,133,435, is pe- be used to cut out any particular set of dis- ~ 
culiarly adapted to the production of short turbing influences by conjoining with it the ] 
waYc lengths, for ·with very short wave short horizontal antenna 10, 10' as shown . .., 

4!i lengths the extremely high frequency cur- in Fig. 2; which is preferably formed of 110 i 
rents flo,ving in the hot.cathode are confined a. ·pair of knobs 10, 10' and a pair of rods, · ., 
much. .more to the. surface than with the 9, 9'. When used for antenna in conjunction -~ 
usual frequencies, and hence the efficiency is with a reflector, as shewn at 3, 10", Fig. 1, g 
much increased as much less cathode has to the knobs may be omitted, as they slightly :·~ 

50 be heated, i. e. much less of the mass of increase the size of the reflector necessary ll5 -~ 
the cathode or much less conductor, and for equal definition of beam. · 1 
the response is better .. Moreover, by mak- This method of horizontal/elane polariza- -~ 
ing nodes in the cathode condu~tor and plac- tion has many advantages as escriboo above. -~ 
in~ the anode in suitable position opposite 'It is espccia.H;r valuable in broadC3.sting, as ,3 

5;1 onC' of the nodes, ot:-more than one, the powertitl statiOns near by may use, the one 1~0~ 
nntenna itself which radiates the waves may horizontal, and t.he other vertical, polariza- ~l 
l•e l·onstitutecl of a short section of a heated tion, and listeJ_lers-in nenr by mav 11se the ·~ 
wire or ho11ow cylinocr ""·hich also acts as oppositely ·pOlarized receiving .sets. I . e. a ··:2:. 
cathode. Or it may be an extem1ion of such t•eeeiver usin~ a vertically polarized nntenna. . 

l 
l 
l tin wire or operatively connected thereto. In apparatus of the usual type will not .. be 125:: · 

this way very shott wa.\·cs may be efficiently substantially interfered with by a high .: ·-" 
pl'o.duced, a~d. also efficiently radiated. P.owered horizontally polari_zed. sending "stn~ . · -:~.~.-:-

~ . :r'llls ]ast. descr:bed method_ and ~pp~ratus ~on: It alS? ena~les ~hose usmg lo~p ~e~ .;_:;•_~·~t:iii L 
~: IS not clatmcd m the tresent aQ.phcat10n. ception to l1sten m stmultaneously to all .·::~~ 

~~;;;;:;=:1~;!;65 =Th;:;er:'lefiecto~ pr=bly :~d :tly ~ons whi:iJJ enjoying freedoni frori/6. l 
- ~~~~·~·=·~ ~ ·~ ~ r=====::..l 



·static, and henee is especially suita~e ·for 
marine work and inter-subscriber communi­
cation and the like. And at the same time, 
by the use · of the method shewn in appli-

;, cant's Patents, e. g. 721,329, Mar. 14th, 1903; 
7ii2,895, Mar. Hth, 1903; et al. may operate 
directionally. 

Wbere the horizontal loop or coil antenna, 
as i. e. of the type described, and shewn at 

10 7, Fig:;. 1 and ~' is used f?r emitting waves 
as in broadcustmg. the cotl or loop 1s pref­
erablY placed on the top of a high pole 
and nt a distance from absorbing bodies 
which might act as above described, prej-

15 udicially, in the case of the projector de­
scribed above. 

What I claim is:-
1. In wireless siJmaling: the method of 

increasing the reliability of operation and 
20 diminishing errors and disturbance, which 

comprises transmitting the wireless signals 
by horizontallr polarized wa-ves projected 
from the sending station at an angle sub-

a 

stantially inclined to the plane of the earth~s 
snrfaee at said sending station. 25 

2. In wireless signaling, the method of 
increasing the reliability of operations ami 
eliminating errors and disturbance, which · 
comprises receiving horizontally polariz~d 
waves at the receiving statiqn at an ang-le 30 
substantially inclined to the pl:me of the 
earth's surface at said receiving station. 

3. In wireless signaling, the rnetho4 of 
i~cr~a;>in~ the reliability ?f operation apd 
durumshmg errors and dtsturbance. whti!h 35 
comprises transmitting the wireless · signals 
by horizontally polarized waves projected 
from the sending station at an angle substan­
tially inclined to the plane of the earth's 
surface at said sending station and ~iv- 40 
ing said horizontally ~larized waves at th'! 
receiving station at an angle substantially 
inclined to the plane of the earth's surface 
at said receiving station. 

REGINALD A. FESSEND])N. 



BEAM 
WAVE TRANSMISSION 

"' \ . "' \ 
' ·. ' ,. ... , ~~ 

( 

f 

f 

r 

f 

l 
[ 

f 

t 
l 
l 
l 
L 
L 
L 

~~--~ L 
.... --.~J 



, 

I 
I_ 

L 
! . - . 

Jan. 24, 1928. 
R. S. OHL 

ULTRAHIGH FREQUENCY GENERA~OR 

Filed Dec. 24, 1924 

BV 

1,656,987 

INVENTOR 

h"~ ,\;Old 
l,f1/f.,~ 



·. 

Patented Jan. 2-~, 1928. 1,656,987 

UNITED ·sT:A TES PATENT OFFICE. 
RUSSELLS. OHL. OF NEw YORK. N.Y .. ASSIGNOR TO AMERICAN TELEPHONE AND 

. TELEGRAPH COMPANY, A CORPORATION OF NEW YORK. 

ULTRAHIGH-z"REQUENCY GENERATOR. 

Application tiled Dece1nber 24. 1924. Serial No. i57,92S. 

Thi:; inrer1tion n·lutcs to high frequency 
gcncrators anrl particHiarly to a generator of 
tile~ Y!lC:ll nut tu!;e _I_.YP~ ·.Je~_igt~~~l- .!~)1: .. ~h_e. ~ro­
ductiou of ultm-h tgh frec{tH•nctcs. 

5 Gcnc~·ator:; Of the Yncmtut l uhc type h:t ve 
been used . ill 111:\ll ,. 1iclds C) r electrical work. 
Such !!Clll·t·ator~ :ire charac:taizctl by a cou­
pling ltt>bYcl'n the ou.tput anti the input cir­
cuits of the ,-:\ctmm tube by which sufficient 

10 eucr!!\" is fptl back from the untput circuit to 

~ 
the (riput cir;.;uit to mainlain the production 
of o~::ill:tlion!'. The Y:tr·t::tm tube !!enc1·ntor!' 

·· of th~~- prior :u-t haw bc!?ll :-:a!i~factory where 
the frequ:mn· rcnuiri'I\H'nt·.; h:tn~ not been 

15 Y<'Q' hi!!h: that is w say~ not auoYe 5,000 
kiloc~~:cles. \Vith the improw:uent~; being 
rapidly made in raLlio s: ~nalin;,!'~ parliculnr!y 
:tiong- the line,.; of clit·c•<-tio!!al control, it is 
tlcsit·nble t•1 proc.lnn• osr:ill:tt.ion~ of rc•lath·ely 

20 ~J101't W:tn~ l<>ngtlJ. ff.H" exampJc. of tltt' Order 
of mngnitttd(' e;f ;, nt('ters •H·lc~s. 

This invention reside;; in :1. ,·acmun tube 
generator cap_nhlc of producing- ultra-l1igh 
frequency . osc1llations. Hy the term "ultra-

25 high freqtt<'n<:y~' is meant a frequency higher 
than 5.000.000 cvelr:~ per second. 

The· im.:ention will be apparent from the 
follo\ving- d<:'~cript.ion wh<>n rencl in connec­
tion with the attached drawing showing 

:10 schemnticallv n form of emborlin1ent of the 
inYcntion. ' 

l 
In the clrawina. the Ynctmm tube 1 is of the 

well known thrc.r-clcr:trorl(' type compris:in!! 
n filamC'nt 2~ n grid :1 nnrl a plate -t For the 

31) pttt·po!':e of enrrying ont thi" iu.-ention the 
tuhe employed in· the g'l.'nerating circuit 
~hottld hnYe lo,..,. int<'rnal ]of:s at thc 'freqnt'n-
. -:e~ of oscillation. The fil:tmcnt 2 is con­
ue::tNl witl: the ~ous·ce of filnment-hcating-

40 cm·rent 5~ nne pole nf whic:h is p-ronnrletf. 
The connection lwtw<'t•n tltP mm·ce ii nncl the 
filnmE>nt inci11rle~ the choke coil!; !i nnrl 7 
which shoulrl h• ~o proport ionNl :ts to hnvr. 
cxtrem<'ly hi::rh impcel:lncP at the m;cillatinf! 

45 rrN]tl('Dcy. Tlw ;!!":rl ~ if: conn~C'tc.rl with one> 
of the fil:llnC'nt k:ttl~. thc r•.HmcetHlll it~dltrl­
ing- n hi~h frC'q::cncy chnkt' coil 8! a rc­
~i:;tnnce !) nnr1 a l'o:Hl"n~···r Je). the• ,:aid n•­
!=ic:tnncc !':<'t·vitt!: ~"' th .. !!drl ll' ~tk. Th<' rlntr 

1111 ·~ I• !'tllllll't•tt'tl wlllt tit" P· .. ,11 h· t~ pol" "r 11w 
• tt'll 't'P II nr l•lni· · pe·l• ·· t :·•l. the• lll"!llfh·r• 

i::: a ,-::r.iable c:on!lcn~cr 1;; w ltid1 t1etermines 
the ll"Cl]tlL'IH:\" 0 f o~ci1Jati011 of the circuit. 
'1'' • , .. t' 1. 1 h 1!e oasc 01 •l\' \":tcllttlll tt:tJt'. name y, t e 
p:t.rl uc.,;igti:tlcd a; 'snppurling thi.· glass con­
tamel', which J,a~·" r·•.md,.; with a receptacle flU 
to hold t.lw tube· in .:nrn~d pos!lion. should 
in cfit>cl. l•t• toll!ltdl·tl to !!l'••t!tHI In ortlet~ 
to nmid the cli"~· ipntion ,;f the hirrh ire­
'lucncy t'llct·gy tht•ott~h its r:npu~ity to 
gt:ouncl. The lJ(I!-~ihilit.'." o_f such _dissipation 65 
will be apparent wh<'n 1t 1s con!':tl~t·ed thnt 
the ha~<>. <'tmsi!'tin!!' nf :t relntiYch· lar!!l' mass 
of mct~tt i~ in c!o;:.c• juxtapo~ifim1to tlt:! Rpnce 
in .''hid1 1hr! high f!·cqneney o~cillatirms nre 
hE>t~g- !':et np nncl 11!1~. n h~o. fn irly large ca- 70 
pactty to ~l-•lll!Hl. A 'fll't'fC'rred method of 
g-ronnclin!!' the lnts;:- cnn~istR in connect.inn· it 
with the' n:::mc>nt-1Jentill!! circuit bet."~cn 
s::id filament :llll1 :1 chol>t~· coil. ior example, 

.Ci, ::o thai· t.hc e·hoke coil ads in the t;nmc 7;; 
mamH'J' w!t h rr•!"pt>r·t to the hn!;e ns to the 
fibment t·it·cnit. The leae.ls fll the cathode 
and the g-ricl :--hmtle1 lt:n·e ns ]ow inclnctance 
a!'cl capacity a-> prnctic:~ble in the construc-
uon of ntcttum tnhe~. so 

The rndinting clcme1:t of n Yncnum t uhc 
gcn<>rator of the type tlcscribccl consists of 
a rod of copper or similar metal of such 
dinmcter ns to cause the rod to rt'main in a 
fixed position withot:t a!Jpt·ccinb1!' ...-ibritt-br:. ·ts:» · 
SnC'h ;t -rod S!lOttld l,Je ung-rountlcc1 and its 
length shottld be onc-hnlf the h•ngl h of the 
f.!Cnerntt'd wnYe. Thc rod shmtld be plnc:ecl 
m close juxtnpoR:tion to the snm-ce of os­
cillations and ~houlc1 h:n·e n thN·:nonmmet"'t· '" H\1 
itisertetl mic1"tray betwct>n the ~nels of the 
rod. .As tlms pl:t.ced tlw rwl ,,-ill :1b~orb 
mo~t of the po\Ycr nn:put of the Yncnnm 
tnbe genet·atot· when the r<'~nn:mt circuit of 
the tnbe is nttunctl to the nalttml period of !ti> 
the 1':)11. 

The manner in which tht> cit·cttit func­
tion~ !o protlnt•t• the u!tra-!ti!!lt frcquenc'\· os­
cillation:; is a::: follow;::: Tlw grom1dc\l sourt>c 
of plnte poh·ntial ll~ which for example. wu 
lll:l ,. be () r the Ol'tlt•l· () r lll:l!.!ll i twle 0 r LllOO 
\·oft~. will c:lu:-:c a !low of Clll"l".'llt (rom ·the 
nlatc -! to the filaliH'ltt ~ :mel to !!round 
iht'ott!.!h the ~nltl"!'e' ;;, This sellll't'l' t\r pl:ttc 
pn!t•ntiul I I will nl ·n nppl,\' 11 t•htii'J!'\ to tht' 
l 1 t11 :d,q, .. ,lf' 1!\ \\!l!t•1t \ \ '11 '' '"dt:t't' l l'··"·t!~\•' 
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leak 9. It will be apparent therefore that 
there wiU be a charge and discharge of the 
conr1cnser 13. nnd the rnte of charge nnd 
dischnt·ge will depend ;upon _ the. magnitude 

15 of the condenser .an~ of .the constants_ of .the 
tuj.Je. The connecting circuits do not np­
preciably nffect the rnte .. o.:f .oscillation be­
en m:c the choke coils. G. 7. 8 and 12 ha't"c been 
so chosen as to preYe1it the passage of high 

10 frequency_ currents through the circuits m 
":hich the. coils nrc. plnced. The oscillations 
produc0cl \T'ithin the tube will be trimsferred 

- to thc-nntcnn:umd rndiated .therefrom. The 
connection oi the bnsc :z: of the tube to the 

111 grouooed _le:ld_ of the filament beating cii·­
cuit, '1\·hich ~ea~l includes the high frequency 
ch~ke coil G, p>c\'cnts the dissipation of_ en-
er!!'> through the . base. . . . _ . 
.. :\s.nn 'indic~tion of the mngnitudes _of the 

20 n:rious parts; it may be st:tted that in _a gen­
el'ator producing u wa,•e of 5 meters the con­
,Ien::cr 1~ :w;\s. Yarinble up to the maximum 
~apadt;( of 150 mmf.; the cundenser 10 had 
a. cnpadty of .. 001 mf.; the r~~istancc 9 was 

2j of 5,000. ohms; the .tt.tbe '""~ts of 51 \\·atts ca­
pncity ; the source !j was of 10 volts and the 

source 11 wns 1,000 \·oll<;. 'Vith such ar: nr­
r:.mgeOlcnt i.t was founu lh:tl the power out­
put efficiency was comparable with that of 
n Yacunm tube generator producing much 3•• 
lower frequencies. 

'Yhile this inYcntion has been <lisclo::;ctl 
as embodied :in n particular Ior1u it is to be 
understood th:lt it is capable of embodiment 
in. o~her form~ without dcpn:tin~ f!'Om the :ss 
spmt and scope of the nppt'll11Pt.l cl:1im. 

1Vhnt is clninied is: · 
..:\. generatm· of ultra-high fre<tuenc\· os­

cillntions~ comprising"n Yaeuum tube haYin~ 
a I>lnte~ a grid ntHl u fiinment. an e\·acnnteu 40 
-rcs;.:cl enclosing sut:h clectrodrs :md having 
a mctnll!c husc supporting suid ,-esseL :t con­
<1l'~sei· c~uilling ~tween s!tid· p!nte and ~rid, 
~- grounded source flf pbte pot(mtinl~ a. 
:.,.,·o.unded _Fource of filament-heating cur- 45 
reut, n.nd. a conuection between the said tue­
!allic b:t~c and ~h~ gl'ounded sitla of the 
~ nu::<'t> of tilament-heatin~ current. 

ln ~rstimony wht'r~ur. I h:\Ye ~igued m,· 
niune to th!s specification thi:-; ~3nJ d:tY of LO 
D~~t·mLer, 1S2-L • 

RUSSELL S. OHL. 
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~ h, this current is also i,Opresscd on the sec- is impressed on the primary winding of the 

ondary winding thereof, and thereafter upon transformer k', the choke coil HC opposing 
the input circuit of an amplifier A:M. This the flow of current of the frequency of 40,000 
amplifier AM may be any amplifier well kilocycles, or of higher frequencies, and the 

5 know_n. i~ __ the ar~,_pr~ferab!y ~ ~~cu':lm_ tu~e choke coil Lc:. opposing. the _flO'~!. of C].lrrent 70 
amnhfier:. . · . . · . . · .': , : · . ·.. . of the frequency of 50 kilocycles m order to 

The ·o'utput Circuit of this amplifier is ·con- pe.rniit this latter.freqU:~ncy to be trimsmitted 
nected to a detector D which has a rcceivin,(Cto the·primary winding of the transformer 71-'. 
device connected in the output circuit thereof. This difference :::frequency, -or Jntermediate 

10 This receiving device· receives ·the sirrnals · frequency, also .has ·:the ·si~als transmitted 75 
which are superimposed on the current of the from station .A impressed thereon and is am­
frequency of 50 kilocycles which'are ·detected plifie-d by:-the amplifier Ali'. After ampli-' 
byD. . · : . . : : .~catiop. by the a~plifier Ali' this frequency 

The apparatus at statwn B 1s sumlur to the 1s transmitted· to the detector D' so that the 
15 apparatus at st;~.tion A, the reference char- s!gnals may be deriTed therefrom. . so 

_acters for· tne-:'l.pparatus at station B being Similarly, signals from the transmitter T' 
the same ·as the reference characters at sta- superimposed on the locally generated high 
tion A e::s:cept that they are primed. frequency, for e::s:ample, 40,000 kilocycles, are 

The arrangements of this invention oper- transmitted by the parabolic reflector PR' 
20 ate in the following inanner: :1t. !;tation B to the parabolic reflector PR ·ss 

The oscillation generator 0 transmi.ts a at stn.tion A. This high frequency upon 
hiO'h frequency, for e~ample, 20,025 hilocy- '-vhich signals are superimposed is beaten with 
cl~s. to the input circuit of the vacuum tube the high frequency generated at the station 
VT: The output- circuit of this vacuum tube A in the output circuit of the vacuum tube 

2;; is tuned by the variable condenser cl to a h:;r- YT at station A, for e::s:ample, 40,050 kilo- 90 
monic of the frequency in the input circuit, cycles, so that an intermediate frequency, 
for e~ample, 40,050 kilocycles. For the trans- for e~ample, 50 kilocycles, · results which is 
mission of signals from the station A to the :!!nplified by the amplifier .AJI and impressed 
station B the transmitter T tr<msmits sig- on the detector D after being amplified by 

3o nals through the choke coils LC and HC, the amplifier A~I so tJ-tat the signals may be 95 
and these signals are superimposed on the derived therefrom. 
hiO'h frequency current in the output circuit It will be understood that in the arrange­at the vacuum tube VT. This high fre- ments of this invention, as disclosed, sig­
quency current, modulated in accordance with nals cannot be transmitted simultaneously . _ 

35 the signals, is theri transmitted through the from station A and station B by reason of 100 
condenser e and inductance f to the aerial R. the fact that there will pe intermodulation · 
Bv >irtue of the relation of the elements of of the signals and neither signal will be un­
tl-ie parabolic reflector PR to ·the aerial R, derstood. But the invention is not so lim­
a beam pf polarized waves of the frequency ited, for arrangements may be provided to ._ 

~:o of 40,050 kilocycles modulated in accordance permit the simultaneous transmission andre- .:ios 
with signals is transmitted from station A ·<:eption o-£ signals between two or· more sta-
te the parabolic reflector at station B. tions without intermodulation. · · · 

This beam of polarized waves strikes the It will be understood that the frequencies 
inner surface of the parabolic reflector PR' referred to herein are merely illustrative and 

•1:; at station B. Thus, this beam of high fre- that other frequencies may be employed in no 
quency waves modulated in accordance with practice as conditions necessitate. 
sio-nals is transmitted by the aerial R' at "\Vhile the inTention has been disclosed in 
st~tion B to the output circuit of the vacuum one particular embodiment which is deemed 
tube YT' throu<Yh the inductance f' and th~ desirable, it is to be understood that it is 

50 condenser e'. There are also impressed on the capable of embodiment in other and varied ·ii5 L. 
output circuit of the vacuum tube VT' the or~anizations without departing from the 
oscillations of a harmonic of the frequency sp1rit and scope of the invention as defined 
of the oscillation generator 0'. · The fre- in the appended claim. 
quency of this harmonic may be 40,000 kilo- 1Vhat is claimed is: 

f:::i cvcles. A system for signaling between tw.o sta- 120 L 
·Thus the high frequency oscillations, !or tions, in which each station includes. in com­

example, 40,050 kilocycles: received at sta- bination, a low frequency oscillator, a -.ac­
tion 13, modulated in accordance with signals, uum tube system having a grid circuit and a 
and the osci1lations of the frequency of the plate circuit, said vacuum tube syste.::n being L 

co harmonic of the oscillation generator 0', for employed for locally producing a predeter- 1!!5 
example, 40,000 1..-i.locycles, bed in the output mined h~u·monic of the current of said oscil­
circuit of the vacuum ~ube V~' to produce, !~tor of a frequency suitable for tra~smis-
a.!:ilonrr other frequencies, n difference fre- swn through space, n. source of voice fre- L 

~
-.. & quenc}·, for example, 50 kilocycl<;_s. ';(h:s d!f- qucncy signals connected to the plate cin:uit ~F 

o fercnce frequency, for e::;:ample, oO k!locyclcs, of the vacuum tube system and moduln.hng 130 

~~ ~~ l .=::====::t A A A A==~ ~ ~ ~ 
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the high frequency oscillations derived there­
from, a parabolic reflector coupled to the 
plate circuit of the vacuum tube system, said 
parabolic reflector being employed for trans­
mitting as a polarized beam said high fre-

5 quency oscillations modulated by said voice 
frequen<;y signals, said parabolic reflector 
also receh'ing from a distant station a similar 
polarized beam of different high frequency 

0 
oscillations modulated by voice frequency sig-

1 na.ls, said received high frequency oscillations 
modulated by voice frequency signals and 
said locally generated high frequency oscilla­
tions produced by the vacuum tube system 

16 
being beaten ~o~ether in the plate circuit of 
the vacuum t]!_ne system so as to produce · 
oscillations· of an intermediate frequency well 
above the range of audibility and which is 
modulated by the received voice frequency 

20 signals, means for amplifying the interme­
diate freauencv and its modulated voice fre­
quency signals~ and means for detecting said 
received voice frequency signals. 

In testimony whereof, I have signed my 
25 name to this specification this 21st day of 

September, 1925. 
RUSSELL S. OHL. 
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When use is made of electric 4J.scharge tubes 
emitting light rays, for example ultraviolet 

:S, it is often desirable to throw the rays ill a 
~ed direction. For example, 1! a dis­

" f· ~e tube e~tting ultra~olet ~ys is utilized 
· 1 tor the irradiation of an obJect Wltb ultraviolet 

l!ght it is advisable to concentrate the ultraviolet 
raYS 'on this object owing to which the active ef­
fect of the irradi~tion 1s enhanced w~e other 

10 
objects in the neJ.ghbourhood of the discharge 
tube are exposed as little as possible to the action 
of the ultraviolet rays. 

It haS therefore previously been proposed to 
surround such a discharge tube partly with a 

u refiector whereby the rays emerging from the 
tube are re:fiected as a concentrated beam of 
llght. 

The invention relates to an electric discharge 
tube suitable for the emission of light rays and 

10 it has for its object such a d.lscharge tube con­
structed in such manner that concentration of 
the rays generated is obtained in a very simple 
manner. 

In an electric discharge tube accorcllng to the 
15 mvention, part of the inner side of the wall of 

the tube is provided with a mirror which forces 
the rays produced in the dlscharge tube tQ pass 
to the outside through that portion of the wall 
which is not covered by the mirror so that a 

30 concentrated beam of light is obtained. The 
discharge tube occupies less space than the m­
stallation with a refiector utilized before while 
due to the fact that the rays are refiected within 
the tube, they will be less absorbed. 

3~ For generating ultraviolet rays use 1s frequent­
ly made of a mercury vapour discharge. The 
mirror is made in this case of a material which 
re:fiects ultraviolet rays, tor example of chro­
mium, nickel or aluminium, and which preferably 

<tO does not amalgamate with mercury. 
In order that the invention may be more read­

ily understood and more easily carried into ef­
fect, it will be explained more fully with ref­
erence to the accompanying drawing which rep-

45 resents, by way o! example, a discharge tube 
according to the invention. 

The discharge tube represented in the draw­
ing serves to generate ultraviolet rays and com­
prises an incandescent cathode 1 and two anodes 

so 2 while it is filled with a quantity of gas, tor 
example of argon, under a pressure, tor example, 
of some millimetres, some mercury vapour being 
added to the said gas. The wall 3 of the discharge 
tube consists of a material transparent to the 

55 ultraviolet rays generated in the mercury va-
lng mercury vapor, said container being adapted 
to transmit ultra-violet radiations and being 
covered, in part, internally with a mirror of 
nickel to r e:fiect said ultra-violet radiations. 

6 5. An ultra-violet generating electric discharge 
device comprising a. container, electrodes sealed 

pour discharge, !or example of quarts or one 
of the well known ultraviolet transmitting glasses. 

The inner side of the wall of the bulb of the 
discharge tube is coated with a refiecting mirror. 
This mirror consists of a material which is not eo 
harm!ully attacked by the gas or the vapour in 
which the discharge is produced. Besides, this 
material has been so chosen that it refiects the 
ultra-violet rays. For example, chromium may 
be used for this purpose. Tbis metal does not 65 
'form an amalgam with mercury. In the mirror 
is lett an ·opening 4 through which the ultra­
violet rays produced in the tube can pass to the 
outside. A concentrated beam of rays is the 
result thereof, which as above set forth may be 70. 
of great importance. Due to the tact that the 
rays are refiected within the d.ischarge tube, the 
absorption of the r&ys by the material of the wall 
of the tube is very slight, which is favourable 
for the eftlclency of the tube. 

The chromium mirror may be provided in the 
tube, for example by evaporating, before the elec­
trodes are introduced into the tube, a chromium 
or chrome-nickel wire in the exhausted bulb 
during which operation the window 4 1s screened, 80 
for example with the aid of a mica plate. 

What I claim is: . 
1. An ultra-violet generating electric discharge 

device comprising a container, electrodes sealed 
therein, a gaseous atmosphere therein comprising 85 
mercury vapor, said container being adapted to 
transmit ultra-violet radiations and being cov­
ered, in part, internally with a. mirror adapted 
to re:fiect said ultra-violet radiations, said mir­
ror being of metal inert with respect to said 90 
gaseous atmosphere. 

2. An ultra-violet generating electric discharge 
device comprising a container, electrodes sealed 
therein, a gaseous atmosphere therein compress­
ing mercury vapor, said container being adapted 95 
to transmit ultra-violet radiations and being cov­
ered, in part, internally with a mirror of chro­
mium to refiect said ultra-violet radiations. 

3. An electric discharge device comprising a 
container, electrodes sealed therein. a gaseous 100 
atmosphere therein comprising mercury vapor, 
said container being adapted to transmit light 
radiations and being covered, in part, internally 
with a mirror adapted to re:fiect said light radia­
tions, said mirror consisting of a metal of low 105 
atomic weight and inert with respect to the 
gaseous atmosphere. 

4. An ultra-violet generating electric discharge 
device comprising a container, electrodes sealed 
therein, a. gaseous atmosphere therein compris- 11 0 

. . . . . 

therein, a gaseous atmosphere therein compris-
ing mercury vapor, said container being adapted 
to transmit ultra-violet radiations and being cov­
ered, in part, internally with a mirror of alumi­
num to re:fiect said ult ra-violet radiations. 

GUSTAV ZECHER. 
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OFFICE 

::,iy inventi:::n reiates to ~. mu!tipactor o:;::ilia- gether with a multiplier circuit, of a prefe:-r<:d 
tor and amplifier, and more J:art-icularly to a form embodying my invention. 
neans and method of utilizing se~ondary emis- Figure 2 is a sedional vi~w :md circuit d!agrar:; 
;ion !or the produ::ticn of elect ron multiplic~- embodying the tube shown in Figure 1, connected 
t ion. to be a self-oscillator . .:; 

This device operates broadly on the principles Figure 3 is a view, partly in section and partly 
.:::et forth in my p:-lo~ application, Serial No. 6~~.- in elevation, of a mUltipactor structure utilizing 
585, filed October 7. 1933, for an "Electron multi- four electrodes describing a cylinder around the 
plying device", and my prior application, Serial central anode. 

1;) No. 706,965, filed January 17, 1934. fer "Methods Figure 4 is a sectional view taken as indicated 10 
of electron multiplication". by the line 4-4 in Figure 3, together with an op-

'i'he present appl!cation deals with a multi- erating circuit attached thereto. 
pactor structure and method of operation where The operation of my electron multiplier or 
multiplication and collect!or:. are sep::~.rated. The multipactor. as I desire: to call my device, de-

: -present device is, in common with the previous pends upon the transference of energy. between J .') 
'YPe5 of mUltipactors described by m~. capa.!:>le an oscillating cloud of electrons and an oscillat-
.. ! producing ~rnplification by electron multipll- ing E. M. F .• usually established between a pair 
:ation, and by proper connection c::.n be :~r.de of opposed cathodes, treated or otherwise ca-
. .., generate self-sustaining oscillations. pable of producing secondary electrons at ~ ra-

The primary object of this invention is to pr~- tio ·greater than unity when impacted by the os- ~0 
vid•~ an improved means and method of abstract- clliating electron cloud. I! the energy transfer 

·h~; power from a multipactor. be !rom the oscillating E. M. F. to the electron 
. .-~:: ·-- :;:,jects of my invention are: To pro- cloud, the electrons strike the cathodes and give 

vide an oscillator which W:ill com·~rt direct cur- rise to the secondary electron multipllcation phe-
.,5 rent energy at extremely high efficiency; to pro- nomena. If. on the other hand. energy is ab- ~ ·!!;, 
- vide an osc!llator of the high vacuum type which sorbed !rom the· oscillating cloud of electrons, the 

is not subject to the instability ;;.nd inconsls- oscillating field between the cathodes is inter.si­
tencies which such phenomena introduce: to pro- fted, and the tube may sustain oscillations in the 
vide an oscillator and amp!L4.er whlch has no cathode circuit. 

:JO heated electrode of the thermionic type, ~nd The present invention concerns a device where :;n 
which is correspondingly free of the difficulties both of these phenomena are produced in differ­
and compl!ca.ticns intrcduced by cathode heat- ing but adjacent structures, electrons being 
ing surfaces: to provide an electron multiplier passed. preferably through a cor.Jmon cathode, 
structure which Is capable of generating selt'- from one to the other. 

~.j sustained oscillations and which rna~' ~<: re:.~ily Considering then, first, the condition where .... 
v modulated: to provide a means and method of energy is transferred from the applied E. M. F. 

operating a. combin:!d rnultipactor ?..nd out;:ut to the electron cloud. I find that when the period 
structure having a ccr:u::~on cathode; to provide of the oscillating cloud of electrons is close t o L 
a means and method of creating an osc!llat!ng the resonant frequency of a circuit connecting 

<!O cloud of electrons. and a means and methcd of the cathodes. that the tube acts as a h ighly ef- 4 , 1 
absorbing power from this cloud ; :~.nd to proYid~ ftcient electron multiplier and. In many cases . 
a simple and efficient multipactor tube. will self-oscillate i! energy ls withdrawn frcm 

My invention possesses nUr.Jercus other ob~e:.:ts the multipactor structure and used, at least In L 
and features of ad..-antage. some of which. to- part. to supply the oscillating E. M. F. :-..ppl!ed 

4 .i gether With the f::-regcing. wi11 be set fort:~ in tc the cathodes. energy in t-his case. o! course. ~;, 
the !allowing description of s-.::::~:fic app:.ratu..<:. being supplied from a D. C. source applied to 
embodying and ut!lizin:; my m :v::! rnet:1od. It an anode preferably positioned betweir. the two L 
1s therefore to be 14ndcrstood t.h:\t :my method :s cathodes. 
applicable to other appa:-~tus. :md. that I do ~ct When the period o! the oscillating cloud of 

.;o limit myself. in any way, to the apparatus of the electrons !s close to the resonant frequency of 50 
present appl!c::J.tion. as I may adopt vario'-'S other the circuit, connecting the cathodes, it Is found, L 

; apparatus embodiments. ut1lizlng the methcd. experimentally, that the tube generates oscil-
:within the scope of the :1.ppended cln!rn1;. lations which are largely determined by the res· ' F 

Re!err!n~ to the ctr::~.w:ngs: onant frequency of the tuned circuit. 
~ ~ FigUre II• a diagrammatio .ectlo,al view, lo- The Imp,,,.. R. F. lnltla'"· by"'' multlplr; ~ L 
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cation pf·occss. a cloud of electz:ons of the proper very efficient secondary emissive surface with 
phase to absorb energy from the oscil!ations. ratios as high as one primary to six se~ondaries. ~ 
This cloud of electrons would oscillate by itself when impncted nt the proper velocity, but I do. ...::: 
at approximately the same frequency as that of not wish to be limited to such a formed surface 

5 the clrcuit, except for the fact that the R. F. as even ~mtrca.tcd nickel has been found to have 5 
H-se!f accelerates the cloud and makes the trip )ln cm!ssion ratio greater than unity; and any 
across the tube less than a half period of the surface, !Grmed or unformed, having such a ratio 
tuned circuit. The mere fact that the electrons will be satisfactory, although, of course. multi­
arc speeded up insures that they strike the cath- plication can be accomplished with a lesser num-

10 ode. The ret:urning group of electrons also make ber of irr:pacts with the materials having higher 10 
the trip in slightly less than one-half cycle. The ratios. · 
result is that the fastest electrons very rapidly At the opposi~e end of the envelope I is posi­
gc~ cut of ph~se with the potential. The elec- ticned what m?.Y be called a collector cathode 
tro:1 distribution in the cloud. however, reshapes cup 9. This cup may be identical in form and 

15 itself a.~ e::-.ch half period because the rate of :;hape with the multiplier cathode 2, and between 15 
mu!~iplication is large compared to the amount the ccilector cathode cup 9 and the central cath-
of phase shift. · cde cylinder 6 is posit.ionec a secor.d anode 10, 

The :::rocess results. however, in electrons being identical wit.h the first anode 1. 
fed !rem the multiplication phase into the op- ! prefer to position all five electrodes so that 

20 posite phnse wherein an electron is decelerated they sh~!I b~ s;:mmetrical. v.;th the spacing be- 20 
rather than accelerated by the R. F. Electrons twceri cath:)des 2 and 5 equal to the spacing be­
in thb pha:;e do not strike the cathodes at all, tween cnthcdes 5 and 9. 
1::-:.:.t contin'.le to osci!iate between thc!ll. deliver- Col!ector cathode !! is supported on a lead II 
ing ene;g:; to the extemal circuit as they are :;>e>.ssing through a seal 12 in the end of the tube. 

25 slowed down by the R. F. If the probability of Ccl!ec~o!· cathode 9, however, differs from multi- 25 
an electron striking the anode is su!lic~eZ1!ly plier c::~.thode 2 in that its inner surfac~ is prcf­
small. ec;~ilibr!1LTJl current results when the elec- crably d a nat ure that it wm not emit second­
trans nrc fed from the multiplying phnse into ~he urie:::. at lel.'.st secondary emission will be reduced 
ener15y-glving ph:-.se s.t the same rnte as the clec- t0 :1. mini:nttm; <\nd I h1.1.vc found tha~, n. carb:mlzed 

30 tron:; r.r~ multiplied at the cathode. and elec- nickel surface in this P'l~iti:m \\'ill prevent, to a 30 
trons of the energy-giving phase never strike l~r::c C'X~cnt, seccndary emission. 
the ca thnde until they have given substantially .lUter the electrodes h:?.ve been assembled as 
all their energy to the oscillating circuit. di':;crlbcd. the tube is, o! course. baked out, de-· 

I may desire. however, as in the present caso:.. P:~!>~f.d. evacuated. and the surfaces formed on 
35-not to abstract power directly from the multi- cathodes 2 and 5. 

pacto!· structure. but to utmze directly a JX)rtion For multiplication, the tube is connected as 
of the oscillating cloud of electrons in another si~own in Figure 1. On the multiplier end radio 
structure closely ass:>ciated with the first. and fl'et1~!c~cy is fed into the input connection 14 
withdraw the multiplied output from the second thr:)l.ll;h ~ bl::;ck!ng condenser 15. to cathode 2 

35 

40 structure. thl'Otlt:h 1ead 3. ar.d cathode 2 is connected 40 
My invention :nay be more fully understood by through a tunable resonan; circuit 16 to the 

direct reference to the drawings. wnich show an s::reen c:>.thcdc 5 through suitable ground con­
improved type of multiplier structure connected. necttcns. Anodf.!: '1 auc! I C are connected to-
In Figu:-e 1, as a d~rect electron muitiplicr. gethcr through sepa!':lte radio frequency chokes 

45 The tube itse!f comprises a conventional type 11 to a D. C. anode sc•urce 19. the opposite end 45 
of multipactor. as hitherto described and claimed or ;·:h!ch is also grounded, the positive end of 
by me in the applications referred to a~ve. com- t~!s source being connected to the anodes. 
pris!ng "- p;t.ir of opposed cathodes, one of which, The collr.c!:~-r cathode S is connected through 
preferably the end electrode in an envelope I, is :w cutput rcson:\!!t circuit 2!J to ground, and the 

so in the form of a cup-sh2.ped cathode 2. th~ in- out;mt rr:ay be taken from this cathode through 60 
terior cf the cup facing the remainder of the blocking condenser 21. All that is. necess~ry to 
structure. set the tube h;to oscillation is to energize the 

The cup-shaped cathode 2 may be mounted in ar.odes 1 :>.nc! I 0. as there will be, in the space 
any c::nvenient manner. such as on a lead 3 pass- b£tw-::-en cathodes 2 and U. a sUfficient number 

ss ir.; tl;rough a. reentrant stem 4 in the end of the cf free e!ectrons which arc ::ccelcrated toward r,:; 
tube. o!:e or beth of the cathodes by the potential of 

The opposing cathode may conveniently be lo- the <'.!'lode. tc str:kc thereon and cause the ini­
cated ~t app;nxi!::~tely the tnidpoir.t of the t•.1be. tiation c! secondary emission. 
and comprises a. screen cathode 5 extending ~cross If. ·t:!cn. a radio frequency is applied between 

60 the tube ~.nd preferably positicnr.tl within a tl"!~ cathcrl'Js 2 and 5 and controlled by means of r.n 
cathode cylinder e. the t~med circUit !F.. ::-.nd tl1e time of flight of 

Between the two cathodes Is position~d n multi- th~ clectror.s b-::twecn c~ t.hodcs 2 a!'!d 5 is ad­
p!ier :mode l . preferably in the form of a cyHn- just:ct by · mc::.ns o! plac!ng upon the anode 1 
del' wh.,sc walls are in the sa!::e projected sttr- the proper potential ~;o that the time of ftight 

65 face as determined by the walls of the cup ~ :md corrc::ponds to the period 0f th~ !n:;mt, oscilla- r.:; 
t-he r.yl!r.der 6. ticns of the do:;c~ror.s between 1. :!~ two cathodes 

The ir.tl'!rinr of t.hc cathode cup 2 and the sur- will occur and repeated Impacts with the ca.th­
f?.r.: of ~::e c:1thodc- ~c-:-:en 5 arc prcf~rahly ~;cu- odes will ~ake place with the rc!e:1sc of :;cccmd:1:-y 
sitized so that they will emit secondaries at :- cJr7r.trv:-1s a~ r.ach impact. 

r.:-~a!'much a!'i ~-h: fic. 1d hc: twcen the cathr:ldcs ; 11 
is !;() :lrra:>~cd eitl:c~· uy th~ c::mstruct.Jon of the: 
r::~othodc:;. as s!lown. t;r I)~' :l:: cx~ernal electric 
t:eld. as has been pointed out in my prior elted ..... 
applications. certain definite members of tr~~·--1';.;- ~ : 

"'' n•;]! '''" "'"' bolcco ccllcr.Cion by anod• r;~ 

~A~ .A-~~~~ 



~ ~ ~ ~~~ ~ ~~t=~~~~ 

~~ooun. and a dgfinit•. !"ultlplkatlon. botor ~::•·•t:: output •truotu" oomp•·~ing onthodcc. 5 a:·· ~ 
bo roaohod bofo<e gqmhbnum oumnt "anived 9 tog•ther with anodg 10. Th<s powcc '' fgd back t;;: 
at in the tube. Thus. there will occur within the to the lnp1.;t structure, and thus the E. M. F. is 
multiplier end of the tube. electron multip!ica- regcneratively amplified and an extremely effi-

5 tion: and I prefer, with this type of tube. to so clent oscillator results. 
adjust the con~tants on the two cathodes and Another structural embodiment utilizing my 
the anode of the multiplier structure, that a max- method of electron collection is shown in Flg­
imum equilibrium current is reached. ures 3 and 4. In this tube. o~posed mult!plyil~g 

The structm·~ just described, however, diffe:·s cathodes 25 and 26 are connected through th~ 

.; 

10 from previous multipactor structures in that the tunable resonant circUit 1~. Cathodes :15 and i• l 
central cathode 5 is apertured. This means th:lt ZS arc sensitized , as were cathodes 2 and S. for 
at each time the electron cloud reaches the plane secondary emission. and in this case the anode 
of cathode 5, a certain number of electrons im- Is a central spiral 27. 
pact and create secondaries which are used to Output cathodes 28 and 29 are also position~d 

!.i continue the mUltiplication process, but others in opposed relation. the four cathodes 25. 26, 2S ..• 
of the electrons :~:ass directly t:hrough the aper- and 29 being positioned to form a cylinder. each 
ture in cathode 5 and enter the output structure cathode, however. being electrically sepa1·at ec. 
comprising cathode 5, anode II! and cathode 9. and output cathodes 28 and 29 are also connected 

In this structw:c. ~c·:;ever, conditions ::re dif- by t!mable resonant circuit 20 . Output cathodes 
::o ferent. The output cathcde 9 has been treated do not emit secondaries and may be of c<lrbor.ized ~.1 

to prevent secondary emission, and if cathode 9 nickel, as explained above for output ca~hode e. 
is connected to c2,thode 5 through a tuned cir- The anode 21 is supplied with a positive poten­
cUit 20, the electrons passing through the cen- tial from the anode battery 19. 
tral cathode 5 will oscillate back and forth be- I also prefer to provide, preferably by means 

~.; tween cathodes 9 and 5. and energy will be ab- of a focusing coil 30 energized by focusing source ~:; 1 

sorbed from the:n as they oscillate betv.'een cath- 31 under the control of a resistor ~2 . a feeble 
odes 3 and 5; in othe:r words. in th~ output str-Jc- magnetic field in the tube with the lines oi force 
ture: energy is being absorbed fro;:n the e;.:c- axial, so that there will be a progression of the 
trans. electron oscillation paths· in the direction from 

:;n The advantage gained in taking energy ciut of multiplier cathodes to cutput cathodes. For ex- :·I 
the tube in this manner is that phase shift of ample, when radio frequency is applied between 
the oscillating electrons in the output stru::t1.1re the multiplier cathodes 25 and 26, either from a 
is unimportant. In other words. any electrons ' d1iver or by causing the two multiplying cathodes 
in the output portion cf the tube "t7hich ge~ out to become a self-oscillatci.Y structure, the elec-

~.; of phase, ann therefore are in a position to ab- trons of the proper phase for multiplication tend 
sorb energy !rem the oscm~.tions, strike the cnth- to oscillate so that they are traveling along the 

·1 odes and are ;;.bsorbed by them. and as the po- center line connecting the multiplying cathodes, 
tential on the anodes in each p·ortion of the tube and the electrons osciliating in the phase to give 
can be adjusted so that the electron oscillation up their energy to the output circuit 20 tend to 

JO frequency coincides with that of the tuned cir- sWing around at right angles to the multiplier .::) 
cUits and with the E. M. F. Lo be amplifi~d. both cathodes. The application of the magnetic field 
structures operate coopletely In phase. effectively prevents the output electrons from 

It will be understood, or course. that the out- swinging around, so that they are absorbing pow­
put structure does. in no sense, create electron er .. There is therefore, due to this field, a con-

;.; multiplication; it is in e~ect a multiplier s~ruc- tin•1ous drift of multiplying elect!·ons over to the .; .; 
ture with the exception tha.t the cs.thode 9 ab- output cathodes 28 and 29, where they are col­
sorbs all electrons striking it. and will not release lected after giving up their energy to the output 
~econdaries. In other wcrds. by using symmetri- circuit . 

. cal structure operat!ng in phase. I have separated The main advantage of this type of structure 
.:i•l multiplication and output. I create the oscilla- over the structure heretofore described is that ~ 1 

tion of the electmn cloud and supply power to all of the current bum up by multiplication is 
it, in one structure. with multiplication: and I eventually converted into cscillating power, thus 
absorb power from the cloud. wit!lout multipli- resulting in a very high efficiency. 
cation. in the other structure. Other circuits utilizing the means and methc:! 

...• I have thus eliminated til e necessit:1· within he.rein described will readily suggest themselves ...• 
the multiplier structure of d~ve!oping a lar>.;P. to those skilled in the art. the circuit:: ~how:.1 c·~­
out-of-phase component. in order that po;;c:r be ing in the nature of examples only. 
absorbed from the cloud. In other ;vcrds. it is I cl:o..im: 
necessary. as abo·,;e expla!ned. in order to c:e:-.te 1. An electron :r:uitipl!er comprising a pair of 

en an output from t!-;.t;! o:rdinary multiplier. to absorb Opj)osed surfaces capable of emitt:ng second::.:·y 
~ power from a cc:r.p!Jner.t of the electron clot'd electrons at a ratio greater than unity whP.n im-
1 which is out of phase with the multiplying cloud. pactcd. mea::s for causing an e!!::-::t:·on c!cud to 

In this case only enough po\\'er is abs':lrbcd to oscillate between said surf:>.ces to create repeated 
continue multiplication. multiplying impacts therewith. means for divr.rt-

t; ·, Such an arrangement !eads to a high c:;nv~r- ing a portion of said cloud into a space apart 
sicn effic;ency. and also lc:lds to a high cr.iciency from that bounded by said surfaces, and means 
self-oscillator . For C'Xr.m!)it', I have ;;hown a cir- for absorbing power from said diverted portion 
cuit in F ir;urc 2 where the output cathode 9 is within said space. · 
coupled to the input cathode 2 through a com- 2. An elozctron multiplier comprising a pair of 

7·' men tuned circuit n. an intP-rmcdiate tap 24 c;>poscd surf01.ces capable oi ern!tUr.g secondary -;-.1 
being taken rro:n the induc:',an!:o:: of the tlmect ~l'!c~rons at a r~t.io gro:t ter ~.ha:-1 un!t:y when im­
circt:it to the ccnt:-al ar.~rturecl cathode .5. S!lch pacted, means for causi~g :m el~ct1·on cloud to 
a connection causes sc!f -oscillation of thP. multi- oscillate "b-etween s.l!d ~;n·r:~cr~· to c.:rc<:.tc rep~:!tct: 
p!ic:r structl.!r!? comprising c~thodes 'Z and 5 and multiplying impacts tht•:·:•:•'ti"l. cr.-:: o! said S\.l:·- ~ 

~ anodg I, with additional power bcing ab•O"bed in faoos b"n• apgctorod to ano·., a poet! en of ,, j ~ 
A .A ~ .A-~ ~ ~ ~ 
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~~J!oud top,, thmth"ugh at the time of e~~··;,:: the doud thcough apertum in .aid •urfao~~ ~ fmpaot, and mean' for ob,rbing power fcom the a definite pcoportlon of the eleotcon' thmin, and 
electrons passing through said apertures. absorbing the energy from the abstracted elec-

3. An electron multiplier comprising a pair of trans. 
5 oppc.sed sur!2.ces cap:!.ble of emitting secondary 9. !n nn electron multiplier structure wherein 

electrons ?.t. a rat!o greater than unity when im- an electron cloud is oscillated against and away 
pQ.cted. means for causing an electron cloud to from a surface to produce secondary emission 
os:ill:.te between said surfaces to create repeated therefrom upon impact therewith, the method of 
multiplying impacts there\\oith, means for divid- abstracting power from said cloud which com-

10 ing said cioud at the -pla."le of one of said sur- prlses feeding energy to said cloud and abstract­
faces, means for abstracting one of the divided ing energy from said cloud within different spatial 
portions from the space bounded by said sur- boundaries. 
!aces, and rncs.ns for absorbing :power f"om the 10. In an electron mult:plier structure where-
abstracted nortion. in an electron cloud · is oscillated against and 

\5 4. An electron mu.;tiplier comprising a pair of away from a surface to produce secondary emts­
opposed surfa.ces capable of emitting secondary sion therefrom upon impact therewith, the meth­
electrons at a ratio greater thar. unicY '.Vlle:1 cd ~f c.bstractinJ power from said cloud which 
impacted. mea11s for causing an electron cloud cr.mp~·ises dividing s<>.id cloud at each impact feed­
to oscillate between said scrfaces to create re- ing f!1t:rgy tc one portion of sa!d cloud to con-

20 peated multiplying impacts therewith, means for tinue multiplicatior:. and abstracting useful en­
dividing. said cloud at the plane of one of said erg·:;.· from the other portion. 
surfaces me~ns fer abstracting one of the d!vided 11. In an electron multiplier structure wherein 
oortio:1s !rem ti:e spa.ce bounded by said surfaces. an electron clcud is oscillated against and away 
means fc ::- absorbing power from the ab::t:acted from a surface to procl.u ce secondary emission 

25 portion. and a work circuit for utilizing the power therefrom upon impact therewith, the method of 
obtained. ~b;;tr:tctlng power from 1:a:d cloud which com-

5. An electron multiplier comprising a pair of prises abscrbing energy from said cloud. using 
opposed surfaces c:.pablc of emitting se .. .:~ndary said energy to sustain oscillation of said cloud 
electrons at n. ratio gl'~ater than unity \'/hen im- until {'.n equilibrium cm:;·ent is reached. abstiact-

30 pucted. means for c:?.using an electron cloud to ing electro:;s from said cloud, absorbing energy 
oscillate between said surfaces to create repeat- f!·om said abstracted electrons, and adding said 
ed multiplYing impacts therewith, means for e!1ergy to t.hat prcvlc-:Isly absorbed from said 
dividing said cloud at the plane of one of said cloud to create regencr:-ativc oscillation thereof. 
surfaces. means for abstracting one of the divided 12. In an electron multiplier structure where-

35 portions from the space bounded by said surfaces, in an electron cloud is oscillated against and 
means for absorbi!1g power from the abstracted away frnm a surface to produce secondary emis­
portion. a work circuit for utilizing the power · sicn therdron upcn impact thereWith, the 
obtained, and means for feeding energy from said method of abstracting power !rom said cloud 

40 
work circuit into said oscillating cloud. which comprises fee-ding energy to electrons 

6. An electron multiplier comprising a pair of traveling along one set of paths, changing the 
opposed surfaces capable of emitting secondary paths, and abstracting power from said electrons 
electrons at a ratio greater than unity when im- while in said ch::tngcd paths. 
pacted, means for causing an electron cloud to 13. Ir. an electron multiplier structure where­
osc::::::.:e between said surfaces to create repe:1ted in an electrcn cloud is oscillated against and 

..;.; multiplying imp:>.cts therewith, means for dlvid- away from a su:-face to produce secondary em.ls­
ing said cloud at the plane of one of said surfaces. slon therefrom upo:1 impact therewith, the 
means for abstracting one of the divided portions method o! ~bstracting power !rem said cloud 
from the space bour.ded by said surfaces. means which comprises feeding e:1crgy · to electrons 
!or absorbing pO\\o'er from the abstracted portion. traveling along a diametrical path. shifting the 

Gil a work circuit for utilizing the power obtained. electrons to a different diametrical path, and ab­
and means for utilizing a portion of the energy sorbing power frcm said electrons while in said 
in said work circuit to cause continued oscillation different path. 
of said cloud. 14. In an electron multipiier structure where-

; , An electron multiplier comprising a pair of in an electron cloud is r.scillated against :md 
;i.j opposed surfaces capable of emitting secondary away from a surface ~o produce secondary emis­

e!ectrons at a ratio greater tha!1 unity when im- sian therefrom upcn impact therewith, the 
pacted. means for causing an electron cloud to cs- method of abstracting power from said cloud 
cillate bet'l\·een said surfaces t~ c:-eate rep~??.ted w.t-Jch ccmprises !ceding energy to electrons 
multiplying impacts t.l-jerewith. means for d~viding traveling along c-ne set cf paths. cont-inuously di-

60 said cloud at the plane of one of said surfaces. verting a portion of said cloud into a different 
me:ms for abstracting one of the divideu portions set of paths. and absr.rbing energy from said 
from the space bounded by said surfaces, means elec:rcns '1\'hile in said different paths. 
for absorbing power from the abstracted portion . 15. In :m electron multiplier structure where­
a work circuit for utilizing the power obtair.ed.. in an electron cloud is osc!llated against and 

65 and means for feedlng back a portion of the en- a•.vay from a surface to produce secondary emis­
ergy in said work circuit into said oscillating sion therefrcm upon Jmpnct therewith. t.hc 
cloud in the proper phase to continue the o:;cil- mcthcd c! abstr:tctin~ power frcm said cloud 
latlon thereof'. which comprises fecdin~ t>net·g-y to snid cloud to 

8. In an electron multiplier wherein eiectrons maintain oscillation of the cloud :tcross a :;pa.cc 
70 are directed against a cathode surface to produce in a prede~::nnincd pnth. shifting the oscillation 

secondarJ emission therefrom, the method ~f to a dl.!Ie!'e:1t predetermined path. and absorb-
power pcoductlon oompri,in& O<Oii!Oiir.< cleo- lng power f'Om the cle<h~n· !n the latter p.,~ ~ 
trans against and awar from said surface to pro- 16. In ccrnbinaticn. '1. p :dr of opposed elec-
duce an electro::J. cloud augmented by seco!1dary trodcs capable of emitting secondary electrons at ,-~ 

~ ~ ''""en; ac ,.,h !n>O'·'' thO<cw;th, ab,tmoting a '>tio g;·eotu Uuo.r. unity, a "cond pair of •;- ~ t;, 
AA.AIA==~~~~ 
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posej electrodes incapable of emitting secondary 
electrons, adjacent. said first pair. means for 
feeding energy to electrons in the space between 
said first pair of electrodes ~o produce electron 

5 multiplication by cyclical impact therewith, and 
means associated '1'\.ith said second pair of elec­
trodes for absorbing power from said electrons. 

17. In combination. a pair of opposed electrodes 
capable of emitting secondary electrons at a 

o ratio greater th:..1 urity. a second pair of op­
posed electrodes incapable of zmitting secondary 
electrons, said pairs bein~ alternately disposed 
to describe a symmet:ical space, means for feed­
ing energy to electrons in the space between said 

ii first pair of electrodes to p:oduce electron mul­
tiplication by cyclical impact therewith, and 
means associated with second pair of electrodes 
for absorbing power from said electrons. 

18. In combination. a pair of oppased elec-
! !) trades capable of emitting secondary electrons 

at a ratio greater th:m u.;ity, a second pair of 
opposed electrodes incapable of emitting second­
ary electrons, said pairs being alternately dis­
posed to describe a cylindrical space, means for 

causing electron oscillation between said first 
pair of electrodes to cause secondary emission 
therefrom, means for rotating the oscillation 
path around the axis of said cylinder, and means 
associated with sa!d second pair of electrodes 5 
for absorbing power from electr•:ms in said ro­
tated path. 

19. In combination, a pair of opposed elec­
trodes capable of emitting secondary electrons 
at a ratio greater than unity, a second pair of 10 
opposed electrodes incapable of emitting second­
ary electrons, said pairs being altcrr.ately c:is­
posed to describe a cylindrical space, means for 
causing electron oscillation between said first pair 
of electrodes ·to cause secondary emission there- 15 
from, means for rotat!ng tho:: csciilatior. path 
around the axis of said cylinder . means associ­
ated with said s\Ocond pair of electrodes for ab­
sorbing :power from electrons in S:lid rotated 
path, and means for collecting electrons contact- 20 
ing said second pai!" of electrodes due to said 
rotation. 

PHILO T. FARNSWORTH. 
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3 Claims. (CL 250-2'7.5) 

'I'h1s invention relates to multfpactors, or elec- electrons at a ratio to impacting primary elec­
tronic ampllfiers wherein a current ampllflcatlon trans which Is greater than unity. Means are 
Is obtained by successive electron impacts each provided for maintaining a substantially urn­
releasing secondary electrons. The instant aP- form or Increasing potential gradient along this 
plication Is particularly directed to multlpactors series of secondary cathodes, each acting as an 15 
for use in radio receiving ctrcuits, as either de- anode to the preceding cathode in the series, and 
tectors or ampilllers, or for the two purposes in means are also provided for collecting the elec­
combinatlon. tron flow !rom the last cathode o! the series. 

Among the obJects o! my invention are: To There Is also preferably provided an electrostatic 
provide a multipactor which will give any de- shield between the primary cathode and the first 10 
sired degree of ampllficatton; to provide a multi- of the secondary cathodes which may be operated 
pactor which requires no external field for guid- as a control electrode or grid, and !or many pur­
ing the electron flow; to provide a multipactor poses It Is also advisable that the Primary cathode 
wherein no filament clrcu1t is necessary, so that should be photo-emissive rather than thermionic. 
any portion of the device may be operated above This arrangement may be better understood 15 
ground potential; to provide a device which may by reference to the preferred form of the device 
be used either as a detector or as an amplifler shown In the drawings, wherein the reference 
having linear charactemtics; to provide a multi· character f refers to a tubular vitreous envelope 
pactor which may be excited by either direct or which Is evacuated to as high degree as is practl­
alternatlng potentials; and to provide a device cal. This tube is symmetrical, and sealed 20 
wherein the degree of ampllficatlon obtained is through each end is a lead 2, 2' which is con-
completely under controL nected to a primary cathode C, c·. These . 

My Invention possesses numerous other objects cathodes may conveniently be made of silver, and 
and features of advantage. some of which, to- provided with photo-electric surfaces of the well 

, gether with the foregoing, wUl be set forth in known silver-oxide-caesium type. 25 
the following description of .speclflc apparatus Mounted In front or each of the cathodes and 
embodying and ut11J.z1ng m,. novel methOd. It slightly spaced therefrom is an electrostatic 
Is therefore to be understoOd that my methOd is shield 15, 5'. These shields comprise metal 
appUcable to other apparatus, and that I do not screens, each formed of very fine wire with rela­
llmlt myself, tn any wa,., to the apparatus of tively open mesh so it will be highly permeable 30 
the present appllcation, as I may adopt various to the electron stream. As It is undesirable that 
other apparatus embodiments, utWzlng the the shields should emit secondary electrons the1' 
method, Within the JSCOpe of the appended claims. may be made o! nickel with ca.rbonized surfaces. 

Referring to the drawings. Spaced uniformly between the two electro-
FigUre 1 is a view showing a preferred embodl- static shields is a series of secondary cathodes 6 35 

ment of the multipactor tube of this invention to 13, inclusive. Each of these cathodes is 
In longitudinal cross section. !oramlnated, the ratio or their over-all area to 

Figure 2 JB a sim1lar view, partly in elevation the combined a.rea of the foramlnatlons being 
and partly in 'leCtion, showing schematically the preferably of the order or 3 or 4 to 1. The 

1 external connectlom of the device aa used aa a cathodes may be made of sheet material and the 40 
detector-ampll1ier In a radio receiving circuit. openings punched therein, or they may be made 

P1gure 3 is a dlagrammatte representation of of fine meshed screen suitably supported, as is 
the fundamental circu1t of the multipactor Itself, shown in the draWings, the latter construction 
with such external clrcu1t elements aa are neces- being somewhat preferable. Like the primary 
l!arY for an explanation of the operation. cathode the material of their construction is 45 

Ptgure ' .18 a aectional view of my invention preferably silver and they are provided with 
utiliJ:ini a resJBtlve coating as a voltaee divider. Bilver-oxide-caestum surfaces which render them 

Plgure 5 .18 a almllar new showing the me of a photoelectric and also capable or emitting sec­
tubular electrode of reslat1ve material as a voltage ondary electrons at a ratio to impacting 
c11vic1er. primaries of 8 to 8. It is or some sUght advan- GO 

Con.slderec1 broadly the multipactor of this in- tage tr the holes through the cathodes are not 
· vention comprlles a primat)' cathode from which alined. but as wW be shown later, this is of rela-
ID!u.l eJecUoDa are--·..,,...,......,. bebla' tlvely small lm-ce u ,...,.,. the over-all ~ : 
d1reCted at a aeries of foraminated aeconda1'1' effect of the c1e-.1ce. 

~ ~- 'lflllch""' capable of_...,.~ The llost ICCODdU7 cathode I and the laat i m 
~ ~ ~ ~-~ ~ ~ ~ 
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~ ~ secondary cathode JS are provided with leads Jl5 tlon of the cathodes will, Jn general, cause a ~ 
•~ ... 1:1. and 18, respectively. It fs also convenient for strong curvature of the lJnes of force at the 

some purposes to provide individual leads 11 for apertures or foraminations, so that It is the ex­
the intermediate cathodes 1 to 12. ceptlon rather than the rule when an electron 

5 Preferably, and necessarily if the leads 11 be travels ·straight through; In general they will be 
not provided, the tntertor wall 19 of the tube I is deflected, and diffused practical!:t unl!ormly over 
metaHzed between the cathode 6 and the cathode the succeeding secondary cathode. As far as the 
IS, so that the tube lt8elf forms a hollow resistor number of electrons which Impact the succC!:~ivc 
ID with the secondary cathodes 1n electrical con- secondary cathodes is concerned, It therefore 

10 tact therewith. The shields 5 and 5' should be makes practically no difference whether the 
insulated from this metal!zed surface. Any of apertures be aligned or not. · 
the well known conducting coatings may be used, The current multiplication that takes place at 
a coating of nickel which is so thin as to be each stage is dependent upon the ratio P of 
transparent being qUite suitable for Ule purpose. secondary to primary electrons and the ratio q 

lG and from the standpoint af power conservation of the total area of the secondary cathode to the 
it Is desirable that the resistance between the combined area of cathode and the apertures 
cathodes 8 and 13 be of the order of from 50,000 therein. With an Initial nwnber of primary 
ohms to 1 megohm. These are not llmit1ng electrons m, the number of electrons leaving the 
values, however. secondary cathode 6 will be m (Pq+1-q), the 

10 The fundamental circuit device as ordinarUy first term within the parenthesis representing 
used is ·shown in FiiUre 3. The signal voltage, the proportion of secondary electron:; liberated 
which may be considered as supplied across the at the secondary cathode, while 1-q represents 
tuned circUit 20, is supplied to the cathode C, and the proparUon of the electrons which are pri­
tbe shield 5 is grounded. A source of potential maries that have passed through the apertures. 

u 2 f supplies to the secondary cathode 12 a post- A similar increase takes place at each of the 
tlve potential with respect to ground. The lm- secondary cathodes, and for the total device the 
pedances 22 represent the resistive coating on current amplification is expressed by the quan­
the 1Dslde of the tube, or, when this ls absent, tlty m<Pq+l-q)", where n is the number of 
they may be connected externally as shown. secondary cathodes. 

ao When so connected, the Impedances 24 should Upon leaving the cathode 13, the electrons pass : 
be about halt of the value of the Impedances through the electrostatic shleld 5' (where a 
22, and an additional Impedance 25 connected be- few of them wlll be collected> and will Impact 
tween the cathode I and ground, should be of the cathode C', where further release of sec­
such value that the potential drop between ondaries will occur. These final electrons are 

a5 ground and the cathode 6, and that between each attracted toward the shield 5' at low velocity 
of the successive cathodes of the secondary series and will be collected by the shield. 
is about the same, thus establishing a practically The degree of ampllflcatlon which may be ob­
untform potential gradient along the tube. For tained by a device of this character may be 
best results, however, the uniformitY should not readily computed. With the electron-emitting 

40 be exact, but the gradient should increase slight- surfaces described, the value of P may easily be 
ly from the cathode & to the anode, as this assists from 6 to 8, and can, by special precautions, be 
In getting all of the newly emitted secondaries made stlll hig'her. Taking P as 6, and q ~ .75, 
through the aperture. The device will operate the ampllftcatlon at each of the foraminated 
even with a decreasing gradient, although less secondary cathodes ls 4 .75. As there are eight 

" e1!ectlvely. secondary cathodes shown ln the illustrated em-
The cathode C' is connected through an output bodlment, the current amplification up to and 

resistor 28 to a point on the source 21 which including the cathode 13 Is 4.751 or something 
will give a like potential drop between the eath- over 244,000, With a ratio of six secondaries to 
odes IJ and C • to that between any pair of ad- one primary from the cathode C', the current in 

60 jacent secondary cathodes. whlle the electro- the cathode circUit will be five times this 
static shield 15' Is, In most instances, a few volts 244,000+, while that to the shield 5' will be six 
positive to the cathode c•. times this value, gtving a current ampllfication 

If. now, the cathode C be illuminated from a of about 1,220,000 or 1,460,000, depending upon 
source of ltght 21, photoelectro03 will be emitted whether the output circUit be taken as the circuit 

58 therefrom. and wUl pus through the electrostatic of the cathode C' or that of the shield 5'. Either 
shield I to Impinge upon the secondary cathode electrode may be used as the output, the two 
11. When reaching the cathode these electrons being 1s0• out of phase, and the desirability of 
will be traveling at relatively hfgh velocity and using one or the other electrode as the output 
a proportion of them wUl impact the cathode Circuit dependirljf upon the phase upon which it 

110 whlle othera will pas! through it, the relative 1s desired to use the output slgnal. 
numbers being almost exactly ln the rn.tlo of solid The ratio of the current to the collector I' 
area to open area In the cathode. If the cathode and that 1n the circuit of the cathode c • will 
be of wire netting, with the spaces between the atwa~ be 
wires equal to the diameter of the wire. the pro- p 

~ portion mtercepted will be almost exactly three- P-1 
fourtba. 

The Impacting primaries will release second- since the current through the impedance 28 1s 
ary electrona from the cathode I at a ratio which decreased by that supplied by the electrons 1m­
Is dependent upon their velocity of impact. The pa.cttng on the cathode C'. 

TO secoDdariel will bf' of low velocity, and ex peri- The over-all ampllflcation of the device can 
ence baa aboWD that practkally all of the re- be controlled by V&Z'71ni voltare supplied by the 
leued electrons will be drawn tbrourh the aper- aource 21 between ground and the cathodes C' 

~ 
tur• and accelerated toward the secondary cath- and II. With practically all aecood&ry emitters, ..... ~ 
ode l, where the phenomena of release of second- the ratio of secaadar7 to primary electron.a ;~ 

~ ~· ..... b7 - wU1 be repealed. The fonna- ....... "'"' ....... """' zero to • -v~ 
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the increase being substantially linear for small of the circuit 1s of the proper value !or grid- ~ ~ 
voltages and railing of! as the voltage increases. leak detection, the device will act as a detector ~ 
Above the mtlXimum point the ratio decreases and the output will vary at audio frequency. It _ 
very gradually with increasing voltage, the maxi- Is obvious that the device can also be used as a. 
mum being a.t the apex o! a rather broa.d a.nd detector by so biasing the shield t.hat flow to the l5 
flat-topped curve. For this reason, if the volt- cathode 6 occurs only during the negative hal! 
·age gradient Is selected !or a maximum second- · o! the potential cycle as Impressed on the cath­
ary-primary ratio, the decrease 1n ampllflcatlon ode 4. 
ff an electron passes through one secondary It will be seen that the performa.nce of the de-
cathode and Impacts upon the second, 1s relative- vice may be varied greatly in character by rela.: 10 
ly small. tlvely slight changes in the output circuit, par-

U the secondary cathodes were perfectly flat tlcularly by varying the relative potentials o! the 
and infinitely thin the probab111ty of an electron cathode 4' and shield 15'. If the shield be suf­
mtsstng the flrst cathode would be one in four, ficlently positive so that all the electrons emitted 
with the structure described. The probabillty of by the cathode 4' are collected, the last stage of 15 
its passing through all or the !oramJnated cath- the device operates as a linear amplltler and In-
odes would therefore apparenUy be creased current causes the electrode 4' to swing 

( 4

!)1 positive. If the shield be made sufficiently nega-
- tlve so that all ele~trons emitted by the.electrode 

.:· are re turned thereto, the final stage of multi- 20 
or something Jess than one in 65,000. This, how- pllcatlon Is without effect, the ampllflcatlon de­
ever, Is based upon the assumption that the im- rived from the device is simply that due to the 
pactlng electrons are traveling parallel to the Ioraminated secondary cathodes and the elec­
axls of the device. and it has already been shown trode 4 • becomes the true anode of the device 
that they wlll, in general, make a. slfght angle and swings negative with increased current . If, 215 
therewith, a.nd since the cathodes actually have however, the relat ive potentials of the shield and 
a finite thickness the chanee o! any one electron electrode 4' be such that heavy current from the 
get ting all the way through without making an cathode would swing the electrode 4' positive with 
Impact Is even less than that set forth. Less respect to the shield, while with lighter currents 
than one electron in sixteen will pass through the shield Is the more positive, the current 30 
two successive cathodes and less than one in through the impedance 26 can build up only to 
sixty-four through three. The 11nal ampllflca- a certain deflnf.te maximum. but below this maxl­
tion may therefore be controlled very accurately mum will vary in proportion to the electron 1low. 
by regulating the potential drop through which Under these conditions the output circuit acts 
the majority of the electrons will fall before an as a detector, maximum detection occurring if 35 
impact, the device ceasing to amplify altogeth- the device be so adjusted that maXimum current 
er if the ratio or secondaries to primary electrons nows in the Impedance 26 at zero signal. 
become unity. It w111 also be apparent that as far as the 

Figure 2 shows schematically a method or relative potentials of the cathode 4' and shield 
utilizing the tube in a radio receiVing circuit, the 5' are concerned, It makes no difference to which 40 
impedances 22 being assumed in this case to be o! these electrodes the impedance 26 is connected, 
the metalized tube surface. Here the signal volt- the onfy dif!erence being the phase of the volt-
age is supplied from an antenna or radio fre- age drop therethrough. · 
quency transmission llne 30 coupled to the in- Where detection is accom?lished In the output 
ductor of the tuned circuit 20. The shield 5, circuits. the Initial cathode 4 and shield 5 may ~· 
instead of being connected to ground directly, be used to supply automatic volume control for 
is connected thereto through a. biasing resistor the system, the integrating circuit 31-32 being 
31, shunted by a "grid condenser" 32. If the given a time constant which Is long in compari­
Jight from the source Z1 be filtered so that that son with the period of the lowest modulat ing !re­
falling on the cathode Is all tn the red or infra- quency present in the signal, and the Impedance 150 
red region or the spectrum, the initial velocity of or the circuit being sumciently low so that the 
emission or electrons from the cathode 4 w1ll be shield will block the emission from the cathode 
low and quite uniform, and the number col- 4 to only the desired degree. 
Jected by the ~hield will be very accurately con- With proper adjustment of the voltages on the 
trolled by the signal voltage, increasing the ef- electrodes 4' and 5', and proper choice of the lm- 1515 

; flciency of detection. I! "white" or mixed radla- pedance 28, the negative voltage characteristic 
tlon be used to Ulumlnate the cathode the ve- wfll cause osclllatton In this circuit. Rnd either 
lccities or emhsion Will be of more random char- heterodyne or zero-beat detection may be ac-
acter as will uo be the case if a. thermionic compllshed with the device. Furthermore it Is 
Instead of a photo-electric cathode be used. not necessary that the Input be applied at radio 60 

As has been stated before, a certain number frequency, !or the apparatus will operate equally 
of the electrons !rem the cathode 4 will be col- well on audible or sub-audible !rpquenctes. 
lected by the shield. The grid-condenser-leak Because thl! device is sYinmetricallt Is possible 
combination If, 12 determines the bias acquired to replace the D. C. source 21 by an A. C. source 
by the shield from the electrons so collected, and of low or high frequency, and the multipactor 65 
hence the performance of the device. With a. low will operate to amplify or modulate at such !re­
value of resi.stance If and relatively large con- quency giving many of the advantages of the 
denser 22 the bias may be ma.de such that the radio-frequency type of multtpactor as described 
devtct ampllftes l!nearly, so that the voltage, in my copendlng application Serial N'o. 692,585. 
which appears across the output impedance 28 It is now, however. essential to the operation TO 
and 1s applied through the blocldng condenser of the device that it be made symmetrical. Any 

1

: 34 to any succeeding element in the circuit, will type or collector for the electrons from the final 
be at radio frequency. By increasing the resat- stage may be used for many of the purposes to ' F 

~ ance of the Impedance II and decrea.s:m. the a1ze which it is adapted. ,... .... 
~ 

1 
or the 1'1d CODdeDRr, so tbat the ume constant Various other modlllcauo.,. wtll at onco ri'tf:. 

~ ...&I ...&lA ..&1=~ ~ ~ ~ 
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gest themselves; for example, the resistor which 
establlshe3 t.be potential gradient need not be 
a metal1Um. but IDiaY be a tube II of high resist­
anr.e material such as graphite, carborundum, 

5 selenium, or "Thyrite", having appreciable thick­
ness, and may be self-supporting or deposited 
on the glass wall as required to gtve the neces­
sary structural strength together with the desired 
resistance. Furthermore, the secondary-emitting 

10 surfaces need not be photo-electric, but may be 
of aluminum, nickel, or any other material 
whose secondary electron primary electron ratio 
1s greater than unity. 

I claim: 
ItS 1. A current ampll1ler comprising an evacu-

ated envelope, a primary cathode within said 
envelope, a series of secondary cathodes each 
compr1a1ng a woven screen having a surface ca­
pable of emittl.ng secondary electrons at a ratio 

~ to impacting primacy electrons greater than 
unity, an electrostatic shield screen positioned 
between &&id primary cathode and said secondary 
cathodes, and means for collecting the electrom 
emitted from the Jut secondary cathode of saJ.d 

aerie., aafd ableld screen having a mesh larger 
than the mesh of said cathodes. 

2. An ampllfying and detecting tube compris­
ing a photo-emissive cathode, an electrostatic 
screen of small projected area mount.E'd. in front 
of said cathode, a series of foraminated second­
ary cathodes mounted in spaced relationship 1n 
front of said screen, each or said secondary cath­
odes having a surface capable of emitting sec­
ondary electrons at a ratio to impacting prima­
ries greater than unity and the foraminations 
in adjacent cathodes being offset to reduce the 
probab11ity of an electron emitted !rom sa.l.d pri­
mary cathode traversing the entire series or sec­
ondary cathodes without impacting thereon, and 
means for collecting the electron current emitted 
'rrom the last cathode of the series. 

3. A tube in accordance with claim 2 wherein 
the last cathode and collecting means comprise 
respectively a photo-sensitive electrode and an 
electrostatic screen substantially similar to the 
cathode and its screen therein. previously de­
scr-ibed. 

PHILO T. FARNSWORTH. 
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3 Claims. (Cl. 250-175) 

My inYentior. relates to electron multipliers, surface belng necessary for this disk. It will be 
nnd more particularly to · that type wherein elec- --noted that the disks · are o! progressively in­
trcns are directed to successively impact a series creased diameter nnd arru.n~ed opposite the encis 
o: su:-:aces ~u produce a current augmented by of the cylinders. 

5 secondary ;.!mission at each impact. The multiplier is rendered active by activating 5 
Among the objects of my invention are: To the filament 9 from a source 25 and attaching a 

p;·ovide !l.n electron multiplier embodying sir..l- resistor 2o across a source of potential 27, taps 
plicity in construction; to pro.,ide an electron 28 to 33 being ta~en from the resistor and lead­
multiplier in ,.,·hich space charge limitations are ing to the filament and alternately to the cYlin-

10 n minimum; and to provide an electron multi- dersandplatcs II, 17,12.19,and 14,respect!ve!y, 10 
plicr the arrangement of which· is such a.s to · to procluce progressivP.ly increasing potentials 
incilitate the movement of electrons. thereon, the end c! the resistol· being connected 

Other objects of my invention will be apparent through output impedance :!5 ta the anode plate 
('r wiil be specifically pointed out in the descrip- 24, the impedance being arranged for util.Lzatlon 

15 tion for:r.1ir:.g a part of this specification, but I do in any wen known manner. 1'; 

20 

not limit myseif to the embodiment of the in- Energized in the mnnner above indicated, elec­
vcntion herein described, as various forms may trons leaving the filament e arc :!.Ccelerated 
be adopted within the scope of the claims. . through the grid 10, and attracted to the sur-

In the drawing: . face I Ia of higher potential, impact the same to 
Figure 1 is a sectional view through a preferred cause secondary electrons to be emitted. T11e 20 

embodi:nent of my electron multiplier. secondary electron:s- so-einitted are attracted to 
Figure 2 is a sectional view taken in the line the disk surface ITa in a similar manner with 

2-2 of Figure 1. secondary emission resulting at surface 17 a. 
In the preferred embodiment of my invention, Surface ITa acting as a. source, the electrons 

z,; a:1 evacuated cyl~drical envelope I closed by emitted are attracted to surface l:!a. 2" 
end walls 2 and 4 ha.s supported aXially there- In this manner the ficw of electrons between 
within. as by leads 5 and 6 sealed through stem successi:\:e-surfaces is augmented and the elec­
i . a ~:amen tar;; cathode 9 and a grid f 0. A trans emitte(f !rani" surface 14a are collected on 
S'.! ~·ies o! short cylinders II , 12 and 14 are sup- the a.aode 24. It will be observed that the suc­

:iO ported in spaced co-axial relation longitudinally ccssive emitting surfaces are · so relatively ar- 30 
cf the env~lope axis by means of anchor pins 15 ranged that the electrons take a zig-zag course. 
:u~d leads 15 respectively fused In and sealed cascadin;; !rom surface to surface in the manner 
through the envelope I. The endmost cylinder indicated generally by the arrows in FigUre 1, 
; ! cf the series is disposed adjacent the cathode m~d tl>at the path continues to increase· in cross­

.•. , 9 .and the cylinders of the series are of progres- · sectiond c.rea as the multiplication L"lcreases, 35 
sively !ncrca~ing diameters as shown. The in- thu!i holding elect ron concer:traticr..s within de­
tenor surface elements f I a, 12a, and f 4a of these drab!e limits. 
cylinders are treated tt) provide a surface capable Wh!!e I have shown the fi:·st emitting surface 
r;I readily e:ntitting seco: .jazy electrons at a ratio to oe cylindlical, it is apparent that the electrons 

.;o ~:-eater tha."l unity when impacted by a primary frc.::n t!~e ::~thode may be first impacted upon the 40 
c!cct:·on t•·!l.>'e!ir.g o.t the prope!' velocity. ci~k surfao::e 11a. the surrounding cylinder II be-

Disposed v.ithin the cYlinders 12 and 14 in ir.g omitted. It is furthermore apparent tb ... t any 
spaced relat ion thereto are disks 17 and 19 sup- . :sir ed number of multiplications may be ob-

L. 

--
l. 
[ 

-
l . 
L. 

l 45 ported by leads 20 and 2 I sealed through stem ~alr.cd by varying the number of surfaces, and 45 . 
22 of the envelope er:d wall C. The surfaces 17a that either a disk or a cylinder may be utllized 
and 19a are likewise sensitized !or secondary for an anode collector. . 
enili:sion and I havP. found that the surface ele- Wl:ilc the construction of an el!!ctron multi- L 
ments lla, f2a, f4a, 17a, and 19a may be sensi- p!iP.r herein described is wei! ad~ptcd for carry-

- 5o ~~~n~; ~~c~~~~~o~!t~~~~~~ ~~:S~~~: ~~:S~ ing out the obJects o! the present in"Jention, 1t Is ~50 -

~ 
slum. or calcium. However. any ·material capa- ur.c!e:-stcod that various modifications and 

111.... ble o! emitting secondaries on impact is satis- changes :r.1ay be made without departing !rom .4 a... factory. the invention which is considered to include all M 

II A final disk 24 similar in structure to disks 17 such m'odifications as lie within the scope of the . 11ft l' ~ •55 and f9 is provided as a collector. no sensitized following claims : 155 IIIII 

~ -----··------ ------· . 
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I claim: 
1. Ail :!lCct'.t,r.t :mult!plior co:n;Jr~~ina 11. ::orie~: 

o! r. ·.tcrnately cyllnc!rJc:al 'lond pl,•ne secondary 
elec~ron-emltting I!Ur!sce.~ mo·!r:.tcd 1n cascade. 

11 each of ~l!.ld c:~lindriclllJ:t::r!acos · llnd ea.ch o! sa.id 
plane surfaces being progressively increased in 
size !rom one end to the other in the series, and 
means for liberating secondaries from the small­
est surface. 

10 2. An electron multiplier comprising an en-
veiope, a series of axially spaced cylindrical sec~ 
ondary electron-emitting elements mounted 
therein. and plane secondary-electron emitting 
~lements, each mounted axially adjacent one of 

said cylinders and wfthln the succeeding cylin· 
der. 

3. An electron multlpller comprising an en• 
velope containing a source o! electrons, a. cy!1n­
drico.l surface co.pa.ble of producing secondary lS 
electrons at a ratio greater than unity upon elec­
tron impact therewith surroundln~ s:1.id source 
to receive electrons !rom ~:aid source, a. planar 
surface opposite one end o! sa.id cyllnclrical sur­
face and ccllectlng means surrounding said 10 
planar surface to attract secondary e!_e~ns. 

' 
PHILO T. FARNSWORTH. 
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.:_.> :: ... .-.:.:· .::_.; ;_:,:· .. _:., ;.:;~- :·'.>.>: _6~ .: :~~~,~1'7L5)_. _ .. 
·. -'l'bis· invention relateS to eleetron multiplying ·:resistance coil 6 therewithin and a concave emlt­
dev1~ :and ·partieula.rly -to' a · radio-frequency . ting !ace l. The con 6 ma.y be energi-Zed by a. 

: multipac+..or.· ampl11ler~··. :.,::-;---:_:~· ' _;~; ~- . :~:- :;: :· ... ':.- : ·· : ; · .. d:-c. current source s, ·such as a. storage bs.ttery, 
· -' ·'l'he 'objects of thuo'lnvention are: · ~ :- .-: ·· . · · .·.- throtiih leads ID and II sealed through pn!ss 4, 

. ts · -~To· preduce an eleet.-on multiplier. particularly :: lead 10 acting alSo as a. support tor the cathode s. 5 
a.dli;!ted ·.to act ·as a radl0.:1requmey _&mpll1ler: <''I'he : enntting.~face l is pre!erably coated wit..'l 
to ptodtice'· a. ·radio--frequency :multtpacior :s.m- .i thermionically ·active ma.terl:a.l to inc!'ea:;e the 

.. Pl!t.er hilvtng-: a: photOSensitive eathode: -tO pro- .· strength of current given of!, USiD-6 !or this pur­
. : : .· dt:ee a. radio-freQuency ).ni.plliier :using riii:eated .-::pose . any .' of :: the ms.ter.!a.ls and methods we!l 
· l'l_·mpacta :on·-aecondaril7 .emisi:ilve irur!aees· tO m..-·: ' known 1n the ·art; . · •. · . 10 
·· <c.."eS8e the ou~ c-.ln"ellt: _to provide 'mea.rudor ' ::: ·, "A -.rtng~shaped :control electrode 12 is posi-
. phOto-emiSsion and '8eCorida:7)mllss.lnn .:.tioned imiiiedlately ~before the concave surtace l, 

.In _.a: mu!ti;a.ctor amplifun"; to~provide .:,;·a.-:lea.d :IC sealed ·through the press 4 acting as a 
ampW!er ·!it ·which 'the' QutpUt ·eur-":: -~Stipport" and> providing- e.n external connection 
--~ t0-l1gbt':direeted :uPOn /~:through· which . signal current may be led frc-!u 15 

· :tlieretn: :tO p....Ovide. suCh c;{£{&; bl()(:]dJ:lg.corid~er I 15 · ccnnectad to a.n: antenna. 
· 1orm;where!n·.a;stg:ii81-.Jrui.y:.bet :) rs :or. otbei"sotirCe;:;~:- ·.:> . · :_ :. . · 

idtll~!d.-:up<)tl the 'oUqfut;'::.to·:proVide' a multi- ':./c ... ;.In -'i'egJStry~' .With 'ca.thode 5 and control elec­
,,~IICUJI' / ampll1ler ;:Whemn ~:tlie~·:use ::of ,:foeus.hli ,:'£:trcde:;f 2 ·ts .p(jirlticmecl a gun type anode _17 posi- . 

.. is 'not 'n.ecissari; ~tO~proVldtf '&-:mill.tiplier . \ t1Yeli .eiieriizecF'.from" a d.·c. pctantii.:! source .20 
: -. :'··ani~llftei ·m. which multtpllCstiori. nia.y bE!"Sta.rted ·,> I 9 ·through a · stipporting lead 20 sealed through 
. ~:· .. by 'iOnized .particles ·exjstlng·:.therein;"by photo-- -.:~:the' press · C.·.;:?rhe :gun· thus ·formed- is in .axial. · 
' .'. ,':emissiOn. ·or by a.n · electroii: guD., :·:~<<J>;_::>. ·:.::'·:';·:'-' ?. -<. ::,: a.llnement With-a· ri;iulttplying · cha.mber formed by . 
· ,: .. , .. ,~Other ObJectS'O! mY inV'entton·'Win ·be &l'Parent· '<·a cylindrical collecting ·anode u supported by a. 
·· ~· - ·m- ·w111 be~ .pointed.' cfutJn -the' descri~ ·:: lea.d 26 sealed-through said envelOpe-f. ·concen- .25 
.: ,- ~~---·ticitdolmfng a pa.rt ·of~thlS -~eatio~·:_but .I ::.'~cally -within ··anode 25 ·1s a ~cathode sCreen. 21 .. 

. _,-. :-do not lfuiit rilysel:f to--'the':embOdJmeTit .'of .the · ·formed of fine wire gauze sensitized for photo­
,_,·._.: .in?ent'.an herein· describ!d;~88-Virl.ous. fonilS m.aiv ·:~·.'emission and to.provide a high secondary_ emis-
·, · ·. be' adoPted .Within ·the· seOJ)e::o! :~ '.Claims:··.:"<',~'-'-'· : ~, ; sion .ratio :·and supported by a lea.d 29 sealed 
,so ·:·-~·Vanous _types .of :elearon:~::mloltipllm·; ;·both ~<through the-envelope I. The ·screen is · pre~r.; .so 

·a.-c. arid d.~ .• have been·.·develoPed .by:me,:'and ::~. ably fon::~ed of :fine, woven s!lver wire.- but :may · . 
· those associated With ·me, fc:inriini the ;S\lbject also be · made bY punching cut a sheet . or any 
. matter of a .oum'ber . o! Unitecf:States patents,. of :; other k::lown method for producl!lg a. finely a per-

. . .which the Jollow:mi' ·:are · mu.Strative:.: :Electron ·· tured structul'e ·m which the ratio of apertured 
J5 mnltiplying device No. 2,071,515~ ·0sclllation gen- · area to total a:ea. is o! the order of one to four. 85 

,:,. ·;"erator.No. 2,071,516, 'and otlier .ajlpUcations now The silver may be oxidized, or coated with 
·.; :·. ·m. ·:prOOecuticn:--· .. ·· · ·: ./ · :: :·.-,;' ·: ·: · :· :. ·. · · · caesium which 1n turn is oxidized, to increase the 

· . The present appllca.tion is concerned on!y with ratio o! secondary emission. ·A:ny of the photo­
•:m·altllpll<ers,· and in the form presented is -elll.ission ·aiding and emi.<:Sion ratio increasing" 

lrllicW!arly_suited to ampll!y a. radio-!reqlle!lcy means k:lown In the a."t a:e deemed a. fUll equiv- 40 
~·=-~ .......... pe::.-m.lt modulation o! a. ~gnsJ cur:-e!lt alent ot this cat..'lode structure t::P.a.tin:; oethod. 

in ·a. sillgle 'tube. · · Concmtrica.ily · within · cathode 27 1s a. he!l-
. . dra~; . . · . cal accelerating anode 30 su;:-pcrted by a lead 
:_ ~::· - .yF!g. '1 is:& schematic· sectional View- o! s. tUbe 31 sealed th.-ough the envelo~ I. Anode 3il ma-y 
_U embodYii:g my ln?e!ltion. togethe:- with a circuit be tor!lled by wi&Cing spaced turns of Wire lnta a. 45 
·~ . · ~ lndi~ a. preferred mode of Qt:e!"a.- belt!:. ar.d maintaining the separation be~ween 

. .ticn; '~ . . _, . ·. · ·· · .. ·· .··. · adjacent turns by spot welding to spACing' rods 32 
· · -:- .·.P.c.'2 1a a seet1oc.t.l V1ew of my device take:J. eve!lly spaced Within the peripher:r o! the helix 
··:. '"&lac& Jme .2--2 of~. 1. ·. · .. : ::· ···;. . . · parallel to the axis thereof. 

-

~ .0 .~:;In tbe ~ sh09nln Fie. 1, an evacu- . In operation. the current to be ampli!led is 50 

r l ' ··: .&ted. envelope f of glass or similar ms.terial has applied to a carrie!' input clrC".lit 35. to w.b!ch is ~ 
.._ _·-~;~--~at one end thereof a re-entrant ·stem 1 inductively.- coupled an amplifier input coU 36 4 · 
:Dtt... ·.·.-:._. ternifnat.ed by a ·convention:U press C. •An e!ec- . tuned by a variable caPQcltance 31 shunted there- ..., :;1 

l s:!.a ~ _=-=.. ~~=.,.. ~~ ~ ~; ~."~o~.,:!J.'~v~"i,;~h~~~ ".J~:~~ ·. 
~-. ·1 ~ • :~ :m-·w• 1 ~ ...- ..- - • • • • - - --. • 



r ( (' ~ -.~~~-cothMe "'~" n: .. :, ot~o~ :~··~~.:by: •n: m01 be soc~ed, and ., - ~ \) 1 ,tf-
16 1s !lrounde!! and connected through a. blocking is now well known in the art, a. gr~atly ampll­
aond~ruor l$ to the accelerl!.ting anode ~0 through fied output current secured. The out~ut tna.y 
I~M ~!. To the eno!!!! ~~ 1s else connected t.~ bG usefUlly aop!!ed !rom !nductam:e 4~ in the 

--

--

! ~~t.!ve tsr.rJ:ul of a. :;ou:-cs 40 of steady d.-e., collecting anoc!B c!rcu!t. 
th6 nea-Ativa term.li1al of <Nhich is grounded. The output current is llnen.rly proportional to 

h poAit1ve potent!~~ol .Ia !\l§O appUed. to collect• the electron liU:PPlY at the :beginning of each 
ins a.node 25 through lead 28 from a d.-e. source cycle, as stated with reference to the photosensl­
'i, the .ceg4t.lve pole at whJcll Js also grounded. tive cathcda as dl!scribed above. and so by a.p-

10 »gtw~n §aurc.g • 1 &na Jmld u· Jn Jnncr+~d lin pJ;;Jng 1 nliJn!-1 currgn~ to th~ rontrol lli~ctroc:W to 
output coli 42 tuned by A varl~b1e capAcltunco 12 ot tht! c1cctron ISW'I, tho Mtrtor wlfl ~c modu4 
u. nnd hnving inductively cout)led thereto a. co11 lated thereby, It will thus be seen that the de· 
45, !rom ~hieh the amplified and modulated car- vice herein presented a.1Icrds a. simple metho 
rier output may be .taken .tor further use. o! modulating a. signal current on a radio·!re-

115 : If, now, a catTier be applied to con 3s, ·a.n alter- quency carrier, .and greatly n.mpl!fylng the mod- 15 
nating potential will be set up·.between the ac- ulated carrier. 
celerating anode ·and the 'cathode screen, in addl- The following is claimed: 
tion to tbe d.-e. potential on' anode· 3D, ·reaching · 1. A radio-frequency mUltips.ctor amplifier 
its full value when the ea.pacitance 37 Is ad- tube ba.ving an evacuated envelope ccnta!.rJng 

20 justed to inake the ampll.fier :input circuit res- an electron gun comprising a cathode and an 20 
onste at the carrier frequency. ', ·· anode cooperating when energized to produce 

Free electrons in the multiplYing space will an electron beam, a control electrode between 
be attracted by the positive. potential on the · said cathode and anode, means for applying a 
acode 30, but due to the sma.ll area· presente.d by signal ·current to said control electrode, and a 

25 the anode, the greater number of electr.ons. Will multiplying chamber in registry with said gun, 25 
. pass .through .and continue toward the screen . including a cylindrical collecting anode adapted 

27, on which the greater number will strike, pro- ·to be positively energized by a steady source of 
duclng secondaries. ' Some will pass through, d.-e., a secondarily-emissive elect ron-pcrmea.bie 

.however. the ratio being very nearly that or the ._ cyllnd.rlcaJ cathode held concentrically v;ithin 
'So aperturad area. to the total area, or one to tour. said collect!n~; anode, and a. cyl!nclrica.l electron- 30 

These electrons pasillll3 through wtll be tur· penneablc accelerating anode concentrically 
ther nccel~rl!.tcd b"/ the potent!s.l on collecting placed ·within as.id c:tlindrtco.l cathode o.nd 
anode 2li. and on collection will fiow otr through adapted .to be positively enerii2. ·d. 
the output circult including cell 42 and variable . . ·· 2. ·A :radio-frequency mUlthlactor a.mpllfier 

·ms cu.pacttance 44. . · < · .. · . . · . tube havinr an evac~ted envelope conta; . .!---:'!!i.. 
· When the c:~.mer frequency l.a r11.!JI-:J abovo . nn electron . sun comprising a en thode an-~ 

ten megacycles it is found .necesssu-y .to provide ·. anode .cooperating .when energlz:!d to pro • 
a source of electrons 1n order that multipllc&• .. ·an electron beam, ·a. cr.ntrol electrode betw 
tion may :reach satisfactory current i:values in · said ·cathode and anode, means for ap-plying 

·40 the time avaUa.ble, :and for this purpose :it 1s signal current to sa.id control elect~ode, and a 40 
... ·possible to direct a. light upon . the photosensi- . _multiplying chamber in registry with said gun, 

. .-uve cathode . . ; .. The· : photo-emimon ,;: produce~ inc!Udlni ·a Cfl1nt1ncal collecting anode. aa~pted 
tlwoby ptn'mlt. currqn~ to bWJd up rAJ)fdJy, th~J · to bo posltJvoJr onorglzod bY & Btcady sourco ot 
currmtt bmn« in ltl m~txfmum VA1UC! A- 1Jne11.r d ... e., A Dhoto§~ltlve ucottd4r!Jy.em1S§!ve elec­

a function of the illumination ·intensity up to the tron-permea.ble cylindrical cathode held concen- ·4ll 
point ·of space ·change .. saturation. . The .light trica.lly within .said collecting anode, and a cylln­
source and the·opt!cal sYStem for focusing its rays drical .eJectron:.permeable acs:e.Jerating ancoid 
upon the ca.thode are not .shown in the figure, . concentricallY ·placed · withfii said cylindrical 
however. Inasmuch as I preferably utilize an elec- .. cathode and ada.pted to be positively energized. 

·eo tron gun as desc!'ibed above, since it possesses . ·3. A radio-frequency multlpactor amplifier ·so 
a.dva.nta.ge:; in rega.rd to modulation. . · . · . tube . comprising an evacuated en•1elope havin:: 

Returning 'now to -the point where the elec- . therein a collecting anode 'adapted to be posi­
trons supplied by the source are accelerated ~ tively .energized,-:an electron-permeable second­
the an!::ie 30, pass therethrough and produce arily emissive . cathode · within said collecting 

aa secondaries by impact on the cathode screen, it anode, an electron-permeable acceleratL'lg anode ·55 
.71Il be seen that whlle ·a carrier is applied be- within sa!d cathode adapted to be positively ener . 
t-:veen cathode 27 and anode 30, there will be a gized, an electron gun in registry with said ac­
c:ontinuou.slY. varying potential therebetween, celerating anode, comprising a c::.thodc and an 

·11uctuating in .value about the d.-e. potential apertured anode arranged when energized to 
e difference due t? source 4tl . The paths followed produce an electron beam, and a control elect~~o 

by the secondanes will depend upon these chang- arranged to be enerrt.zed by a signa! cU!'rent; 
1ng potentials. If the particular electrons are 4. A radio-f:-equency mUltipactor a.mp 
knocked out of the cathode when the anode 30 is tube, comprising an evacuated envelope havi~ 
least positive, the potential on collecting a.node therein a. cylindrical collecting anode ai'!'a.nged to 

«1 25 will be controlling, and the electrons will be positively energized, an elect:on-permeable «1 
be drawn thereto and collected. photosensitive secondar'..ly em!ssive c:;r!i."ldrica.l 

-

-

r 
f. 

[ ' 

L 

l 

I! the electrons commence their fi.!ght !:o:n cathode concentrically placed within said collect-
the screen cathode when the anode 20 is most ing anode, a helical accelerating anode concen- L 
positive, some o! them will be attracted back to- trically ~pported within sa.id cathode and ar-

T& ward it, pass therethrough, and repeat the sec- ranged to be positively energized, and an electron 10 -

I ~ 
ondary producing impact on the screen cathode. gUn positioned to direct, when energized, a bea.m ~ 

· ~ ·Others w1Il pass immediately through the screen of electrons into said helical anode, said gun ..4 ·.. a.. and be Collected qn anode 25. By proper ad- having a control electrode arranged to be ener- d 
. - · Justment or the potentials, repeated mult1pllca~ g1zed by signal potentia.ls. • 

:~fi\. \. • ~ 
8

'11 t:on J!rodndng trips'into and out o! the sp~ 5, A radio-frequency mUltlpactor a~pl.Ul.er, ~~ J ~ .-~ &---·I..,...- ..._. ~ • •• • --.. ~ ~.._I I :-;a· · 
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including o.n t!Vscun.ted euvelopa hnvlns therein 
nn n~cclcro.ting helical nnodc; an clectrcn•oer· 
mcable sccondar!ly r.mtsslvc c:~.thode concentric 
thercnbcut, a cylindrical collectins anode con-

{) ccntr!ct~.lly placed about ~aid cathode, nn electron 
beam sourc.e . havln~ a control electrode :md a1·­
rnn;;cd to d!rect electrons into sa!d hel!c~l anode, 
lends scaled through said envelope to said elec­
tron beam source and said control electrode. 

10 means connected with said leads for enen:;Jzins 

~
:lid source. r tfans for applyin:; signal potentlc.ls 
o said control t!lectrode through said lead there­
a, leads scaled through said envelope to so.ld 

accc!c:-ating a. node. said secondarlly emlssi ~·c 
cathode, and said collccttn:; anode, a variable 
il~put lmpcd:mc~ co;mectcd in series with a block-
Ing condenser across said cathode and said heli­
cal a:1odc, o. carrier frequency Input circuit cou­
pled to said variable input impedance, a d.-e. 

~o !cOtentlal source having lts positive connected to 
lia1d accelerati::lg anode lead and its negative 
:;rot:nded. a variable output impedance connected 
to said ccllcctlng anode lead, an output work cir­
cUit coupled to said output impedance, and a 

?,;; positive d.-e. source, having its negative end 
r;i'ounded·. connected th::ough said variable out­
put impcd:mce to said collec~ing anode. 

6. A radio-frequency multipactcr amplifier, 
including an..evacuated envelope having therein 

:;•.1 an accelerating ·helical anode, an electron-per-

·~~ 
~~--

mcablc secondarily emls:sive cathode -:oncentric 
thereabout, n cylindrical collcctlnz ancc:!c ccr:~ 
ccntricnlly placed a.bout s:~.id cathode, nn electron 
bca:n source having a control electrode and ar­
mngcd to direct c!cctrons into said he!ic:11 :mode. 5 
leads scaled through said c:>vclo!)e to snid elec­
tron beam source and said control electrode, 
means con11cctcd with said leads !or energizing 
said source. means for appl~·in:\' signal potenti:l.ls 
to said control electrode throu~h said lead there- JO 
to, lco.ds scaled through snid envelope to said 
o.c:celerat:n: anode, said secondarily emissive 
r.::tthode and said collecting anode, a variable in­
put Impedance connected in se::les with a bloc!<­
In;; conclcn:;:.:r o.•;ros::; so.id cathode und sr..!d h~!! • , .; 
cal nn:~de. a rarrle!' frequency input circuit cou­
pled to said variable input impedance whereby 
<:aid acce!cratin~ ancde and S::lid sccondr.rily 
emis~ivc cathode may be en~rgizcd in opposite 
phase by a carrier current, a d.-e. potential 20 
source having its pos!tivc connected to said ac­
celerating anode lead and its negative grounded, 
a variable output impedance connected to said 
collecting anode lead, an output work circuit cou­
pled to said output impedance, and a positive ?1 
d.-e. source, having its ne:;ati\·e end grounded, 
connected through said variable output imped­
ance to said collecting anode. 

PHILO T. FARNSWORTH. ;;o 
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··My invention relates to electron multipllers, tlon of the device, a diode structure. I have al8o 
and more pe.rtteularb' tn an electron c11acharee pointed out in both of these cited app1Jcat1on.s ~ 
devtce wherein linear electron multip1Jcat1on that certain methods of treatinr surfaces for the 
takes place to the end that an ampllfted output productton of secondaries at a ratio greater than 
may be secured of an electron input, the device unity leave the surface ln a condition wherein I 
belnc enerrtzed bT self·renerated alternattnr cur- photo-emlaaton may &lao be obtained. In add!- ~ 
rent. tton, I have pointed out that these multJpUer 

Among the obJecta of my ln..,mt1on are: to pro- structures may be utllized in two manners. ::P'lr3t, 
vide a means and method for amplifying small · as a Unear electron multipUer wherein the elec-
electron currents; to provide a combined photo- trodes are driven, or ln other words, supplied with 10 ~ 
electric cell and electron multipller; to provide a alternating potentials from an external source. 
syStem wherein. in B slnlle envelope linear elec- In which case, linear outputs of 1nttlal input 
tron multiplication takes place torether with al- electrons may be obtained. I have further point- ~ 
tern"ttnc current generation; to provide linear ed out that it 1a poastble to cause these devices to 
ampllftcat1on of pboto-em1aslon; to provide a. generate self osclllationa when properly connect- 115 · 

,~btned photo cen, electron multlpUer, and ed, and I have abown that in the la.tter instance 
ver within a atncle envelope, and utlllzlng at · the tubes usually operate at an equlllbrium point II 
t certain electrodes 1n common; to provlde a where .space charre tends to destroy. Unearity 

three-electrode photo cell wherein electron multi- of output, when a controlled Input 1a ut111zed • 
. ~ plication of the pboto-em1aldon la obtained with Whlle It la possible, therefo:e, to build a multi- 10 ' 

lJnear ampllflcatton: to . provide a means and plier wherein only two electrodes are ut111zed, and 
method of controlUng the output of a photo cell: where the lnltlal electrons are aupplJed to it, Jt Is 
to provide a means and method of ampllb'ins the not practical to allow the device to aelf-osc:Wate 
outptit of a photo ceD: and to prcrride a simple and thua obtain an output which 1a a dJrect func- ~ 
and emclent method of ene~ an electron tlon of the input. SUch a structure, however, II 
mllltipUer with alternating current generated tn would give a Unear output provided the electrodes 
the same envelape. are driven from another source. 

My tnven~on J)OII!i!sses numeroua other obJects I have discovered that by the addition of only ~ 
and features of advantage, some of which, toreth- a single atldlttonal electrode, I a.m able to cause 
er with the foregoing, w1ll be set forth in the fol- one part of the device to generate osclllatlons to 10 
lowinc description of apec1ftc apparatus embody- energize another portion of the device to the end 
tng and utllizlng my novel method. It 1s there- that the driven portion will rtve a Unear response ~ 
fore to be understood that my method 1s appU- to Initial input electrons. \ ~ 
cable to other apparatus, and that I do not Um1t In this present application I have described 
myself, in any way, to the apparatus of the pres- my st~cture basically comprising three elec- IS 
ent appUcat1on, as I may adopt various other ap- trodes with their appropriate circuits as being 
paratus embodiments, Utnlzlng the method, with- supplied with initial electrons liberated by the ac-
ln the SCOPe of the appended clalms. tlon of light, 1. e., photo-emission: but I wish It to 

Referring to the drawlnc: be distinctly understood that the same action can 
P1gure 1 1s a dlarrammatic, sectional view of be obtained with the same electrode structure and 40 

one form of tube structure embodying my lnven- circuit, irrespective of whether the initial elec· 
tion, together with a circuit diagram showing op- trons are Uberated by the action of light or are 
erat1nr connections. 11berated within operating space of the electrodes 

P'!lm'e 2 1a a sfmllar view of a modiftcation of from other sources. In other words. my present 
my invention. · device is capable not only of amplifying photo- -&5 

In my prior applications, for an Electron muJ- emis.ston, but also any emlsslon whose compo­
ttplying device, Serlal No. 892,585, 1Ued October nent electrons are liberated or otherwise proJect-
7, 1933, Patent No. 2,071,515, dated Peb. 23, 1937; ed into the operating space of the device. Such 
and an 08clllat1on generator, Serlal No. '133,837, modifications of my device are well within the 
1Ued July 5, 1934, Patent No. 2,071.516, dated P'eb. knowledp:e of those sldlled In the art. and, while DO 
23, 193'1, I have described electron multlpUers and I have shown the preferred construction which 
osdllators operatlnJ by the repeated impact of a answers the requirements very e1!ectlvely. I do 

~
cloud of electrons aaa1n.st a aurface capable of not desire to be conftned to the precise details ~ 
em!~ secondarles at a ratio rreater than unity, either of construction or arrangement or mode ,....... 

~ ...Slllaft ............. - ..... modlllca- ot •pP!Ioa-. but- "' - -to cover allri ~ 
AAAA~~~~~ 
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other broad apeeta of 1n7 Invention may be latJon aenerated by the device Is, of courae, deter-
1 more fullY understood by direct reference w the mined by the resonant circuit I and may be, 

fbnlre3, which show two mod11icat1ona, both at- tor example, between 1lve and forty megacycles, 
talntng the same result. depending on the number of secondary emfasfon 

In Figure 1, an envelope f 1a provided with a 1mpacta desired ln the photo cell end of the device. 
c:vllndrfcal cathode t perforated close to one end The two operating spaces within the device 

10 thl'reof with an Rperture covered br a screen 4. are aeparated br an insulating shield II P<>Si­
concentrfcaU:v positioned "1th1n the cathode 2 tioned on one of the anodes, dividing the space 
are two adJacent crUndrical anodea, a photo cell and preventtnr electron• from crossing from one 
anode I and an oscillator anode 1. These anodes operating space into the other. 
are approximately the aame size and shape, and U wUI be seen, therefore, that the system 

11 each one co-operates with approximately one- shOWH 1tl Figure 1 has a single cathode and a 
half of the Inner 11\ll'face of the cathode. This ddUbll! Utiode. However, an alternative con­
Inner surface Is sensitized 1n this embodiment to structlon Is sho~ in Figure 2, and there is Uttle 
perform a dual function: It must produce second- to choose between the two. In thJ.s latter case, 
ary electrons at a ratio greater than unity upan the cathode is divided Into two parts, a photo cell 

10 electron impact therewith, and it must also in this cathode 18 and an osclllator cathode 11, whereas 
particular adaptation product photoelectrons un- a single anode I 9 extends co-axially with both 
der the 1n1luence of Ught. Fortunately, a caesi- cathodes and over substantially the entire extent 
urn-silver oxide surface 'Will tu1ftll both of these thereof. In this ease, the single anode 1s sup­
requirements, and I therefore prefer to make the plied with steady potential from anode. source l, 

21 entire cathode of silver, oxidize the inner sUl·.lace, and the osclllator cathode 11 Is connected to the 
and deposit metalllc caesium thereon untn· a bal- anode 19 through resonant circuit 9 grounded 
anee 1s reached where secondary emission and and blocking condenser 20. In this instance, the 
photo-emission are both good. Whlle I have output is taken directly from the photo cell cath­
found that the two maxima do not eolncJde, they ode 18 through radio frequency choke 10 and 

ao are sumcientl:v close so that I! either one be work circuit I I to ground, and the muiUpllcatlon 
checked the other wlll be within the proper oper- co· .• i;rolls performed by the variable condenser I 2 
atlng range. connecting the two cathodes. IJght enters the 

After the inner surface of the cathode has device through the photo cell cathode 16 and 
been sensitized the tube is exhausted, sealed. and screen C In exactly the same manner as was de-

ll connected in Its operating circUit. The oscillator scribed !or Figure 1, and the operation 1s !den­
anode & Js connected to the positive end of an tical. There is little dl1ference between the two 
osclllator source l throUgh a resonant circuit 9. embodiments shown except that under certain~ 
The cathode Js grounded and the photo cell an- circumstances Jt is possible to sensitize the two~ 
ode 5 1s connected to the pOsitive end of anode cathodes differently 1n the embodiment shown in 

40 source l through a radio frequency choke 10 and Figure 2 so that maximum photo-emission 1s ob­
a work circuit II, diagrammatically represented tained ln the photo cell end, and maximum sec­
in this case by a current Indicator. A variable ondary emission obtained in the oscillator end. 
condenser 12 Is bridged across the two anodes. This is an advantage rather than a drawback in-

In operation, as soon as the anode source 7 1s asmuch as the best photo-emitters are also good 
41 . connected to the osclllator anode 8 the electron secondary emitters, althoUgh the converse 1s not 

multiplier comprising anode B and cathode 2 always true. . 
starts to operate as a mUltiplier osclllator. Elec- As exPlained above, it wlll be within the knowl­
trons within the space bounded by anode 6 arc edge of those skilled In the art to stJbstitute an 
accelerated away from and against cathode 2 at electron gun a hot fila.ment, or e~ectrons llberated 

150 .a frequency determined by ~sonant circuit 9, and by other means within ~he driven structure for 
at each Impact with the cathode generate adell- the photo-emitting combination, and the use of 
tlcnal secondary electrons until the current gen- the device as a multiplying photo cell 1s 1Jlustra­
erated builds up to an equilibrium value. There tive only, although, as a photo cell it obviously 
will be, therefore, a variation of potential across has a wide range of uses. 

lSi resonant circuit 9, and this potential 1s trans- I claim: 
mltted to anode II through the variable condenser 1. An electron multiplier comprising a single 
12; the amount of energizing pOtential reaching envelope containing a pair of diode electron mul-
anode 5 depending, of course, upon the adjust- Upller structures. external circuit means !or ope1·- l 
ment of the condenser 12. ating one or said structures as an electron mul-

80 In the meantime, if light, as represented by tiplier, external circuit means for operating the 
arrow I 4. 1s directed Into the Interior of the ca~h- other o! said stntctures as an electl·on mu!t!pl!er 
ode cylinder. this light illuminates the intenor osclllat:Jr, and means for connecting the oscillator l 
wall of the cathode adjacent photo cell anode 5. output to energize said multiplier. 
Photoelectrons are emitted which· are. because 2. An electron multiplier comprising an en-

85 of the driving potential on anode I, accelerated velope containing a unipotential cathode sur­
away from and against the inner surface of cath- rounding a perforated anode a second unlpoten-

~~JP~~~a~~!\:C,~~~v:~t~~;~i~:~~ft~~~d t~; tlal cathode surrounding said perforated anode, l 
anode 5 as uni-directional pulses. Radio fre- circUit means for causing osclllatlon generation 
quency choke 10 keeps radio frequency energy by electron Impact at a ratio greater than unity 10 from ~ing through the work circuit. but the upon electron impact with one or said cathodes l 
uni-directional pulses received by anode 5 pass under the influence of said anode, means for en.-,?-. 

~
- s readily through this choke and through the work erglzlng the other cathode from the oscillations~ 

c1rcult .II. Thus, tor an extremely small light generated ror electron mUltiplication by second-
~ f~alue, high output cmrenb are obtalned, and ., aey em1os1on, and ,....., '"' liberating eleetroi ~ l 
~==::~AAAA=~~~~r====~ 
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Within the oPtiiUBI iPiSe sf ii.lil ia*!eF eaiiiail~ UBE!I!F Uil! ifilliieBEe at aaia anode; mew tor·· 

l!tilifiJtilii Uil! otiil!r l.iatHt:idl! and rifci anOde from 
tii8 61itiiU&tioii8 teti@tited far eiectron multtpll .. 
t!iltiltft by !@e6fitltU'f e~icm, and means tor llb­
l!r&ttna l!ll!etrotts withlti the operating· apace ot 5 
said latter cathode and said anode. both of said 
cathodes being 'lt the same potential. 

and wd anOde; 
a. An etei:troii muitiptier comPtiiiHi in eti• 

mope contaln.tnr a unlpotet1tilll Mthode aut .. 
rounding a perforated a.i:lode, a lieei>fid Urtil)okfi• 
t1a1 and photoelectric cathode aurrouncUng said 
perforated anode, clrcult means for causing oacil· 
latton reneration by electron Impact at a ratio 
areater than unity upon electron impact with 
one of aaid cathodes under the 1nftuence of said 
anode, means for energizing the other cathode 
trom the oeclllationa aenerated for electron mu!-

EpUcation by secondary emission, and means for 
umlnating the latter cathode to liberate photo­
ectrona. 
4. An electron mUltiplier comprising an en­

velope contalhing a unipotential cathode sur­
rounding a perforated anode, a second unlprJten­
tial cathode surrounding said perforated anode, 
circUit means for causing osc1llation generation 
by electron Impact at a ratio greater than unity 
upon electron impact With one or said cathodes 

5. An electron multipller comprlslng an en­
velope containing a unipotential cathode sur­
rounding a perforatad anode, a second unlpoten- 10 
tlal cathode surrounding said perforated anode, 
circuit means for cnuslng oscillation generation 
by dectt i'Jn impact at a ratio greater than unJty 
upon electron impact with one of said cathodes 
under the lnfiuencE of said anode, means for en- 15 
ergizlng the otl.er cathode from the osc1llations 
generated for ele~tron multlplfcatlon by s.econd-

. ary emission, and means for liberating elec~rons 
within the operatll.•g space of said latter cathode 
and said anode. 

PHILO T . FARNSWORTH. 
20 
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5 

Our invention relates to means for ~lectron 
rnultlplicat:on, and particularly to multipliers 
utiliz'.ng an electron drift along continuous sec­
ondarily emissive surfaces. 

Among the objects of our invention are: To 
provide more efficient means for electron multi­
plication: to provide high gain direct- and alter­
nating-current multipliers; to provide multiply­
ing- units which arc free from the necessity for 

10 servicing at frequent intervt>.ls; to provide multi­
plying units so compact that they ~ay be in­
stalled in cables or other places where space is 
limited; to provide multipliers which are oper­
able upon local buttery supply. or whicr. may be 

15 fed through signal-carrying lines; to provide 
multipllers having a low threshold point; to 
pruvide multipliers wherein the degree of multi­
plication may be varied over wide limits; to 
proVide means for creating an electron drift. 
whereby successive electron impacts may occur 
at points of increasingly higher potential along 
continuous secondarily emissive surfaces: and to 
provide electron drift in an electron multiplier 
to minimize space charge limitations therein. 

:z.; Our invention possesses numerous other ob-
jects and features of advantage, some of which, 
together with the foregoing, will be set forth in 
the following description of specific apparatus 
embodying and utilizing our novel method. It 

:;o is therefore to be understood that our method 
is applicable to other apparatus, and that we do 
not limit ourselves, in any way, to the apparatus 
of the present applicaiton. as we may adopt 
various other apparatus embodiments, uti!izing 

;;:; the method, within the scope of the appended 
claims. 

In the drawing: 
Figure 1 is a partially secticnal vie'tl.· of our 

multiplier connected schernat!cany fer alternat­
·Vl ing-current energization. 

Figu:-e 2 is a scher::atic circuit diagram of a 
rnultiplic:- embodiment particularly suited to 
direct-current energization. 

Figure 3 is a partially section<~.!. schematic 
.~;; view of the embodiment shown in Figure 2. 

Figure 4 is a partially sectional >icw taken 
along line 4-4 of Fir;ure 3. 

embodiments are dealt w!th in the Farnsworth 
and Snyder application entitled "Repeater". filed 
October 31, 1936, Serial No. 103,563, since ma­
tured into United States Patent No. 2,143,146, 
issued January 10, 1939. 

The invention may be bette:: understood by 
reference to the drawing. 

In Figure 1 is sho·wn one or o;.;r multiplier 
tubes schematically connected fo~· operation, to 

5 

be driven by alternating current. The tube com- 10 
prises an evacuated, sealed, cylind'."ic::.l envelope 
I of glass or other insulating mat::orio.l, having a 
radially extended neck 2 at one '1nd. thP. neck 
terminating in a conventional p!'css 3 on a re­
entrant stem 4. Throurrh press 3 arc scaled a 15 
pair of connecting leads 5 supporting a cathode, 
her.e shown as a filament :>. and a lead 7 which 
supports a grid 9 in posit!:Jn between filament G 
and the main body of tile tt:be. A grounded 
battery I 0 connected to leads 5 heat~ the filament 20 
6. The signal input is applied to ~rid 9 through 
an jnput lead I I and condcnsGr 12. The end o! 
envelope f opposite neck 2 is terminated by a 
conventional press '3 on a reentrant stem 14, 
bearing a. cathode :;up port I C sc~led through 25 
press 13, the cathode-suppcrt1:1g a11d connecting 
lead 16, and anode lead 17. located preferably on 
the longitudinal geometrical axis or ihe t~be. 
Within the tube I a circular collecting plate I 9 
is fixed on and normal to the anode lead I 7. 30 
Centrally attached thereto is n. high-resistance 
anode wire 20 held in a.x1h1"'8:Iiqnment with the 
tube by a spring 21, fixed to a connecting lead 
22, sealed through the end 2~ of the envelope I. 
Battery 25 feeds a continuous curr::?r.t to anode !l:) 
20 through leads J7 and 22 and o. variable re­
sistor 26. The negative side cf battery 25 Js 
carried to a radio-frequency ground 27. Cylin­
drical cathode 29 is held sy::n:netrical!y about 
anode 20 by supportin~ lc:lds IS and IG. .A..'1 40 
apel"ture 30. in line Wit:~ fila:r.:e!lt G, is provided 
throt:gh the wall of cathode 29. 

A master oscillator 3 J is cc:·mectEd through a 
var:o.ble condenser 3:! and lead I 5 to the cathode 

r· lilt.. publication thereof by Farnsworth and his asso-
a. ... ciates. The present application is particularly 
1!f concerned with means for producing an electron 

29. A path to g!·ound frorn lead 15 is mo.de avail- 45 
able thro~h a choke coil 34. •·csistcr ~5. and 
battery 36. The output leo.d 33 is fed through 
n condenser 37 tied to the m:!ltlplicr ;,ide of re­
sistor 35. The battery 3:l m<~.ll1t;).ins a constant 
positive co:nprmcnt upon co.thoC:c 29 cf a few GO 
volts above grcu:::d potent!~!. A solenoid 33 
wound abo11t em·elope I is provid::d. and is en­
ergized by a battery 38 to set tl;') o. t:1a£:nctic field 
longitudinally of the em·elope f. 

In operation, filament 6 emits clcctron3 when 

The theory of electron multiplication by suc­
cessive impacts ot n. modulated number of elec­
trons upon secondarily emissive surfaces is well 

~ ~ :;o known since the development of the art and 

~l I; t.. 55 drift along a continuous surface, and related 

;I ··t.,. ~ ::.,;ilt, ll IE---•.... ·------ -------·------
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:crsi"d by batte>Y 10, o~h!c!~:um: ~~~0~:~:, ,:, "~' L~~ """ """'~ • ~ ~ 11 
ulated In accordance with the signnl output is out-of-phase electrons th::t part of the anode 

i((P -

--

permitted to pas.~ thl"Ollf:h grld 9. Catllcde 29 current Is obtained. 
Js pcsft!vcly biased by battc:·y ~6: Tbc electron.; The "electron drm·· i!3 al.so controll~blc by 

:; passed bs· ~;rid 9 arc attmctcd thereto; most o! varyir.g the cradlent along the anode 20. ~ 
them pass through •aperture 30, whllc Lhc n:- Ch:J.nr,lnr; the value of resl~;tor 2G chnnr,es the 
malnd~r nrc collected on the cathode 29. notcntJal d:-op between plate I !J :me! ~·min:,: 2!, 

Those cl'3ctrons passinG thl·cugh apc:tt:n· 20 and hence chang-es the amount of deflection dur­
cre accelerated toward ~r.odc 20 by tho pos:tlvc ing each electron passage across the tube. This 

to potcnt!al thereon, which is preferably of the o~·- varies the number of multiplic:.tion cycles, and 10 
der or 500 volts above ground. -and is control- hence the output current dt•;eloped. 
lable by the variable resistor 26. It should be noted that, while the anode paten-

Relatively few of the accelerated electrons will tial rna~; be many hundrods of volts, the poter.~ 
be collected on the anode, due to its :;mall super- ti~J supplied by tlle driving oscillator 31 need 

lG ficial area and the deflection caused by th:! len- only be sufficient to produce a secondary-gene~- 15 
gitudinal r..agnetic field of solcncic 33. ThQ nting impact. and may be of the O!'dcr of 20 volts. 
majority 'll:ill pass by and contin~;~ to t~·avcl depending on the magnitude of t.he anode paten­
toward the oppo~ite wall of cathode 29. being de- tial r.nd t!~c chnracteristics of the particula!· 
celcrated after passing the anode in the sam~ embsive surface used. 

20 degree as their initial acceleration. Choke coil 311 prevents the o:;cil!ator !rom im- 20 
The cathode potential has. during this time. pres:>ln;; its output on the signal output throus11 

become lr.c:·easingly positive under excitation lead 39, while permitting· free passage of the sig­
from the oscillator 3:. and this added potential nal current through resistor 35. and permitting 
ca·uses the electrons to strike with sufficient ve- battery 36 to maintain a bias on cathode 29 such 

25 locity to knock out a number of secondary elec- that thc!"e will be no cut -off d!ect at the !!PC!'- 2~ 
trans. The interior of cathode 29 is coated. fo.:- ture 30 ot.hcr than that exercised by .de! 9 in 
greatest efficien:y, with a !1ighly emi~sive material, accordance with the signal input. 
caesium on an oxldized silver surface being a Th,~ "electron drift" principle is also inr.orpo~ 
preferred fonn . These secondaries are attracted ;ated in the mUltiplier shown in Figures 2 tc 4, 

30 toward the anode, which they in most part pas:>. which is driven by direct current. 
impact the cpposite cathode wail. again aided by Pi:;ure 3 is a partially section:!.! view of the 
the cha~gi!"lg potential from the osci!Jator 31 . multipiier within an envelope 40 f glass or simi­
knock off more secondaries, and repc~.t. This Jar material. A reentrant stem 4 I Is extruded 
process v.;oulc! continue, with an increasinp: cloud near one end of envelope 40 and at ri~ht andes 

30 

35 of electrons passing back and fort11, tmtil the to the major axis thereof. A cathode. shown 35 
s!,)ace charge caused an equilibrium condition conventionally as a filament 42. is supported 
near the input stream were it not for our method within the reentrant stem hy leads 44 sealed 
of causing :m "electron drift", whereby the elec- tl:erethrough. A control electrode, shown as an 
tron cloud is moved along the tube toward the aperturcd shield 45, is supported b~· a connecting· 

40 collecting plate 19. lead 46, also· sealed through the reentrant stem, 40 
This drift is produced by the potential drop in such position that some of the electrons 

along anode wire ~0. cooperating with the alter - emitted by cathode 42 are per:nitt€'1 t.o pass into 
nating c-:.~rrent on cathode 29. Since this wir~ the mr.in body of the envelope 40. Within en­
has r high resistance, and the voltage of battery \'elope 40. the space between them constituting 

45 25 is high, a large gradient exists, w:~h the points the multip!ying chamber, ar~ j!sposed two p?..ral- 45 
of higher positi•/e potential near t he collecting lei plates ~l and 49. formed of material havin£'" 
plate Is. and the lower potential at the end o! high electrical resistance. :md coated on the aD­
anode 20 adj:!.cent spring 21 . posed surfaces with discrete particles of mate­

Hence, each electron is attracted toward the rial hnving high secondary emission characte!'is~ 
50 anode in a path curving toward the h igher poten- tics, such as caesium or caesium-silver oxide. 50 

tial points: successive passages brin:;: the electron The alignment of the plat~s 41 and 49 is main­
to the collectin:;: plate. accomplishing the return tain~d by ~upporting studs 50 ~nd 51 sealed into 
circuit tc the cathode throttgh the radio-fre- envelop~ 40, ::md external ~nection is proVided ~ 
quency ~·ctmd 27, battery 36, resistor 35. choke throu;::rh a lead 52. - · 

55 coil 34 2.:1d lead 16. Fror:J. the potential drop Midwny bP.tween. and parallel to. plates 41 a~<l .·-
across the resistor 35, the useful output of the .,9. is a herringbone l?.ttlce o:- l!rid 54 of low­
tube is obtained. through blocking condenser 31 res!stance wire. support.!d by two reds 55 and 55 
and ot:tput lead 39. of hi:;h-resistance material. The apices of the 

It is apparent that in order to insure the nu- !:1-ttice wires 5~ are direc"tcd toward the cathode 
60 rr:erous passages across the cathode necessary to er.ct of plates 47 and 49. where an aperture 51. 60 ! obtain high multiplication. the frequency cf the c!!sr:os<.:?d thrcut;h plate 47 in re~istry with the 

oscillator 31 must be properly co-ordinat.ed with a]:ertured control "'ler:t.rode 45. prr.\•ldes an en­
the di:me!"!sio!ls of the cathode a~d the potential trance Cor elect rons from filament 42 into the 
of battery 25, slnce ;,>clarity reversals of the cath- lT-Ultip!y!n~ ch<ur.ber. The gr!d-supportin~ rodr; 

65 ode must be so timed as to supply the electron:; 5~ :1nd Sti extend bP.yond the ends of plnte~ 47 65 \\"ith suffic!e!"lt impact velocity, and Y~t permit the and 49 oppo~it~ aperturr 51. te:-mir.atin~ In a 
secondaries to escape toward the anode. The rect.nn~~:!nr :-im 59 formed nt ril!ht :m'"!les ·to anG 
electrons w!!l. however. get sli~htly out or phase inte~r~!ly with the reds. the r im and entire g:id 
on each passage. since the added velocity ap- :J.s~embly being supported by a lead 60 sealed 

~ ;o proachir.g the walls will slightly reduce the aver~ thrcu~h e!"lvelope 40. Ac:-oss rirn 59 is ~tretchec! iO 
age tirr.e of flight. and after a number of trips ~ ccnd•1ct!ng grid 61 . A collect!n~ anoc!e 62. 

I :~ ~ the oscillator wlll begin to oppol;e instead of ald. suppcrtcd by a lead G4 sealr.d throuq-h the end 
: ~ ~ - . When this occurs. the electrons will not strik<.:? the of cr.ve!ope 40. is disposr.d parallel to grid Sf. 
~ ... cathode, but wi!l oscillate in a constant!:-,- decreas- Figure 4 shows a schematlc sectional view. ; ~ If ~ 75 ing arc within the cathode until they arc picked t:tken along line 4-4 of F igure 3. illustrating 75 

~~ ;~- ----·_....-~..-·· ··~~ .......... 
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tl.a mo.nnor in which the electron:~ moving be- 16 nnd send current through output lines 1G 
tween plates 4! and 49 nre prevented !rom strilY- and !1. 
ln:r out of the multi:ol:vlng chamber. Mica. pla.te::~ Thc numi;lcr of op,sso.~cs across the multlpl~-ins 
18, o.~rtured to permit the pa!lsnge of grid wires chamber. nnd hence the degree o! amplificat!on, 

G ;4, are used to cncl~se the space between plates is cont:·clled b:;r the ootent!nl ::;radlent. and hence 3 
47 and 49. by the voltage o! battery 67. 

The circuit dlagro.m !or operation o! tht> ~m- The similaritY in the two embodiments pre-
bodlment or .Flgures 3 and 4 ls shown !n Fi.:rure 2. scntcd lies in the use o! an electron dri!t e.lcng, 
The filament 42 is heated by a source of energy o.s well as across, a continuous emitting chamber, 

10 not shown: of the emitted electrons. ·a number under the infiuence of a potential gradient set In 
modulated by the input signal is admitted to the ttP in o.n Intermediate electrode. the nnodc. In 
multiplying chamber through aperture -51. The coo~ration with an assisting potential on the 
control ls exercised by ·a.pertured electrode 45, r.hamber walls set up either by an external oscll­
U!=!On which a varying charge is impressed from lator or another voltage g, adient. 

15 condenser 65 by the signal current in the Input To those skilled In the art it is obvious that i' 
line 66. The end o! the multiplying chamber the form o! all the elements involved may b~ 
nearest the cathode is connected to the nei:iative varied within wide limits, as may the spacing of 
side of a high-potential battery 61, the positive the electrodes, the values of resistance and po­
side of which is applied to the cnllecting plate 62 ter.tial u:;ed, the material forming the emissive 

20 through a resistor 69. In practice, the plate 62 surfaces, the cathode embodiment, and so !orth, 20 
may be about 600 volts positive with re"pect to withcut departing from the spirit and scope of 
the low-potential end of the multiplying cham- the invention. The essential feature of the in­
be:-. Batter; li7 Is tapped at a point about 100 \'ention is the combination of means to produce 
volts less positive than p!ate li2, and through an electron drift within the multiplier, whereby 

25 lead sa connected to the rectangular frame 59 and space current limitations may be removed, and 25 
grid 61 . The high-resistance rods 55 and 56 are the degree of multiplication controlled. 
likewise tapped by a lead 10 at a. point about We claim: 
100 volts less posit ive than grid 61, and connected 1. An electron multiplier comprising an evac-
to the high-potential end of plates 41 and 49. uated envelope having therein me::?.ns for pro-

30 Op:pcsite points o~ plates 47 and 49 are main- ducing an electron stream. oppcsed second~ri1y 30 
tained at equal potential by leads 71 and 12, con- emissive cathode surfaces, one of said surfaces 
necting together the high- and low-potential ends being positioned to intercept said l'lectron stream, 
respectively o! the two plates. :1 perforate anode positioned p~r'\lL! to and mid-

A constant difference of potenMal of 1::0 volts way between said cathode surfaces, and means for 
35 between opposite points on the plates 47 and 49, producing potential gradients along said cathodes 35 

l and the rods 55 and 56, is maintained by leads and said anode. 
10 and 14. Lead 14 connects the low-potential 2. An electron multiplier comprising an eva.c­
ends of the rods SS and SG to plate 49 opposite uated envelope having th~_rein means for pro­
a point on the rods 100 volts positive above the ducing an electron strea~. opposed secondarily 

40 rod-ends. Lead 52 from the low-potential plate emissive cathode surfaces, one of ::.:.id surfaces 40 
'ends is returned to the negative side of battery 61 being positioned to intercept said electron stream, 
to complete the circuit. a perforate anode positioned paral!el to and mid­

The electrons ad::nltted through aperture 57 way between said cathode surfaces, means for 
are attracted toward the lattice grid 54, but due setting up a positive potential on said anode rela-

45 to its comparatively open char~cter, the ma- tive to said cathode surfaces, an·". means for pro- 45 
jority are not collected, and their momentum ducing potential gradients a!ong said cathodes 
carries them on toward the plate 49. Since the and said anode. 
admittance velocity is low, and the acceieratior. 3. An electron multiplier comprising an ev:.oc­
due to grid 54 is neutral!zed by the decelerating uated envelope having therein means for pr oduc-

50 effect once the electrons have passed through. ing an electron stream. opposed secondarily emis- 50 
the impact velocity would be too long to cause sive cathode surfaces, one of said surfaces being 
secondn:-y emission were it not for the defiec- positioned to intercept said electron stream, a 
tion due to the field gradient on the grid 54. The perforate anode positioned parallel to and mid­
effect of the gradient is intensified by the her- way between said cathode sll!"faces, means for 

65 ringbone ccnstruction: the electrons are con- setting up a positive potential on said anode r.r~ 
strained to the longitudinal center of the multi- ::-elative to said cnthode surtaees. and means for 
plying chamber ns well as defiected toward the producing equal potential gradients alo:1g said 
high-potential end. In consequence of the lon- c;~.thodes and said anode. 
gitudinnl defiectlon. the electrons wlll strike upon 4. An electron multiPlier comprising :1n evacu-

~tro plate 49 at a point a number of volts mere posi- ated envelope having therein me:tns for pro- 60 
r tfve than was plate 47 a t the aperture 57. and ducing an electron stream. opposed secondo.rily 

·will retain sufil.cient energy to knock secondaries emissi\·e cathode surfaces. one o! said surfnce~ 
out of the coating on plate 49. being positioned to intercept said electron 

These secor.dar!es will In turn be attracted stream. a perforate anode positioned parallel to 
65 and mldwa~· b~tween so.id cathode surfaces, 65 toward grid 54. deflected toward the high-poten- means for setting up a posit ive potential on 

tial end. pass through the grid. and strike plate snid :lnodc relative to said C:l.thodc sur!acel.. 
47 at a point still more posittve than that on means for producing equal potenti;~.I g:·adlcnts 
plate 49 !rom which they originated. When the along said cathodes and said anode. and means 

70 electron stream reaches the high-potential end for maintaining opposite poi:lts on said cathode 70 
-- of the multiplying chamber, it is dra·wn toward surfaces at equal potentials. 
• ~ grid Sf. pass

6
e
2
s througth, and is collecte

6
d upon 5. An elect::-on multiplier comprising an eva cu-

t... anode plate . In re urning to battery 1 from ated envelope having therein rr.ear.:; for produc-. a.. plate 62, a potential drop through resistor 69 ing an electron stream, opposed secondarily 
75 is set up which is utilized to charge condenser emissive cathode surfaces, one of said surfaces 75 , 
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bcln~ po:>ltloncd to Intercept said elt)clt'on 
slrcum, a pcrft:Jl'lltc a.node positioned pn.rallcl to 
and m!t1W«Y between !H'..Id cathode surfaces. 
me:ms for ch:l.r~in~: S:l.ld cathodes positively, 

5 mca~s for sctt!n£; up a positive potential on said 
nnadc rclnllvc to s:tld cathode :mr!nccs, mr:1ns 
for pl'oducing cqua.l potential rcrndicnlq ~olon:;: 

said cathodes and said anode, and means for 
maintaining opposite points en said cathode 

10 surfaces at equal potenti:J.ls. 
6. An electron multiplier comprising an evacu­

ated envelope havim; therein means fer pro­
d\!cing :.n •electron stream, po.rallel cathode 
piatcs formed of high-resistance material. a thin 

15 layer or disc:·ete particles of secondarily emissive 
material ha ·ing a low work function dispesed 
upon the opposed surfaces of said plates, one 
o! said surfaces being positioned to intercept 
said electron stream. a perfo:·ate anode posi-

20 tioned parallel to and mid"'"vay between said 
cathode surfaces. means for setting up a po:;i­
tive potential on said anode relative to said 
cathode surfaces, and means for producing po­
tential gradients along said cathodes and said 

25 anode. 
7. An electron multiplier comprising an evacu­

ated envelope having therein means for Pl'u­
ducin; an electron stream, parallel cathode 
plates formed of nigh-resistance materir.l, a thin 

:10 discontinuous layer of high secondary emissiv:ty 
deposited upon the opposed surfaces of said 
plates, one of said surfaces being positioned to 
intercept said electron stream, a perfor:1te anode 
positioned parallel to and midway between s~.id 

35 cathode surfaces. mezns for settin~ up a posi­
ti~·e potentinl on said anode relative to said 
cathode surfaces, and means for producing equal 
potential gradients along said cathodes and said 
anode. · 

8. An electron multiplier comprising an evacu­
ated envelope having therein means for produc­
ing an electron stream, p2.rallel cathode platrs 
formed of high-resis~ance material, a thin dis­
contiT'l~ous layer of high secondary emissivity 

:.; deposit~d upon the opposed sLtrfc. -:es of said 
plates. one of said surfaces being positioned to 
intercept said electron stream, a perforate anode 
positioned parallel to and midway between :;aid 
cathode surfaces. s::.id anode comprL;ing a p:t!r 

.~o of hit;h resistance rods connected by a plmnlity 
of conductors, means !'or s~tting up a positive 
potential on said ~moc!e relative to said cathc.:d~ 
surfaces. and means for producing equ:tl poten­
t ial gradients alan; said catl:odes ar.ct z<~.id 

.•.• anode. 
9. An elect:on m1.:ltiplier cor.:.prisir.g an evr,cu­

ated em·elope having therei.'"l means for produc­
ing an electron stream, parallel cathode phtes 
formed of high-resistance materia!. a th:n di:::-

r.n continuous layer of high secondary cm:s~i·;it;: 
deposited upon the opposed surfaces of said 
plates. the end of one of said plates bein;; p-::~:­
tioned to intercept said electron stream. an 
anode. pcsitioned mld·Nay between said catl~od-:: 

~~:; plates. comprising a pair o r ru;;h-rcsi;;tance :od::; 
connected by a plu:allty of V-.;hnped conductors. 
the apices of said conductors ~eir.g directed to­
v:ard the end of said cathode plates :o.c which 

said modulated bco.m is ln tr.rcClplt~d. means fo l' 
:;c~~lng up a posi ~ive po~cntlo.l on said anode 
r~l:J.tive ta said catl'lcde surfaces .• me! mc:1ns tor 
producing equal potcn~lal ~r::.dicnts alo~g s~ld 

cathodes and said anode. G 
10. An electron ~uJtipl1cr comp;·isin!: n.n enc· 

u::.tcd envelope having therein means f,;r PrCJ .. 
ducing an electron stream, opposed secondarily 
emissive cathode surfaces, one of said SU!'faces 
being positioned to intercept said electron 10 
stream. a perforate anode positioned parallel to 
and midway between said cathode surfaces, 
means for producing pctl"ntial gradients along 
snid cathodes and said anode, means for divert­
in~ ~lectrons from between said cathode surface:~ •~ 
at- th~ most positively char~ed po1·tions thereof, 
and means for collecting said diverted electrons. 

11. An electron multiplier comprising an evac­
uated envelope having therein means f(.)r pro­
ducing an electron stn::J.r.l, parallel cathode 20 
plates formed of high-resisto.ncc material, a thin 
discontinuous layer of high secondary emis!;ivity 
deposited upon the opposed surfaces of said 
plates, an anode eompli!;ing 2. pai:- of high­
resistance rods connected by a nlurRiity of con- 25 
ductors. an anode ling formed. norm:-' to and 
integral with said rods. n plUl'~lity of conducto!'s 
positioned across s~id rin!.:. a (;O! !cctin~ p!nte 
::isposed p~rallel to t.:lici :mcdr. rinz. nnd sepa­
rat~ leads from s::l.id electrodes senled throu~h 30 
said envelope. 

12. An electron 1':\ultip~ier cor.11- ising an evac­
uated envelope having the!·ein means for pro­
ducing an electron stremn. parallel cathode 
plates formed of hish-resistancc material, a thin 35 
discont:nuous layer of h igh secondary emissivity 

· deposited upon the cpposcd surfaces of said 
plates, one of so.id surfares being positioned to 
intercept said electron stream, n per~crate anode 
positioned parallel to and midway between said ~o 
cathode st1rfaccs, said anode comprising a pair 
of high-resistnnce rods connected by n. plurality 
of V-shapcd conducto:·s hn.v!ng the apices there-
of directed toward the point of int!)rccption of 
said modulated beam, said 1 ~as tcr~inating at ~5 
the ends opposite s:tid beRm intercepticn point. 
in a rectangular rim formed homogcnt~ously with 
said rods and normal thereto, n conductin:< g-rid 
disposed acro~s zald rim, a co!iccting p1:~te posi­
tioned in l'e~ist!'Y with said rim, menns for :oct- 50 
tin;; up a po:;itive potential on said anocle reia­
tive to said cathode surfaces. rr.eans for produc­
ing ec;ua! potential g!'adients alent:; said cath-

. odes and said anode, men::1s for s~ttin~: up a 
positive char;:.c on said ~rid relative to the most ~;. 
positi·;e of said V-~;haped conductor:;, and me:'.ns 
for char~;"!ng said collect:ng w~te poslti·:~!y . with .. 
respect to said grid. , - · • 

13. In an electron multiplie!' hav!ng an anodr. 
a!'!d secondarily emissive c::tthodc s:.i:ofaces nr- 6~ 
rang'.!d to be serially irr.pactcd. !'!~e:ms for pro­
ducin~ a unidirectional elect ron c:riit pa!'allc! 
to said C:'.thode su::fnc:es be:twcpn succe!isivc 
cathode impo.cts. in<:l~1din:;r mr-::.!1 .~ fn:- !:r.tti!~!: 11Jl 
a potentictl ~:·adicn t a.Jor.~ :;:tid :mode pa:·:>.l:el 65 
to said cathode su:-faces. 
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OFFICE 

My invention relate;, to an osclllation •enera- ~e '1 1s a longitudlc.al sectional view of a 
tor tube, and more parUcularly to auch a tube tube havina concave ~lectrodes providlni elec-
ut.111z1n& cold cathodes, and l.s a divislon of my trostatic focusing. 
cc)peadtnr application, Serial No. 109.154, tued In my prior patents mentioned above, I have 
November 4, 1936, now United State;, Patent No. !\ described a method and system for electron 
2,184,910 issUed December 26, 1939, which in turn multipncation and oscillation 1eneration, utlliz-
ia a continuation-in-part of the following inr. as an electron discharge device, a t ube com-
patents: 06clllation renerator, Patent No. pr1sinlf three electrodes. · Two of these electrodes 
2,071,516, issUed February 23, 1937; Electron are cathodes having opposed surfaces which are 
mtilt1p1Ying device, Patent No. 2,071,515, Issued 10 sensitized to emit secondary electrons at a ratio 
Fe'brllarY 23, 1937. greater than unity, when impacted by traveling 

The two prior patents mentioned immediately electrons, and the third electrode Ia an accelerat-
above describe and claim a method of electron J.ng anode located between the cathodes. AU of 
discharge tube operation and circuita used to the tubes herein to be described operate in one 
practice the method, whereas the present appll- '~ mode, simply by connecting the two cathodes by 
cation deals solely wlth the tube structure capable a resonant circuit and .supplytnr the anode with 
of produclni oscillations, or electron multipllca- an accelera~ potential. Certain of the tubes 
tion, when ut.Wzed in accordance with the herein to be described are adapted for use in com-
methods and in the clrcuita above referred to. blnation with a longitudinal magnetic 11eld 

Tbe primary obJect of this invent.ton 1s to pro- . 20 parallel to the electron paths, whereas others, 
vide a new type of electron mulUpller and oscllla~ as will be later described, utWze electrOBtatic 
t.ton generator tube. . focusini, automatically obtained by the shape of 

Among the other objects are: To provide an the electrodes. 
electronic oscillator tube capable of convert.lni Referring directly to the 1!.gures for a more 
direct current energy into oscillat.tons at ex- 25 detailed description of my improved tube struc-
tremely high frequencies ; to provide an electron ture, in various m.od11icat.ton, and referring tint 
multiplier tube havini a m.1nlmum of electrodes: to ~e 1, an envelope I 1s provided at each end 
to provide an oecUlat.ton renerator and electron with cathode lead wires 2 and a. to which are 
multiplier ut1llzlnr cold cathodes; and to provide attached a pair of facinlf cathodes C and I. The 
a new and improved electron c11acharle device 30 opposed surfaces of cathodes 4 and I are treated 
having cold electrodes, and capable of electron ao that they will emit secondary electrons at a 
multipllcatlon and oscillation 1enerat1oo, when ratio 1reater than unlty upon electron impact 
enerrtzed. therewith. 

Other objects of my invention will be apparent I 11nd that one of the most sat1sfactory 
or will be specl!lcally pointed out 1n tbe descrip- 35 methods of sensltlzin.(l' these surfaces is to make 
t1on forming a part of th1a apeclflcatlon. but I the cathodes from allver, or at least with a sUver 
do not 11m1t m7aelf to the embodiment of the inner surface, oxidize the allver, and deposit 
inventlon herein descrlbed, u vartoua forma may caealum thereon until maximum thermionic 
be adopted within the ecope of the cla1ml. em.laa1on l.s obta.J.ned. However, inasmuch a.s these 

Referrlni to the clrawiDP: 40 devices operate by repeated electron impacts, it 
J"iaUre 1 1a a longitudinal aectional view of a will be obvious t.h.at lesa senaitive surfaces may be 

llmple form of my invention. • used and an extra l.mpa.ct provided to br1ns the 
1"1CUre 2 11 a -lozlaltudinal aect.tonal view of a output of the tube to a hiah value. The cathodes, 

mulUplier tube bavina a screen anode. 48 for eumple, may be made from a Dickel-barium 
P'1I'Ure 3 1a a lonaitw11D&l Ject.lonal view of a alloy, and be treated, during exhaust, to have 

tube baviDc concave cathodes. opposed aurface.a con~ barium. or, aaain. 
~ 4 1a a loadtudin&l Jeettoc.&l view of a the enUre material of the cathodes may be made 

::n:'!:f.:!.~es descrlbiDC concentric, of aluminum, lor example, which will atve 
~ a 11 a Jons1tudinal ~eetional view of a 50 em1ss1on at a ratlo poeater than unity when 1m-

tube a1m11ar to P!pre 4, but bavini tbe cathodes pacted bT an electron trav~ at veloclUea eaally 
CSepolited 011 the mYelope. obtained. I do not, therefore, w1sh to be Umited 

... _. . Ji'!pZ'e t 11 a Joncttndlna! leCt1oDa1 vieW of a to &n7 particular t7Pe of aurfa.ce, but Glnpl7 ·-~ 
~ .. .. tube ha'f'iDa concave cathodes depoated on the atate that tbe aurface abould be capable of emit- P. : 
~ '~ ol tbo en:- .. -~- ••• raUo oreater r,~& 

..::::::::::::::::==::1 ..-&1 A ~ ~=~ ~ ~ ~ 
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UDi:.y when impacted by electrons travellJJg at 
velocities obtainable in operation. 

An anode 1s provided with the customary anode 
lead 1 p~ through the envelope, and in its 
simplest form this anode 1s merely a rinK I sur- ~ 
rounding the apace between the two cathodes In 
which the electrons oscUlate. Inasmuch as the 
longitudinal magnetic fteld 1a used in conJunction 
with this type of tube, electrons from one cathode 
are accelerated to hit the other and oppos1Dg i u 
cathode, because the magnetic fteld prevents 1m­
mediate collection by the surrounding anode. 
This fteld may be produced by solenoid circUlt 12. 

Figure 2 shows a modified anode structure 
where, tn addition to the ring I. there 1s a screen 1.; 
1' dividing the space between the two cathodes. 

Figure 3 shows another modiftcatlon wherein 
the cathodes C and & are formed sll.ghtly concave 
to each other, and with this type of structure 
there w1ll be some el~ctrostatlc focusing which ~J 
may be supplemented by an additional magnetic 
field. 

Figure 4 illustrates a mod11lcation in which the 
cathodes 4 and 5 are spherical surfaces approach­
ing hemispheres, and the anode. in this case, 1s z.; 
in the form of an apertured spherical electrode, 
preferably made by winding fine wires into a 
mesh sphere I . In this case no ~etlc field 
1s needed, the electrostatic field of the electrodes 
themselves providing a foeus such that electrons :10 
from one cathode w1ll be sure to reach the op­
posing cathode, passing through the Faraday 
space formed by the .sphere I . It 1s preferable, 
of course. that the sphere I be concentric with 
the sphere described by the cathodes. ::l 

In Figure 5 I have shown a modification ·or the 
same structure as shown In Plgure 4, except that 
the cathodes C and II here are deposited as a 111m 
upon the interior of the envelope Jtself. Other-
wise, the structure is identical. 40 

In Figure 6 I have shown a modlncation com­
bining the envelope 1llms of Figure 5 with the 

type of anode utlllzed in Ftgure 1, except that 
here the anode rtnr is, itself, a ftlm on the en­
velope wall. 

In Ftgure 7 I have shown an '!lectrode ar­
ranaement similar to that of Figure 6, except 
that in this case the cathodes C and I, and the 
anode ring &, form a cylindrical chamber, so that 
electrostatic focus is present to a high degree, and 
in this particular instance I have shown the 
electrodes mounted in ·the usual manner upon a 
reentrant stem l located in an envelope arm ID. 
The electrodes are maintained in position within 
the envelope by an insulating bead II to which 
all the electrodes are attached, as is well known 
in the art. 

Other modtllcations o! the three fundamental 
electrodes herein described and claimed w1ll be 
immediately apparent to those skilled in the art, 
and shall be deemed to be included within the 
scope o! the claims hereto appended. 

I claim: 
1. An electron discharge tube comprlslng an 

envelope, deposits of conducting material on OP­
pOsed interior surfaces of said envelope, said de­
posits being spaced and electrically separate, said 
deposits also having substantially equal areas and 
being capable of producing secondary electrons at 
a ratio greater than unity UpOn electron impact 
therewith, and an additional spherical electrode 
surrounding a portion of the space between said 
deposits. 

2. An electron discharge tube compri.slng ·an 
envelope, deposits of conducting material on op­
posed interior sur! aces .of said envelope, said de­
posits having substantially equal areas and being 
electrically separated but disposed with their 
edges closely adJacent to provide a substantially 
closed electron chamber, and an additional 
spherical electrode surrounding a portion of the 
space within said chamber. 

PHILO T . FARNSWORTH. 
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2,091,439 

MtiLTIPACTOR OSCILLATOR Allo"D AMPLI­
FIER 

Philo T. Farnsworth, San Francisco, Calif., as­
~:gnor to Farnsworth Television Incorporated, 
San Francisco, Ca.lif., a corporation of Cali­
fornia 

Applic:J.tion February 24, 1936, Serial No. 65.465 

l!l Claims. (Cl. 2;iO-:m 

OFFICE 

;:,J..y invention relates to ?. mu!tip::.ctor o.:;~ma- gether with a multiplier circuit, cf a pr<!fe:-rad 
tor and amplifier, and more particularly to a form embodyins my invention. 
'lleans and method of utilizing se.;:ondary emis- Figure 2 is a sectional view ::md circuit d!agram 
;!on for the produd.icn of electron multiplicn.- embodying the tube shown In Figure 1, connected 
;;ion. to be a self-oscillator. 

This device operates broadly on the princip!cs FigUre 3 is a view, partly in section and partly 
.;:et forth in my prior application. Serial No. G?Z.- in elevation, of a multipactor structure utilizing 
585, filed October 7. 1933, for an "Electron multi- four electrodes describing a cylinder around the 
plying device", and my pr!or application. Se;-ial central anode. 

1•) No. 706,965, filed January 17, 1934, fer "Methods Figure 4 is a sectional view taken as indicated JO 
of electron multip!!cation''. by the line 4-4 in Figure 3, together with an op-

The present application deals with a multi- eratlng circuit attached thereto. 
pactor structure and Inethod of operation where The operation of my electron multiplier or 
multiplication and collection are sep::1.ratcd. The multipactor, as I desire to call my device, de-

. present device Is, in ccmmcn with the previous pends upon the transference of energy. between J;j 
·ypes of multipactors described by m':), capa!J!c an oscillating cloud of electrons and an oscillat-
. t producing ::l.rnpllfication by electron multipll- lng E. M. F., usually established between a pair 
ation, and by proper connection c::.n be :4ude of opposed cathodes. treated or otherwise ca-
., generate self-sustaining oscillations. pable of producing secondary electrons at a ra-

The primary object of tl"Js invention is to pr::~- tio ·greater than unity when impacted by the os- !!O 
vide an improved means and method or abstract- clllating electron cloud. If the energy transfer 
lng power from a multipactor. be from the oscillating E. M. F . to the electron· 

Other objects of my inve!ltfon are: To pro- cloud, the electrons strike the cathodes and give 
vide an osclllator v;hlch wlll cor.v~rt direct c'..l!'- rise to the secondary electron multiplication phe-

·.,5 rent energy at extremely high effic!ency; to pro- nomena. If, on the other hand. energy is ab- :.!;i 

- Vide an oscillator of the high vacuum type which sorbed from the oscillating cloud of electrons, the 
Is not subject to the Instabilit-Y ::.nd incons!s- oscillating field between the cathodes is inter.si­
tencles which such phenomena Introduce; to pro- fied, and the tube may sustain oscillations in the 
vide an oscillator and amplifier which has no cathode circuit. 

30 heated electrode of the thermionic type, ~nd The present invention concerns a device where :.n 
which is correspondingly free of the ditncultles both of t"llese phenomena are produced In differ­
and compl!catioru:. lnt!·cduced by cathcde heat- lng but adjacent structures, electrons being 
lng surfaces; to provide an electron multiplier passed. pre!e!''l.bly through a common cathode, 
structure which is capable of gen;-:rati!!:; self- from one to the oLhet'. 

:;.) sustained oscillations and whlch tr.<!~ tc re::.~ily Considering then, fir::t.. the condition where .... 
modulated; to provide a means and method of energy is transferred from i.t";~ applied E. M. F. 
operating a combined rnultipactor and out;mt to the electron cloud. I find that \.;!:::&! the period 
structure having a cc::nmon cathode; to prov!de of the oscll!ating cloud of electrons is close to 
a means and method of creating an cscillating the resonant frequency of a circuit connecting 

40 cloud of electrons. and a means and method of the cathodes. that the tube acts as a h ighly ef- ~" 
absorbing power from ~his cloud; :md to pro\·idc flcient electron multiplier and. in many cases. 
a simple and efficient multipactor tube. will self-oscillate If energy !s withdrawn !rom 

My invention possesses nu:ne:-cus other ob.!e:;t-S the multlpactor structure and used. at least in 
and features of advantage. scme of which, to- part. to supply the oscillating E. M. F. :o.pplied 

4.i gether with the !cre~cing. will be :::c~ fot'th In to the cathodes. energy in t.his case. of course. .;.i 
the followln& description or s;::::::lftc app::ratu.<:. being supplied from t> D. C. ~urce n~J:plied to 
embodying and utilizing my new~! :net!'!cd. It an anode preferably positioned between the t'llo'O 
is therefore to be understood t.hat my method is cathodes. 
applicable to other appar;>.ttts, :md that I d:l net Vlbcn the period of the oscillating cloud of 

l ~ :o llmft myself. In a.ny way, to the apparatus of the elcc~rcns !s close to the resonant frequency of 
' present appllc:~tion, as I may adopt ..-arious other the circuit, ccnnecting the cathodes, it ~ found, 
. ~ "'~ ; apparatus embodime~ts. utilizing tl~e meth~d. P.xperiraentally, that the tube generates oscn-· 

'~\ \ ·; ·wl~~.~:.~~~~!~:~~~.~~~'~:;~~d~~-·c:~~~s: , •.. :~~~~:~ ;~~~~~~~~~e i~~~:t~~~~~~~~t -~~~ .::~ 
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";;;$ cation P'""CS'· a cloud ol eloct>an' ol the p>a~:Ol,::: efficient "condacy emi,lve 'u<face . .-tlh ~ 

pha1:e to absorb energy from the oscll!at!ons. rntlos ns high as one primary to six secondn:rles. 
This cloud of electrons would oscllla.te by itself when impnctecl nt the proper velocity, but I do· 
at approximately the same frequency as that o! not wi::;h to l::e limited to such a. formed surface 

;, the circuit. except for the fact that the R. F. as even t.mtreatcd nickel has been found to have 5 
itself :J.ccclcrates the cloud and makes the trip ;m con!ssion rs.tio greater than unity; and any 
across Lhr. tube less than a half period of the surface. fr;rm!'!d or unformed, having such a ratio 
ttmcd ci!-rttlt. The mere fact that the electrons will be satisfactory, although, of course, multi­
arc speeded t:p insures that they strike the cath- plication can be accomp!lshed with a. lesser num-

10 ode. The ret.ur:-.ing group of c!ectrons also make ber of impacts with the materials having higher 10 
thP. t:·ip in sll!;hlly less than one-half cycle. The ratios. 
result is that the fastest electrons very rapidly At the opposite end of the envelope I is posi -
gct nu~ of phr.se with the potential. The elec- ticned what m?.Y be called a collector cathode ~ 
tro::1 distribution in the cloud, however, reshape:; cup 9. This cup may be identical in form and ~ 

15 itself :l~ c~ch half pcr!od because the rate of shape with the multiplier cathode 2, and between 15 
mul: iplicatic>n is large compared to the amount the collector cnthode cup 9 and the central cath-
or phase shi!'t. · cde cylinder 6 is por.itionec a s!!cor.d anode ID, 

Tl1e process results, however, in electrons being identical with the first anode 7. 
fed !rem the multlp!Jcntlon phase Into the op- ! prefc:- t.o position all five electrodes so that 

20 po:oitc phase wherc!n an electron Is decelerated th~j' sh~!l b~ s:vrnmetrical, wlt.h the spacing be- 20 
r~ther than accelerated by the R. F. Electrons twceri cath~des 2 and 5 equal to the spacing be-
~n ~hb phase do not strike the cathodes at all. tween cnthcdes 5 and 9. 
but c::-n~inue to oscillate i."etween them. deliver- Col!ector cathode e is supported on a. lead II 
ing cncrg~; to the cxtcmal circuit as they are :;>:.>ssing through o. seal 12 in the end of the tube. 

25 slowed down by the R. F . If the probability of Cc!icc~o~· cathode 9, however, differs from multi- 25 
an electron striking t:-.e anode is sufficie!1~lr p!ier cathode 2 in that its inner surface is prcf­
smnll. equ!llbrium current results when the elcc- et·nb!~· of o. nt>.t.ure that It wlll not emit second­
t:ons o.rc fed from the multiplying phase into the nrie:::. at. leo.st secondary emission w!ll be reduced 
ener~y-givin~ ph:1s~ at the same rate as the elec- t0 ".minimum; :!nd I have fcU:Jd that n. carb:m!zed 

30 tron:; :'\t:: m :.tltlplicd at the cathode, and elec- nickel surf~.cc i:n this pnsiti:m \;•ill prevent. to a 3~ 
lron!' oi thr: energy-giving" phase never strikr. l:!r::-r:- C'X~.r.nt., scc0ndnry emission. 
the c!lLh:1. · ,~ until they have given substantially !': ft.Pr the ~Jcctrodcs have been assembled as 
all their cn.-r1;y to the oscillating circuit.. dr~cribcd. the tube is. c! course. baked out, de-

I m;>.v desi:·e, however, as in the present co.ss. . Ji~~~·:1. ev;v;uated, and the surfaces formed on 
35-not to ·abstract power directly from the multi- cat.hodes 2 and 5. 

pa:~..l~' structure. but to util!ze directly a portion F'or multiplication, the tube is connected as 
of the oscillating cloud of electrons in another si~own in Fi~ure 1. On the multiplier end radio 
structure closely associated with the first, and frE-q~~c::c:;r ls Ied into the input connection 14 
withdraw the multiplied output !rom the second thr~:ugh ::-. block:r.~ condenser IS, to cathode 2 

35 

40 structure. through lead 3, ar.d cathode 2 is connected 40 
My invention may be more fully understood by through a tunable resonant circUit 15 to the 

direct reference to the drawings. which show an s:;r~.:>n cathode 5 through suitable ground con­
improved type of multiplier structure connected, nr?ction~. Anodr.!: '1 nne! I!! arc connected to-
in Figure 1, as a direct electron multiplier. ~ether through sepa!'::ttc radio frequency chokes 

45 The tube it~elf comprises a conventional type 17 to a D . C. anode source 19, the opposite end 4~ 
of rnultipactor, as h itherto described and claimed cf ·::h!c:h J::: also groundecl. t!:e positive end of 
by :me in the applications referred to above, con:- this sou~·cc being connected to the anodes. 
pris!ng <>. p;>.ir of opposed cathodes, one of which. The collr.c ~:c:.· cathode S ls connected through 
preferably the end electrode ln an envelope I, is :m output l''!son~·!t circ~tit 2~ to ground, and the 

50 in the form of a cup-shc>.ped cathoce 2. t!1e in- out;:d In<'Y be tak'!n from this cathode through GO 
terior of the cup facing the remainder of the blocking condenser 21. All that Is. necessr.ry to 
structure. set the tube il!to oscillation is to energize the 

The cup-shaped cathode 2 may be mounted in :lt~odt-s 7 :>.nc! l 0. as there Will be, ln the space 
any c:::nvcnic:Jt manner. such as on a lead 3 pass- bctwc-:-:1 ::nthode!; 2 and S. a sufficient number 

55 in;r t!~rou..-b a reentr~nt stem 4 in the end of the cf fr!!~ electror~.s which arc ~cce!era.ted toward r,.; 
tube. o::~ Ol' beth Of the C3.t!:6des by the potential or 

The tlppcsing cathode may conveniently be lo- the ~.!'!ode. tc :;i r:!~r! tilrre'Jn o.nd cause the ini­
cated ::t approxirn:!.tely the m idpoint of the tub!'! , tiat!::n cf seccnc:\ry emission. 
and comprises a screen cathode 5 extending 2cross If. ·t:1cn. a radio frequency is applied between 

60 the t•lbe ~md prerer::.b!y posi~ ionc-d within a tbc ::athor.c:; 2 and !i and controlled by means of r.o 
cathode cylinder E. Lhc t:med circuit !~. ~nd the time of fiight of ~ 

Between the two cathodes Is position<::d n multi- the cicctrons b~tween ca!hcdcs 2 a~d 5 is ad- • 
p!ier ~.n0de 1, p:-eferably in the form of a cylin- ju:;t::d by rr:cr.ns o! plac:ng upon the anode 1 
der ';\:ht'Jc;c ~·ans arr. in the sn!':'le projected snr- the proper potential so that the time or tlight 

llii face as .de~ermined by the walls of the cup 2 :md ct•:·n•.;.ponds t.o;~ tl~c pcr!,;c~ l"f t.h~ in;n1L. oscllla- .. .-. 
t.hc r:ylm~:ar S. ticns of the clr·c~ror:s between !.;~ :· two cathodes 
Th~ intP.rior Qf the cathode cup 2 and the sur- -.·m oC'cur nncl repealed impacts ~ith the cath-

r~-:~ Q' !=:" r.:tthodr· .coc-;(:~n 5 nrc pl·~·f,.rah!y ~:r.u- odes will ~:tkc place with the n:!l':'l:.:c nr :;ec:mdn:-y 
sitized so that they w!ll emit sccondarlc:; af. " ,.,l,.!;l.ru;,s a~. r•ach lmpa~:t.. 

;o :-::i:· !tte:>.~e:- thnn l!nity, whc, impr:':'t~~l. ?n:i i':~a~mucil as t!!<: fl l :d b~t.wcen t.hP. cat.hodc:; ; ,1 
this sensitization, which Is performed in order is !:t> :lrrai"'!;Cd eith0:· tJ:; th!' cn:-:structJcn of thr. 
th:tt the .highes:. !Jt'l~lhle ratio rna:; b0 l:lh~.~!:-;!'1 , r::tt!1udr::;. :t~; s!1own. r;r ])~· ::::: <>X!.crnal elec~ric 
mn.:1 hr llCC'.,mp!i~hr:d by fonnlng the r.n.t!~'1r1n:: ,..r ~~~Jd . n~ l1ns ~r.n pointed out In my prtor cited 
1;!1v••r. oxldl:r.ln:t thn sllvrr, nnd dr::po~ltlns:: cac-::lttm nppllcnt.lnn~;. cr-rtnfn rlr!'ln!t r• tnrmh:·rs ,r f r~ :·,_, .. . 
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occurs. and a definite multiplication factor ~111 the output structure comprising cathodr:; 5 and 
be reached before equilibrium current is arrived 9 together with anode I 0. This power Is fed back 
at in the tube. Thus. there w111 occur within the to the inpt:t structure. and thus the E. M. F. is 
multiplier end of the tube, electron multlplica- reger.eratively amplified and an extremely e!li­

:; tion: and I prefer, with this type of tube, to so clent oscillator results. 
adjust the constants on the two cathodes and Another structural embodiment utilizing my 
the anode of the multiplier structure. that a max- method of electron collection is shown in F lg­
lmum equilibrium current is reached. ures 3 and 4. In this tube. oj1posed multiplyir.g 

The structure just described, however, differs cathodes 25 and 26 are connected through th':! 

;, 

10 from prevlotts multipactor structures in that the tunable resonant circuit 1~. Cathcdes ~:; and :•> 
central cathode 5 is apertured. This means that :s arc sensitized, as were cathodes 2 ~nd S. ior 
at each time the electron cloud reaches the plane secondary emission, and in this case the anoda 
of cathode 5, a certain number of electrons im- ls a central spiral 27. 
pact and create secondaries which are used to Output cathodes 28 and 29 are also positioned 

l .i continue the multiplication process, but others In opposed relation, the four cathodes 25, 26, 2S . ·• 
of the electrons pass directly through the aper- and 29 being positioned to form a cylind(!r, each 
ture In cathode 5 and enter the output structure cathode, however, being electrically separllted. 
comprising cathode 5, anode Ill and cathode 9. and output cathodes :!8 and 29 are also connected 

In this structure, !lo•::ever, conditions ~re dlf- by tunable resonant circuit 20. Out;:~ut cathodes 
!!O fcrent. The output cathcde 9 has been treated do not emit secondaries and may be of carbonized :.:ll 

to prevent secondary emission, and lf cathode 9 nickel, as explained above for outpu~ ca:hode 9. 
is connected to cathode 5 through a tuned cir- The anode 27 is supplied with a. positive poten­
cuit 20, the electrons passing through the cen- tial from the anode battery l!l. 
tral cathode 5 will oscillate back and forth be- I also prefer to provide. preferably by means 

.~:; tween cathodes 9 and 5. and energy will be ab- of a focusing coil 30 energized by focusing source :.:;; 
1 

sorbed from them as they oscillate between ca.th- 31 under the control of a resistor 32, a feeble 
odes 9 and 5; ln other words, In th~ output struc- magnetic field In the tube with the lines of force 
ture. enerrry is beinz absorbed !rom the elcc- axial, so that there will be a progression of the 
trons. electron oscllla.tion paths in the direction from 

:;n The advantage gained in taking energy out of multiplier cathodes to output cathodes. For ex- :: > 

the tube in this m::mner is that phase shift of ample, when radio frequency is applied between 
the osclllating electrons ln the output structt~re the multiplier cathodes 25 and 26, either fro.:n a 
is unimport.ant. In other words. any elect!'or.s ' driver or by causing the two multiplying cathodes 
in the output port.ion of the tube \'lhich set out to become a. self-oscillatory :;tructure. the elec-

:;;, of phase, anrt therefore arc ln a position to ab- trons of the proper phase for multiplication tend .... 
sorb energy f•·o:n t.he oscillations. strike the cath- to osc1Ilate so that they are traveling along the 

J odes and are ~.bsorhed by thei:-1. and as the uo- center line connecting the multiplying cathodes. 
tential o:-1 the anodes in each portion of the tt1be and the electrons oscillating in the phase to give 
can be adjusted so that the electron oscillation up their energy to the output circuit 20 tend to 

·JO frequency coincides with that of the tuned cir- swl..ng around at right angles to the multiplier .::1 
cuits and with the E. M.P. to be amplified, both cathodes. The application of the magnetic field 
structures operate coe1p!ete!y In phase. effectively prevents the output electrons from 

It will be understood. of cot1rse. that the out- swinging around, so that they are absorbing pow­
put structure docs, ln uo sense, create electron er. There is therefore, due to this field, a con-

.;.; multiplication; it is in e~ect a multiplier s~ruc- tln•1ous drift of multipl:;'ing electrons over to the ;:; 
ture with the exception that the cathode g ab- output cathodes 28 and 29, where <;hey are col­
sorbs all electrons striking it, and will not release lected after giving up their ene·gy to the output 
secondaries. In other wcrds. ·by using symmetri- circUit. 
cal structure operating In phase, I have separated The main advantage of this type of structu!·e 

::;;1 multiplication and output. I create the oscilla- O"'er the structure heretofore described is that ~ l 
tion of the electron cloud and supply power to all of the current built up by multiplication is 
It, in one structure, with multiplication; and I eventually converted into cscillating power, thus 
absorb power from the cloud, without multipli- resulting in a very high emciency. 
cation, In the other structure. Other circuits utilizing the me:'!.ns and ~cthc::! 

... , I have thus eliminated the necessity within herein desc::ibcd will readily suggest themselves 
the multiplier structure of d~\·eloping a lan,;e to those skilled in the art, the c!rcuit::: !,hO\\"l1 ~·!­
out-of-phase component, In order that po>>er be ing in the nature of examples only. 
absorbed from the cloud. In other wcrds. it is I claim: 
necessary, as above explained. in order to crc~te 1. An electron multiplier comprising a pair of 

r.n an output from th~ ordinary multiplier. to absorb opposed surfaces capable of emitt:n:; second:1:·y 
power from a cc:-r.poncnt of the electron clm:d electrons at a ratio greater than uni:y when im­
which is out of phase with the multiplying cloud. pactcd. mea:1s for causing an e!ect:-o:1 c!cud to 
In this case only enough power is abs~rbed to cscillate between said surf:>..ces to create repeated 
continue multiplication. multiplying impacts therewith. means for div~n -

.. , Such an arrangement leads to a high c:;nver- ing n portion or said cloud into a space aparL 
sicn effic!encY. and also lends to a high efficiency from that bounded by said surfaces. and means 
self-oscillator. For C'X~mpic:'. I have shewn a cir- for absorbing power from said d!v~::ted portion 

1 cuit in Figure 2 where the output cathode 9 is within said space. · 

1

1 coupled to the input cathode 2 through a com- 2. An electron multipi!er comprising a pair of 
; .• men tuned circult 22. an intermediate tap 2.; c;:>poscd surf;o.ces capable ci crn!t•lr.g secondanr ;,, 

being taken from the induc•.ar.c.;: of the t~:ned d'!ctrons a:. a ratio grc:lter than un! ~y w!~er. im"­
circt:it to the ccnt:·aJ nprrtnrert cathode .5. snrh pacted. means for causi::g :ln ~l~dron cloud to 

; ~ a connection c:ntscs sc!r-osclllnt!on or the multi- osclllnte between s.\!~ ~m~:rt·r·· r,1 cn:ntl' :·rJ~:::!tl·t; 
I '~ . 

1 
pli.:-r ~trudr:r·' rf')rnr!·!~!n:: r:o~hocl~~ 2 :mel 5 ancl multij :l~·tn:z im;>nt~ts ~bc· : · .. ·:. ' !i:. c::; .. r.r ~:1;t1 ~~~ ... 

~' au · · · · .. ·. · · · · . · · · · ·· 
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~ '!ud to •~• ~e<eth~ough a~ the ti~ or ,;~.;~ the =ud ~=h ap=m in nid •~rae~\ ~ 
Impact, and means for absorbing power from the n definite proportion of the electrons therein, and 
electrons passing through said apertures. absorbing the energy !rom the abstracted elec-

3. An electron multlpli"• comprising a pair of trans. 
5 oppcscd surfaces capable of emitting secondary 9. In an electron multiplier structure wherein IS 

electrons at a. rat!o greater than unity when lm- an electron cloud is osci!lated against and away 
pacted. means for causing an electron cloud to !rom a surface .o produc:! secondary emission 
o~:::lll:.te between s::>.id surfaces to create repeated therefrom upon Impact therewith, the method of 
multiplying impacts there\Vith, means for divid- abstracting power from said cloud which com-

10 ing said cloud at the -plane of one o! said sur- prises feeding energy t~ said cloud and abstract- 10 
faces, means for abstracting one of the divided ing energy from said cloud within different spatial 
portions from the space bounded by said sur- boundaries. 
faces, and means for absorbing power from the 10. In an electron mult!plier structure where- • 
abstracted portion. in an electron cioud· Is oscillated against and 

15 4. An electron multiplier comprising a pair of away from a surface to produce secondary em1s- 15 
opposed surfaces capable of emitting secondary s!on therefrom upon impact therewith, the meth­
electrons at a ratio greater than unity when od of abstractin~ power from said cloud which 
Impacted. means for causing an electron cloud c::.rnp~·iscs dividing said cloud at each impact feed-
to oscillate between said S'.!l'!aces to create re- !ng t'ncrgy to one portion of sa!d cloud to con-

20 peated multiplying Impacts therewith, means for tinue :nultiplicn.tion and abstracting useful en- 20 
dividing said .cloud at the plane of one o! said crg·y from the other portion. 
surfaces me&.ns fer abstracting one of the divided 11. In an electron multiplier structure wherein 
portio:1s from the space bounded by said surfaces. an electron cloud is oscillated against and away 
means for absorbing power from the abstracted from a surface to produce secondary emission 

25 portion. and a work circuit for utilizing the power therefrom upon impact therewith, the method of 25 
obtained. _ abstracting power from r:nld cloud which com-

5. An electron multlpl1er comprising a pair o! prlses absorbing energy from said cloud. using 
opposed surfaces capable of emitting secondary said energy to sustain oscillation o! said cloud 
electrons at ~ratio greater than unity when im- until ::m equilibrium current is reached. abstract-

SO pacted, means for causing an electron cloud to !ng electrons from said cloud, absorbing energy 30 
osclllate between said surfaces to create repeat- f~·om snid abstracted electrons, and adding said 
ed multiplying impacts therewith, means for energy to t.hal; previously absorbed from said 
dividing said cloud at the plane of one of said cloud to create regcnCl'!lt.ivc oscillation thereof. 
surfaces, means for abstracting one of the divided 12. In an electron multiplier structure where-

35 portions from the space bounded by said surfaces. In an electron cloud Is oscillated against and :US 
means for absorbing power !rom the abstracted away !rom a surface to produce secondary emis­
portion. n work circuit for utiliZing the power .sicn thercfror:1 upon impact therewith, the • 
obtained, and means for feeding energy !rom said method of abstracting power from said cloud ........ 
work circuit into said oscillating cloud. which comprises feeding energy to electrons 

10 · 6. An electron multiplier comprising a pair of travelfng along one set of paths, changing the 40 
opposed sur.faces capable o! emitting secondary paths, and abstracting power from said electrons 
electrons at a ratio greater than unity when im- while in said changed paths. 
pacted. means for causing an electron cloud to 13. In an electron multiplier structure where­
osc!;:::.:e between said surfaces to create repeated in an electron cloud is oscillated against and 

;.; multiplying imp?.cts therewith, means for divid- away from a surface to produce secondary emis- 45 
Ing said cloud at the plane o! one of said surfaces. slon therefrom upon impact therewith, the 
means for abstracting one of the divided portions method o! abstracting power from said cloud 
from the space bounded by said surfaces. means which comprises feedil1g energy -to electrons 
for absorbing power from the abstracted portion, traveling along a diametrical path, shifting the 

;o a work circuit for utilizing the power obtained, electrons to a different diametrical path, and ab- 50 
and means for utilizing a portion o! the energy sorbing power from said electrons while in said 
in said work circuit to cause continued osc11lation different path. 
of said cloud. 14. In an electron multipiier structure where-

7. An electron multiplier comprising a pair of in an electron cloud is oscillated against and 
;,j opposed surfaces capable of emitting secondary away from a sw·face !o produce secondary emis- 55 

electrons at a ratio greater than unity when im- sion therefrom upcn impact there~ith, the 
pacted, means !o.r causing an electron cloud to cs- method of abstracting power from said cloud 
cillate between said surfaces t~ create repeated which comprises !ceding energy to electrons 
multiplying impacts therewith, means for dividing traveling along ~me set cf paths. continuously di-

:o said cloud at the plane of one of said surfaces. vert!ng a portion of said cloud Into a ditferent 60 
means for abstracting one of the divided portions set of paths. and abs'lrbing energy from said fJ 
from the space bounded by said surfaces. means electrons while in said different paths. 
for absorbing power from the abstracted portion. 15. In an electron multiplier structure where­
a. work circuit for utilizing the power obtained. in an electron cloud Is osc!llated ngn.inst and 

.5 and means for feeding back a portion o! the en- away from a surface to produce secondary emis- 65 
ergy In said work circuit into said oscillating sicn there!rcm upon impact ·therewith. the 
cloud in the proper phase to continue the oscil- mcthcc c! abstractln~ power from said cloud 
lation thereof. which comprises feedin;r energy to snld cloud to 

8. In an electron multiplier wherein ei~trons maintain oscillation o! the clcud acro.<>s n .spa.c~ 
are directed against a cathode surface to produce in a predetctmincd path. shifting the osc1llation iO 
secondary emission therefrom. the method -;f to a different predetermined path. and absorb­
power production comprising oscillating elec- Ing power !rom the electron" !n the latter p:1th. 
trons against and awo.y !rom sntd sur!o.ce to pro- 16. In c~mb!nn.tkn . 'l p.1ir of opposed elcc­
duce an electron cloud nugmcntcd by !'Ccond:nr t. rnc!r~ r:l!"':!bl" nr ":::l': in·: •:o.•rnnr! ·l!"\' l'lrr•r"~ " ., • 

. .... . .. 

·~ ·~ ·~ 
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~~d ele<trodes lncap~ble of e~tting ~con:~;l,::~ng electron oscillatio~ between said fl!~\ ~ 
electrons, adjacent said first pair. means for pair o! electrodes to cause secondary emission 
feecllng energy to electror.s ln the space between therefrom, means for rotating the oscillation 
.said first pair of electrodes to produce electron path around the axis of said cylinder, and means 
multiplication by cyclical impact therewith, and associated with said second pair of electrodes 5 
means associated with said second pair of elec- for absorbing power from electrons in said ro­
trodes for absorbing power from said electrons. tated path. 

17. In combination, a pair of opposed electrodes 19. In combination, a pair of opposed elec-
capable of emitting secondary electrons at a trodes capable of emitting secondary electrons 
ratio greater than unity, a second pair of op- at a ratio greater than unity. a second pair of 10 
posed electrodes Incapable of emitting secondary opposed electrodes incapable of emitting second­
electrons, said pairs bein~ alternately disposed ary electrons, said pairs being alternately <!is-
to describe a symmetrical space, means for feed- posed to describe a cy1lndrical space, means for 
lng energy to electrons 1n the space between said causing electron oscillation between said first pair 
first pair of electrodes to produce electron mul- of electrodes ·to cause secondary emission there- 15 
tipllcation by cyclical Impact therewith, and from, means for rotating the oscillation :path 
means associated with second pair of electrodes around the axis of said cylinder, means associ­
for absorbing power from said electrons. ated with said second pair of electrodes for ab-

18. In combtna~Ion, a pair of oppOsed elec- sorbing :Power from ele::trons In s:l.id rotated 
trades capabJe of emitting secondary electrons path, and meo.ns for collecting electrons contact- 20 
at a ratio greater than U.""lity, a second pair of lng said second pair of electrodes due to said 
opposed electrodes incapable of emitting second- rotation. 
ary electrons, said pairs being alternately dis-
posed t· · J.escrlbe a cylindrical space, means for 
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UNITED ·STATES PATENT OFFICE 
2,18{,910 

COLD CATHODE ELECTRON DISCHARGE 
TUBE 

Philo T. Farnsworth, Springfield Towmhlp, Mont­
gomery County, Pa., assignor, by mesne asslrn­
ments, to Farnsworth Television & Radio Cor­
poration, Dover, DeL, a corporation of Dela-
ware -

Application November 4, 1936, Serial No. 109,154 

3 Claims. (Cl. 250-1'74) 

My inventiop relates to an oscillation generator 
tube, and more particularly to such a. tube utiliz­
ing cold cathodes. 

The present application is a. continuation In 
5 part of my prior application, Serial No. 733,837, 

filed July 5, 1934, for an "Oscillation generator", 
issued February 23, 1937, as United States Patent 
No. 2,071.516 and is also n continuation in part 
of my prior a.nd copendlng application, Serial 

10 No. 692,585, filed October 7, 1933, for an "Electron 
multiplying device", iSsued February 23, 1937, 
as United States Patent No. 2,071,515. 

The two prior applications mentioned above 
describe and cla.im a method of electron dis­

ll charge tube operation and circuits used to prac­
tice the method, whereas the present application 

solely with the tube structure capable of 
PrtldUci!:Lg oscUlations, or electron multiplica­

when utiliZed In accordance with the meth­
ods and in the circuits above referred to. 

The primary obje(:t of this invention Is to pro­
vide a new type of electron multiplier and oscil­
lation generator tube. 

Among the other objects are: To provide n.n 
• • electronic oscillator tube capable of converting 

direct current energy at extremely high fre­
quencies; to provide an electron multiplier tube 
having a minimum of electrodes; to provide an 
oscUlation generator and electron multiplier 

3G utillzlng cold cathodes; and to provide a new Rnd 
Improved electron di.scha.rge deVice having cold 
electrodes, and capable of electron multiplica­
tion and oscillation generation, when energized. 

Other objects or my Invention will be ap-
35 parent or wlll be .specificnlly pointed out in the 

description !ormlng a part of this spec11lcatlon, 
but I do not llmit myself to the embodiment of 
the Invention herein described, as various forms 
may be adopted within the scope of the claims. 

' 

Referring to the dr&wings: 
P!gure 1 is a longitudinal sectional view of a 

simple form of my invention. 
P!gure 2 f.s a. longitudinal .sectional view or a 

m,JJUpller tube having a screen anode. 
~ 4;; Ftgure 3 Is a longitudinal sectional view of a 
~.· Lube having concave cathodes. 
~ Figure 4 is a longitudinal sectional view or a 
-·- tube having electrodes describing concentric, 

~ J ~ ;;o sp~:e ~~e:'~ngitudlnal seet.fonal view or a. 
~ 1~ . tube simJiar to Figure 4. but having Ule ca~hodes 
~ t i'\ deposited on t.he envelope. 
~ ~ ~~ FfgtU'c 6 is & longitudJnal scellonal view of a 
J , :..m r.u~ h~v1ns: concRvr. en tho~~_ ~<.'~~l~r.d on the 

Figure 7 is a longitudinal sectional viev: of a 
tube havins· concave electrodes providing electro­
static focusing. 

In my prior applications above referred to. I 
have described a method and system for electron 5 
multipllcation and osc1llation generation, utiliz­
ing, as an electron discharge device, a tube ccm­
prising three electrodes. Two o! these electrodes 
are cathodes having oppesed surfaces which are 
sensitized to emit secondary electrons at a ratio 10 
greater than unity, when impacted by traveHng 
electrons, and the third electrode is an accelerat­
ing ancde located between the cathodes. All of 
the tubes herein to be described operate in one 
mode, simply by connecting the two cathodes by 1li 
a resonant circutt and supplYing the anode with 
an accelerating potential. Certain of the tubes 
herein to be described are adapted for use in 
combination with a longitudinal magnetic fleld 
parallel to the electron paths, whereas others. 20 
as will be later described, utlllze eiectrost2tic 
focusing, autom:\tlcally obtained by the shape of 
the electrodes. 

Referring directly to the figures !or n more de­
tailed description of my improved tube struc- 25 
ture, 1n various modifications, and referring first 
to Figure 1, an envelope I Is provided at each end 
with cathode leRd wires 2 and 3, to which nre at­
tached a pair of !acing cathodes 4 and 5. The 
opposed surfaces of cathodes 4 and S are treated 30 
so tho.t they will emit secondary electrons at 3. 
ratio greater than unity upon electron impact 
therewith. 

I find thn.t one of the most satisfactory meth­
ods or sensitizing these surfaces is to make the 35 
cathodes from sUver, or at least with a silver 
inner surface, oxidize the silver, and deposit 
caesium thereon until ·maximum thermionic 
emission Is obtained. However, inasmuch ns 
these devices operate by repeated cle(:tron im- (0 
pacts. it will be obvious that less sensitive surfaces 
may be med and an extra impact be provided 
to brin(l t.he output of the tube to a high 'I.'Ulue. 
The cathodes, for example, may be made tram a 
nlckel·barlum. alloy, and be treated. during e~- ~ 
haust. to have opposed surfaces containing bari­
um. Or, again, the enUre material or t.he cath-
ode! may be made of aluminum. for enmple. ~ 
which will give emission at a ratio grenter than ~ 
unity when Impacted by an electron trn\"cllnn 1\t 10 
velocities ea.slly obtained. I do not. lherdo~. .: (·:·: ~ 
wish to be limited to any particular tYJX! or sur· 
face, bUL almplY !late that. t.he surface should r~ 
be CnPAblr. or ('mlltln~ ~e<:nndnry elrt"trnn:o: nt. n 
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electron traveling at velocities obtainable in 
operation. 

An anode is provided with the customary anode 
lead T passing through the envelope, and in its 

5 most simple form this anode is merely a. ring 6 
surrounding the space between the two ca.tbodes 
in which the electrons osc!Jla.te. · Ina.smuch a.s the 
longitudinal magnetic field is used ln conjunction 
with this type of tube, electrons !rom one ca.th-

10 ode are accelerated to hit the other and opposing 
cathode, because the magnetic field prevents im­
mediate collection by the surrounding anode. 

Figure 2 shows a. modlfted anode structure 
where, In addition to the ring 6, there is a. screen 

15 7 dlviillng the space between the two cathodes. 
Figure 3 shows another modiftcation wherein 

the cathodes C and 5 a.re formed slightly concave 
to each other, and with this type of structure 
there will be some electrostatic focusing which 

20 may be supplemented by an additional magnetic 
field. . 

Figure 4 Ulustrates a modification in which 
the cathodes 4 and 5 are spherical sur!a.ces ap­
proaching hemispheres, and the anode, in this 

~.; case, is in the foTtTl Qf en apertured spherical 
electrode, preferab!y made by winding fine wires 
into a mesh sphere 8. In this ca.se no magnetic 
field is needed, the electrostatic field of the elec­
trodes themselves providing a focus such that 

;:o electrons from one cathode will be sure to reach 
the opposing cathode, passing through the Fara­
day space formed by the sphere 8. It is prefer­
r.:,le, of course, that the sphere 8 be concentric 
with the sphere described by the cathodes. 

j5 In Figure 5 I have shown a modification of 
the same structure as shown in Figure 4, except 
that the cathodes C and 5 here are deposited 
as a. film upon the interior of the envelope itself. 
Otherwise, the structure is ldentlcnl. 

40 In Figure 6 I hnve shown a modification com­
blnlng the envelope films of Figure 5 with the 
type of anode utilized in Figure 1, except that 
here the anode ring is, itself, a film on the en~ 
velope wall. 

45 In Figure 7 I have shown an electrode arrange~ 
ment similar to that of Figure 6, except that in 
this case the cathodes C and I, and the anode 
ring 6, form a cylindrical chamber, so that elec· 
trostatlc focus is present to a high degree, and 

50 in this particUla.r instance I have shown the 
electrodes mounted in the usual manner upon 

a reentrant stem 9 located in an envelope arm 
10. The electrodes are maintained in position 
within the envelope by an insUlating bead II 
to which all the electrodes are attached, a.s is 
well known in the art. 3 

Other modifications of the three fundamental 
\ electrodes herein described and claimed will be 
hmmediately apparent to those skilled in the art, 
and shall be deemed to be included within the 
scope of the claims herewith appended. 10 

I claim: -
· 1. An electron discharge device comprising an i 
envelope containing a pair of cup-shaped cath-
odes having their rims substantially parallel and 
their concavities facing each other, the interior 
surfaces o! said cathodes being capable of pro­
ducing secondary electrons at a ratio greater than 
unity upon electron impact therewith, and a. 
ring-shaped anode positioned between said cath­
odes, the edges of said cathodes being closely 20 
adjacent all of the edges of said ring whereby a 
substantially closed electron chamber is formed-

2. An electron discharge device comprising an 
envelope containing a pair of cup-shaped cath­
odes having their rims substantially parallel and 2lS 
their concavities facing each other, the interior 
surfaces of said cathodes being capable of pro­
ducing secondary electrons at a ratio greater 
than unity upon electron impact therewith, and 
a ring-shaped anode positioned between said 30 
cathodes and following the contour of a surface 
extended between said rims, the edges of sa.ld 
cathodes being closely adjacent all of the edges 
oi said ring whereby a substantially closed elec-
tron chamber is formed. 36 

3. An electrical discharge device comprising 
a non-conductive envelope containing a pair oft 
cup-shaped cathodes having their rims substan­
tially parallel and their concavities facing each 
other, the interior surfaces of said cathodes be-
ing capable of producing secondary electrons at 
a ratio greater than unity upon electron impact 
therewith, nnd a. ring-shaped anode positioned 
between said cathodes·, the edges o! said cathodes 
being closely adjacent the edges of said ring- ~ 
shaped anode whereby a substantiallY closed 
electron chamber is formed, said cathodes and 
said anode being electrically separate electrically 
conductive deposits on the inner wall of said 
envelope, 50 
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2'7 Claims. . (Cl. 250-36) 

. 'I'hitJ invention :""!latel': to electronic oscillators, Figure 7 is a graph showing the characteristic 
. and particularly to :: .cl.!lators wherein the elec- form of a secondary emission curve. - -. -iron-fiow -iS ·derive~: substantially iii itS-· entireti,·- ... Ii:i .. my 'copending-application, Serraf ·Nwiiber- - -

· from so-called "secondary electrons" liberated 692,585, filed October 7, 1933, I have described an 
5 . from .solid conductors' by bombardment. electron multiplYing device wherein, by utilizing 5 

. ;The primary object of this invention is to pro- the phenomena of secondary electron emission, 
· ·· vide· a ·new type of electronic oscillator. Among extremely small currents may be multiplied to 

· ·. the other obJects"are: To provide an oscillator . give very large final outputs. The initial current 
which will convert direct current energy at ex- necessary in this apparatus may be so small as to 

·1o tremely high efficiencies; to provide an osclllator be · immeasurable by a•1y ordinary method, e. g., 10 
which is substantially free from frequency llmi- the photoelectric current emitted from nickel by 
tations, and· is partlt:ularly adapted to the genera- light in the visible spectrum. I have there 
tion of oscillations at frequencies above 30 mega- pointed out the regenerative nature of the multi-

.. cicles; · to provide a type' of oscillator which is plication, stating that by back coupling the out-

•

·. \5 equally well adapted for· the generation of either put of this device into its input, self-sustaining 15 
Vf!TY Small or very large amounts of power; to · oscillations can be produced. This application 
·provide ·an osclllator wherein the electrical cir- · specillcally relates to the production of such self-

... · . cuits are symmetrical, so· that the neutral point sustaining oscillations by the method therein in-
. ··o(the circuit may~be grounded without introduc- . dicated. 

20. ing difficulties or complications; to provide an Considered in its broad· aspect, the essential 20 
. oscillator of the high vacuum type, which is in- features of the invention comprise a pair of elec­
·:·dependent of ionization phenomena· and is not trodes defining an electron path. A cloud of elec­
·subject to the instabilities and Inconsistencies tions · osc11lated along this path by potentials . 
. which such phenomena introduce ; to provide an applied to the electrodes, and striking one of 

25 oscillator which is easily " ttlggered off";. and to them, which may be termed cathode, with sur- 25 
provide an oscillator having no heated electrode ficient velocity tl) release secondary electrons at 
of the thermionic type, and which is correspond- a ratio greater than unity as compared with the 
ingly free of the difficulties and complications impacting primary electrons, causes a current 
introduced by cathode heating circuits. :flow from a d-e source of potential included in 

:~o Other objects or my invention will be apparent a circuit with the electrodes. A potential drop so 
or will be specifically pointed out In the descrlp- due to this current is applied in phase to apply 
tion forming a part of t~ specification, but I the necessary impacting velocity to the oscillat-
do not limit mysel! to the embodiment o! the ing cloud of electrons, and thus the oscillation 
invention herein described, as various forms may becomes self-sustaining and relatively large 

:!~ · be adopted within the scope of the claims. .·amounts of oscillating power may be withdrawn 35 
·Referring- to the drawings: from the circuit. The energy for maintaining the 
Figure 1 is a schematic diagram showing one oscillation is, of course, derived from the d-e 

form of the oscillator of my invention, including source, which must be sufficiently high in poten-

~
. the oscillating tube and its associated circuits. tial to release the secondary electrons at the re-

. 
40 Figure 2 is a diagram showing a. modillcation quired ratio. · 40 

o! the form ·of osc1llator shown in Figure 1, :where- For the oscillations to be self-starting as well as 
in the amplitude of oscillation is self-limiting. self-sustaining, the reqUirements are somewhat 

Figure 3 is a cross sectional view showing an more rigorous. I! an exciting oscillation of suffi­
osclllator tube positioned with.ln a permanent ciently high voltage be applied initially, there 

4;; magnet gu.!dJng-neld structure. will be enough casual electrons present in the 415 
Figure 4 ia a cross sectional view of a mOdified spacee between the electrodes to build up the sec­

form o! the tube which will generate oscUlations ondary emission currents o! the values required to 
without the use or a guiding or focusing field. produce the necessary voltage drop with almost 

, 0 Figure 5 is a circuit diagram Ulustrating a tube any electrode material, p:-ovided the electrons are GO ~ 
i W ·> of the type shown in Figure 4 with a different type sufficiently accurately guided along their path so ~ 
I~ o! oscillating circuit from that shown in Figure 1. that there is little probab1llty of thelr being col- · 
l ~ ~ .P1J\ll'e 6 1& a schematic diagram shoWing a lected before they strike the cathode. In order . .-~'f!'J 

I ~""~~~ modifted form of my JnventJon wherein an asym- that the oscillations be sel!-starttng, however, the . ' ·/' ·. · 
. ~,. 56 . mNrtcal tub~ and clreUlt are employed. work function o! the cathode aurtacc should be ea J.'i/.:fiZ~ 
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I~ · .. ~s low as posslbl~. and for this reason it is pre- h;lf of the inductor l to the cathode 2. This ~~~--.. 
~ !erred to provide the cathodes with surfaces o! provides a potential drop which appears on the 

photoelectric material, sl~ch as the alkali metals, two cathodes in such phase as to accelerate the 
~otassium hydride, or the extremely sensitive fiight of the electrons causing them to impact 

5 c::teslum silver oxide surfaces which have proved the second cathode 2' with a. finite velocity. I! 5 
· the best of those that hn.ve yet been tri.ed in the this velocity be sutncient to release electrons from 
laboratory for this purpose. With such a surface the second cathode at a ratio greater· than unity, 
it has been found that almost any shock to the the · difference between the number of impacting 

. r:ircuit will start· the operation, even under the primary electrons and emitted secondary elec- . 
lfl most unfavorable · conditions. After the device trans fonns a current which is supplied to the 10 

. · has been operating a time and the electrodes be- other branch cf the Inductor T, causing a voltage 
come w:U-m. 1t becomes more d!.mcult to prevent · drop in opposite phase, which accelerates the ~ 
oscillations than it is to start them;--~-·.- --:··--.--··space ·current through the tube in the. opposite ;.:.J 

Considering the invention now in greater detall, direction. The secondary elec~rons emitted 
15 Figure 1 shows a form of my invention ·which ts . therefore impact the first cathode in increased t5 

one of the simplest and most readily constru.cted numbers and with increased velocity, and the 

I 
and opera tee .. . The vacuum tube ·which forms the oscillation quickly builds up to a point where 
heart of the apparatus is of the type described in It is limited either by spaJ!e charge effects within 
my prior s.pp~catton above referred to;',and com- the tube, by loss of energy to the output circuit, or 

~ 

• r , 
f 

• r 

1 

20 prises an evacuated em·eiope I of cylindrical form, by some other extraneously introduced factor. 20 
having cathodes 2, 2' mounted in the opposite The factors which determine how readily such 
ends thereof. The cathodes are supported by an 6sc!llation will start are the dimensions of 

- leacf'Wires'( . whfch- are seaie<nlirougJ:i the walls - -the" tube, the. voitage ' of 'the-source fl ;--the' focus·: - ­
of the envelope, and comprise discs of pure silver ing current. and the material of the cathode sur-

25 whose · surfaces have been oxidized and coated face. The dimensions and the voltage determine 25 
.. with caesl.um in a manner well known for the the gradient between the two cathodes. The 

formation of photoelectric cells. An anode 5, velocity with which any electron strikes the op­
comprising ·a ring fitting snugly the walls of the posing cathode is determiMd almost entirely by 
tube is mounted midway between the two cath- the integrated effect of the oscillating potential 

30, odes, connection being made to the anode through during its time of fiight. It will. therefore, have 30 
·. a -lead 6 sealed through the wall of the tube. maximum velocity of impact if its entire flight 

Connected between ·the two cathodes is an :is accomplished during one-half cycle of oscillat­
oscillating circUit c~:nnprising an · inductor 1 !n Ing potential, i. e., during a portion of the cycle . 
parallel with a variable condenser 9. A central wherein the potential of the cathode from which 

_35. tap 10 on the inductor connects through a po- it was emitted is always negative with resi>ect 3;3,. 
tential source I I to the anode. preferably through to the opposed cathode. Whether this be · also ..JI 

. radio frequency chokes 12 and 14, which. although the condition for maXimum emission upon' fm- ' ~ 
not strictly necessary, improve the performance pact. or not. depends upon the portion of the . 

. of the apparatus and Increase its osc111ating out- secondary emission cu.."'Ve ·upon. which the tube 
40 . put .. ·A secondary cofl I 5, coupled to the. inductor is operating. The curves of nearly an materials 40 
· 7 may be used to withdraw power from the cir- are of substantially the shape shown in Figure 

cuit, this method of coupling being shoWn as typi- 7, but the coordinate values vary greatly for dif­
cal of mzny well known methods of withdrawing ·· · ferent materials. If the voltages are such that 
energy from any oscillating circuit. · · · ·impact occurs with a velocity corresponding to 

45. Surrounding the tube is a solenoid 16, which the ascending branch of the curve, an increase in 45 
· is supplied with direct current from a source 17. velocity will result in a. corresponding increase 
the current being accurately adjustable by means in number of secondary electrons emitted at each 
of the rheostat 19. impact. If, however, the voltage corresponds to 

Consider the circuit in the non-oscillatory state. t}?.e crest of the curve there will be no increase 
50. :md that electr.cns are released from approxi- in the number of secondaries per impact with .r,o 

mately the center of the cathode 2 with zero ve- increased voltage, while if the voltage increases 
locity. Such electrons would be accelerated to- to the point where the descending branch of the 
ward the anode S, and. In the absence of the curve !s in use, an increased potential will result 
focusing field due to the solenoid 16, woUld.oproba- in a decreased number of secondaries. 

55 bl:v strike the anode and be removed from the The effect of the focusing field upon the os- ti!'i 
·inter-electrode space. If. however. the focusing ci!Iation ls dependent upon the number of elec­
coll be e:xcltcd to the proper value, its field will trans which it penn!ts to be collected by the 
guide the eiectrons past the anode to a point on anode. When oscillations are first started all 
the opposite cathode 2' corresponding to that on of the available electrons are necessary to create 

60 the cathode 2 from which they were originally . the new secondaii es. and therefore. under start- Q().Jl 
' liberated. Dur!r:.g their fl.ight they are accelerat- fng conditions, the focus should be quite critically ~ 
ing up to the time they reach the median plane of adjusted. When equilibrium Is reached, however. 
the anode. whlle from this point on they are de- it is obvious that all electrons In excess of the 
celerated by the electrostatic field suppl!ed by the number of impacting primaries must be collected 

GS so1.:rce 1 1, and. under the conditions mentioned, in each hal! cycle. With a very plentiful supply nr, 
·· w!ll arrive at the opposite cathode with zero ve.; of primaries, and a high secondary-primary 

locity, having occupied in fi!ght a time determined ratio, the focusing becomes very much less critf-
by the potential of the source I I and the distance cal as soon as the oscUlation has started, and 

1 between the tv.·o cathodes. · decreasing the intensity of the 'focusing field 

•~••70. I! the resonant circuit comprising con T and will. in general. actuallY cause a large increase 70 ~ 

\ -~ ~':;,::~'~.i~~~~".,',i' , 9 .:~~~~~t;l~ ~oJ:f"i:,'';;;~ ~~.o~~~:~~~~:!f~· eo~~~~·~~1hh~p~,,';,::.'f:;o; ~ 

.

tlme of fi!ght of the electrons. the origlna.llibera- one-tenth of the focusing field required to start ~.: .. ~~ 
tlon of the electrons !rom the cathode 2 w111 cause them. !1 ~- ~- ... ·· 

1 ~'-~ u.~~.current to 1\ow !rom thG source th1·ouah one- The etrect of the materlnl of the cathode sur· 78 : iJi~ 
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::;' taees upon the aetion of the device ls obvious. If the voltage bullds up to a polnt where the 'alii 

With the caesium surfaces here described, one secondary emission curve is operating upon its ••-•11111• 
o! the readiest ways of starting oscillation is by descending branch, this also makes the ampll-
fiashing a light upon one of the cathodes. The tude of oscillation self-limiting, the voltage in-

;; oxide caesium surfaces, moreover, have an ex- creasing until the proportion of secondaries to r. 
tremelY low work function, and secondary ratios primaries falls to a point where the excess of 
as high as 4 or 5 are rea(Jly obtainable. This electrons is equal to the number collected. It 
obviously leads to quick build-up of circulating will be recognized that the load withdrawn from 
current in the oscillatory circuit and consequent . the· oscillating circuit also has an effect in llmit-

1 o quick a.nd easy starting. ing the amplitude, in that this load acts effec- 1 o 
To t;tve some actual . values, and thus indicate tively to decrease the voltage drop produced in 

•

. ·the order of magnitude of the circuit constants the oscillat.ing circuit by a current of definite 
involved. a tube of the character described hav-... amount, and hence affects the Primary-secondary 

· ing a spacing of 5.5 centimeters between the ratio. With certain types of load it may be highly 
lii cathodes, was operated at frequencies varying desirable to operate the tube upon the descending 15 

between 30 megacycles and something over 100 branch of the curve, since in this case an in­
megacycles. The corresponding voltages of the creased load, by decreasing the accelerating volt-
d-e source required to give the necessary cor- age, increases the number of electrons emitted. 
responding times of flight varied between 350 Tbls, in turn, increases the voltage drop, and 

. 20 volts for the lower frequency and 800 volts for causes equilibrium to reestablish itself at a point 20 
the higher on~.. corresponding to the changed load. 

Under these conditions it was found that os- The relation between the tuning of the reso-
·- - --·cma.t:lo·n:- could'-be ... started -by--fiashintr·a· ·ught_ .. _nant·-systeni'to.the-time ·of'fiight 6f the electrons 

on one cathode as mentioned above, by a sudden as dete,rmlned by the accelerating voltage may 
25 closing of the circuit to the source I I, or even also limit the amplitude of oscillation. 2!i 

by suddenly closing the focusing field circuit. Analytical solution of the etr~ct of varying the 
· After . the ciTcuit has be€n in operation for a osclllatory component of the accelerating paten­
few moments. permitting the cathodes to become tial upon the time of fiight, and hence upon the 
warm, a.nd thus reducing the effective energy tuning of the resonant circUit for maximum out-

30 which must be derived from an impacting elec- put, is extremely d!mcult, and at the date of this 30 
tron in order to cause secondary emission, such application for patent is only partially complete. 
shocks became unnecessary, and oscillation would In general, the time of fiight varies with the phase 
occur Without any appreciable electrical shocks of emission, with the amplitude of the oscillating 
to start them. potential, and with the shape of the electrostatic 

:W It should be noted that although the order of fields and the portion thereof through which the 3ii 
the period of the · tuned circuit should be ap- electron falls. There will, for any amplitude of 
proximately twice the time of fiight of electrons oscillation, be only one or at most two phases of 

. . under the d-e field component, this value is not emission for which the time of fiight is· exactly 
critical. For each value of accelerating voltage one-half cycle, and it follows that there wlll usu-

40 there is a fairly Wide· range of tuning over which ally be a difference in phase between the flight 1:'• 
the circuit Will oscillate. Within this range the of any group of impacting electrons and that of 

. resonant frequency of the tun·~d circuit is a the ·secondaries which are released thereby. This 
Primary factor in determining the frequency of phase shUt' may be .either increased or decreased 
oscillation. Minor factors are the accelerating by an increase in amplitude of oscillation. If 

45 voltage and the amplitude. since this latter fac- increased, it serves to set a limit to amplitude. 4;; 
tor a.1fects the velocity of the electrons and hence for if it be such that the highest emission ratio 
atrects the mean time of flight. The value of the .occurs at a phase whe_re the emitted electrons 
focusing field, due to its effect upon amplitude. never reach the op~osed cathode, or reach It with 
and upon the length of the electron path. also insuftlcient velocity to cause fU1'ther emission. 

60 affects frequency to a sl!ght extent. . the osclllation will tend to die out. It is for thts liQ 
Once oscillation has started in the system, reason that the hal! period of the tuned circuit 

it will continue to bulld up in amplitud'e until should be of the same order of magnitude as the 
the number of electrons collected by the anode time of flight. Within this limit it is eas:; to 
in ·each half cycle is equal to the excess of sec- find a frequency whereat oscillation will start. 

65 onda.ry over primary electrons. .If the proper- and once started, to find the conditions of opt!- M 
tion of the total electron cloud collected were mum operation. Theoretically. with the tube of 
independent of the d!!nsfty of the cloud. the am- Figure 1, oscillation may occur where the time 
plitude of the oscillation might continue to build of. flight is the time o! any odd number of hal! 
up almost indefinitely, for it will be seen that cycles, but starting such osclllations is d!fficu1t 

WO in the device of;InY invention there Is no fixed where the time is greater than that of one-hal! 110 
.,-. limit to the ele~tron emission as there is in the cycle. 

ordinary ther.nlonic tube. Another mode of. limiting the amplitude o! 
In actual operation, however. the greater the oscillation is shown in Figure 2. With the ex­

density of the cloud the greater w1ll be the pro- ceptlon noted hereafter. the circuit of Figure 1 
115 portion collected, since the increased space charge is duplicated in this arrangement, and the var:l- 65 

with high densities repels the p:!rlpheral electrons ous elements thereof are identified by similar 
with greater force and tends to drive electrons reference numbers. The exception Is that the 
to the anode. This sets a limit to the amplitude direct current component supplied by the source 
of oscillation. but it is ven· easy to construct I I is passed through n solenoid 2D which sttr-

10 tubes whe'e th" Umlt Js 'o blgh that th• tub• wm 'oun<ls the tube. In the usual ease. whe"' a de- 1o p:-
be destroyed be!ore it is reached. It may there- crease of focusing current Increases the intensity ~ 
fore be necessary in certain Instances to reduce of osc!llatton, the solenoid Is so connected as to 
the focusing current as soori as the oscillation Is "boost" the main focusing field, thus imposing ~ 

1~.:~ atarted, In order to prevent destruction of. the a condHJon less favorable to o~clllatlon and limit· ;J~.,. -::'· ... 
: .• '\ . n \ubt by overhol\tlna. 1nl outJ)ut. 'tiS ~~~A 
I -;1 I~~ ~ ~~~ ~ ~ . ~ ___ ..-;;;;;....;;;..;;;...o..--J 
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;~ '\, h bY no meaN ~ce: ~at ~lenol;:•·~~ Urrou~he t=n o:te ~r-o~. and~ 
used to provide the guiding field. Figure 3 indl- passing through each other at approximately the 
cates a method of mounting the tube within a plane of the anode . . ~e circuit ls ·less readily 
permanent magnetic structure, which Will pro- oscmatory than those 'previously shown, in that 

I ,, 

:'5 duce a· slmllar efrect. -:The tube 21 is mounted it derives energy from the d-e source but once t5 
. between pole:-pleces ·22, -which concentrate and in each cycle instead of twicP. as in the cases 

direct the magnetic f :eld established by perms.- previously described. It has, however, the char­
nent ma81iets U.·-: ~ ·-. · · -. · - . ~· · acterlstlc th&t capacity between the cathodes and 

Electrostatic methods of guiding the electron __ ano.de_is_less_for_the_same frequency of operation, . 
10 cloud m·ay be utilized as well as electromagnetic and hence when especially high frequencies are 10 

·ones. In the tUbe Shown in FigureS 1, 2.- and 3, desirable it may offer certain advantages. 
the electrostatic fields are strongly curved, and · Figure 6 shows a fonn of the device in which ... 

·· ·-. ·the electromagnetic ~ocusing -fields are necessary but a ~gle secondary emissive cathode is used. ~ 
in orde!' to guide the electrons betwe~n the cath- This cathode 4!l is mounted in one end of . the · 

15 odes . . In the tube of F1gure·4. however, the lines · evacuated envelope 41. Near the other end of 15 
of force in· the electrostatic fields ·are substan- the enYelope is an anode 42 of the same type 
tially straight within the · electron path, and it as that described in connection with the tube 

. may therefore be operated without the use of of F1gw·e 4, and immediately behind this anode 
.e!ectromsgnetic focusing. This tub~ ·comprises is positioned an auxiliary cathode C4, which need 

zo an envelope· 25 ·within which arP mounted the not hE>.ve a photo-emissive surface. A focusing 20 
oppcsed cathodes 26, pre!erabl::; slightly. concave. · coil 45' Is shown as supplied by a battery •e and 
substantially . as within t!.e tubes ·already de- rheostat 41, but it is to be understood that any 

----:scii'beci:~·Midway--bet'V:~nihe · e:-atnodesis a ·coii'=--: -means·-or ·guiding ·the--electron· cloud,--either' elec--- --­
ducting band 27, fitted snugly within the walls · tromagnetic or electrostatic; may be used. ·· 

2:> of the envelope· and connected with a lead 29 A parallel oscillating circuit 49 is connected 25 
sealed throUgh the wall of the tube. =Projecting in series with the · cathode 40 and anode 42 
inwardly-from the center of the band is an an- through the accelerating potential source Sit. A 
.nular diaphragm ·30, and secured across the connection 51 leads from the negative end of the 
-opening in the diaphragm is a gauze or grid 31, source 5D through a biasing potential source 52 

30 .preferably formed of extreme!y fine wire of open to the auxiliarJ cathooe 44, the potential of the .2.0 
· mesh so . that the actual area which it ·offers to scurce 52 being sufficient to maintain the auxn­

the electron stream is extremely small as com- iary c:..thode always negative to the cathode 40. · 
pared with the total area of the aperture. · In this case the action of the _de\'ice is sub-·.·· · 

With this structure the Unes of force between st~mtially the same as that of one-half of the 
3!i the edges of the cathode and the anode are some- tube of Figure 5. Electrons released ·from the !l5 

. what curved, but those passing down the. center cathode 40 reach the anode .in approximately."' · 
· o! the tube are almost straight. ·The chance one-half cycle. Passin6 through the anode they 
that an electron liberated from the central por- are immediately reversed In direction by. the field 
. tion of either cathOde will be collected by the between the anode and the aUXiliary cathode, 

40 anode is very small, the travel . being in nearly and return through the a.node at the same veloc- 40 

; r 
~ 

· straight lines. This tube Will be · found to .be ity which they had attained on first reaching 
somewhat more difllcult to set into oscillation it. By this time, however, the .oscillating paten­
. than those· utilizing . the magnetic guiding field, t ial between anode and cathode has reversed, so 
but it is none-the-leSs operative, and It ofrers the that appro·:runately one full cycle after being re-' i' 45 advantage · that no extraneous focusing equip- leased froni the cathode. 40 they aga.in Impact 45 
ment is necessary. . · . ·. it with a velocity due to the integrated· effect of 

r 
I I 

While the tube of Figure 4 may be utilized in the oscillating voltage during their time of flight. 
the same Circuit as the . one first described. the The release of additional secondary electrons 
fact that the anode forms an electrostatic shield . and repetition of the cycle occurs as before. 

50 also permits its use in a circuit of somewhat dif- _ The circuit of Figure 6 has the same disadvan- !)0 
ferent type as shown in Figure 5 . . In this case to.ges compared with that of ·Figures 1 and 2 as 
the two cathodes are connected together. and the does ·the circuit of Figure 5, with the additional 
oscUlating circuit comprising the inductor 35 and disadvantage that a certain number of the elec­
condenser 36 is connected between . the Junction trons will be collected each tin: ·~ the· cloud passes 

55 of the two cathodes and the anode through the through the anode 42. After the oscillation has r,,; 
accelerating potential source 31. The negative become stabilized this is no material disadvan­
end of the source is shown as connected to t:lge, but it does render the osclllation more dim­
ground, as is the second terminal of the paral- cult to start. On the other hand, the anode-
lei resonant circuit~ · The resonant circuit is cathode capacity which is e~ectively shunted 

tlO tuned to a frequency whose whole period is ap- across the oscillating circuit is only one-half that , 'ill 
proximately equal to the time of fiight of the of the already small capacity contributed by the :9 
electrons between the cathodes. structure of Figure 5. . Thus the use of this ar- · · 

An electron released from either cathode wm rangement may be justified in certain circum-
be sttracti!d-to the anode and will require ap- stances. even though an auxiliary oscillator, later 

116 proximately one-half cycle to reach this point. removed, may be necessary to start it in oscll- R:i 
If the phase o! the potential developed in the lat!cr.. 
oscillating circuit by the electron flow from the It should be recognized that the action of the 
cathode is correct. this potential Will reverse after oscillators here descr~bed Is complex, that many 
the electrons pass through the grid 31, so that !actors enter into the final result, and that, 

I : ; 10 th!a potenUal will &till bo olfoctlvo to accolo'>to owing to ~. !ntoraet!on or thos• !acton, a 
l ~ the electrons during the remainder of the jour- change in' ::~orne one condlt!on ma.y, in certain 

ney down the tube and will cause the second::.ry ·instances. produce directly the opposite etrect 
eleetrona to be ·emitted by Impact with the cath- from what might generally be expected. Thus 

1 '-~ ode u before. With thfa form of circuit there Jmposln; a load on the oscillator Will uauaUy 
1 ~' Tl wUJ, In 1eneral, be two eleetron clouds Olclllat· change the phase aa well aa the ma.rnttude or the '5 
;;~~~;:====::'J ~I ....,....JI I .-' ..- 1 __. .-. • -- • -.--.. • -- •-- -- -
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potentials ln the oscUlating circuit, a.nd for many at said ratio, and means including a. iesonant 
conclitlons oi tuning and accelerating voltage circuit for modifying the potential from said 
will increase the intensity of oscillatioi\ even source to cause the electron cloud developed by 
though the tube be operating on the rising the impacting primary electrons to traverse a.nd 

a 'bra.Dch of the secondary emission curve. Simi- retraverse the space between said electrodes in 5 
larly special conditions may be found where Jn- response to the oscillating potential developed 
crease of focusing field increases oscillation in- in said resonant circuit by the moVI~ment of said 
tensity, instead of decreasing it, as is the usual electron cloud. 
case. Anomalies of this character are probably 4. An oscillation generator comprising an 

10 more apt to occur as limiting conditions for self- evacuated envelope cont2.ining a pair of opposed 10 
osclllation are s:o.pproached, for under these cir- cathodes having surfaces adapted to emit elec-

, ·· cumstances a minor or secondary effect, oper·- trans by impact and an anode positioned there-
·- '"ating 'in conJunction· with '"the limiting factor, -- between; ·means for·imparting ·velocities to elec- ··· .. 

· · may overshadow the effect which ordir.a.rl!y dom- trans emitted from said cathodes toward the op-
15 mates. posed cathodes past said anode, a.n impedance 15 

A somewhat similar state of affairs may exist connected to cause secondary electrons liberated 
as reg9:ds the optimum degree of vacuum in the from one or said cathodes to fiow ther.ethrough, 
oscillating tube . . All o! the earlier experiments nnd means for applying the voltage drop caused 
with the device were made with as high a degree by ehctron flow in said impedance to impart suf-

!0 of vacuum as could be secure~much higher ficient additional velocity_ to the liberated sec- 20 
than that !n the ordinary three element tube or ondary electrons to cause release of adclitional 

·- __ Jn .. the. old.style, gaseous .. discharge type .of.X-ray _____ secondary ___ electrons._bY.. impact_:w:Ith __ the . ~ther __ . 
tube. Collision ionization phenomena within the cathode. 
tube are undesirable. Nev'3rtheless, there is con- 5. An oscillation generator comprising a pair 

25 siderable evidence that small amounts of ad- of opposed surfaces capable of emitting by im- 2•3 
sorbed . gases on the electrodes themselves are p;.tet a ·number of secondary electrons greater 
advantageous where high secondary emission than the· number of impacting primary electrons, 
ratios are desired, anci it is therefore highly prob- an anode positioned to collect a portion of said 
able that operation of the device will be facili- secondary electrons, means !or guiding a portion 

20 tated by the prese.x:~:e within the tube of small of said secondary electrons at least as great as 30 
quantities of inert gas, such as helium, neon, or the number of primary electrons from either 
others of the same group, as long as the mea.n cathode toward the other in avoidance of said 
free path of .electrons within the tube is longer anode, a current source for supplying the de-
than the inter-electrode distances. ficiency of electrons caused by the secondary 

.. 3i ·:I claim: emission from said cathodes, and circuital con- :l:i 
al 1. ·An oscillation generator comprising an nections including said cathodes and said source 
~·: evacuated envelope, a plurality of electrodes for applY_ing a voltage drop caused by the flow of 
. . within said envelope including an anode a.nd a secondary_ electrons from one of said cathodes 

· cathode capable of emitting secondary electrons to accelerate said electrons toward the other 
~ at ·a ratio to primary electrons greater than cathode to a velocity sufficient to cause secondary 40 

unity upon impact by such primary electrons, a emission of electrons therefrom at a ratio greater 
potential source sumcient to accelerate electrons than unity. · 
to a velocity causing emission from said cathode 6. An osclllation generator comprising a . pair 
at said ratio, means including circuital connec- of opposed cathodes capable of emitting secon-

4.6 tions between said electrodes !or producing trav- dary electrons by impact in excess of. the num---· 45 
ersal and retraversa.l of the space between said ber of impacting primary electrons, a source of 
electrodes by the secondary electrons emitted potential great enough to impart sufficient elec­
from said cathode to produce self-oscillation tron velocity to cause emission of secondary elec­
within said circuital connections. trans in said amount of ·impact with said -cath-

60 2. An osclllatlon generator comprising an odes, and means including said source of paten- 50 
· · ·evacuated envelope, a. plurality of electrodes tlal and a resonant circuit for applying potential 

within said envelope including an anode and a from said source to cause electrons liberated by 
cathode capable of emitting secondary electrons impact from said cathodes alternately to impact 
at a ratio to primary electrons greater than the opposing cathode. 

66 unity upon impact by such primary electrons,- a 7. An oscillation generator comprising a p8Jr 55 
potential source sumcient to accelerate electrons of opposed cathodes adapted to emit secondary 
to a velocity causing emission from said cathode electrons by impact, an anode positioned between 
at said ratio, and means !or applying said po- said cathodes. means for guiding a portion o! 
tential to said electrodes, and means for cyclically secondary electrons emitted from either ,of said 

i' so modifying said potentb:r.l by current flow to cause cathodes past said anode toward the other cath- GO 
~ a cloud of electrons In a space path therebe- ode, a parallel resonant circuit connecting sa.Id 

twee:n to oscillate back and forth along said path cathodes. and a source of potential connected to 
and periodically to ilr.pact said cathode with su!- apply a voltage between said cathodes and said 
~cient velocity to maintain said cloud of electrons anode great ·enough to accelerate electrons to a 

M at undiminished density independently of ac- velocity sumclent to co.use emission or secondary 05 
cretiona thereto by other than secondary elec- electrons from said cathodes at a ratio greater 
trons. · than unity. 

' . . · 3. An oscillation generator comprl..sing an 8. An oscillation generator comprising an 
l • evacuated envelope, a p1ural1ty o! electrodes evacuated envelope, a pair of opposed cathodes 
I, ~- 10 within wd envelope including an anode and a positioned within said envelope, an anode so po-

l l ~ 
eathoc!e capable of emitting secondary electrons sit1oned between said cathodes as to permit the 
at a. rstio to primary electrons greater than greater portion of a space current passing be­

. l '--, unity upon impact by such primary electrons, a tween said cathodes to pass uncollected by said ! ·'}A'\ - potentlnl source ~:umclent to accelerate electrons anode. a pnrnllel resonant circuit conncctlnlr said 
' · T5 to a velocity caualns emlaalon !rom aald cathode ca~hoda!, and a source ot potential conMcted to 
b.: 

[ ' 

l. 
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apply a voltage between said cathodes and said 
anode- gi·eat enough to accelerate electrons to 
a velocity sufficient to cause emission of second­
ary electrons from said cathodes at a ratio grea.t-

5 er than unity. 
9. An osclllation generator comprising an evac­

uated envelope, a pair ot op;Josed cathodes posi­
tioned within said envelope and having surfaces 
of photoelectric material, an anode so positioned 

10 betwee.n said cathodes as ·to permit the !ireater 
portion of a space ~.:urrent passing between said 
cathodes to pass uncollected by said anode, a 
parallel resonant circuit connecting said cath­
odes. and a source of potential connected to apply 

15 a voltage between said cathodes and said anOde 
great enough to accelerate electrons to a ve­
locity sumclent to cause emission o! secondary 
electrons from said cathodes at a ratio greater 

potential to Increase the velocity of impact of 
electrons following said path. 

14. A."l oscillation generator comprising an 
evacuated envelope, a pair of opposed cathodes 
within said envelope spaced to provide a free elec- 1 

. tron path therebetween, a cooperating anode po-

. sitioned to collect electrons deviating from said 
path, means for guiding electrons from either 
of $aid cathodes along said path, a source of po­
tential great enough to cause secondary emission 10 
of electrons from said cathodes at a ratio to lm­
Pt.cting electrons greater than unity connected ·:fj 
to said anode; and· a: -parallel resonant ·circuit - , 
whose half period is of the same order o! magni-
tude as the time of flight of electrons along said ns 
path under the influence of said source connected 

· between said cathodes and having a connection 
intermediate its ends to said source. 

15. An . o:icillation generator comprising an than unity. ·· · 
20 10. An oscmation generator comprising a pair evacuated envelope,. a pair of opposed cathodes to 

of opposed cathodes adapted to emit secondary within said envelope spaced to provide a free 
. --- . 1 •-t ' b - l.Jri . ct' a ·a· - tl 'p' '"lti .eel b t . ---electron .. path .. therebetween, .a .. coopera.ting anode_, ... 

e ec rons Y pa • n no e 05 on e ween positioned to ·collect electrons de\-iatlng from said 
said cathodes, means ~or guiding a portion of path; means for guiding electrons from either 

25 secondary electrons enlltted from either o! said of said cathodes along said path, a source of zo· 
cathodes past said anode toward the other ca.~- potential great enough to cause secondary emis­
ode, a parallel resonant circUit connecting said sion of electrons from said cathodes at a ratio to 
cathodes, and a source of poten~I stUI!ciently Impacting electrons greater tha.n unity, and 
great to . excite secondary emisslon from said resonant connections between said ·cathodes, 

30 cathodes at a ratio greater than unity connected anode arid source for applying a voltage drop 30: 
between said an:ode and a point inte~ediate the resulting from a flow of electrons from one of 
terminals of ~1d parallel resonant Cli'C:uit. · said cathodes and supplied by said · source to 

11. An oscillation generator compnsing an accelerate said electrons to a velocity of impact 
evacuated envelope containing a pair of opposed with the opposing cathode su1llcient to excite 

s;;· cathodes and an annular anode surrounding the secondary emission therefrom at greater than IS . 
path therebetween. means for establishing a mag- unity ratio. . . ~ 
netic field longitudinal of said path to guide elec- 16. An osc!llation generator compriSing an · 
trans therealong .between said cathodes, a so\ll't!e evacuated envelope, a pair of parallel opposed 
of potential sufnclent to excite secondary em1s- . cathodes spaced Within said envelope and defin-

40 sian from said ca~hodes at a ratio greater than ing an ele~Ctron path therebetween, an annular ,~u 
unity, and circmtal connections between ·said anode surrounding said path, a source of .poten­
anode, cathodes and source for applying a voltage tial sumciently great to impart an -electron 
drop resulting from emission from either of said · velocity which · will excite secondary emission 
cathodes in a direction to accelerate the e!llitted from said cathodes at a ratio greater-than unity 

4.:; electrons toward the other cathode. . · . · connected to said anode, and a resonant circuit •4u 
12. An oscillation generator comprising an tuned to a frequency whose hal! period is of the 

evacuated envelope, a pair of opposed cathodes · order of magnitude of the time of flight of an 
Within said enevelope spaced to provide a free electron between said cathodes under the in­
electron path therebetween, a cooperating anode fiuencc of said potential source connected be- . 

50 positioned to collect electrons deviating from said · tween said cathodes and having an intermediate ·uO 
path, means for guiding electrons from either of · terminal connected through said source to said 
said cathodes along said path, a source of poten- ·anode. 
tial great enough to cause secondary emission 17. An oscillation generator comprising an 
of electrons from said cathodes at a ratio to evacuated envelope, a ·pair of parallel opposed 

55 impacting electrons greater than unity, and cir- cathodes spaced Within said envelope and de- 55 
cultal connections between said cathodes. anode fining an electron path therebetween, an anode 
and potential source for appl;ving a potential drop grid intermediate said cathodes comprising an 
caused by ·electron emission from one of said electrostatic shield of small actual area, to permit 
cathodes to Impart to said electrons ·a velocity of the passage therethrough ·of a relatively large 

60 Impact against the other cathode sufficient to number of in!alling electrons; ·a source of paten- ·60 J 
cause further secondary emissicn. tial sufllcient to cause secondary emission of elec-. _... 

13. An oscmation generator comprising an trans from said cathodes at a ratio greater than · 
evacuated envelope, a pair of opposed cathodes unity connected to said anode, a connection be­
within said envelope spaced to provide a free e!ec- tween said cathodes, and an oscillating circuit 

65 tron path therebetween, a cooperating anode po- connecting said anode and source and said as 
sitioned to collect electrons deviating from said · cathodes tuned to a frequency whose period is of 
path, means for guiding ·electrons from either of the order of magnitude of the time of flight of 
said cathodes along said path. a source of poten- an electron between said cathodes under the ln-
tlal great enough to cause secondary emission of fiuence of the potential of said source. 

10 electrons !rom said cathode!! at a ratio to impact- 18. The method of generating self-sustalnlng ;o &>: 
tng electrons greater than unity, and a resonant oscillations by means of secondary emitting sur- ~ 
circuit connecting said cathodes. anode and !aces which comprises the steps of causing an ,..- _.,.,~ 
source and tuned in relation to the time o! flight electron flow to impact such a surface at sW!I.cient ~ #~ 
o! electrons between aalc1 cl\thoC:ea aa determined velocity to cause an emission ot acconc1ary elec· .• :.'-' ;:,.,._ 

"!~Y tha potentlBI of~ so~o apply areson~~.nt t~ the~om at a ratio ;reater than unJty~,;!G ~-'l(Ji.~ 

~·~· ..&1 ~~·~ ..... ~ ~ ~ ..-------
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causing a fiow of cw·rent consequent to said said anode for applying potentials due to cur­
emission to produce a voltage drop, and applying rent fiow resultant ·upon emission of electrons 
sa.id voltage drop to accelerate said electror:.s to a from said cathode structure to said electrons dur-
llke Jmpact with another such surface. ing their traversal of said path to impart thereto 

5 19. The method of generating electrical oscil- a final velocity sufficient to cause them to impact .; 
lations· which comprises forming a doud of elec- said cathode structure and release further second-
trans. osciJJ.a.ting said cloud along a path by ap- a!·y electrons thereby. -· 
plying accelerating potentials t.hereto, maintain- 24. An oscillation generator comprising an 
ing said cloud by causing the release of secon-dary-- evacuated-envelope contafrili11(1m- a:node-ana-- -­

lo electrons by impact at the end of said -path, and cathode structure. means including said anodE!! lu 
deriving the potentials for causing said Impacts for directing electrons liberated from said cath-

,. !rom the currents comprising said secondary elec- ode in IY<"ths terminating in ~aid cathode struc-
trons. . tm·e. and means for causing electrons traversing 

20. The method of generating electrical oscil- said paths to develop potentials between said 
15 lations which comprises fonni:ng a cloud of elec- anode and said cathode structure sufficient to 1.::; 

trons, oscillating s~id cloud along o. path by ap- cause impact of said electrons with said structure 
plying accelerating potent!a.Is thereto, withdraw- causing emission of a. greater number of second­
ing a portion of the electrons from said cloU<!.at ary electrons than impacting primary electrons. 
each oscillation thereof to supply useful power, 25. The methcd of generating self-sustaining 

20 causing said cloud to generate by impacts at the oscillations which comprises the steps of gener- :!IJ 
ends of said path sufficient electroru to m.r.inta!n ati:1g a cloud o! electrons, subjecting said elec-

. --said .. cloud -and -·supply · those ·· withdrawn -thei·e-- trnns ·to -an -electrostatic ·field ·directed .. towards 
from, and deriving the potentials for causing said a common cer:.ter of oscillation from a plurality 

. impacts from the currents cc!llpr!sing said of directions whereby electrons component of said 
25 secondary electrons. c!oud released on one side or said center wm ::.j 

21. An osc11latlon generator comprising a pair tend to oscillate · about said center, withdrawing 
of opposed cathodes, means for causing a cloud ·. energy from certain of said oscillating electrons 
of electrons t.o oscillate b~tw~en said c~thocies to damp the osclllations thereof to bring them 
and impact thereon with velocity sufficient to to rest at said center of oscillation, applying a 

30 maintain the density of said cioud by the second- pOrtion of the energy thus withdrawn to other 3\.l 
ary electrons emitted by said impacts, and means electrons component of the clcud to increase their 
!or deriving from the current fiow comprising nt:t ene!'gy, and utilizing the additional energy 
said secondary electrons the energy required to of said last named electrons to cause them to 

. give to said cloud the impacting velocity. relea-se further electrons within said field. 
35 22. An oscillation generator comprising an 26. The method of generating se!f-sustaining ;~.:; 

1.,. evacuat~d envelope containing an anode and r.:scillations which comprises the steps of estab-r-- . cathode structure including cppose'd surface per- ll~hing an electrostatic field releasing electrons 
tions capable of emitting secondary electrons at in said field, cau.';ing sald electrons to oscillate 
a ratio to impacting pr!mal''Y electrons greater ab~ut a center of oscillation within said field. 

~ than unity, means including said anode for causing the . oscillation of said electrons to so .au 
directing the fiow of a portion of the e;ectrons modifv said field as to transfer energy from cer­
from one of said surface POl'tions toward the tain of said electrons tc others, and Using thei 
other without impacting said anode, means for excess energy transferred to electrons whose 

· causing a current ftow results.nt upon the emis- energy is increased to release further electrons 
45 Sion of electrons from said cathode structure to in said field. 

produce a potential on said anode so phased In 27. The method of generating self-sUstaining 
re~ation to the time of emission of said electrcns oscil!ations by means of secondary ~lectron-emit-
as to cause them to impact s;1.id catccde structure ting surfaces, which comprises the steps of gen­
with sufficient velocity to cause the e:nission of erating an electrostatic fielct between a pair of 

45 

50 further secondary electrons. such surfaces directed toward a common center, 50 
. 23. An oscillation g~ncrr.to;: compman~ a:1 releasing electrons within said field to oscillate 

evacuated envelope containing an anode and a about said center. generating an oscillating po­
cathode structure cap:~.ole of emitting secondary tential from the motion of said electrons, and 
electrons at a. ratio to impacting primary t:lec- applying said potentiai to modify said field in 

55 trons greater than wuty, mcaru includin~ said such phase as to cause certain of said electrons 65 
anode for directing e!ectrcns t:mittcd by said to impact said surfaces with sufficient energy to 
cathode structure in a path avoiding said ancde 'release additional electrons within said field. 
and returning to ·said cathode structure, and 
means connecting said cathode structure and PHILO T. FARNSWORTH. 
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Farnsworth's 

Cold-Cathode 

Electron Multiplier 

-Tube Uses 

Neither Grid Nor 

Filament 
By ARTHUR H. HALLORAN 

Ralph M. Heinn (center) explains the operation of the Farnswortll 
Cold Cathode Tube to Bernard H. Linden (left), U. S. Radio Inspector, 
and Donald LippincoH (right), director of Television Laboratories, Inc:. 

T HINK of a vacuum tube without fila­
ment or grid, thus requiring neither an 
A nor a C battery, which generates 

high-frequency oscillations! This is what P. 
T. Farnsworth, the television genius, accom­
plishes with the cold-cathode tube which be 
originally developed as a current-amplifier 
for use with his cathode-ray pickup tube. It 
it also an exceedingly efficient detector and 
modulator. 

Its first public use as an oscillator was in 
a radio circuit whereby communication was 
maintained between San Francisco and Hono· 
lulu and between San Francisco and New 
York on September 13, 1934, over the Globe 
Wireless 35-meter channel. In this test, with 
30 milliamperes at 1100 volts on the anode, 
the tube drove a pair of 150-wart rubes in 
the final amplifier of a transmitter at the 

'IIi; The Electron Multiplier •s a high-frequency se lf· 
escited osc:illotor. 

~ 
~6 .... -· 

Heintz & Kaufmann factory in South San­
Francisco. The signals were received at both 
Honolulu ~d New York, and were reported 
as R9 by a ship 500 miles west of Honolulu. 
W ilkens of Dunedin, New Zealand, also 
heard the transmissions. 

Previous laboratory tests proved that the 
rube is capable of generating oscillations of 
any desired frequency throughout the range 
from 200 kilocycles to 60 megacycles, these 
limits being set only by the dimensions of 
the available runed circuits. An undistorted 
output of 25 watts was obtained from an 
input of 25 watts. 

As an Amplifier 

THE performance of this new type of 
tube depends upon the emission of sec­
ondary electrons from rwo cathodes 

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

When the DC voltage is applied tO the 
ljnode terminal, . any free electrons in the 
inter-electrode space would immediately be 
drawn to the anode were it not that the lon­
gitudinal magnetic field neutralizes the trar.s· 
verse electrostatic field from the anode and 

were it nor for the high-frequency electro­
static field which draws them to the alter­
nately positively charged cathodes. The 
strength of these several fields can be ad­
justed to allow an electron to be shuttled 
back and forth in a zig-zag path between the 

Oscillator circuit for c:old C4thocfe tube_ 

cathodes any desired number of times be­
fore it is finally drawn out of circulation 
at rhe anode. • 

Each time that a high velociry electron 
strikes a cathode it causes the emission of 
from 2 to 8 secondary electrons, the num­
ber of secondaries depending upon the ve­
locity of the impacting electron, and thus 

( Contlnutd on pap U) 
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···------­Farnsworth Cold Cathode Tube 
(Continued from page 6) 

upon the amplitude of the voltage applied 
· .

1 

to the cathodes. Each emitted secondary .like­
wise causes the emission of more secondaries, 
so that the process is rapidly cumulative and 
gives rise ro a tremendous amplification of 

; current. 
In rhe foregoing simplified account of rhe 

mbe"s operation as an amplifier, one impor­
tant factor has been omitted. The anode ac­
cracrion, which causes an elecrron co leave 
the vicinity of a cathode and which accel­
erates its velocity as it approaches rhe plane 
of the anode, also decelerates irs velocity as 
it leaves the anode plane and approaches the 
second cathode, which is now positively 
charged so as to auracr it. Irs resultant ve­
locity may rherefo.re nor be sufficient to cause 
emission from the second cathode. To in­
sure emission, additional energy muse be im­
parted to it, this energy being obtained from 
that stored in the resonant circuit, as indi­
cated in the accompanving circuit diagram. 

The high-frequency supply is of the order 
of 50 megacycles and is loosely coupled to 
the cuned circuit so as to apply from 25 ro 
90 volts across the cathode terminals. The 
positive potential on the anode may be 100 
volts or more, depending upon the desired 
current ou cput. 

The tube has a discontinuous voltage-cur­
rem output charaCteristic with a series of 
successively higher currem peaks as the 
voltage is increased. Maximum current our­
put is obtained · when the anode voltage is 
just su.fli.ciem to allow an electron to travel 
from one cathode to the other during ~ cycle 
of the high frequency· excitation. Other suc­
cessively lower peaks occur at anode voltages 
corresponding ro transit :imes of 3/2, 5/2, 
7/2, 9/2 cycles, the last bemg the lease which 
has yet been measured. 

. (Continued on page 18) 

Farsnworth Coid Cathode Tube 
(Continued from page 14) 

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

The rube's theoretical output is twice that 
of an equivalent hot-cathode rube operated 
as a Class A amplifier. Its pracrical output 
is limited by the ability of the cathodes to 
wit.hstand the high temperature to which they 
are subjected by bombardment from a rap­
idly increasing number of electrons. One 
test of a small tube showed an output of 100 
watts of undisrorred energy before the cath­
odes were destroved by hear. Such destruc­
tion is prevented by means of resistors in 
the cathode leads. A small tube can be safe­
ly operated so as to deliver 45 milliamperes 
with 200 volts on the anode. It is to be 
noted rhar the tube operates as a current 
amplifier and that the amount of voltage 
amplificaion, is .dependent upon the resis­
tance in the output circuit. 

The theory of the rube's operation as a 
detector or modulator should be evident 
from the non-linear volrage-currenr charac­
teristic and requires no elaboration here. It 
is especially sensitive in the detection of 
ulrra-high frequencies. · 

I I IS a well known fact that any amplifier 
ci!"cuit generates oscillations when ar­
ranged to furnish an input voltage of 

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

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

One plausible explanation is based on the 
assumption :ha:t there is no appreciable space 
charge effect m the tube when oscilaltions 
starr. There are alwavs some free electrons 
present in the inter-electrode space. if onlv 
those due to photoelecaic emission from rhe 
cathodc:s- These are attrac.ed by the anode 
when It becomes strongly positive but are 
prevented from immediarelv goin.st to it bv 
the longitudinal mangetic .field. Their accel­
eration as they approach the plane of the 

anode Causes a CUrrent tO flow, through hal 
the inductance coil in the tuned circuit, to 
one cathode. This provides an out-of-phase 
voltage drop which accelerates the electror;­
toward the other cathode with sufficient v~ 
locity to cause secondary .emission therefro.ri 
The emitted electrons then establish a cur­
rent flow through the other half of the mid­
tapped coil and cause a voltage drop in op 
posire phase so as to accelerate the electron1 

rowar~ the .first cathode: which is_ t;bus cause\ 
to emn more secondanes. Repeuuon of this 
process quickly builds the current up to a 
~oint where it can be delivered to the outl 
put circuit without stopping the internal o~ 
cillati?ns. The oscillating frequency is tha! 
to wh1ch the resonant circuit is tuned. This 
explanation has not been confirmed by physi­
cists, but is presemed only as a means fo1 
visualizing possible actions in the rube1 

Whe~ engineers disagree, the physicist mus~ 
expenment. 

Much work has yet co be done before 
standardized tubes will be available for e.,;:: 
perim_ental use. Television Laboratories Ltd; 
has licensed two factories for commercial 
production. But it will probably be a marrerl 
of some months before tubes are available 
for amateur use. 1 ... \ 
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E
VER since the ultra-high frequencies be­

came known, research in these bands 
has been handicapped because the high 

inter-electrode capaciry of conventional tubes 
effectively prevents them from efficiently 
oscillating or amplifying in conventional cir­
cuits at frequencies higher than approximate­
ly 30 MC. The high capaciry of conven­
tional rubes from grid to cathode and from 
plate ro cathode makes it impossible ro use 
Low-C grid and place circuirs and therefore 
the resonant volrage which could be applied 
to rhe rube is limited. In other words, this 
high capaciry acts as an effective by-pass coo­
denser which, ro :til intents and purposes, 
short-circuits the input and the ou tput of the 
tube. 

Under the direction of Mr. )3. ]. Thompson 
of the Research Laboratories of R.C.A. Radio- . 
rron Co., Inc., experiments were conducted 
with rubes specifically designed for use a t the 
ultra-high frequencies. It was discovered 
that if all rhe physical dimensions of a con­
ventional vacuum rube are p roportionately 
reduced, the inter-electrode capacities can be 
tremendolsly reduced without causing an 
appreciable change in the electrical char­
acteristics of the rube itself. The new RCA 
955 is approximately the size of an acorn and, 

, .figuratively speaking, a microscope is needed 
ro find the elements in the rube. In spice of 
irs small size, the cube has a low plate re­
sistance, 12,500 ohms, and a high amplinca­
rion factor oi 25 with the resulting high 
mutual conductance of 2,000 micromhos. 
Mutual conductance is a fairly-accurate yard­
stick of tube performance, and regardless of 
chc compromises which have been made ro 
enable this cu6e to operate as a regenerative 
oscillator ar a wavelength of only 20 inches. 
the murual conductance is higher than any of 
the conventional general purpose triodes, 
such as the 56 and 76. 

In order to keep the capacities low, no base 
is used on this rube. The leads to the grid, 

h-----3~---------~ 

Plan view of transmifter. 

plate and indirectly-heated 6.3 volt cathode 
come directly out of the glass envelope, and 
arc widely sepanted. No attempt should be 
made to solder to these wires because solder­
ing usually results in breaking the glass en­
velope. 

With very low internal capacities and ex­
cellent characteristics, this rube will come 
into prominence for 5 meter work, although 
it is in the high frequency field that such 
a rube will really prove its merit. Although 
a number of rhe present rubes will oscillate 
at around 2 or 3 meters, the 9~~. to the best 
of our knowledge, is the only tube that will 
operate in the conventional manner as low 
as ¥2 meter. 

With the B-K type of oscillator used by 

t 
many experimenters for operation at frc­

b:. q uencies below one meter, a number of difli­
llla culties limit the effectiveness of such oscil­

lators. Io the B-K circuit the grid must 
#~-, ~-run positive, while the plate is negative. The 

By CLAYTON F. BANE 

power input to the rube is consequently 
greatly limited by the low hear dissipation oi 
the average grid. With these limitations in 
mind it is easy to see why the conventional 

type of oscillator is much to be preferred. 
Using the little transmitter shown in the 

illustration, the 95 ~ was given irs rust rest. 
The extremely small size eclipsed anything 
in our previous experience, so we did nor 
look forward to a great deal in the way of 
performance. However, the rube proved to 
be a very stable, vigorous oscillator. Calling 
on previous experience, we considered the 
number of turns in the tank and reached for 
the frequency meter which covered a range 
up to 60 megacycles. No deflection on the 
frequency meter galvanometer was visible, 
although the galvanometer coupled ro the 
rank was showing a strong indication. The 
use of lecher wires was finally considered to 
determine the exact frequency of oscillation. 
We found that we were on 2 mercrs! Sub­
sequent experiments showed that 1 meter was 
easily achieved, with a number of turns still 

RCA 95!7--CIRCUIT DIAGRAM 
AND SUGGESTED LAYOUT 

Ll-8 turns, Yrin. outside di­
ameter, No. 18 wire, spaced 
Y<4·in. between turns. 

CI- Tuning condenser; 2 cir· 
cular brass plates, ~-in. in 

:diameter; 10/ 32 t hread on 
adjusting scre...-s.. 

C2-.0002S mica condenser, 
postage stamp typo. 

Rl-15,000 ohms, I watt car· 
bon resistor. 

RFC-Y4-in.bo~elite rod wound 
IY2·in. with No. 32 DCC wire. 

left in the tank. It is safe to predict that 
the lirrle tube will work nicely in the con­
ventional Jones Self -Quencing circuit. 

None of the rroubles due ro instability of 
oscillation were encountered. If this lack of 
crankiness is carried over to th~ super-re­
generative receivers for ultra-high frcqucn-

cies, ir is reasonable to expect that records 
for rwo-way communication on low power 
will soon fall. 

Here are some of the characteristics of the 
955: • 
Hearer voltage ................... -------------6.3 volts 
Hearer current -·-------·--·-···-·-·--- -------0.16 amp. 
Max. plate voltage. ................... ------180 voles 
Grid voltage .. ·-·------··---·-- ·-·------5 volts 
M;ax. plate current. ............. ------4.5 MA 
Mutual conduct:lOce ............. --2000 micrombos 
Amplification factor ·------·····-----··-··---··---25 
Plate resisraoce ••.... ---·-···------ - 12,500 ohms 

We understand chat these rubes will soon 
be available through RCA-De Forest distribu­
tors for amateur and experimental use, but 
ir should be emphasized that the rubes have 
been developed solely for the experimenter 
and arc nor ro be considered as an addition 
ro the standard line of receiving rubes. 
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TESLA 
MISTY WHITE 
SPACEWARD 

DISCHARGES 

A most curious form of discharge is observed with such 
a coil when the frequency and potential are pushed to the 

extreme limit. To perform the experiment, every part of 

the coil should be heavily insulated, and only two small 
spheres-or, better still, two sharp-edged metal discs (d d, 

Fig. 11) of no more than a few centimetres in diameter­

should be exposed to the air. The coil here used. is immersed 
in oil, and the ends of the secondary reaching out of the 
oil are covered with an air-tight cover of bard rubbt-r of 
great thickness. All cracks,. if there are any, should bt 
carefully stopped up, so that the brush discharge cannot 

form anywhere except on the small spheres or plates 
which are exposed to the air. In this case, since there are 
no large plates or other bodies of capacity attached to the 
terminals, the coil is capable of an extremely rapid 

vibration. The potential may be raised by increasing, 
as far as the experimenter judges proper, the rate 
of change of. the primary current. With a coil not widely 
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difierin~ from the present, it is best to connect the two pri­

maries in multiple arc; but if the secondary should have 
a much greater number of turns the primaries should pref­

erably be used in series, as otherwise the vibration might 

be too fast for the secondary. It occurs under these con­

ditions that misty white streams break forth from the 

FIG. 11.-PHANTO::M STREAMS. 

edges of the discs and spread out phantom-like into space. 
With this coil, when fairly well produced, they are about 
25 to 30 c~ntimctrcs long. ·\.V110n thP hnnc1 is he1c1. agninst 

them no sensation is produced, and a spark, causing a 
shock~ jumps from the terminal only upon the hand being 

brought much nearer. 
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THE TESLA V ACUUn LArtP. 

D URING the past week Mr. Tesla has announced in various 
· interviews with the reporters of the daily p.rE>ss thn t he 

• llas etrected improvements in the methods of vacuum tuhe 
flluminatlon announced by him in 1801. Speaking to a New 

.. Y01·k "World, reporter, Mr. Tesla is quoted as follo ws : 
,. ''There has been little change in the apparatus I no'" use 

compared with that I displayed at St. Louis. The basic prin­
ciples are the same. I haye simply made improvements and 
marked advances. I have found the causes o! loss of ener~y 
and have largely overcome them. Already I can deliver 10 

·per cent. of the 1n1tln.l energy in a pure white light. This is 
ree times the efficiency of an ordinary incandescent lamp." 
The New York .. Herald" ot May 24 gives the following de­

cription and illustration o! Mr. Tesla's improved lamp: 
"It is a vez:y simple looking contrivance. Two brass cylin­

ders, looking for all the world like the empty shells of shot 
or a rapid fire cannon, stand about six inches apart. A light 

THE TESI.A VACUUM LAMP. 

wire extends between the two, which probably contain coils, 
~ but about them Mr. Tesla wlll not say a word. Directly In the 

..,.. ,._center of this thin wire is an ordinary electric light bulb used 
· for incandescent lighting. The little point usually at the bot-

tom of the bulb points upward. There is no filament in the 
'' vacuum. It appears merely as an ordinary bulb would app~a.r 
~ It the carbon 1llament had been destroyed, but the incen or 

· has been exhausted ot air many times more than the incan­
descent light bulb. When the current ls turned into the elec­
trodes and so into the bulb there is no .foreign substance to 
burn. The electric molecules have the vacuum all to them­
selves. They move at the rate o! from 3,000,000 to 4,000,000 
vibrations a second. No one point gets bright and then seems 
to ignite the rest, as in the bulb usually seen. There comes 
n. glow, just as there ls a glow in the eastern sky at da.~n, 
and then it becomes rapidly lntenser, until the whole lnterll>r 
ot the bulb sends out light, just as though a piece bad been 
cut out or the edge ot the sun and packed into the little glass 
receptacle.'~ , 

According to the account in the "Herald" this lamp, with 
the same cubic contents as a 16 candle-power lncantlescent 
lamp is ot 250 candle-power capacity . 
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,. , Tesla's Views on Electricity and the 
~ : . . . By H. WINFIELD SECOR 
6j·,~ ~ . · Exdusln Intenle'lll' to TliE ELECTRICAL EXPERIMENTER 

'.J~~'~N !KOLA ~E-?L;A. · one . of tl~e in~e.rvjew an.d so~e 9£ his !deas on e!ec- pac:ity of chief electrician for an electric 
. · '. . greatest or ltyt!IS' elcctncal engt- trtctty s posstble role m h~lpm~ to end the plant situate? on the ri,:er Seine, in ~ranee, 
• · ·._. n~crs and rec1p1ent of the seventh great world-war are herem gtven: I had occas10n to requrre for certain t('st-

"Edtsot( medal, has evol.ved.sev- The. all-absorbing topi<; of. daily con- ing purposes an extremely sensitive gal-
• era! muque :md far-r~achmg u.l~as vers,::-tton at ,the present time 1s of course vanometer. In those days the quartz fiber 

~1!!~111.)~ rf developed_ and. practu:allr apphed !he U-boat . • Therefore, I made that sub· unknown quantity-and I, by be-
lli should help to partially, tf not totally, solve }ect my opemng shot. specially adept, m;:maged to pro-

Nlkol:l Tesl~. the Famous El~ctrlc lnv~ntor, H:~s Propos~d "Three Different Electrlc:~l Schemes for Loc:~tlng Submerged Subm:~rlne~ • .r 
lhe Reflect•~ Electric Rny Method ~s lllustrnted Abov"; the Hlgh·Frequency Invisible Electric R~y. Wheo i'leflectctl L'Y a Svom,.r!n~ 

Hull, Causes Phosphorescent Screens on Aoother or Even the Same Ship to Glow, Giving Warntno That the U-bo;ots Are Neilr. 

the mnch rli~c11<t ~nl•marinc nwnarc :md to 
provide n nw:m; wh~rchy the CIH'my's pow­
der and shell m;lt!:lzincs m:~~· UO! <'Xplodcd 
:;t a distance oi ,cver:tl mile~ . 

T ::e,-e haw l·ecn numero1:~ stories 
truitc'l aho 11: b:-· more Clr lc~~ irre•ponsi­
' .Jc: sdi-<;tykd cxjlrrt• that certain Ameri­
··an inventor~. includin[( Dr. Tl·sl:t. had in­
vented amom:: o tlwr thin~;s an d,·dric rav 
~o dest~ov or detect a submarine unde·r 

T~!lfll~"= ... _; water at :i comiderable dist:;n('c. ~!r, Tes­
la very comteously granted the writer an 

"\Veil," said Dr. Tcsla. "I h:t\' C ~everal 
distinct ideas rcgardin~ the suhj\:gation of 
the submarine. But lest we forget, let us 
not underestimate the cfficienq of the 
means available for carrying on submarine 
wariare. \Vc may use microphones to de­
tect the submarine, b11t on the other hand 
the submarine comm::mdcr may employ 
microphones to locate a ship and even tor­
pedo it bv the range thus found, without 
e•:er sho\ving his periscope above water. 
"~!any years ago while sen·ing in the ca-



at a distance of 3 miles would distinctly City), have proven that the presence 
affc:.:t the galvanometer I" local iron mass, such as the ship's hull, 

. "How could this be applied to the sub- would not interfere with the action of· this 
marine problem?" I asked. device. To this coil of ·wire, measuring 

"Well, for one thing," the scientist re- perhaps 400 feet in length by 70 feet in 
plied, "I bc:lieve this magnetic method of width (the length and breadth of the ship) 
locating or indicating the presence of an · w,.· connect a source of extremely high ire-
iron or stec:l mass mi~::ht prove very prac- quency ani! very powerful oscillating cur-
tical in locating a hidden submarine. And rent. By this means there. are radiated 
ic is of course of paramount Importance powerful oscillating electro-static currents, 
that we do find a means qf accurately lo- which as I have found by actual experi-
catiug the sub-sea fighters whc;n the>· ~re ment in my Colorado tests some years ago, 
submerged, so that we can, w.uh thts m- will first affect a metallic body (such as a 
formation, be ready to close m on them · submarine hull, even tho made of brass or 
when they attempt to come to the surface. any other metal), and in' turn cause that 
E~pc:c ially is this .imp~rtant when sev_eral mass to react inductively' on the exciting 
ves~eJs are t raveling 111 fleet formatiOn; coil on the ship. To locate an iron mass 
the: location and presence of the enemy it is not necessary to excite the coil with 
submarine can be radiographed to the other a high frequency current; the critical bal-

' ·~'r. vessels by the one doing the magnetic .mr- ance of the coil will be affected simply by 
..<. . 'V(yiny and, by means of nets in some cases, the presence of the magnetic body. To be 
_., . ~ or gun-fire and the use of hydro-aeroplanes ab1e to accurately determine the direction 
' • scul aloft from the ships, the enemy under and range of the enemy submarine iour 

water stands a mighty good chance of be- exciting inductances should be ·used. \\'ith 
iuli, either 'bombed.' shelled or netted. a single inductance, howe\'er, it would he 

., 'However, a means would soon be found possible to determine the location of a sub-

both those anticipated as well as those un­
expected. As an example of what has 
been done with several hundred kilowatts · 
of .high frequency energy liberated, it was 
f~und. that the dynamos in a power house 

· ~1x mtles away were repeated!}' burned out, 
· · due to the poweriul high irequency cur­

rents set up in them, and which caused 
heavy sparks to jump thru the windings 
and destroy the insulation! The lightning 
arresters in the power house showed a 
stream of hlue-white sparks passins- be­
tween the metal places to the earth con• 
nection. I could walk on the sand (ordi­
narily considered a \'err good insulator) 
~evcral hundr~d feet from my lafi\'C high 
rrequency osctllator, ·and sparks )umped 
from my shoes! ·At such distances all in­
candescent lamps glowed by wireless pow­
er, and banks of l;~mp, connected to a few 
turns of wire arranged in a coil on the 
~?round. were lightt!d to full lirillial)cy. 
The effect on metallic objects at consider­
able distances was really remarkable." 

of nulli fying tlus waguctic ddutor of the marine by running the ship first in one 
~u!Jm<:rgc:d undersea war-craft. They might direction and then in another, and noting 
make the 'U-boat' hulls of some non-mag- whether the reactive effect caused by. the 
netic metal, such as copper, brass, or alumi- presence of the submarine hull increased . 
num. 1t is a good rule to always keep itt or decreased. The radiating inductance 
ruin<l that for practically everr good in- must be very sharply attuned to the measur-
vcntion of such a kind as this, there has ing apparatus installed on the ship, when 

I asked him about the "t:li"i ra,·," ·which 
\ya,s accorde~ considerable newspaper pub­
ltclly some tune ago. 

"The 'Clivi ray' rcallr was tr;mspbted 
from this country to Italy.'' aHcrtcd Dr. 
Tesla. "It was simply an adaJttation of mr 
ultra-pnwcrful hi!!h-freqncncy {lht!nomena 
as carried out in Colorado and cited prc­
\·ious)y. \\'ith a poweriul oscillator dc­
yt'J,>ping thousands o i hMH' power it would 
hc,·ome r~:tdily poHiule to detonate powder 
and munition ma~:azincs b\' means of the 
hil:'h f rrqm•11cr C'urrcnts i~clucC'd in C'n:rv 
l•it oi metal, cveu when hl.:ated fi\'c to six 
miles away am! more. En·n a powder can 
wnuhl have a potc!ntial of 6.000 to 7,000 
\'~>Its induc~d in it nt that distance. 

alw:ws been in\·cntcd an orpositc, and no trouble will be found in detecting the 
equally efticient coullteracting invention'' presence of such a large metallic mas~ as 

"H ow aLout this new f lutri.- ra.v method a suLmarine, even at a distance of 3 to 6 
of locating snhmarincs ?" I ventured to ask. miles; of this I feel confident from my 

"Y;:~ , ye~. 1 am coming to th.lt," \he pasl cxpcrim~nts in the realm of ultr;t-
mastcr electrician parried. ":\ow suppose high frequency currents and potentials." 

~ that we erect on n \'csscl, a large rect- "\Vhat particular experiments do you 
angular he! ice or inductance coil of insu- have in mmd, Dr. Testa ?" I asked. 

/ lated wire. Actual experiments in my "The Colorado tests of 1898-1900. \\'on· 
I( 11 ·.l~ato~)~ al Houston _:erect (Xe~ :ark derful . wer~ the ~esul:~ ~tcr~ obtain~~~. 

f •. TESLA'S VIEWS ON ELECTR~CITY ~:,!P/. . /'fj ~;:~. 
· (C(IIItilm,·d 011 ft..tgo: 1i0) 

4.... . . .. AND THE WAR. , · · ~;1 for exam:.:rl, that a v~~ . 
(Conti"utd jr'om page Z30) · fitted with such. an electric; ray projector. spot of light strikes the balloon, the latter 

"At the time of those tests I succeeded fohOoo averafse oo3''H hp-s Thtlable I fr?m say at once becomes .. visible from many differ­
in reducing the most powerful X-rays • to ' · . · · ~ exp onng ray ent angles. The same effect would be ere­
eve: seen. 1 could stand at a distance of ~ould be flashed ~ut mtermtttently and thus at~d with the electric ray if properly ap-
100 feet from the X-ra apparatus and see tt W<?Uid be poSSible to h~rl forth. a very phed. When the ray struck the rough hull 
the l..ones of the hand ~!early with the aid for"?tdabl«; beam <?f pulsatmg electnc ener- of a. submarine it would ~e reflected. but 

( JJ B • and I could have gy, mvolvmg a dtscharge of hundreds of . not m a centrated beam-tt would spread 
0 ~I uorosthcope stcreed~ '•·nee sever~t ti'mes thousands of horse-power. · The electric · out · which is just what we want Suppo<e 
east Y seen em a a 15...,. ~ ld b tak f th h ' • ' I · 1 · · 1 · · · this by utilizing suitable power. In fact, energy wou ~ en r?m e s tp s severa . vesse s arc steamt.ng a ong tn com-
I could not then procure X-ray generators plant for a fractton of a mmute only, b.e- pany; It t~us. becomes evtdent that several 
to handle even a small fraction of the mg absorbed at a tremendous rate by sutt- of the~ wtll mtercept the reflected ny and 

ower I had available. But I now have abl~ co.ndensers an~ other apparatus, from accordtngly. be w.arned o~ the presence of 
~pparatus desifned whereby this tremen- . "';htch 1t could be hberat~d at any rate de- the submanne or subm~rmes. .The ves~cls 
dous energy 0 hundreds of kilowatts can Sl~~d. .. · · would at ?nee lower thetr nets, 1£ so equ1pt, 
be successfully transformed into X-rays." lmagn~e that ·t~e ray has been sh~t out order thetr gun crews to quarters .and dou­

"Could these ultra-powerful and unusu- and that m sweepmg thru the ~ater tt en- bl~ the look·O!Jt watch. T.he 1mport:mt 
ally penetrating X-rays be used to locate counters the hull ~f a submarme. What thmg to know 1s tl.tat submarmes are pres­
or destroy a submarine with?" 1 inter- happens? Just tlus:-:-The .ray . wo~;~ld be en!. Forewarned ts forearmed! 
jected. . reflecte~, and by an appropnate. devtce we The Teutons are clever, you know,; 

"Now we are coming to the method· of . would mter~cpt and translate. thts reflected very, very clever, but we shall beat them, 
locating such bidden metal masses as sub- 1 ;aY •. as for mstance by allowmg the ray. to ~a1d Dr. Tesla confidently. [It may bt of 
marines by an tltclric ,.ay," replied the ; !mpm~e .on a phosphorescent screen, actmg ~nt~r'l!.ft to out' r~adtrs to know tha! stvl'ral 
electrical wizard. "That is the thing which I Ill a Similar war I? .the X-ray scre~n. The unporta11,t clcctncal War' schl'ntu U/111 short­
seems to hold great promi~es. If we can ray would be '"'lllstblc to the un:ude4 eye. ly lll' latd beforl' lht War' aud. Navy pe­
shoot out a concentrated ray comprising a The reflected ray could be fir~tly, .mter- parltnmls bs Dr. T ula, lht dd~ils of whtch 
stream of minute electric charges vibrating ceptcd by the one. or more shtps. m the Wt naturally cannot now pubilsh.J 
electrically at tremendous frequency, say fleet.:.. ?r se.c~ndl;y, It would be .posstble for 
millions of cycles per second, and then the shtp ongm~tmg the ra~ to mtercept the ail.. 
intercept this ray, after it has been re-~ ;efrac~ed portton by sendmg. out the ray ~ 
fleeted by a submarine hull for example, mtermttt~ntly and also by takmg. advantage 1~ .,...._ 
and cause this intercepted ray to illuminate . of .what ts known as the afkr-glow effut, ;t_ .... 
a fluorescent screen (similar to the X-ray 1 wht.ch '!leans that the ray ~ould =:tiTect the -
method) on the same or another ship, · !egtst~r~ng ~crcen a~ apprect:tble time after 
then our . problem of locating the hidden (1ts ongtnahon. . Thu would be necessary 
submarine will have been solved. , l tc;> allow the sh.tP , to move £o;ward suffi­

"This electric ray would necessarily have ctentl.Y to get wrthm r:ange. of "" reflec~ed 
to have an oscillation wave length extreme- ray tram the .~uLmartnc, "~. the. retlecuon 
Jy short and here is where the great prob- W<?u!d "!ot be m the same dtrectron as the 
I em presents itself: i.l'., to be able to de- or!,lt'"atmg ray.. . . 
velop a sufficient!{ short wave length and To make thts dearer, constder. that .a 
a large amount o power, say several hun- concentrated ray from ~ searchlight IS 
dred thousand or even several thousand thrown on a balloon at ntght. When the ~~---~~7'~-
horse-power. I have produced oscillators 
having a wave length of but a few milfi-'V. r;~s. ..~ . ·. ~--J~~· 
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Radio-telegraphy : by Invisible· Infra.: red Radiation~- . 
Messrs. J . H. . Stevens and A. Lariga.ldie h&ve perfected a· 
detector . a.pparatush partic:ulars of which ~aTe ~n~ly b~ 
communicated to 't e Pal'lB Academy of Scienoes . . ·'With. thell' 
device they have been able ·to - obtain recorda -of . inf.n..:.red 
radiations over distances of more than ~ ~ •• the beat results • 
being obtained· with a thermocouple.· In 'the · teat. · aa · can'ied 
out · the source of emission .was an arc or electric ·lamp pro-; 
jector, the luminous .flux of:. which was absorbed: by a. tilter. 
8Creell, · a black gla88 -coated ·with manga.nese-dioxide -or · gela-- . 
tine. These ecreen1 ·absorb 50 per cen~~ of "the total •energy, 
but do not allow any rays which may affect the eye. ~ ·paaa.· 
The receiver is a parabolic mirror _arranged to trap the ma.x.i-.'. 
mum of radiant energy; the thermopile being. placed at the .. 
locus of this mirror. A m.etal plate 1/100 mm. thick is auf;(). ... 
genously welded to the point of a crystal · ot·. high .thermo-· · · 
electric power. The thiclmess oi .the pla~ ·.~d .the. di~eter 
of the point of contact were kept as low. -. aaJ.-J>QSSib~ tl() aa to 
form a. whole of very low thermal capacity; . Tbe best .·results · ·. 
were obtained with a platinum plate and a.· ~stal of.'tel}urium 
tempered and welded in the direction of crystallisation: The 
junction is enclosed in a. glaas bulb having a special window. ·· 
The thermocouple is mounted at ~he terminals of a l&lllp 
amplifier, the current being broken by a ticker of musical 
frequency. A potentiometer is connected ·up in the circuii , _ 
in order to obviate aU eddy currents due to the 8UlTOUDdinf · · \ 
conditionB which might ca-use a. diJierence of constant tem- . 
perature between the two junction.e. : The. diminution in ~: ' 
r!ldiant energy .captured at ~be reCeiver is general!Y propor~ . 
t10nal to the distance covered from ·the . transrmtter, bui. 
rega.rd mu:>.t be had to the absorptive power . of .the atmo­
sphere, which is sometimes low and eometimea considera-ble 
according to the proportions of water-va·pour, fog, dust, . &c. 
Where .the the1·mopile is not used in telegraphy but iJJ pyro-· 
me try, in tele-mecllapics, or ·for revealing the presence of 
bodies whose temperature differs from that of the surround­
ings (e.g., of icebergs at sea) .• ita current is passed into ·•· 
fairly sensitive galvanometer to give a deflection o!.3 to { IQ.m. 
per micro-ampere (2 tO 3 ohm coil). For. ahi~ t.he an~ors, 
have designed a .special double pivoi gaiv.anometer of the ~e · 
sensitivity as the previous one, which is capable of wor.kina 
in any position a,nd is unaffected by pitch~ or rolling. In 
Septeml:>er, 1918, signals were· exchanged' between two station• 
14 km. apart. The transmitting station was provided with 
an arc projector of 1.50 m. ,In l!ay of this year signalling 
experiments were made between · two stations 7,500 metrea 
apart. At the transmitting station there waa a 0.40 m. mirror 
and an 800-watt nitrogen-filled electric lamp; · while ~e 
receiving station a. gilt mirror of 0.24 m. was ase:a.--1 ·~~cn.n.I.!C~· 
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Infra~ Red Rays used for Signalling 
NEW METHOD IS BEING DEVELOPED. 

Some few years ago· a new means of practically in lighthouse· work., aiding vessels to locate their posi­
secret signalling was developed by a number of tions off shore without using radio. The chief use 
engineers of the anny an<~ navy. It was first termed to the navy, however, appeared to be as a means of 
infra-red signalling, but later came to be known a:o secret communication, 'when vessels were proceeding 
"Dyscrasite." without lights, or in battle. Its radius of action was 

It is not radio; but operates through the mediUIJ1 ·, found to be about I 7 miles, while the cost of a .com­
of infra-red light waves, which are · invisible to the plete set was comparatively low-about $400. 
eye. As a conventional vacuum-tube receiver is used t This system, although not now in practical use, is 
for reception and amplification of signals, and be- not discarded-far from it. It has been termed "black 
cause a telegraph key or ·telephonic apparatus is em- radio,' and several other strange and suggestive 
ployed to control a light beam, the system of com- names. One of its important features is that it is 
munication is of interest to radio fans. · . · -directional more like beam radio than pure- radio 

In the fall of 1916, T. W. Case diseovered and : broadcast.. 1 reported upon the peculiar properties of Jead .. anti.- .... _.ln_rec.ent dyscrasite communication tests, light rays 
mony sulphide, when the long red rays of the spec- are generated by an incandescent lamp, although a 
trum fell upon a crystal of this cheaiical. •Firat 1t was · aaa flame. and an ' arc · light nave been used. The 
tried out in detecting the approach of electric'Ara; or : liiht ·u::ctliated in front of a parabolic mirror by 
rather detecting their 'powerful headlight., .. in-- New ~ meana of · which the divergence of the beam is con­
Auburn, N.Y. In this first experiment the testa showed trolled. The whole aparatus is housed in a light-proof 
results at a distance of about 300 feet. Refinemeata.·~ .cue,. .. .with -,n· opaque acreen which permits only the 
however, with better lights, filteri and eledi~~ WLJ'myisible infl-a-'r.~ rays to pass out of the transmitter. 
vanometers, increased the range to about ·· ·~e.. .'the . . T~qraphic signals are made by m_eans of a shutter 
Sperry people became interested and further tesu'fc)};:~~~ted by ·a hand key. Thia .butter is located 
lowed under the observations of . army anCI ~vy;~~~etlier ·outside the case or between the light and the 
officers, who evinced ·interest in connection with-:.-the -.· in!nor.: . ... ' .. . . , . . 
posSibility of secret' signalling in battle and at· .eL A . . Telephonic impulses may be converted into light 
~o-inile test was auc.c~fully condu~ted both at·:n.iBht - rilu~ . by ~~- .-~ainst a drum controlling the 
and in daylight between the ~perzy building- an4 .~e . gas' supply, Ul".e g'$$-ftame syst~ which varies the 
woolworth tower, and. upon reports of this 'suCcess in :. gas presstUe··,)uid ~adulates the light according to 
1917 ·General Squier. :chief signal officer of the army - · voiee-variatioDa. ·'-: ~: .:: : .: , .· :-- · ':~ .. 
sugg~ed a. ten:iriil(teSt. ~ . · .· .· .· · .. ....... ~ ~ .:~ . .'. ·: ·: ..._ -< : ·,T~tera'Hicb17 -J>ir~nal. ~ . 

. ~ · - - Ho~ ft. Was -Devolved. · · .: ,; -.·:·: ··· .-JU -the ' receiving 'end .·of the .. 'circuit, detection is 
-~~ ~as _thi_s. ~~!~ '#1~ trial_ ~ch le~ to the :- aet:o.~PaJrlec! by mieiting . a pl~e . of crystal, sup~r 

dt;a~~-: for D7~ .~e .. r~erv«:d .. agnals audible; ·_p.nd · se'n8ltive to ~a-red rays, __ llt the f~us of a parabohc 
ap_ecuil .vacuum tubes .,were developed. It was fO:und · reflector. ·The · crystal forma ·pam··of a conventional 
that .'the ;pitdi of ~e received. a:ignal note varied .in · v~cuum tube circuit. Variation:a in the incoming infra­
wireless headphones· with the intensity of the· light on red rays impinging on the crystal alter the constants 
the' filter. The ultimate distance reached with this · of the vacuum-tube circuit and produce variations 
iuiprov~d ~e-~s ,~- abo~t"eiiht miles. . . : audible in either head phones or a loud speaker. 

England became mterested, and Lord Northclitfe · . Recently perfected dyscrasite transmitters are high­
witnessed a 'demonstration, following - which· he ei:- · ly directional, having only an eight-degree divergence 
pressed 'a belief that it might . .erve in front line of beam, which makes for secrecy to a certain extent. 
trenches as a means of secret signalling. · althoilgh limiting its application in general communi· 

. : kl-j 
~-; 

~/ r:;; · 
' . 

v 
e 
~:~~.i.~ 

~ 

Later, further tests carried the range to 18 miles .cations. Another limitation of this apparatus is the 
or from Fort Hancock., in New York. harbor to the fact that it is practical only for night signalling, the .. • ~ 
Woolworth Building, and another test indicated good infra-red rays of the bright sunlight overshadowing ,._. ,,,•. 
reception of signals from the shore to a vessel at sea. its impulses, and paralyzing the detective elements. r '7 :;:;..i 

1 

r~port~d that it might serve aa a method of invisible communication, not .ubject to reception by ordin~n" · 

1 
SJgnal!mg between vessels of a convoy proceeding means, auch aa visual, radio or sound detection. whtch 

i without light, and that it would probably be valuable indicates ita value for secret signalling. . 

(
' · The Navy Departm~nt in discussing the possibilities · At night, however, it forms the only known means of ~- · , 

I ~ 
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Does Radio Cause Explosions? 
G.t::NE.RAL N ~:c;lt£! of tht: Roumanian Army 

ha!i been studying thc:: probable cause of the 
explosion of munitions which occurred some· 
months ago on the: outskirts of the city of 

! 

/n lll'tJ.f rl l:r,•Jidunwl. Turpaia, usc•d 
this h•r~J> lr• ,.,.,· .. ic·c 11 t>rl:.i..m u.·a1.'t!.l' 
ti'VI'r slrort distmtf•'.l'. Otlrt!r loops at 
tlwt timt! r,~c.·it•, ·tl smflll trisihlc 
spurk.~. a drcumslrliiC:•! IW'lll r,•cai/,•J 
by (;r:'ll.:Till N •'!Jr<i Jo ,•.1·pllli•~ III.}'S-

t,•r·i,Jtc.~ ~·.rflusiutiS, 

~ 

Bucharest, with serious damage not only to 
the military maga4ine itself but to the sur- \ 
rounding countryside as well. The General 
has fixed the guilt, in his own mind at least 
on an interference of radio waves.• ' 

He docs not imagine that the radio waves 
themselves ignited the explosives. It is more 
probable, he believes, that the waves generated 
small potentia.ls in iron rings or other metal 
articles, that these potentials produced small 
sparks and that· some one of these sparks was 
responsible for the fatal touch that set off the 
magazine. 

' There is no denying that this is possible in 
theory. If one has a metal ring containiug a 
small spark gap, like an old-fashioned llcrtzian 
loop ; and if one placc::s this ring in the proper 
relation to a powerful radio-£ret1ucncy field, 
sparks will be produced iu the gap in the ring-. 
That was the original form of Hertzian detec­
tor. The Editor of this Department built one 
of them more than twenty years ago. _ 

But, granting this, it is extremely unlikdy 
that the energy of a radio station from ten to 
a thousand miles away would produce any 
sparks like this in the Bucharest magazine. 
The energy would be too feeble. Furthermore, 
General Negrei neglects the fact that induc-
tion from nearby electric machinery, of which ~ 
there is doubtless plenty in Bucharest, wuuld · '!l1lt 
be incomparably more powerful as a spark­
producing agency than any radio station as yet 
erected in that or any other country. 

It is possible that electromagm:tic (or elec­
trostatic) induction might produce sparks in­
side a powder magazine and might touch off 
an explosion. For this reason it is wise that 
all metal parts in such magazines be securely 
grounded, as is usually done. But there is no 
n:ason why radio must accept the general's in­
dictment as the culprit of Bucharest. 

• The Geueral's opiuions are described in a special 
interview trranted to the Bucharest correspondent of 
"The Rad1o Week in Europe," a radio news !lt:rvice 
by .Mr. ,t.·. M . Delano, Pans representative of PoPU· 
LAR RADlO. This interview was quoted in numerous 
American newspapers, for example, uy Carotain R. S. 
Wood in the Rad1o Section of the .V etu Y urk Evenin~: 
WurJJ for September IJ, 1924. 
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THE , H .-\~10 f;ENERATOR THAT BLEW UP BOMRS JN 1H9~ 
Mr. Carl fl. · Mrtmrm, ,of tile Unitrd Stairs National Museum ir sfu1u•" u:itlr tltr 
~·aAf'dr.-mnu~rtr:d, rCI(alm.q gtnrralor 1tsrd in dr11to11~rt rations of 'radio bomb ianitinn 

. . ) 

'· / 11~ a rsm~ ~ quat·r. (.rardra mm·r tfrmt a qJtartrr· of a C£'11/ttrv ago TJ• .. tub •. . tl N · l { . · ..-c r ts n O"'..V m rc afto11a . A uscum. 

Electric-wave Generator 
Constructed in 1 HY8 

THERI:: has recently been dcvusittd in the .-J 
United States National .Must:um, at Washing­
tun, what is probably the fir~t vacuum -Lube ~ 
generator ever builL-a tube con:.tructecl by .. ~ 
Mr. D. MacFarlan .Moore, in ~~~8. 

It is uot built, of cuur~e, un the principle of 
the audion. On the contrary, it is really no 
more than a rotating generator ffJr high­
fn:quency current constructed inside a glass 
bulh, so that it could be ovc::ratt:d iu a vacuum. 
I~ was put together originally as a source of 
h 1gh-fr~::quency current fur the operat ion uf 
gas-filled glow lamps, with which devices Mr. 
Moore was then working. It was u::,d, huw­
c:vcr, as a gcrwrator of c:lcctric waves as well 
an.d for a month in 18~8 waves produced h; 
tlus tube wen: u~ed to ignite a bomb e~t the 

opposite end of Ma(lison Square Garden iil .. 
New York, reJ:ulting- in an exhihitiiJn explosion 
of a model of the battleship Mcriut. 

The glass p.lrt of 1hc tube is two allll one­
half inches in diameter and eleven inclws long. 
Inside it is a metal shaft about one-eighth inch 
in diam('t('r and which fits into hearings at the 
ends of the t11be. The upper end of this shaft 
carries a hetl.vy flywheel, while the lower end 
of it carries the commutator. The commntator 
has nine segments and four metal hru!'hes hear 
against it, l'ach of which is conncctc(l to a 
wire sealed into the glass of the tube.* 

• Fact!! snprl i<.••t hy Mr. C . \V. Mitmnn. Curator 
of Engineer i n~~:, United States National Mnseum, 

' ·;.: 

... 
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~ · · Ulivi's Experiments in Exploding Bombs 
. .. With ~~red Rays 

... T~- press o:t..,Enrope bas ·mu~ to _say t<Hlay about 
· the · experiments of ·the Italian engineer, Glulio 
· Till:vi,' ~lio is said to be.'el;plodlng bombs !rom a dis­
·_tanee ·by- means ·of the in!ra-red ray. Tbe public ex-

. hlbltlon in' :Florence a month ago,_ where tour bombs 
. :tloatii:ig'<oJl. 'the surfaee of the River .. Arno were. exploded 
~:·hi:: suecession, ·. bas .. attract~ . muCh -discussion. Tbe 

'sc~NTIFIC AYEBICAN, .In order that its readers may be 
·k ' the "eurr~nt cit popuiai.~~p:tluozi· fu the matter,' pre­

:.~~his ·.~ ·eye-:W:ttn~ s~_c?ffE~.y '_~~~epresentative of the ~ 
·:coiriere 'tliiUa·-Sera .of. .MDaii. ·-.Tbe accounts lack the 
··precision ot ~n~qj~es.·and ·are defective in just ·­
.'those places tfui.j;.·a· phySicist particularly desires more 

,,-..- ·-womiation, btit."they' seein to present a matter that is f 
:bi:en . ~rlo~y·J~;.;~~e-~'q~r8.... It is evident that 
'ther~ is 'here "E!ithi;F ii''kl'let"oii the part of the experi-

:···~eirtei~iii .. his .results' 'or' a. splendidly well-staged act \ 
· lir~~Ci~fj~:~--:~eii - further to say that there 
b~~prev16as "demonstrations" by another _which 
hi~€'.7~in~' resembiance. to these. Tbey have been re-

- -~e"'d. 'Witli. suspicion In sclentlftc circles. 
:. : ,.'tinvt chose for his assistant, Admiral Fornari, who 
Y~t~ ·9· o~~lock one .evening was rowed from the iron 
':brldge Into the middle of the Arno, pll)cing in the wa-
ter one after the other the· four bombs. Tbe fact of 

· the linmersion was commUnicated to Ulivi by means 
. of ftasbes of light, and the return of the admiral to ' 
. the river baD.k was also signaled. 
·-. The lights served to notity the Florentines of what 
.'was on foot, and in great numbers they gathered on the 
Lungarno: . ·Tbe houses along the river were teeming 

:~ith 'papulation;·even ·to their. roofs. Carriages, autos, ~ 
·aoo'·tram.'- ,._, .. ;·1od unceasingly their passengers to the 

. : :i:·fvel-' 'and streams' of pede:otrians' bad the same goal; 
·- &me· went to Monte Senario, where Ulivi bad sta- . 

a.illltW'··-~ tfoned bl.oisel!. ' · Accompanying ,Admiral Fornarl wer~ ' 
. officers and engmeers InVited by the Minister of War ~ 
.to view the experiment. · ~ 

'".All at once," according to the Corr:iere, "the dark- -
llesS was rent by a blinding 1las'h, ·there was an ex­
plosion with a shower of spal'ks and these lighted a ~ 
·cloud of smoke that for a while bung over the river." ~ 
In a quarter of an hour the second bomb was fired, and 
after about an equal interval, the third. Tbe bombs 
had been ftoating with the current and here a delay 
ensued. Wben about twenty minutes had elapsed the • 
Jlt>Ople thought that the last bomb had escaped, but near .------· .. . 

• the bridge of the Graces it was located and a fourth 
detonation announced the complete :oucce:;s o! the eJ.:­
periments. 

It hi represented that UliYi wished to introduce the 
greates t difficulties a nd did not make up the bombs 1n 
the usual manner. He had already pro~ed that glass 
and ebonite are transparent to the "radio-ballistic" 

• rays and employed other insulators. The powder was 
inclosed in a capsule of gUtta-percha and this ln fiber, 
which another portion of the story suggests was Wll3:ed 
cord. Outside there was a sphere of porcelain, this 
incased in asbestos cardboard, and finally to inclose 
the whole, a jacket o! wrought iron. . 

The bombs thus constructed could float about tWo 
thirds immersed. There is the claim that fiotatlon 
is not necessary, and that the bombs could have ~ 
sunk to the bottom or burled in the earth without 
<'hanging tbe results. But for such a public demo~:- · 
tiou the safety of the spectators could be better."as­
sured by the method adopted. 

.L -~, .\-: 
-- ~''1 SCIENTIFIC AMERICAN 

.. "• 
. ' i ~~ I -~~-!.~'­
distance from the 

Ulivi stationed himself, is ten and one third 
intervening are Fiesoli and the plain of · the 
'When the signals were received that the bombS: w_ere 
placed and the admiral ashore again, the engineer ·be:- . 
gan at once to send forth his "spy-rays." ' .. ' 

Tbe popular description of the devices employed su~V 
gests two operations, the sending forth of the electrl~( ,: . 
"spy-rays," which diffuse themselves in all directions; 
and the production of infra-red ·rays. Other .. ttem.a· .. 
in the outfit are a telemeter, a wireless appaiatoS.'tor; · 
messages, a voltmeter, an ammeter, and a chroiiom~~~-· 
In addition there is a battery which furnishes ·ihe . 
energy for the action o:t the apparatus: · : ';, :· · ·. 

In operating, the "spy-rays" are first 
When they encounter a metallic mass they .. n:e_.uuw 

it what may be termed, "return l'llys." · 
the latter· 'IndiO.~ with some precision to 
who has ·his 'bead incased In a telephone ~~~·~ .. 
amount of metal, its radio-magnetic effect 
tance at which it lies. Tbe operator ·then _;uw;;OtQ";-tn,.;;; 

infra-red rays which he produces· towaid. 
object. As they pass through •tt they n"'""'"li'P'~i:alli 
lations, or as he terms them, "M-rays;" 
the explosive. 

If this story is really tine, the ~~~~~:~-;~~~~[~ 
conceivable. In offensive warfare j~~~~ 
able to destroy forts, ships, and mllP.ZUles,, 

-· . 

I 
.. .:~ , l 

contain explosives, and practically elE~.na.te~~~~~~~;~~ 
the other hand, if mineral veins or c 
detected there will be a most -usetul exteriSioriti'._,f 
arts of peace. 

Ulivi, born In _Tuscany, · achieved clli!tlilCtlOii 
Technical Institute of Florence, was 
Germany, and established himself - ,,_.,..,=:..,.., 
ago, and &:tterward set up a nhVBlC!il 
tory at CUchy. In working with tlie f;;f~.:wt 
the spect:i-um, he discovered ·a~e ·pb.enODI~ 
these waves produced at a ~ce_ 
a stabie, some hundreds of t~t ·:from 
the iron h orseshoes produced eiectrtcal 
when under the inftuence of the tn1P'ra-l'l'd 

referred the phenomenon to 
production by one musical instrument . 

tones in another instrument. With .this ·~~~~~f~ 
pathetic vibrations he experimented ll 
tricity, magnetism, and heat, and the trlmi!~L'ti 
of one into the other. The ou.tcome o:t . 
has been the ability tO t!xpiocie Charies thAt 
metallic walls. This explanation, 

forth as the presentation ot the '!~~~::~!~~~~ 1;' ~es much to be desired. In the 
r e~ancy of its statements. 

. ~ ~ . . 
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~HIS PHOTOcRAPH OF A MODEL SHOWS HOW THE T£SLA TOWER BUILT ON 1.0:-iC I.SU:-iO. EICIITE E:-1 YEARS ACO. WOULD HAVk.,.. 
-...,;:l.OOKED COMI'LETED. FROM ITS API'EARA~CE NOBODY WOULD ISFE.K T H AT l C. WAS Tl> 81:: USI::D !'OR THE CR£AT PURI'O:S£::. 

~..., WH<CH ARE >ET FORTH " H" ACCOM0'A"YO'C ARTOC'.L rr ~ 
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lllLcrtJulluuul 

The "Opaqueness" ·Theory 
of Radio 

.:\. LIGHT BE.:\.~1 T}L\ T "COXFIR~IED" .\ \\"RO.XG 
THEORY OF R:\DIO 

n·helt this '}JOI.CeTjtd Si'l.lrC'hliyht &t(J.I/1 I 11! !Itt .-1ir Jft~il Fi('!d at .1/a!J­
u•ovd. Jlliltu-i~. wa:> /untc·J ult IJdu'rl:u 11 rtidio tnw ;;mill1 ·r tltlli !Itt· rt·­
ct:it·er to trhiclt. tht- tl'(lt' t ;; were pa:>si~~t), !It~: ejJ£cl 1,,r t!w li!Jitt i:, iuni.::i,,, 
the rrir dt"CTUJst-d the ]H't/l-rliult of n ·ctpl"iutt. T it i.-; H'f.l .< 

thouglt l to prure tit~ corrt:l.'lltt·:>s uj the: ' ' OJHllJW:ht~s .. cht ury "' n1J iu. 

LIGHT BEAMS 
AND HERTZIAN 

WAVES 
;; !t.: ··~! .:.:.Liu\\ .. :· :_,,:--

.. O'•C'"C' ,, , ·: · : . . . .... ~ - ;: · u ... ~ ~ .H . .. .. ... t.:v l_. vi . ..!l . ..;lJ ;:;rurnt.;.:-
cr .. •-,.d re••t.:'·>•·\· '•\' \ f.. \ J. 'f . . ~-tt: • .. .• ~..!~ ••·• - •• • -· • • -"-U.5::.:c;-
man of CLi <:::i!!'J. fll iw,i.". :.:.! ~ l! w} ·. i.-- ~, ,.,._ 

•. 4• '- "-• .. ... 

nni\·r.u' (' rl ' 1. : ,,..,: · . . , ••.• : : 
\,. ....... ~... . u 1. . L4L • .. ... 1 ; t . .. .. ~.. ~.t r.~ .\JTl ! ! ! t r.:.-:-
new.::;ot.t>er.: . 

.i .. ._..., -~ .. __ J..Io..:IL....._ __ .,. .£1 ~· ~ ~-l:"''llo... ·~ ,.__ ~ 
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IABOLIC RAYS " 
Has the J ream of inventors come true at last? Can 

· · destructive power now be sent through space by what / 
has been called "the most terrible invention ever made 
by man?" Sdentists disagree. ln this exclusive arti­
cle the inventor himself tells what his ray can do and 

how it works. 

P.y TT. GlaNDELI .-Ivl.'\TTH E\VS 

projl'ctinn of energy through 
witli .. ut th~ use of wires or 

n.1echankal n•lllrivances has long 
a dream of scientists ami inventors. 

Serh, N ikola Tesla, predicted 
"'"''-""'"n"' years ago, more or less on the 

radio waves., Otht·r scientists 
I tlw prc",jection of he:m1s 

or lwat rays. Neither of 
proved to he sun·essful. 

· , electriml eucrgy can 
across <lis tann:s without 

wires, cables, pipes, tuhing 
"visible means of support" 

-·- ·- --- ··--· projected, 
that, hut a current powerful 

to destroy life, machinery or :lily 
material an he coutrolle<l from 
of operations and can he di­

~t will against an .enemy attack, 
the same attack might spray 

............ .,,.._,., 1 fire or as a man 
th~ . stream l) r water f rolll a 
··against a hed of plants. 

the · scientists who have at-
. to accpmplish this have 

because they were working 
of projecting heat rays. 

and ine\;itahle result wa,; 
beams lost much of tlwir 

a young officer o i the French ariny h:t~t 
succeeclecl in projecting a heat ray to a 
distance of some sixty feet . with still 
greater distances in promise. The actual 
experiment tltnled out, however, to· have 
been the explosion of detonators at a 
distance hv means Gf a liql!t rav im~ 
pinging 01~ a st'lt·ninrn cell: Th~ pr;;~. 
jt"<'tion of euetxy in any quantity wa..-i 
not involved. 

Testa's original i<lca was the develop"> 
ment of a "field" of en~rgy in the higher · 
atmosphere. . This could he tapped, h.­
thought . at any time or place and coul<l 
he used as a sort of ''mine" of power 
from which factories, conveyances ur 
hoines might draw power as· needetl. 
People sneen.-<1 at ' him, as they had don.­
hdore. He mcrt:ly said, "Very well; I 
was right hefurc·; I shall be right again. 
You will st~." 

The prcst'nt t•xpcriments, though in­
spin·<! loy Tt·sla and hy_ his <JUiet cunli- • 
dt·nce in what ran ht• dune with the genii ~r~~~ ..... ..~­
of e!t:ctri<"ity. <litTer considcrahly from 
his plan. That does not prove that 
they will fail tn np<~n the cloor to !ht· 
prnspt·rts that lw has fnres~·n. Thes«:" 
t·xpt·riments havl' l~et·n )>t'rformecl l,)efon· 
witnl's~t·:<: nnt once. but manv time~. 
.\t tlw pr<·,t·nt writ ing they a~e· hein~ 
ea1Ti<"<i ollt on a far grmtl'r :<calc in th•· 
lit"\\' lalouratury <lt·\·ut t·d l'lll ircly to this 

·I 

' "'1.: 
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l.f/ hu• the currier rav is tun>ed on the 
ignition sysl.:m is instantly paralysed. 
Grindeli-Matthews claims, without 
desired, greater pmver can be wed and 

dutroyed. 

It is easih• understood that the tech­
nical secret~ oi the work cannot be 
described. There are many reasons for 
this. · -

For instance, should the methods pe 
patented, they will become, like radio 
receiving circuits, the property of every _-_one·. 
amateur who is willing to spend the time.· ~ · 
and money necessary to build an ap- the 
paratus of the S0rt. brought 

\Vithin these limitatiotls, however, · 

if . 
~ ,.. 

an attempt will be made to show that 
the theories and explanations that have 
been advanced during recent weeks by 
many scienti,•s for the death-dealing 
rays which we have created over and 
over again in our London laboratory 
are more or Jess based~ false premises . 

at any · 
.~This "bad to" i>e done. 

by raising .or dropping his arm, as the 
noise from the motor drowned out the 

.___,_.. 

human voice. . - . . 
As he dropped his arm the invisible_·: 

beam oi the · new ray was brought to ._: 
bear upon the barking. :·little engine.~ 

I 
) 

I 
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for that heart of any gasoline 
, the magneto. As the ray touchet! 

;the ruar uf the exhaust died quickly 
complete sih:ncc. The stoppinJ.! 

: ~torce was pnnnpth· removed so a~ not 
.- · ·destroy the mag;1t:to winding~. Again 

again this e:xpcriment was repeated. 
was not only allowed, hut 
go over the motor carefully 

sure that there were no wires or 
attachments from the floor or from 

ceiling that could aid in its control. 
were satisfied that some unseen force 

:-: bad .stopped the firing of the engine. 
· Next, a bit of black gunpowder was 

in a metal container at the other 
of the room~ and the ray was 

to bear upon it. In no time a 
~h regi~tered the explosion of 

·powder, showing the great heat which 
be generated by the power used. 
this may later be employed to blow 

magazines, battleships and 

a ClnWU\C tnoadc tor l'OPt.."Lo\a. RAI:UO !JY Arthur Menic:k: 

other ammumuun depots was suggested 
hut it is problematical, for reasons that 
will he discussed further on. 

A plain elcctric- l i~ht bulb of the usual 
housc-li~htin;£ ~i zc was then held by two 
men standing well apart. T he bulb was 
attached to two wires, one held by each 
o f the men. There was no other con­
nection with the rest of the laboratory or 
with the earth. 'When the ray was 
brought to bear upon the bulb it glowed 
hrilliantly. 

Then, as a final proof o f the efficacy 
of the iorce behind this energy trans­
mitter. a mouse was placed in a cage at 
the other end o i the laboratory. This 
time, in order to make a quick and direct 
hit, thus avoiding unnecessary suffering, 
the ray was made visihle as a beam of 
lavender or purple light. As this beam 
of light crept up ancl finally struck full 
upon the little animal. he reacted exactly 
as he would have done to the shock of a:~ 

HOW THE RAY "PARALYZES" THE 1f:\GNETO WIXDr:\GS 
OF A;\ F.~GI~F. 

The carri~r rav itsl'l{, CO'l'" ·w ft l'71 uucft ary ,·d tt•itlz f'ntwr. is mi,j 111 mah~ II•<' space 
arowfiUi lh~ coiis of tfte mllf/11<'/Q coudu.-ti;·c of datricity. The Cltrrl'ul li aks acrnss 
b~twcnl the sc:comiary tt•iudirtfiS ortd thr primary nne.<. Starks ar~ no lnn!/~T pro-

duced at the spark·Pir<!IS-tlrtd the cn!Ji"" stops. 

I 
I 

., 



lisht \\·in· grnttud in;...:, thrnnglt hiul. li t· 
was kilkd n·ry IJUickly. I k •·nnld h:l\·;: 
ht'l'tl killl'<l in~tantl)· <' '1:<'<'1'1 ioor llw 
tla ugcr n f c.~n·a t i ng Ji l't · hy i~ ppJ yln;.! 1 he: 
full f urcc of tl w r :11· . The lt lntls<: was 
not hnrn<·d or rli,..,tig;lred in ally way. 

Anualh· , \\'hat the 111<>11:-<: n·n·ivcd was 
an t•lccu·fc sbn,·k "f I h e s implest kind. 
Th<: dt':<tntctin· f,n·n· .],,·hind tlH: ray i~ 
uothin:.!' mnn· tlt:11 1 :t high-poolt•rllial, lnw­
i r<'•JIH'Il• ')' o'lll'l'<' tll which ;.:-t ·o~rrnds thron;.: h 

_:he 11hjn·t with \\'hi..J t t he l':t)' C<lllll'S in 
<·on tart cxa,·tly a~ 1 h•1llg'h it w<:rc ht:in~ 
:tl'(llicd thrnttgh a p i<·•·<· of •·upper wire. 

For ex:llll{'k. till' •· li"l-ct of the ray on 
wn•ukn H<><>rs is th<: same as though 
t lu: insul:ttit•ll had hunrcd oiT the elcr.:tric­
light wiring nr som e nt lwr high-tension 
condm:tnr. tin ts i<lnning a short-circuit 
1 hroug-h till' hna rds . The natural result 
is a little ll!azl' a:-. where hare wires come 
in contact with the fi.,oring. 

~=--............. 
T hi,.., ;.:t·n<·ration ui lwat j,.., th<· <':..: p lana­

linn oi tlw tiring of the gunpow<ler hut 
it is n<~t the S<'<'rl'l of the stopping of 
tlw ~asnlint· lllltl<•t· unlc~s the magn(•to 
is <'rJmplct ('] y destroy rd. The cause of 
this st.,ppiug- is primarily the "carrier 
I>L•am" it;;df, ;drmg- whid1 the ch:l'trk 
,·nrn:nt is projected. \\'ithunt the dis­
<'""l'TY of this carrier heam we wonld 
nut have ht·<·n ahlc to coni innc om· 1\'llt 'k. 
• Thi" he ill! is nothing 111111'<! oot· lr ·"s 

than a L'll tl<htL'ting h<·ant n i S<' l'l'l:t \'11111 -

l"'"iti" n; a de\'elnptw·nt n i onr pn·scnt 
knnwkclgc of light wa n •,; and \'ihr:ttions. 
It · act s in the ,..a tnt· way as dilL'S a <·able 
or wire. Controlkd :t" i;; a s<·archlig"llt 
ht·atH. it !trin~-; to h<·ar "P"Il th<' ohjeL'l 
at which it i,; pointed merely an clectri(­
n llll;tct. ThL· clestruct in: L'lliTcnt the n 
!lows through this hcam as it wonld 
1 hroug"h a metallic comlnit. 

Fnr wnrkin~ on a magneto the carrie r 

IS IO:"(IZ.\TIO~ TTIE SECllET Of TilE ~E\V C.\RRIER R.\ Y? 
l ~ur••t, ·fln .tr i,·ulisl:l /,,~: ·,· ·' "!1!/r'.<f ,•tl lhtll .th,· :wrn•t lllU.\' b,· . llr·· tur of .uflrct· t•iof, :t 
J;,,JI(. Thi.t li~Jitl ; ,,,-:,_. .. tit,· ,;,. xo lh tt l tl /!,• (IJ IJfr'.t CI/JidUCil'Z.'t' ,,f t•f,·ctrr,·:l_\'. J,,,, _ 
.~;, ,;,,, i." ,,/,.,·,Ill\' ,,.,!/ J;,,,i, ., "' r~~tlio: it is tJ, ,. prinriPh' tlu1l uud,·r /i, ·s t/,.· ,,.,, . 
. ~., ,f;, ,n d,·J ,·,·t.•r · lui•, · .lr.,·,·ri lr,·d iu l'u1•1 1..\k 1{ .\UJO {tJr .lfctrt'h, /911. (Th is pi, ,,,.t. 

,, /t .. ;. ·\ J •'lll · · ••i t/,, . . to,/;, ,, t ul•,·.t , ,,/,·r f ,•.t l iu lltt· luf•,•rfli ,J r _\ '. ) 
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TilE FIHST 1'\\ " J-:'\ Till~ Tn E\ 1' 1-:l{ n t E:\T \\TI'll T i l E 
TIU'\:'~IISSIIl:\ llF 1 '()\\"fo:l~ I:Y R:\D i l ) 

:YU·n/a T,·.~i,r uud,Ti o~ nl.· ''' s,·.,d 1'1f,'rll\' ,,,. r 1ufi,, ,, •I!'U,·ralio n d f111, -;. .;.'illt t lcr,oratc· 
apparatus ,-, (. ·,dor~Idn, IIi.\· .·,tfru ;,_,, · h,·fi,·; in its ;dlimat.· sue,·.· . .;,\· "II, t . .; /J ,·.·u ~~~~· 

inspiru:io~u .' ' stu/,''( .11, t;ri~ttl, ·fi.JJ,,IfJ, , · ;, •,,·, "iJt dl·;·.·f,•riny th .· ,·,trri,·r nry:· 

hc:un i.< proojn ·:· ·;l :tloon<·. .\ ' rhi..: h,·am 
comt•s in coo~Jt:ict with :1;, . \\"ir;din:_:, .,( 
the n1agnc! " it t~~ nlb :t .,·,,n.!u\·rin~· , ,atll 
hl"tl\"t't:tl 1 Ill· ! •nman· a nd ,,.,., •nola iT 

win,l ill!.!'~. d111 .. c· n ·:t ii11:,! :L .. Jt , ,ri -c'il"t'l:it. 

F~~r lhc · ·!~ ·! ·;:t! · ;~ · .... : r~t •.:t ;. •tl · .1 tll :i!..!'tll !· ,, 

:Ln dc•t::r:,· ··•:n·· :n -·· :u!oi :-. .. q •t .i ir·d i" 

the larr it•r L( ·:!!n :11ad r r· . ~1-r ::i11t· ·l .:~ .. r: :_: 
••• • • • • t • • • l 

! i ll:- ',\'• •ll:d ' 111 !'11 1.:·.· n· .. , :::t!l•ll: , ... _ 

JW!"Illa fJ< ·tll ,dJ<>rt in~ nf tlte l'ircnit. 
J-', •r airpl:ttH' ~ a ~Tf•tmd i~ tH'l"dcd nr 

tlto.• hi;.:hc·,;t i'"ll"Iltial in t il •· wnrld c<>uhl 
llc>t ,j, , an1· c!a tll;l~ t· . Too fo rm t hi~ ~round 

:u.ol t!nr- I " l"ottrtplc•J•· til<· ci rcni t. a ~,.,·,.nd 

,·arri•·!· i w;1111. nttclta r;.:•·oi . i-< p rnj<!l'tt·d 
:1:..,:·!!:· .. · !!t,. !•ialtt' fr~ •t:l a ... t.•n•rHi ~tati,,n 
•"1 ,, ,,. ·..:'-· •ttt:•!. 'Thu .. th(.' pl:uH· ft\f:l1S 

:: ,,. ~· · qJt:t, · t ;u•int f>t•! ;\·c· l ' ll t ht· [\\ 'n lw:uus. 
:!h· .·!!;u·~, -d •'Itt' :'tl!d thl" tlt~t-!ta r~~ .. d 11nc. 

,· 
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The cmn·nt passes through the!' .plane, avoids any danger of mel~n~::the. 
which <·it her UllrllS up or becomes para- The spr~!lirig : of the : earner 
lyzed. with distance . is much the same as tha't 
. An automobile or a protected ammu- of a searchlight .beam, so that the loss of · 
nition dump is not so easy to attack. · ctirrenf.beCome; quite high as the dis-

. An armored car would need only to drag · tance ·i~crea.ses." Even so, a generating 
a chain or a heavy copper wire along the unit such as ' •could he .carried on an . 
road. This would create a perlect · automobile trticlc would be sUfficient, it iS· 
ground. Current thrown, then, against · -~;estimated, to supply current which would · 
the car along the carrier beam would nhe .effective at several hundred yards . 
simply enter the steel sides of the car ev,en at one or two miles. ·_-~- ·" . 
and pass throug-h them and the ground- 1)le tests_: --:were begun about eigh~ 
cha~n into the earth, doing · little or no months ago~<·:.:Before the carrier-beam . 
damage. lt might be possiblt>, however, system --was ·discovered ihe. stopping · of . 
to project such a powerful stroke of a mqtor (~e t~t cited .above) was be-· ·. 
c;urrent . that the electrical field set up . ;ing attempted~ at a distance of ab~ut ten: 
wOuld stun or partially disable the driver;'·:' .'·in~.~7-:Whc;~ ·';it · last ~~( bit .upoti · t_he. 
causing him to run ott the road or into carrier beam;· within ten' minutes, · · 
an obstacle. . the same gener~ing -gr~up,' ·1the · 

With an airplane it woulrl be prac- of ~c:)abo.ratqry . .had- ·~·- · .trav~~ 
tically impossible to insulate it or other-· ;·with equal . success and -~e_ .Juf~re'·'.' ' 
wise protect it and still have it air- the work assured; So far ·-the 'fuJI .'· 
worthy. Should the airplane be in- · si~le power has · 
sulated, a different form of attack could cause. f?f .• ' .q_~~:~l~~~~r~re 
be adopted; a series of shocks being de- . ·. ·.The · n 
livered against it. like the blows from a · ·Jl9~s. if. 
hammer, rather than a steady stream of · 1~s~~- ~·b¢~-~~~~~:fj~~c:~~~~ 
energy. These hammer-like blows would :1! 
be almost irresistible for breaking do~· .. · 
insulation or other resistance. Indeed; ··- qtl'~; ,J.:s:~!ClQI!tlgi ~;'!~~:.·~ ~~..,~-;;;.;.~., •. :~v.• 
~~~pilve f~Un<~ g reat difficulty in OUr . fWl~·::IJ.I . !'·l~lll!J 
.-.Jaooratory 1n msulating our apparatus •:-"~-"--· · ~ • 

<against.the assaults of the current. · .. ·.-, , .. ,~)~~tr~~- ~~~~~¥ 
It · ~ been found that a high-f~-: i) 

· quency 'current flowing along this · . -.~l9il~~t:.:~~'i.d.'f.~~:~be_ 
rier heam gives it a much higher ·con:. : 
ductivity ; so that now two generator . ~·What ' 'tf:te : : ·;:t~is .. disco•~erv·.: 
plants are being used instead of only ·will be, it;is·too ·soon· yet -~ ·say. ' 
the one. One generator produces the · ;are ·Of tile·._opinjon that it:'"it' ...... ..,.._ ....... ~ 
.low-frequency -current that constitutes /~r;n~lat~t?.~ · ~«?(::tit~ : !lu!Dail., ·~!:- ~- , e:; ~t~~~~~:: 
the power passed along the beam ; the ·think . ~~-;Jt :·will 
other supplies the separate current of tha~ it will be r~lized 
higher frequency which serves to in- The .opt~sts ~ in it ·· \ ... '~""'-"~~~"'· 
crease the conducti\·ity. - .- they are . .tbc;:-:.'11 ... 1111! 

The ·carrier hcam itsd f is produced tr,l3.I_l who has ·.. . . 
~~ its own· spe~ial apparatus and projected · ~ent and laboJ;: .of my work .. ~·-·· ·'"''I 
through a ~iass lens. The 1 wo electric spiration and my greatest source 
currents are intrncluccd imn it after it ~Nikola Tesla, to me the greatest 
has p.."lssed thrnug:h this lens. which on earth today._ . 
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\Yhen the , ,-orld's ~lotive Power Is Collected by Antennas 

Science may discot•er a new form of rnrlianl energy and inttentor.s may design machin­
cnJ that can harness this force and put it to work- to run our factorie.s, to herzt and light 

our homes, and to drive air, sea and land craft at incredible speeds. 
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SiniDc before the beam of the ia...Uible ray tbu youac lady 
alowly faded out of ticbt yet her Toice wu clearly hurd by 
oalooken. /U ricin the photo ab-• .rirl completely iavuibla. 

SUPPOSE that out onto a stage come eight 
chorus girls performing an intricate 

dance. Gradually something seems to happen, 
the heads, faces, and upper parts of the bodies 
of the girls seem to be disappearing. In fact, 
little by little they do become invisible to the 
audience until at last only eight pairs of legs 
are seen gracefully skipping about on the 
stage in perfect rhythm. You rub your eyes 
and begin to think you'd better see an oculist 
right away, but while you are worrying about 
it, back into your vision come the eight girls~ 
wholly there and dancing gaily as though they 
had not just given you the shock of a lifetime. 

Or suppose again that a girl is sitting atop ·a 
:piano, singing. The piano begins to fade from 
isight; finally the girl is left sitting in midair, 
:nonchalantly swinging her feet and blithely 
! singing, as though ·her perch was perfectly 
substantial. 

t~~~~tJ.~~·: :::·=- ·~·. :;_:~~~~}.~~f~~1~i 
ganan · seten· ~ 

· · tists solve age-old quest j 

'TI~b:~:i;h::!~1 
. ·~ 

-

·­·-

If you did not think that you were just . 
"seeing things," right off you'd say, "Some · 
invisible wires, or anyway, a cleverly ar- ~ 
ranged set of mirrors." But you would be I 
\Vrong in your guess. At least so says Mr. -
Adam Gosztonyi, the L'rw entor of a machine -
which he claims can accomplish just such 
disappearbg acts as have been descr ibed. 

In a demonstration of this machine recently 
the stage was set with a backdrop of wide red 



.. ... 

i . , 

..... 

'C!;'he:t p:.oj.,~tcd upon 4.,~ub ~<!ct ~~:nn~ on. top 
a ;:.!::..'? s;n;,r.&". ~~T r=y , •· ~nuh~a bo;h :::ll:u:c 
=c t'l:lfl!St as -.·e~> as tr • .: ber.cn. ,_,;. hen r:ay 
wu shut ott they tlowly ame ba.:k into ,..j.,,.·. 

~ 

and white stripes. A chair, lifted from among 
the onlookers so that all could see that it was 
ge~uine, was placed in front of this con­
spicu ous background. Then a young man-a 
very substantial young man-who had been 
walking around among the onlookers, stepped 
onto the stage and sat down in the ·chair. 
Soon he grew dim in appearance, became sort 
of thL'1 vapor so that the striped backdrop was 
visible through the outlines or his body. Then 
he disappeared completely. But the chair re­
n:.ai.'1.ed, whole a..Yld firm, and the young man 
co~tinued talking to the onlookers as an evi-

, ·.~. . .. 

,... ........ .,.,. 

dence of his presence. His disappearance, 
nevertheless, was to all intents and purposes 
so absolutely real that when the inventor 
called to the operator of the machine to bring 
the young man back to sight, one o£ the on­
lookers e·xclaimed: "But suppose you should 
ever fail to bring him back. What then?" 

But the operator did bring the young man 
back, only to try the experiment all over 
again, but this time the young man moved 
about, did a few jig steps with his feet, etc . 
The disappearing effect began with his head 

[Continued on pa.ge 147] 
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and slowly worked down over his body until 
only the feet were left, dancing about. 

Modern inventors seem to have found the 
answers to all the Arabian Nights riddles, with 
suddenly appearing and disappearing ge~ii and 
mysterious cloaks that make persons invisible. 
But according to the modern explanation, this is 
not magic, it is an application of rays of invisible 
light. Mr. Gosztonyi says: "It is a combination 
of lights and shadows .••. The machine produces 
rays of invisible light-some rays of great in­
tensity, some of minor intensity. They play one 
agninst the other." Anyway, it seem.S like magic. 

Another Hungarian by the name of Stephen 
Pribil, a professor of optics, has invented a rna­
chine producing "invisible rays." This machin~ 
has the effect of making parts of an object ap­
parently fade away, leaving the insides exposed. 

In a black-curtained cabinet similar to the 
staS?:e for a marionette show stands a sn all radio. 
on which lights were focused. It is obviously and 
tmdoubtedly a real, three-dimensional radio. 
Gradualiy the outside case of the radio becomes 
dim. then fades completely away, leaving ex­
posed tn gaze the inside works, the tubes ar.d 
metal p::rts. 
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This is no illusion done by so:ne magician, no 
trick of mirrors, it is asserted, but an actual per­
formance of a new device which produces and 
proiects what, for lack of a better name, may 
be called an "invisible ray." The apparatus, it-

1

, self, looks like a long tool box from which cords 
. like telephone or electric cords extend. Lights 

are projected onto any object placed within the 
cabinet. The effects of disappearance and re­
appearance are obtained, it is explained, by 
synchronization of invisible rays. 

These rays apparently have no effect so far as 
changing or subduing color is concerned, for in 
one cabinet was an arrangement of a display of 
cigarettes. In the background is a brilliantly 
colored picture of a girl, somewhat on the Spanish 
type, with a bright yellow broadbrimmed hat, 
green earrings, and generally vivid coloring. 
This is a fiat picture. In front of the picture is 
arranged a display of a carton of cigarettes-the 
o.ctual carton, not a picture-a real cigarette 
holder, and some small boxes of cigarettes scat­
tered around. When the "invisible ray" is leveled 
upon this display, the small boxes of cigarettes 

1 and the cigarette holder completely disappear, I the outside carton falls away leaving neatly 
l packed cigarettes standing alone, and the picture 
· in the background fades and in its place appears 

another picture of a girl d::-essed as an airplane 
hostess with her arm thrown around a large 
police dog. This combination, in turn, slowly 
fades, giving place to the original picture with all 
its brilliant coloring, the complete carton of 
cigarettes, the holder and boxes. 

In order to have no doubt of the genuineness 
· of the displays, the onlookers handled the 

cigarette holder and boxes. Then on the sus­
picion that these displays might have been "fixed," 
they tried their own experiments. A c~se with 
eye g!asses was placed in the cabinet. This com­
pletely disappeared, to reappear gradually in a 
few seconds. 

Sorr.eone slipped in his hand. It was distinctly 
seen for a moment, then disappeared, aithough the 
person ·who had put his hand into the cabinet 
h<!d not ch~nged his position or withdrawn his 
hand. While the hand was invisible, the owner 
of the hand r~pped on the carton of cigarettes to 
prove th.:1t it w.:1s there. The carton at the time 
also was invisible. The onlookers could hear the 
rap on the metal surface but could see neither 
hand nor carton. Then the hand reappeared, a9 
also did the whole scene of the picture of the 
Spanish girl, the cigarette carton, and the resl 

This latter device is now being demonstrated 
for the first time in this country to show its pos-

-~ sibilities a_s a fascinating a~vertising medium in 
"··indow d:splays and the hke. 
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CLAIMED to be the first "death ray 
machine, ever actually to work, an in­

vention of a California scientist, Lawrence E. 
Riley, of Burbank, is being givE;n final secret 
tests by Army and Navy experts. 

The mysterious electronic ray has killed 
rabbits at a distance of 400 yards. according 
to reports of observers. A physicia..r1 acting 
as representative of the California State 
Medical Bureau witnessed a demonstration of 
the ray machine and gave an affidavit testify­
ing that the ray has killed rabbits at long 
distance. 

The ray, according to the physician's testi­
mony, left no outward sign of scar or wound, 

but cooked the rabbit's flesh thoroughly. 
Rabbits were killed so fast that they did not 
close their eyes before death overtook therri. 
They appeared to be rooted to the spot, the 
report said. 

More than 100 rabbits have been killed by 
the ray in demonstrations, and Riley says the 
machine has killed sheep at a distance of 200 
yards. 

Riley,· who is 39 years old. is r.1arried and 
has four children. H e has made numerous 
trips to Washington and confe!Ted v.ith A rmy 
and Na·;y o.E.c!.als concel·::ir:.g :nt: ;·ay gun, a::c 
they have advised him against taking out 
patents, in order that the mecha.."1ism may be 

' 
."')' .~ 

. ·..:~ · -

I I r~~ ~ . J ::\ ... ~n! ·. ;> :~ .:: .. · -a;~J \"!h ~\' .! :' :.1~-l tl "£ L.lwr~n~~ -~· rti l~y·, n~w · ·c~.lt!'t :'.1~ It n~..t.:hir.~-.an..l it "N .l3 :.&-~n by Rir~y', Priv.atc­
bod\ a;u.ud. sin•e d::~ :o.:3c:on of Rilc!y's l.lbo:3tory i' 3 d .. ~ u.:: .. :. X:la ... ·n .;,n!v co .\::::'ly .:>tfi.:i.sls, ch..- bo-1' S ':uJ olnd Ril,., .. 
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1 ::e :~ob!:s shown .1bove are fed wel l. 
:!:~t l!lce hcm.l.n p!'isoner!i ir: !he "de:xth 
::oc:.~ ··~f~ :- :.!4 :·· ~=:~.11 ::1.1~· be :h~i:­
:.:!oot. R!!~Y ;, .,s ~d! t!c :norc :nnn !00 of 
::-:cr:1. R.!.;ht. Riie-y is sho~·r: in ~i!t 

!;tOo:-.I:cry. 

expe1·imenting in 1926 and 
pc.~cnt::d seve1·al improve­
r.::e:1ts in the fie}d or tele-
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H~ n:o\·ca. nrst to c;;. srnall b;.1ildin~ at Ro;;coe, 

c~~i ii .. \\ .. :'ll.'!•t: ~~!10tl~er ~-~~e!:1pt t 'J 5lt?Jl t:1~ rn~chine 

'\\·a:; made. He !·enH)\·ed then to a bui1db~ at Lake 
Elsinore, Calif. The:e, in spite of a burglar alarm 
syste!n and locks, t:-,. .:eves did n:ar::;~-:: tu C;itTY 
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away his model. Fo:tunately, they did not g~t 
several vital parts, which Riley had hidden. 

Thereafter, Riley and his backers hired a pri­
vate detective to watch the machine and guard 
Riley at all times. This detective, H . L . Von 
Wittenberg, of the Von Wittenberg Investigation 
Bureau, Hollywood, now is with Riley every mo­
ment of the day and the ray machine is disman­
tled at night and the parts are kept in various 
vaults. 

The machine is seven feet two inches long, two 
feet high and two feet wide. It has two "ports" 
from which two parallel rays about six inches 
apart are shot. 

Riley says that so far no material has been 
found which 'Nill act as a shield against the rays. 
TI1e rays will pass through glass, lead, steel, or 
any other substance. 

Riley's chief interest in the invention, aside 
from its possible military use, lies in his belie.f 
that it can be utilized for the wireless transmis­
sion of elec trical energy. He realiz~s. of course, 
th<> t it is exciting interest at the present t ime 
principally because of its death-dealing pos­
sibilities. 

"If I were to mount it in a plane, directed e~rth­
ward, and were to fly the plane low over a city, 
it would leave a swath of death beneath it," Riley 
declares. "I am convinced that it would mow 
down whole lines of infantry and, also, that tanks 
would have no defense against it, up to reasonable 
distances. 

Recently, Riley h.1s moved his laboratory to 
another location which is k ept sec=·et and is 
known only to the· r;~1vemmen t, R iley rmd hi:; 
bodyguard. Photographs which accompa!:y this 
article were taken by Riley, himself, a~ he re­
fused to lead a photographer to the pbce \vhere 
the ray machine is now being kept. 

Riley feels confident that additional rese:n·cl11 
will increase the range of the machine-perhaps 
up to 1,000 yards. 

Recently, on a trip to \Va.shington to confer 
with Navy officials, a c~r cro\vded Riley's nu to­
m obile off the highway near Baltimore nad he w:\s 
injured. He is convinced it was the work of pcr­
s or...s who h:n·e been attempting to steal his pLu~s. 

'!\f:my .. de:1th r::ly" m::tchines h:wc hN•n p r;.l­

d ucC'd in the past. but none has p:·oH·d :;w:c e:-;s[ul 
to date. 1Iost famous of these was one which 
Nikb Tesla. well k:1own Russian scienti::-.l. cbimed 

,~ to have itwcnted in 10:;5. Tesla's "rny" f;tikd to 
~· t: i :~d up u:~d,·:· ~~..· ..... t-"". !~ .1 \\·..:v~r. 

~ "'Il r:::,•y <·:-.::,..,··. :!!<.' :\ :·:: : ~· :o::J :\:1\·y ·s:: : !: ... , . 
~,,. v·:~~pl<.·~ (·d ! .--: . .- ,·:: !1 : .... ::1:11.:hi:1L' w it ~ •i : , ·' ( .·w 
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.. .:..: ~-.. . •\ . . . -. 
;~;;- ·Remote Deto~ato~ fo~ .·B~~bs~~ 
. ·Effective for Tw~ Miles :::->;: 

.:.· ·~ • • • J • ' 

;;,:· CJcilin~d to work: at dis~~e~ ~p t~\~~ 
~)niles, a remote-control device .~yented b~ 
:xa Californian explodes bombs pr other. ex­
:~j_plosive · charges. · A directed,~.o~ -·focused~ 
'~invisible beam, like a 'radio -wave, .. :is said 
.':-''to be the secret of the detonating.ma~e~ 
·. One anticipated use of 'the· device ~is : the 
, .. setting off of enemy bombs that fail 'to ex­
. -.plode, thus eliminating the risk of attempt"!" 
• ing an examination of the explosive~~: An-
· .. other use might be in blasfuig, :with t:}le 
detonator replacing fuses -arid unhandy 
_electrical equipment. . · . · . :. ·: ~ ·: ·. · ,: ~; 
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Drafting The 
Sun lor Defense! 
SUPPOSE magicians could be stationed 
~ at strategic points along the borders or 
coast of a country at war. Then when 
enemy battleships, submarines or bombers 
came \vithin five miles, the magicians could 
mumble a few magic words, and presto~­
the invaders would be blown to bits by 
their own explosi\'es~ 

An instrument has really been den~ed 
that will perform just such a feat, not by 

l Continued on pc:ge H-1 j 
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hocus pocus, but 'by u~~~LZ1:<g z-::-,tt.:.:·a: p:1ysica! 
hws to ignite e.xplosh·es at a ci:..:'~<>r:.::~ withv'-!t 
ihe use of wires or any other direct co:1tact. 
Otto H. Mohr, inventor of the submarine detector, 
is the originator of the Solar ~I·.:>h!· Detonatcr, 
and has successfully demonstrated it t.o Army; 
officials. 

Recently a group of United States Army e..'<:­
perts gathered in the hills near Oakland, Cali- . 
fornia, to witness a test of the Detonator. Several 
times in previous months they had watched 
demonstrations of the instrument, and they came 
prepared to put it to tests of their own devising. 

Canvas bags containing charges of powder used/ 
to fire a one pound shell - ----·-·-
were placed in the mid- . 
die of a field. Twenty 
feet away Mr. Mohr 
stood by his . model 
Detonator, a cubical 
measuring about two-
feet. He adjusted a 
cone-shaped antenna 
on top until a metal 
tube in 1ts core pointed 
to the sun. A gentle 
buzz from within indi-
cated that it was in 
ex3.ct position, then ..a 
dim light appeared io 
a tube extending from 
the front of the instru-
ment. The inventor 
focused this tube in the 
direction of the bags 
of powder. Nine min-
u t~s I a ter the po\'v·der 
exploded. Other tests 
deYised by the officers 
co:l\'inced them that 
the Detonator is a re-
markable and practical 
defense weapon. and 
they recommended favorable consideration by 
the United States Army. 

l\Ir. 1\Iohr stwnbled onto the De to'!13. tor R=t\' b,· 
accident. While w orking on another i:J .;tm~ent ( 
which utilized solar energv. a small ammmt of 
Powder nearby exploded. It took fh·e years to 
discover the secret of this accident and to con­
struct an instrument to command and control 
the principle of remote deton3.tion. 

Did you ever focus the sun's rays to pin-point 
intensity with a lens and set fi re to p:1p~r or 
straw'? That, very roughly, is the underlying 
principle of the Detonator. .The cone-shaped 
antenna on top gathers the sun's ma!.!n c tic force 
which has transformed insidt:> the 1: •. ; t ru:"~c:1t t,) 
411oli\"nted ,·ihr: ttt, :-\~ currt:t:"!.~:;. T:!~'=--l~ ,-: :,!-:i :i ':~ ...; 
arc syn~hroni:.:cd or .. tu:u~d·· tv th~ ~t t.•:: : t c \·ibr:t­
ti .-u1s of thL' p xnl .,.j .. ~ bUbs •·t•'ct· ~t::,! ~t.·!tt p•1 :t 

I 
I. 

l 
L 
l 
I 
L 

l. 



.... ... 
tube in the dircctio:1 of 

F o:....: secret essentials control the Detonator, 
and to safeguard the invention, Mr. Mohr dis­
ma~1t~es it cr.ft(.:r e\·cr'\" de:nons~:~ntia!1 . 

~ A bri·zht. sun m · d; )' is not essential to the use 
of the Detonator but the brighter days make it 
possible to gather more solar energy in less time, 
thus shortening the time it takes to ex lode the 
?rget. But any amount o sunlight is effective. 
It is possible. too, that a mercury arc may some.. 
day be substituted at night for solar enero- . 
~ T .e explosive principle is simi ar to that causing 

combustion when two sticks are rubbed together 
· · ·· rapidly; the energy 

vibrations from the 
sun's magnetic force 
which is transferred 
along the beam, set up 
a friction with the ex­
plosh·e elements. They 
become hot, and hotter,. 
then explode. 

Explosive substances 
used in ammunition are 
always compounds of 
se\·eral elements-gun 
powder is a combina­
tion of potassium ni­
trate , sulphur and 

, charcoal-but any ex-
1 plosive with a hydro­
carbon base is subject 
to the Detonator Ray. 

· H owever , there is one 
requirement : _lh.e­
a tomic vibration of the 

'constituents must be 
k nown so that the Df'­
t,·>!:ator n1ay be " tuned'' 
to e 1! e c t 1 \' e act i <) n. 
Otherwise the solar vi-

- brations would slide 
'\j;a:~t the explosive's atoms without the fric tion 
~sse: · 1 to explosion. 

1\Ir. l\Iohr has etermined the atomic vib rations , 
of s •, i ts but many types of explush·es/ 
hJ.ve not yet been analyzed, an l c a onuc v1 t·::t­

t ions of many elements are not yet kno\vn. Gun 
p0wder, gasoline vapor, and some other explosi\·e 
subst:mces have been successfully fired by the 
D e tona tor. All others will be c::tlculated as soon 
as time and money will permit. and as b :;t as 
fu rther a tom ic vibrations are fo rmulated, they 
will be turned over to the Army. 

Another i:~:pro\·ement th:.lt is bein~ worked on 
is the extension of the distance at which the 
Dc·t.>n:tt.>r w i!l be cfEectin•. I~ is like the pr:lj •.:d-



the Detonator may be e.xtcnd<'!d to the reach of 
light rays; approximately forty miles on a level . 
with the horizon, when sufficient solnr energy ~ 
can be accumulated. 

When larger, more powerful models of the 
Detonator are built, invading machines will h ave 
small chance of coming within shooting or bomb­
i:1:; distance of the United States. Battleships or 
t;:;,nks would be spontaneously blown up by their 
own ammunition, and bombers ·would be de­
stroyed by the very missiles they planned to 
drop on others. 

I .. 

I 

I . 
~ 

l. 
l 



-
Basket-Shape Television Antenna 

Gets Broadcast-Power Tests 
Assti MI :-..-G the stance of a butterfly collector about to 

pounce on his prey, the engineer atop the radio tower, 
above, is up to more serious business. His ring-shaped 
implement measures the strength of radio waves, and 
the e\'cn queerer-looliing object in front of him is the 
latest in tele\"ision ant~nnas. By h olding the ring in 
\"arious positions, and reading a meter on its handle, 
he is testing the amount of power that the cagelike 
aerial radiates in difierent directions. Just perfected 
by General Electric engineers, this c onical antenna has 
been erected at one of the cornpany's stalions near 
Schenectady, N . Y., where it will be useu for future 
picture broadcasts. T he photograph also illustrates how 
a good television site commands a view of the horizon. 
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UNITED STATES P.ATENT OFFICE. 

lTE~H.r f:lllsO~ <>'~F.IJ,l,, OF NEW _YOHK, :-;. \'., .\~::Hc;:-;oH OF 1'\\'E~ J'\'·Xr'-'F. 
'l'llfH'I"•' ·::iECo:-;us TO JOTI:\ ROo~EY. OF S,\~IF. I'J..\<'F., A:\D AJ.F.:'\.\NOF.H 
.\HXOl~. OF l'IJIT.AilF.J.PlllA. PE~~!"YLYA~lA . 

VACUUM-ELECTRODE FOR THERAPEUTIC PURPOSES. 

iPECI'Flc.&.TlON tonning part of Lett.ra Patent No. 8sut,S~Sl, dat..d July 4, 18~. 

lpplloetln 11M Octeb-r B, 1181. S.rlal In. 8U,88l. II~ •~•l.l 

T(} nil ~t•hrJIJJ. it muu rn1lr.rrn: I Thv numner oL carrying ont this sy~tcm l.a 
lleit.knowntb"tl,liENRYGmsoNO'NEILL, through an electrode of gl&M, h1lvlng an in­

A subj«t. oft.he Qu~n or Grent nrll.&ln, 1\Dd tcrlor YaC\\l!'1l and one pole in connectton 
n re!!idont. or Nc,,. York,lu the county or New with a ~on rce or high-tension current.s o! olec-

S York and Stale of Now York, have lnYeut.eU trlcity. so 
certain new and useful Improvements in V ac- The speci fie form of electrode or i nstrnruent 
uum-Electrodcs for 'fhcr11.pentic Purpose~; will VAry accoffiin~ to the organ ln\'olved or 
1\0ll I do d~ll\re tho rollowin~ to be 11 full, pArt a!Tecte<l. 
cl'Jilr, "i\<1 t.'Xn<:t uOS<.'l'lption of the invention, In tho nccompanying <lrawin~, .Figure 1 

10 ~ncb as wlllt.>nnhlc others skilled in the Mt to lllnslralcs one form ndapt.ed generally to 5.5 
whicn itnpr~rtnins to make nn.J use the saml', trentment. of I\ wounu or dlseued surface o~ 
referencl~ beiu~ hau to the 1\C~ompnnyin~ llhe uotly; Fig. ~. n !ortn for trel\lingcat&rrh 
drawiu~"S, nncl LO lcLtCI'!i or reference mnrkc<l or oliH··· form~ of di~~s or the ear; Fi~. 3, 
tllcreou, whi<'h fot·m :\part o( this !'p<lcifi<•n· !\ !orn, for certain eye <lisell.8M, 1\nd Fig. 4 a 

•s tion. form where the uu~e its iuvol\'cd. 
Tbis iuvcnt.ion ap~rll\ius l,(,th~ Ml o! el~c- \Y Lil~Jalluec~l'ily v~t.ry iu form, they em-

troLht>mpy, anu is dc.'\igncd, tnainly, to atfor<l boCy the Mmo e86entil\ls. They &re In each 
a simple nud etrecLiYe mcl\ns for producing cnse made or gla&<~. The contAct-snrface o! 
;)lectricnla.sepsisanu stimulation without 1\ny each is cbaractcriHtic of it8 !unction. In each 

6o 

•o ol th<.' unplellMnt phy!liological efrccta incl- caRe this cont.nct-surfRce i!\ exterior of ·· VAC:- 6s 
dent to the use o! electricity !or therapeutic uum. 
purposes. The principle im·olved in this HYII- Io thl'\ d1 . ~wlng!, A det~l~nates a vacaum­
tem o! elcctricl\1 asepsis and et.imttll\tion is chl\ml>er, antl A' a sealed-in terminal enter­
th(\ production o! uascentoT.oneMurrounuing ing the chamb<.'r A. 

25 anti within the diseaReu snrfnce,ther(•byoxi· A 1 isthecontnct-surfRCe,fm<lA1 iaanyault- 7o 
di1.ing tho ruicro · organierus M other toxic n ble nou -couducti ng lumdlc. I prefE'r- to bs ve 
rnaLter pt·cscnt, '"bile ~timulating healthy it either of solitl g-lass or of gla.s.'! filled witlt 
grAnulati'm by molecuiM bombardment. I nit·. 

The pr()(:ess consi!ltl' in tlirccting high·l\!11- The llll\! pole o•· tprminal A' 111 conu~te<l 
JO ~iou cu rrflnta or electricity t.b rou~h n n n i po· with n t~ou rt'O of II 1~! :ensiou curron t. The 75 

lnr vacHum-electroclc of gin.'\~ or olhc r· vitr~- clcctrtl!lc i!' then brou~;htllt'Br or in contact 
on! material ngai nst then free ted pML.'I, the1·c- wi 1 h the <I isea!'ecl "urface. The cnrrent en­
byuecompoeing uot. unly the air sut·t·otllldin~ t<'rin~ til\: ,·nc·uum -chl\mlJer is attenuated, 
uut oc-cl•tucd withilt lh~ KAme, resolvin:; tlw nn~l irupd led hy il..~ potential pn.sses t.hroa;b 

.35 molecules of oxygc•n int.otheir nlulll!i nn•ln·· the con~Act-wall of gl~ to the pe~n eo 8<l 
constructing them into n new group n :1m:- so(l•:n<'<l i11 il:-o acli•ln n..'\ tv ho unfelt, whilE' it. 
6ente<l by 0~, (o7.onc.) Ot.•me in tlli!f nn!iCI.:nt }'todnce~ n~t~<:t•ntown~ il , ,,i;, 1\nclstimul.stM 
form i~; very much llltll•: c:Jlcr;.:l"itl' Lhau ... a i hc;dthy ;:dwu .... d tho rqmr;tltvc 1n·oceo.~ . 
free state nn<l pr<Xl ucc!S in~tl\n t <1 .\ itlntion of Any <' 11 rrC'n t. of ft\1 tlicien t ly high U!n,lou 

40 nil ui8etl!ie<l matLer. ThiR fonu of 1\SCJI!'Ii~ i~ will !111nil't•. I pt•<'ft' l', howe\'er, til ~mploy 1\ Ss 
nppliCAbltJ to t.be en tiro tmct. or 1\ \\:tiiJill 01' L\liTentlmvin:; l\ Wa\·~ appro:\Chin~ ns liMrly 
diseasetlllurfnce nt nny clc:plh . It i11 falnl to ~~~ pn .. Hiblc to thP Hillll <'Urve. 

-

--

--

all germ lii'o 1\IHl f\rt'orcl11 t\ llll':tlh or inlcrll :l ; I \\· leal I f•tnilll II" IH·W, nntllll•:sll~ to ~nrc 
.n.se~ttis Cor which lher\! enn lu: 11n 1111it~l it Ill· : l:j· J.cllt·r:- 1'1\lc•nl, io;· · 

h~~45 in t ''' H'r)' n:~tllt'\! or Llliu~.. . l. J\ tlllipoln•· P!l't·frodc ~ or glt\."''4 nr ot.h<'r 9C ii: 
''" , :~·.~ . 

l' "!:: ~ /1 ~t . 
.. ~- ili':i 

.-.. II ~ ~ ~ ~ II II~ ~ ~ . ·: ~ . ~ .JJ;·. 
~ .\..: ~~ . a DMI:il=~-· I_.. _AI .... ~ ..... ~~I---- a. :.·:~., ·.· . .llllliiY'.::.. 
I 
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Patented July 7, 1903. 

UNITED STATES PATENT OFFICE. 

FREDERICK FINCH 8TRO~W, OF BOSTON, l\IASSACIH.7Sln'TS, ASSW~OR 'rO 
·FRANK II. SWEET, OF DOSTON, !\IASSACIIUSETTS. 

ELECTRICAL.· APPARATUS FOR USE OF ULTRA-VIOLET RAYS. 

SPECIFICATION forming part of Letters Patent No. 733,343, dated July 7, 1903. 

ApplicAtion filed May 11 , 1903. (k.;al No.l5fl,565. \No model.) 

To nll wh tJin i I IJJ.fl !I ' '"" ,.,. ,., : 
lle it known that I, FREDEHit:K FI:\l 'II 

STRONG, o! Boston, county of Suffolk, ~:H.ato 
of.MassacbuseLts, haYo in,·cnted Rn Impro\'e· 

5 mflutin ElectricnlApparatus for Use of Ultra­
Violet Rays, of which tho following descrip­
tion, in connection with the accompanying 
drawingtt, is a specification, like letters on tho 
drawing representing like parts. 

ro )[y invention is an improved ultra-violet 
~enerator or device for generating and apply­
lllg to the human body or \l'herever deRired 
waves of short len{{ths lJetween the green rays 
of the spectrum and tlte Bei'Citterel and Roent-

'5 gen rays, comprising mainly \'iolet li~ht-rnys 
and ultra-violet rays. · 

The re~eut activity following Lhe re8nl ts ob­
tain~d by the Fir~n light has brought forth 
a '!amber of different forms of apparatus Cor 

20 th1s general purpose, which, however, aro in 
the maio costly and cumlJersome and require 
con~ectio}l with a dynamo or commercial 
eerv1ce-wue. In endeavoring to devise a con­
venient portable apparatus for general use 

25 adapted to the conditions met with lJy the 
C?Untry physician as well as the city practi­
tioner I have succeeded in producing tho 
borein·d.escribed apparatus, which does not 
depend m any way upon a commercial serv-

30 lee-wire, but is operable by a usual dry lJat­
tery ~rotherform ot comparatively small bat· 
tery Jn connection with an induction-coil of 
the Rohmkor.ti kind simply by using a Geiss­
ler tube or other convenient vacunm-tnbe 

.:JS p~ovided with a IJUart~ lens or e11Uivnlont tlo­
VJce transparent to the ultra-violet wa\·es, a8 
herein eet forth. This Corm oC appnratuM cnti 
~economically constructed and used, is cn-
tuely portable, and occupies \'EirY little space. 

4" In the drawing I have illustratc1l a pro· 
!erred !orm of my apparatus. 
~he tube, as horein shown, is cylindrical, 

t~ts form being best adapted to certain sur­
gtcal purposes; bnt It. will be understood that 

45 a.ny other !orm of tube may be nsed , as do­
lnred. 

- .. (;eissler tul>a ££ is monntell, in ushal 
manner, an electrode "'• containing a mirror 
a2 and connected at. d 1 with n terminal wire uo a•, leading !rom a suitable generator or high-

voltago current, {herein shown as an induc­
tiou-coill•,) 8ai<l terminal ct~ lea11in~ from one 
cud of the 8econdary l/ thereof, the other end · 
n~ of said secondary, when required lJy the 
form of apparatu8 used, leading to an oppo- 55 
:iite ~lectrode <tR within tho \·acuum-tulJe. At 
its outer en1l I provide a lens a•, of quartz or 
other material tran!lparent to the ultra-violet 
rny!i, this lenli ueht;.: cemented or ~round into 
place and properly fixed so a~ not to interfere 6o 
with tho \·acuutn within tlte tulle. The tube 
contains a resi1l11e of gases or vapors which 
have the power or givin~ out large quantities 
of ultra-violet rayR in their spectrum, espe­
cially when excited by a high-voltage current 65 
with n prcsl!!ure of, sny, about one one-thou­
sandth of an atmosphere, among su!'h gases 
or vapors being acetylene gas, iodin vapor, 
mercury vapor, and hydrogen gas. The tulJo 
a is preferably inci\Sell in a hard-rubber or 70 
other covering a8• The primary b~ of the coil 
b is connected through a suitable interrupter 
ba to a suitalJle battery c. This apparatus 
may be inclosed in a small case, so that the 
entire apparatus isportalJle, an<l tho rays can 75 
lJe generated independently of any nrc-lamp 
or other electric circuit or expensi\'o high­
ft•cquency machine or apparatus. 

Tho tube a preCeralJly has a length sum­
ciout to reach the affected pat·t-e. y., the cer- So 
vix: utori-an<l to project conYeniently for 
proper manipulation, and in connection there­
with I may use a hanulo or supporting-stand­
ard n",atljustable at tt10 to suit special require­
ments. Preferably insulating material a 12 is 85 
filled in nt the outer end t.o give solidity and 
stren~th. Tho incasing p.\rt n~ is preferalJly 
nealod a round the lens Rt a 1:', nml this also 
provides menus for pressing again!it an\l con­
fining tho tissue being treated, tending to do- 90 
hematizc the tissues, thereby rendering thom 
permoalJle to the ultra-violet rays. 

I belie\·e that I am the first to develop Cor 
ttlle the rays in (l\lcst.ion lJy a Yacnum-tube, 
and in practice I have fontul that very satis- 95 
factory rt>sult!i may be obtained lJy thili Rim-
1>le and conYenient form of apparatus. 

In use ~de tube is introduced to the part 
to lJo treated, and tho 11 ttartz leu8 is pressed 
agn.inst the tissues at tho sent of tho disonse. 

I 

l 
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The battery-current 'being turned 011 through trode, combin~ll with n. sourc<' or !·;bit·\·oi­
the primary of the coil, causes the high·Vt)l- tage current of clectricit.1. 
tage current to flow through tho residual :3 •• \device of tho kind descrileu, compris-
vapor in the vacuum-tube, causing the par- ing n Yncuum-tube havin~ a dis lhargo-olec- 40 

5 ticles of said vapor to vibrate at such n. rapid tro1le, being inclosed :i, a i~!"otect'o:tg co\·eriug 
rate· as to irupin~eupon the surrouuuing ethl'r n', autl a lens transparent to ,.H•oa-violet rays 

0 and cause ultra-violet ravs to till the tube opposite sahl elect.t•otle, combined with a 
anu radiate out through the lens a' upon the sonr·co of high-voltage current of electricity. 
uiseased tiS!iUe, thereby prouncing the de- I -l. A uevice of the kind uescribed, compris- 45 

;o sired action thereon. 0 The glass a being I iug a vacuum-tuuo having a discbn.rge-elec­
nearly opaque to these rays, reflects them tr·ode, and a lens transparent to ultra-violet 
back from the sitles of the tube, concentrat- rays opposite said electrode, combinetl with 
ing them in ;~ stream which passes fret1ly au induction-coil, interrupter, anu battery, 
through the transparent lens a•. said inl1 uction-coil having its secondary con- so 

15 It will be understood that I do not restrict 1 uected to said electrode anu its primary con­
myself to all the eonstructional details, ar- i nected through said inter-rupter to said bat­
rangement, :uul combination of parts, a!i I tory. 
shown hereinaml specilically scL forth, in as- 1 .i. A deviee of the kirul des<:ribeu, compris­
much as many variations may be r·esorted to I in;: a ,·acuum-tuht>provideu with adi~charge- 55 

::o within t.hc spirit and scope of my iunmtion, clectrUtll', a lens in one enu of sai<l tube trans­
all as will bo more apparent from the ap- parent to ultr·a-violet rays aml a pt·ojectin~ 
pend ell claims. I hcal'iug heyoud said lens for resting upon the 

Having tlescrihcd my iu\·entiun, what I I part heir.g treated by tho device .. 
0 

claim n.~ ne\v, and de:-;it·e to lieeure by Ll•tlers j · ti. A device of the kind tlescribell, compris· 6o 
:zs Patent, is-

1 
ing a \'actmm-tubtl having a discharge-elcc-

1. A uevicc of th~ kirrdtleserihcd, eorupl'is- j tro1lt~, a lens in tho end of sai1l tube transpar­
ing a vacuum-tuba having a 1lbchar~e·elcc- 1 ent to ultra-violet ray::;, and a handle adjust­
trod~ and a lens transparent to ult.ra-violet 1 ably mouute1l on said tube. 
rays opposite said electro,lc combined with ! In testimony whc1·eof I have :;igne<l my 65 

30 a source of high-volta~e current of electrieity. jnamc to this spcci fieation in the presence of 
. 2. A device of the kit~U .d~scl'iuell, comvl'is- I two subscribing witnesses. 
1ng a .vacuum-t.ube contatntng ~gas, su<:h as 1 FllEDElHClr FIXCII STRONG 
descrrbed, havmg large capacity for ultm- ! " j j \. • • T. 

violet ray". in its spectrum, and :;aid tn be ha Y-~1 \Vitnesses: 
35 ing a discharge-oelectrode, antl a lens tt~ms· GEO. H. )[AXWELL, 

parent to ultra-violet rays opposite said cl<:>c- FrtF.n ::;. GREE~LIUF. 
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i' ROBERT GALLOIS, OF LYON, FRANCE. 

ELECTRODE FOR THE COMBINED THERAPEUTIC APPLICATION OF RIGR-F.REQUENCY 
CURRENT AND OF ULT~-VIOLET RADIATION. 

App!icatiou 1!led September 14, 1926, Se;ial No. 135,428, and in France October 3, 1925. 

Electrodes at ·-pre·sent utilized for the · of constructin!! the electrode according to 45 
:.::.' . therapeutic application of high-frequen~y the invention. ~· 

currents are composed of tubular glass bod1e::; 1 .is a hollo"· body of transparent fused 
or members which are sealed when, after ex- silica, of a shape suited to that portion of 

0• haustion, they contain only low pt'essure air. ~he (human) body to be treated, and which 
One of the exn-eulities of th.:sc electrodes Js sealed niter a hi!!h vacuum has been ;,o 

has a shape which Yaries according to the formed therein and -of helitml, argon or 
part of the body t<? be treated ; the oppos:te neon has been introduced thereinto. This 
extremity is shaped in such a way as tG hollow bodv ends in a cvlin<lrical shank 2 

til recei>e a metallic cap com1ected to one of of reduced~ diumeter ,.-h1ch is fitter.l at it::, 
.. · . the poles of the apparatus generatin& the extremity with the metallic cap 3. This 5;, 
. ' hi<Yh frequency currents, the other poie of latter is provicled interiorly and axially, 
· · wl~ich is connected to earth. In these con- with a metal rod 4, preferably of inYar 
··: ditions: the electrode is supplied by indue- metal, forming a ground joint inside a cen-
: ·15 tion and it is sufficient. to touch the patient tral passage in the tube 2. · · 

"l'l"ith it in orde-:: that it mav be illuminate«l. This rod terminates "l'l"ithin n ch:m1ber 5 60 
According to the present in>ention,_ the :formed in the said tube. which chamber con­

electrode composed of trnn~parent fused tains mercury in electrical communication 
qu::trtz contains an atmosphere oi inert gas with another sm::.ll quantity of mercury 6 

20 (argon, helium or neon) and a small quan- free in the container 1. bv means oi a wire 
t ity of mercury. . 7 sealed in the axis of the~ mass of qu:1rtz by 6;, 

The presence of a gas such as argon, means of a narrowing of the bore of the 
helium or neon in the electrode has for ob- tube 2. 
ject to facilitate its lighting up. As soon This arrangement for leadin!!' in the cur-

;~ .. 25 as that has taken place, the tension of the rent allows the energy given off by the ele<>-
mercury vapor increasing: th~ electroJe troda to be consir.lerablv increased. 70 
\\orks like a mercury-vapor -ramp nnd it The invention is obYtouslv not limited t o 
emits intense ultra-violet. ravs. . the shape an(l to ~he detail~ presented. I!t 

Silica being transparent to these rays, the particular, for certain application:;, the elec-
30 physician can thus combine sparking with trode can be compose::l of a plain tube of 

ultra-violet therapy. The surface of the silica. not. comp1·ising u sealing up <tnd silllply 75 
electrode is sterilized in a contim!ous and capped with a metal cap as n,;ual. bnt. al­
automatic ·manner bY the ultra-violet ravs \\<tys containing e~;:enti,llly a drop of mer­
which pass therethi·ough. MoreoYer, tl1e cury and the ¥'.1s~s abo\·e specifiell. 

3J quartz being refractory, it is possible. in 1\nat I clmm 1s: 
case of need. to sterilize the electrode in a An electrode intended for the therapeutic so 
flame "l'l"ithout risk of causin!!' the electrode application . of high frequem:y CU!Tents, 
to break. - comprising ~ hollow body of tr·anspa;ient 

Since quartz presents n dielectric coeffi- fuse<l silica: · containing a rardh:d inert gas 
-to cient very much higher than that of glass, together with a small quantity of mercury, 

the electrode offers less risk of perforation and electric conilectin!! me.ms on ~:tid bor.lY. 85 
than do glass electr9des. In testimony ":hereof I h:n-e signetl niy 

The annexed drawing ·repre::ents. by way name to this spec1fication. 
of example, .in longitudinal section: one forrn ROBERT GALLOIS. 
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This inveution .relates :to electr.otheraJ)f!utic of ~ignant tumors, arthritis, sinus in~cms. 

apparatus, Blld .to methods .o! appjying electrical, ·and :\'arJous.otber.c!!seased.c.oncUtions. 
radiaa.c.t!~~. !!.!!d other re.-::!1!!.llt ~-... ~-.;omena thera- 'llle .ln'l'!ention cant~ plates ,the .. we, :in ·the:'a-
Pf:UtiCallY. pcutics, Oi high potential, high frequency" el~-

Xbe .invention ls primar-ily concerned .wlth ·,the !i .tric11:vr -t:>. Pioduce.diversifie:d forms .of:.r~an.t ien­
·.use of .high potential, .high frequeDcy electricity .er:~ . . .such ,fQrms ,being ~~ ,v;hich .have :besn 
thQll!!h ~~t P.::cc::::l.::!t.' !!:ni~.: thereto, ln. con- found best suited, intlividua!ly. to bene1lt ~nrious 
jUllcUon with radioactive and other:ty.pee.o!.elec- ll~n aJ.lm~ts. In.8rC:CQm)l})£htn;s ·thls:PUI<POSe, 
tror>..!co a~d rn...d!::.tic:l ~h~:lcmena, !or therapeutic several special ciischarge t:.1bes have 1>~ tievel-
.purpooes. JO ·Qped .to4WVe !88 ~t:eeat.xnent 1~ee~rQdes, ibY means 
·, Among .the objec:ts.of the invention·are .the fol- ·.of .whk:h ;carresJ>ODd}l:lgly ~Ui'er.ent c.u.rative ·re-
iowmg: suits -are .obt~d. · Thro\llth~ut :the .:practice of 

Fir3t.-To render h1ghly·etrectt.ve, from a thera- ,the in'llenttot:~ •. a :Prime ~~,era~ion is lth.Blt ·only 
peutic standpoint, :radioactive and other ~ypes one termtn.a! o! any particular .drcutt' ~all .be ·Jn 
of electronic ·and.radiation·phenomena, ·and,llke- l5 .canta.:t .with -a .patient's body ·at · rm~ ·~!.:::.<:. so 
wise;.to:renderhighly.etrective, rrom a .therapeutic the.~;e .will.~ :no .flnw. -:-" .::;.,..·rent ,through a clost:a 

,
.standpQint, b.J,gh J>Otential, high frequency elec- ,clrcuit,o! which the.patlent's•body is a .part. Such 
.. tmlty. a.. terminal, too, ·is·USU&Uy . .non-hes.~ =producl.ng, so 

.Second.-To augment the therapeutic ·etrect of .th.ere 1s .no ·.cazu;er .of .burning. In cases ·where 
.ra.d.loactlve and .other .types of eleetranlc .and .20 there is .a J.eDdeooy .for a .tu~ ·to ·Produce X-"ra.Ys 
radiatwn phenomena by the conjoint use of blgh or .other ·.injUrious .rays, these ,are .fllte:red .cut. 
_poteouaJ, high frequency ,electriC:itY. and, eon- T.he P~::l~,~ppUcation constltu~.a. continua-
;versejy, .to augment the thet·apeutie .etfect of hlgh !.ion .tn. .par.t ·Of .a .copending application ·fi!ad by 
frequencY, high potential electrtcity .by the con- me November .15, -1940, w.hich bears .Serial No . 
.Jo.iDt use ·Of radioactive and other types of .eJee- · ~II 365,'798 and .ls .entitled "Method .CJ! and de.Vice for 
tronlc and~ J!ation·phenomen'\. .~~~ ~u~ic a~llcation of ~leotr.ic currents 

II'.hir.d..-~o . a.ccampliah ·the-above ·without.dan- ,and l:BYs," and -Whleh .has .now ·become aban-
ger of bumJ.ng or of otherwise harming the .pa- .don.ed. 
·tiant. 'In the .a!loompanying :drawings, ·which 111us-

Four:th,--'r:o provlde.apparatus !or accompllsh- 110 11rate ~v:eral .. embodiments.of apparatus preferred 
1Dg the above, "-"Uch is relatively simple 1n con- !or c~ .the method of ·the invention into 
struction and operation and relatively 1:... .. -;pensive .pra.ot1ce: 
,~o .p:roduceand.operate. i'ig. J \I'ep:r;esents t&. wiring :diagram of a pre-

Fi/th..-To ,proVide novel eleetronlc and radio- ,f&J:ed~'tlbod.iment .of ·Bppa.ratus for·car.ryjng out 
active .devices especially adapted for use Jn con- · 8~ ,the method ·Of :the invention ·tn general thera-

.JunctJon with high potential, high frequency elec- .peutic .work, ~vera! :indepe:..dent trcatner..t sta-
trical therapy. •tioos being· prov:iaed · 

I have found that, by enveloping a pa.tlent in. a J"ig. 2. a top PI~ view of the novel corona 
.}ll.gh p.atentlal. high frequency electrical field m \legulai4lr ·of ·Pig. .1 employed 1r. th circutt to 
.such a manner that 'Ilo closed ctreUit !s completed :co . , · e 
through his body, radioactive an<t other electronlc .control1lnd :adjust the cmrent and as a governor 

~ ca.nd .radiation ·pheno;:nena c!Ul be ust>Q .thf':.'apeu.. .ro·:::.f~;:al:'d :the:transfarmer; J .Ucally ·With .considerably greater effectiveness ·F:ig. :3. a ~el'tical s~tion ttaken on the Une 3--3. 
tban ·i! used a!one. The exact reason .for .thfs is Pjg. 2; 

.. ~ kn"wn. ·nor is 1t known. defin.itely which, the -4"' ·Pig. 4 ,illi'fertical' sect!•;n!ts.!:en centra~'- ~:.rough 
electric field or the radioactive phenomena, acts • ..ooe ·Do'\tel •type of di:;charge tube used as a treat-
:UPQD·the .other to ·produce the advantageous ·r,.- ment.electrode i."l :the ~ppsrutw of ·1"1g.1; 
-wits. It .18, thought, ·howe\'er, that 'tb.e e!ec .. rlc ·FiJ .. 5, a •hol'izoatt!l :sect.! on ·taken on ~he .ll.ne 
field, · pe."t:~tlng the body of the PQtlent ·B.s It ·~5.\Fti. 4.; 

..does.·at\rscW.the radioactlve emanations or ndi- ISO Ptg.~6;a·:vertlcal ~lon·iR.ken central.."y through 
.sti<ID.s RDd~bles tr.em to:penetrate conslduably -anothez !Ilovel !type a! .dtschar;te tube used as a 
:deeper Jnto ·the ·tissues and ·vital organs of t.h'! treatment electrod.: ·in the spparatus o! P'lg. 1; 
llftt.ieDt t.ban·would othel'Wiee bei.he case. In aey ~- ·1 • . a llortzor.tal sectton .takm on the line 
•el'eOt, ~kable therapeutic Tt"Jalts have ·l:Mn ·l-l,:F.\g.r6; 
achieved by U3e 'Jf the Invention ·in the t.r~nt ·115 ~.•tl. &·TerUcalsec'l·:m ·taken centrally 
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a novel discharge tube used ~ a treating device this :;overnor or control ctcvlce 14 is illustrated In 
ln the apparatus o! Fig. 1; detail in Figs. 2 and 3. 

Fig. 9, a hor.:.Zontal section t<.ken on the 1!:-:.e ~.3 illustrated, thP device comprises a cyllndri-
8-8, Fig. 8; cal, electrically cond~~ctlve plate 15 surrounded 

Fig. 10, a fragmentary vertical section taken ;; by n cyllnc!rical dielectric 16. An outer cyllndrl-
on the line 1~10, Pigs. 8 and 9; cal aud electrically conductive clement ll sur-

Fig. 11. a frngmcntary view 1n verticnl ~·!etlan, rouncis Lhe dielectric I G e:li:teriorly. It is pruvlded 
and drawn to a reduced scale, of a tub bath with a multitude Uor example, 250) of lnwo.rdly 
capable, of use as a treatment station in the ap- extencing prongs 11a, which are advantageously 
pe.ratus Or Fig. 1; · . 10 formed by stamping out, and inturning, triangu-

Flg, 12, e view simll'l.r to that of Fig, 11, but Jc.r portions or the electricl\lly conductive element 
showing a shower or vapor bath arrangement for 17. The Internal plate iti pre!erubly contacts the 
the same purpose; inte::ior surface of the dielectric 16, but, ln any~ 

Fig. 13, a wiring diagram similar to that iUus- event, should lie closely adjacent thereto. Llke-
trated in Fig. 1, but rragmeuta17 in nature, and 1;; wise, the tips of the prongs llc preferably con-
of a somewhat d11ferent embodiment of appara- tact the outer sur!ace of the dielectric. The sev-
tus; eral elements are advantageoush 121ounted in a 

Fig. 14, an elevation, partly in central vertiC$1.1 plug-in base 14a, which is adapted to mate with 
section, o! a novel tube used in the apparatus cf a suitable receiving sc..:kf!t <not shown> carrying 
Fig. 13 in pla.ce o! the corona regu1ator of Figs. 20 the required electrical connections. The internal 
2 and 3; ola.te 15 connects with one of the electric llr.es 

Fig. 15, a. top plan view, partly in horizontal -12, whlh: the external element 11 connects ':ii~ 
section on the line 15--15, Fig. 14, o! the tube of the other electric line 12, as shown diagrammati-
Fig. 14; c?.!ly in Fig. l. 

Flg. 16, a vertical section of another novel tube :1;; I t is prt>!erabte that ~lle dielectric 16 be 1n the 
which ma.y be use<l in place o! the tt:.;,e of Figs. form of a closed tube or envelope, as shown, and 
14 ar.d 15; be exhausted to vacuum condition. The m~'lltl-

Fig. 17, a vertical section taken on the line tude of sparking prongs lla proc!•1ct a brush dls-
17-11 of Fig. 16; charr:e. 

Fig. 18, a top pla!:l view o! still another novel :lo Where the dielectric 16 is not a closed tube or 
tube which may be used in place of the tubes of envelope, it is preferred that it be o! quartz. 
Figs. 14 and 15 and of Figs. 16 and 17; and The treatment t-"ta tion A is a discharge tube of 

Fig. 19, a vertical section taken on the llne a novel tyPe, exemplified by the tubes illustrated 
19-19 of Fig. 18. In detail in Figs. 4 and 5 and Fi~s. 6 and 7. Either 

In accordance with the invention, provision is :1.1 tube Is plugged Into the circuit of Fig. 1 at a suit-
made for enveloping the patient in a high -po- ably provide<.' , single-terminal nn+~~! . ~ ~.:- A 
tentlal and, in certain instances, a high frequency tentlal electricicy IS, tilerefore, fed directly ink'~ 
electric field, and for applYing to the patient, the tube, which serves as an electrode. 'Ibe t•lbe 
while so enveloped in the electric field, radiations also embodies ra.:l1oact1ve material, wl;tich sup-
and emanatiorut having therapeutic value. 40 plies radioactive emanations to the patient si-

The apparatus of Fig. 1 is capable o! adminis- mult::.nem.:sl:; ';';'ith the electrical dls-::harge. 
tertng various specific kinds of treatment, pursu- As 1llustrated In Figs. 4 and 5, the tube or · elec-
ant to the invention, at the sever::.! t:::ee.tment st!l- ttode may comprise an electrically conductive 
tions provided. Ths treatment stations are indi- discharge element 20, having a supporting stem 
ca.ted A. B, r , D, and E, respectively. 45 2Da and a major discharge cap or head 2Gb, which 

For supplying the high poteatlal electric :field, !.; preferably in the form of a thin, convex-con-
a suitable transformer 1s employed. This may be cave plate. The head 2!!b may be spot welded to 
of any type capable of delivering high potential the end of the stem 2Da. 
electricity, sa'j r::-om 10,000 to 30,000 volts. It is The discharge element 20 is enclosed within a 
preferred, how~"'er, to utilize a conventional dou- 50 tube 21 of dielectric materia!, preferably glass, 
ble magnetic circuit type of transformer, indi- the stem 2Da being fixed !n the !used tongue por-
cated ::.t I 0 1!:1 Fig. 1. heving adjustab~e. lami- tlo::'l 2 I a of the tube. The tube or shell 21 is fitted 

· nated, magnetic shunts <not shown), the trans- il ;.o an Insulating base 22, provided with a single 
former being connected across an ordinary power plug-in terminal 23, and an electrical connector 
line II charged with the customary 115 v. The . 55 24 extends fror.: the terminal 23 to the stem 2Da. 
output lines 12 from this transformer advanta- The inside surfaces of the side walls of the tube 
geously extend to the treatment stations A and or shell 21 are coated with a radioactiva rnate:r!al, 
B, respectively, The first secondary of the trans- as at 25. The coating is convenlen tl:7 made from 
former 1 D is preferably direct connected to the uranium salts or powder:!d carnotite or other 
second secondary th:-!reof. It is noted that this eo radioactive ore. The ends of the tube or shell are 
hi h t left unco:!ted. f g poten lal electr!clt:v may be applied, with- Air Is evacuated from the tube 2 I, and a small 
out causing !njury, direct to a patient who is not quantity of mercury introduced. T he mercur:; is 
grounded. However, 1n order to sa!eguard the preferably triple r!ist1lled to Insure great purity. 
translormer 10 !~·om damage by sparking across 65 It is preferred that argon or like inert sas ·-~also 
its output terminals, and to render the high po- Introduced. 
tentlal electricity more suitable !or therapet>tic Since the tube ju!.t 1escrlbed Is pl".lgged into the 
purposes, which is believed to inclt!de the uuto- cir c\!it of Fig. 1, the discharge element cr cathode 
matic chrnging of the frequency to an extent 20 Is charged with high potential electricitY. and, 
which depends upon electrical characteristics .J! 10 !n Its capacity of a treatment station in the ap-
the patient's body, a sovernor or control device paratus of Fig. 4, serves as an electrode to slml-
14is shunte:i across the leads 12. larly charge the ·!)atlent. The patient 1s Insulated 

This governor or control device 14 is a sparking from the ground, and the tube is applied directly 
condenser of high capacity embodYing a :nulti- to the a!Dic:.ed part of hl<; body, preferably ln close 
tude of spark gaps, A "Preferred embodJ.n;.ent o! 75 contact y.rlth l:he body. 
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Eec4use.o! the construction of the tu!)e, .rad!a- :p~.·an induction coil 36 is provide1!, :b:>pping 
tlon of ·a .radioactive nature is also directed the.llne 12 at 37. A pair of leads .38 from an-ord:l-
aga!nlit the patient throUgh the uncoated top e!'ci na..--y 1~ v. i1Upply .;,'lurc:e extend -to a plng-:iL. 
ot the .tUbe. ThJs md!atl.on has b~n !ounc! to socket connection !or the gP..rmlc!dal tube, .one 
diller somewhat from the radloe.ctive:em.ma.;lons ;, o! .the leads p-.:.s!dng through a glJUS tube .:J6a, 
d.l5charging ·from the side :walls of .the .tube, and Fig, 1, whJch:Js xUsposed w.lthin and e..'ttends ~ong 
J:; thought to comprise r&Y3 lying close to X ·rays the length o! the induction coil 36. Thus, !!igh 
on the ,radiation 5pectrum. These .rays appear .to potential electricity is impressed, by induction, 
.have a definite ~allni value, and .to lack .the in- upon t.!J.e ordinary current flowing through the 
jurious nature o! X-ra.ys. Where a predominant- 10 particular lead 38 concerned. 
ly radloactive emanation treatment is a<>;;l.red, The ;crm.Jcldal dlschP.rte tub<! cf Figs. 8, 9, and 
the .£ide walls of the tube are placed against the 10 has a pair of discharge tt-~minals 40 nnd 41, 

~
bodY o! the patient. respectively, positioned in an evacuated tube or 

Best .results are obtained when the discharge envelope 42, and electrically connected with plug-
element or ca.th:xle 2.:1 is .made "Of an .alloy metal Hi m llermim:tls c40-1 and 41-t, respectively, 'b.y 

·compounded from copper, lead, sulphur, and, 1! m8$'.:lS of stems 40a and 4 t .:z, resp: ~tively, The 
desired, aluminum, The .relative percentages of tube or em·elope ·U and plug-in terminals arc 
the ..several ingredients may varY considerably, mounted in a conventiC':1al base 43. It is pre-
but a .sa.tlsfactory m.Jxture comprises 5.0% cop- !erred tl '\t insulating rr.aterial 44, such as a 
per. 55.0% lead, ZO.O% sulphur, and 10.0% a.lu- 2fl ceramic sleeve, cover the major portions of thl 
·minum. ShoUld alUJninum not be used, the dif- stems 40a and 41a. A piece of lithium metal C:S, 
~erence may be made up by additional copper. see particularly Fig. 10, 1.s advantageously secured 

ln ;preparing the allo::r, the copper .and alum!· to the stem ·40a adjacent the discharge terminal 
num are heated to a molten state, after which .-a to ·act ·as a getter. It may, however, be placed 
the sulphur is added ·while stirring the mixture. 2r. at any othe1· convenient location· in the tube. It 
A!t& cooling, the mrsss is again melted, and the is preferred that the discharge terminals 40 ar.d 
leed, ill a molten state, is mixed with it, the 41 be Iormed of the special alloy r-reviously de-
molten mass being thoroughly stirred. This new scribed. .Argon cr other suitable inert gus is 
mass .is then cooled, being later reheated, and, preferably Injected i:;to the tube or· envelope 42, 
while .hot, rolled to m~e i~ ductlle, so it can be :~r, as is,.als'J,.a. small quantity of mercury. The mer-
shaped Into the desired forms. cury, by vaporlziDg, &ids electrical arcing between 

The discharge tube or electrode .of Figs. 6 and 7 the discharge terminals. As wlll be ·noted, the 
is s1milar to that of .Figs. 4 and 5, having an .hJgh .Potential .electricity induced ln the one lead 
enclosing tube or shell 26 which is evacuated. A 38 ·will :manifest a~ the upper discharge terminal 
cathode discharge element 27 is positioned with- :J.; .40, and will chP.rge the 'patient ~~-~-:!t:.::~;;~i.>• 

~
:In the shell, .belng flxed.in the tongue portion 26a. W!.th the dischal~:: =!.:.~ uocty of germicidal rays 

conductor 2~ connects the stem 27a of the ele- from -the .tube. 
ment 27 with a plug-in terminal 29, which ex- The ·nreatment station E embodies ·the tube 
tends outwardly of the base 30. The cap or head of Figs. 8, 9, and 10, as .above described, •but im-
27b of the element 27 dl1!ers from the cap or .Jil presses ·.the .:high potent!a.l electricit,y dll'ectly on 
head ~b of .the electrode of Figs. 4 and 5, in that the:!)fd!ent instead of passing it first tbrough the 
it 1S spherical 1n form and hollow. It has an tube. For this purpose, a discharge devfce 50 
opening 31 formed at its top, contiguous with in the form of a. sort, fiexible pad 1n which a. coli 
the top inside surface of the tube 2S. A quantity 60--1 :is embedded, taps one of hht: high potentit>:l 
32 'Of radicacti:·e material, which may be the 4:; elec~cJines .t2. This pad 50 is wrapped arow1d 
same as used for the coating 25 of the electrode ·the patient's bcciy adjacent .the afilicted portion 
of Figs. 4 ·and 5, is introduced into .the tube or ·thereof, thus charging the patient. Arry other 
she!l 26, along with a relatively small quantity of P!ectrode capable .of -charging the patient with 
mercurr. before t.'le tube 1s sealed. tight. Such 0 high potential electricity may be used ·in place 
material 32 is prefe.-..,biy powdered .or granUlated, :; of the pad 50. "The germicidal tube has its ter-
and is shaken into the hollow of the .hea~ 2lb m1na.ls -c:l-1 and :41-1 plugged into a suita-ble 
through the operun·g 31 before any given treat- plug-'-:1 socket coW>.ected to leads 52 which extend 
ment is commenced. The mercury is provided to ar.. ordinary ·us v. source o! supply. The nigh 
]:ll'1msr.ily:as a getter,,and does no harm it shaken potential .;:iectricit!' with which the patient is 
into the head 27b a!ong with the radloacttve 5:; charged is induced into the germicidal tube, there-
substance. The mercury also tends t~ produce by fw:ther activitatlng the discharge therefrom. 
a vapor in the tube, which aids in the operation -A certmn:beneflcial discharge from this germici-
thereof. As in the case of the electrode tube of dal .tube will be .had bY induced activation a1one 

.F.Igs. !l and 5, this tube may have a :ra:iioactive it .being·!UDDecessary, in -.such instances to plu~ 

f
ating 33 ~overing the inner surfl:>ces of its side 60 ·tbe tube mtc·.the 115 v. 1ine. ' 
alk Other ty.pes {)f germieidal and d!~charge tubes 
The treatment station B of Fig. 1 dlft'ers from may be used in place of the tube of Figs. 3, 9, and 

.the treatment stQtion A only in the fact that a -10, as, ·fO!''instance, t!' . .; well known infra-red an~: 

.condenser 34 is interposed in the electric sup- ·llii ·ultra-violet lamps, to prC'\.'.Uce results sw;-" -::.1g 
JJlY line ·12. those ordinarily attained by the use of such .infra-

The treatment station C o! Flg. 1 dlf!ers !rom red or ultra-violet lamps apart !ron: the appa-
the sta'Uons A and B only in the fact that tht: ratus of the invention. 
high poten~:al electi:ic1ty is supplied from the It .should be remembered that the .patient is 
~uPPQ llr.e 12 through an inductance 35. 70 lnsulatad from .the ground while being treated nt 

The tres.tment station D utillzes a germicidal any o! the treatment stations .of the invention. 
Ull:charge tUbe. a preferred form of which is tllus- ~'jgs. ~1 and 12 shew how a patient 1s trelrt.ed, 
.trated ·in detail .in Figs. 8, 9, and 10. The high pursuant .to •the invcx:.i:.ion. while lmn::ersed .1n •an 
po~ ~Ctricity is taken by induction !l'Olil electrl.c&ll¥ ·COnc1uctlve nutu bath. I:l ~. 11., a 
-t11a11~ &Ul:IJltY.line 12 concerned. For th1.s '1tS bath .• ~ub U .1s ·insulated !:rom Ul.e !81'~ ·bY 1& 
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1 
larer of ins.Jlat!on U. A treatment electrode of 
the type shown In any o! the figare groups -! 
and 5, 6 and 7, and 8. 9, and 10 .Is posltion;;d to 
charge the fiuld o! the bath m!.h high potential 
electricity. as v:ell a.s to d.lscharge healing r3.dia- :; 
tlons and emanations Into the patient. The par­
ticular electrode Illustrated 1s dlagranuns.'.ic In 
form and is de5l&nated 55. It may be conn!!!:ted 
into the circuit of Fig. 1 as shown at any or the 
treatment stations A, B. c. and D. In Fig. 12. 1n 
a shower or vRpor stall 56 is Insulated f1·~:r1 the 
ground by a layer of Insulation &1. A plurality 

80 and 81 , with a source of low voltage her.~ing 
current <not shown>. PlUg-in terminal 82, 
which is el!!ctrlr.!\lly ~O!mected with element 1~ . 
mny be used instend ot or in co:.mection with the 
terminal li, slice element 13 acts 1n a manner 
similar to element 11. A getter 83 of suitable 
material, and an insulo.tlng and re!l~ctln~ s~eld 
G4 msy t.e provided, as sho't'm. Vvfiile the tube 
may :tt.ve either a high or a low vacuum condi­
tion, or mo.y be ffiled with an inert gas, I ho.ve 
o.Iso found it advanta&ec·~s to fiH the tube with 
a moist vapor. The tube acts as an osclllato~· 
for electric currents, and has an enormous ca 
pacity, a capacity many times that of a condense 

o! tre::.tment electrodes- are designated 58, re­
spectively. These correspond to the treatment 
electrode 55 o: Fig. 11. A water spray or vapor, l .i 
such as steam. may be admitted to the stall 56 

of approximately et.lUal size. 
The tube of Figs. 16 and !7 com;-lses an outer 

shell or envelope 85, which ::nay be made of metal. 
glass, or fused qtlll.rtz. This sh~ll is mo'L!nted in 
an insu1;. ~1og base 86. :Oslde the shell 85 is o. 

in any well known manner (not shown>, thus 
envP.loplng tht> patient during' treatment. 
Anp~her ~:mbodlment o! a.pparatus, pursuant to 

the lllvention, is illustrated diagrammatically by 
the wiring diagram of Fig. 13. While no treat­
ment stations are shown, those provided are iden­
tical with the several treatment stations desig­
nated A. B , c. D, and E in Fig. 1. The distinc­
tion in this embodiment of apparatus resides 1n 
the fact that a special generator cf high 1re­
qucnc~ elect ricity 1s prov!Jed in the system. 

A trnns!ormer 60 has Its input terminals con­
nected across an ordinary 115 v. electric power 
llne 61. Electrical C•)ndu::tors 62 and 83 lead 
from the respective output terminals of the trans­
former to a high frequency gen.:rator oi the 
Oudin coil type, lndics.te:i generally at &C, a var­
iable condenser 65 being Interposed in the line 
62, and the circuit being grounded at 68. Out­
put conductors 6l and 68, leading from the high 
frequency ge:-.erator 64, provide connections for 
the several treatment stations in the same man­
ner a.s lllustrated 1n Fig. 1. 

The trans!oriner 60 may be any ordinary high 
voltage type. A governor or control device 89 is 
shunted across the conductors 62 and 63. 

In the 1llustrated instance, the governor. or 
control device 69 preferabiy takes the !orm of a 
vacuum tube, r ·lVing the construction shown by 
Figs. 14 and 15, Figs. 16 and 17, or Figs. 18 and 
19. These tubes all possess high capacity, snd 
include elements effecting a brush dLc:charge. 
They serve, as do ':li the device I 4 of Figs. 2 and 3. 

The tube of Fig: 14 and 15 embodies an outer 
shell or envelope T() of insulating material such 
as glass, a plastic; or fiber coated With sLellac. 
Inside the shell 10 is a bl-cyllodrlcal element ll 
foriiled of clectrica.Ily conductive material. Sep­
arating element Tl !rom the enclosing shell TO 

•>n metal plate ST. and, spaced apart therefrom, 1. 

- ccrrugateci metal plate 88. A plug-in terminal 
89, wh!ch extends from the base, is elect rically 
connect~d \Vith the .plate ST. and a :;econd -plug-in 
terminal 911 is electrJco.Uy connected w1th tile cor-

~;; l'Ugated place 88. These terminals are adapted 
to connect, through a sultab~.:: socket, wiLh i.llt: 
dcctrlcal conductors 62 and 63 of Fig. 13. 

Under certain cundltions o! use, it Is desirable 
to have other elem::1ts in the: tube. Thest! a re 

:;u prov ide1, and may be utilized or not as occasion 
warrants. A .filame!lt 91 is disposed between the 
plates 81 and ~a. It 1s electrically connected with 
the two pl\.;g-in terminals 92 and 93, which are 
adapted to be con.."'.ected to a source of low voltage 

:~;. hee.ting current <not shown). A ~:lit. ~':.'~:::~. 

comprising sblc.: :.:!!= e~ ~..: ·~il . with apertu:res 9~· 
extending therethrough, is disposed adjacent. tha 
side of corrugated plate 88 which is remote fro 
plate ST. The apertures 96 are in alignment wi.th 

.;n each other, and the shields 94 end 95 are mcdc: 
of !ead or other material capable of screening 
off :>::-rays. Between shields 94 and 95 is a sheet 
97 of material which is readily permeable to 
X-rays. Withi:1 the shell 85 there is also mount-

.J :; erl. r. shell or envelope 98 of glass, quartz glass, 
or s!:rnl.l:ar :m.aterial. having a portico 98a. which 
is ground like a lens and dirE~teci toward the 
slit screen. This shell sa really constitutes a tube 
within a tube. A filament or cathode 99, com-

;;n pris!ng electrically conductive legs 99a. and 99b 
and an dectron-emitting portion 99c, is disposed 
with '-:1 the shell 98, plu~-ln terminals i DO and 
I 0 I o.~e!ng electrlc::l.lly connected to the respective 
legs 99a. .:.nd 99b. A bombardment element I 02 

r.;; is disposed within the shell 98 opposite the por­
t ion 99c of cathode 99. With.:.c the shell 85, bttt 
outside the shell 98, is a reficctor I 03 directed 
toward t.he sllt screen. 

are spacers 12 made of rubber, Bakelite, or other 
insulating material. Inter-fitting with the ele­
ment 11 1s a second electrically condu~tive, bl­
cyllndrical element 13, the two elements being 
separated by a dielectric T4. Inwardly of tbe 6fl 
element 1~ . and separated therc,rom by a di­
electric TS, Is a corrug:.ted, cyllodrleal element 

The tube o! Figs. 18 and 19 is essentially the 
same as thn ·tube o! F igs. 16 and 17, bein~ 
equipped w!th a shell or enveloPP. I 05, a bas · 
106, a plate 107, and a corrugated plate 108 

16. The shell or envelope TO 1s secured in an 
lnsulatin~ base 10-f. provided with plug-inter­
minals. One of the terminals. designated 11, is 65 
(:lectrlcally connected with the element 1 I , while 
another. designated 18, 1s electrically connectr·~ 
with the cnr.ugated element TS. Thes~ two ter­
minals connect with the conductors 82 and 63, as 
Ul!Istrated in Fig. 13. and the brush d.lscharge 70 
takes place at element 18. 

Under certain circw:n.stances,it 1s desirable that 
the outer shell 10 be :nade of quartz gls=.s, and 
tb&.t a mament 19 be provided, the filament being 
beated by connection. throtlih pl~-in ter'm!nala 76 

tne .two plates beiD.;: connected to piug-ln te.~­

minals I 09 and II D. respectively, which .>.l"e 
adapted to connect elec~r!cruly with the •.:.on­
ductors 62 and 133 of .P:g. 13. There is a .fila­
ment Ill and an Inner shell or envelope: 112, 
but no sllt screen. Instead of a lens portion being 
provided c.n the Inner shell 112. a partieion 113 
o! lens formation Is dls;:>osed between the 1nn.:!r 
shell a.nd the corru6a.t.ed plate I 08. It Is fused 
to the wnlls of the outer shell I 05. Within the 
Jn.'ler shell 112 is a fil~ment or c.~thode 114, 
which corresponds to the s!mlls.r elt>ment 99 01 

I 
I 
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t..'le tube o! Fig:;. 16 a:1d 17. A refiector 115 is 
dlrected toward the lens po.rtltJon 113. 

Reverting now to Fig. l , there is another ad­
vantageous way of ~-rr.o.ting e pl\tient pu1suant 
to the invention. A~ shown at Y. a foot pedesta.l 6 
120 may be provided for mn.klng the patient a 
part of P. condenser. The ~dest!'J cornpri::;es !Ul 
electrically conductive plate e!ement or electrode 
121, connected electrically with. one of the high 
potential lines 12. and covered by an insUlating 10 
pla.t!C'nn 122 UJXln which the p::Uent rest:. his 
feet whiie being treated at any of the pre·nously 

escribed treatment sta.tlons A. B , C, D, or E. 
e electrode 121 and insulating platform 122 

e conveniently mounted 1n a frame 123, which 16 
insUle.tes the :plate 1rom the ground. The insu-
lating platform 122 is made of a. high quality 
insulating material, such as first grade hard 
rubber. In certain instances it is desirable that 
the device be made in other than foot-pedestal :!O 
form. For instance, it ma.y be of cylindrical 
!ormation for use in a bed against any pa.l't of 
the patient's body. 

If desired. the patient ma.y be charged with 
the high potential electricity by d1rect contact 25 
With a. met-al or electrically conc!uctivc electrode 
1n place o! the pa.d 50 o! treatment station E, or 
o! the tube electrodes. 

The invention has been described in the !ore­
going with sole re!eren.ce to l.ts use for thera- 30 
peutic purposes. It show{!. be noted, h owever, 
thil.t inorganic matter ma.y also be treated to 
advantage pursuant to the method a.nd with the 
apparatus of the invention. It has been found 
that metals, !or example, lead, have changed :1•1 
physical properties after treatment in accord-

ce with the above. In instances where the in­
ntion Is no~ being used therapeutically, it Is not 

10 
ps.c!h sparking condenser: ar1d a treatmPnt de­
vice connected In circuit with the foregoing, said 
tr-e:~.tment device includlng discharge means 
adapted to charge Lhe patient with sn.id hich 
potential, high frequency elect:ir!ty, and radi­
a t lnS' -nea.ns aJa.pted to discharge radiations Into 
the charged patient. 

4 . Electrical treatment apparat\L~. compl'lslnt: 
n. high capacity sparking condenser; a treatment 
outlet elect rically connected to said condenser ; 
and means for electrically con necting said con-
denser to a source o! J:.i~h potcn~ial electricity. 

5. Electricn.l treatment apparatus, compris ing 
a transformer for producing high ·pote!ltin.l elec­
tricity; a. high capacity sparking condenser elec­
tricaUy connected across the high potential cut-
put terminals of said t.!'an.sformel. and a treat­
ment outlet electrically connected to s n.id con­
denser. 

6. Ele..trical treatment apparatus. comprising 
P. transformer for .producing high potential ele.;­
trlcitY; s high capacity spark!ng condenser elec·· 
trica.lly connected acrcss the high potential out ­
put terminals of said transformer; and a plural­
ity o! treatment outlets independent1y e1ect ri­
ca.lly connected to sa.id condenser. 

7. Electrica.l treatment a.plJaratus, compris!ng 
a t rans!onner !or ~reducing high potential elec­
tricity; a treatment electro<!e electrically con­
nected to one of ~he output terminals o! sald 
tra.ns!crmer; an electrical conductor sheathed 
by insulation electrically connected to the other 
o! the outpui. terminals of said transformer and 
disposed adjacent said treatment electrode so the 
subject to be treated ma.y be placed between 
and in contact with the two; and l'- hi~h -=~~::.::~t;:-
.;parking concl~:;.:;: ...v:o:. ... u:cted across the said 
outlet te:-m.Inals of the transformer. 

8. In electrica.l treatment apparatus equipped . _ wa-~ n~~Q.ry to !n.o;ula.te the subject from 
the ground. 40 with means for the supply of high potential elec­

tricity and a. trea.tment electrode, a htgh ca.paclty 
sp:uking condenser electrically connected be­
twr..a~. the said supply means and the sa.id treat­
ment electrode. 

Whereas <this invention is here illustrated and 
described with respect to particular speclftc em­
bodiments thereof, tt is to be understood that 
various changes may be made in such speclf!.c 
eu.bodlments and various ot.~:- embodiments 45 
ma.y be utlll.u:: by thooe skilled in the art with­
out departing from the splrtt and generic scope 
o! the invention as set !or.th herein and 1n the 
cla.tms which here follow. 

Having fully •it=>cribed my invention, what I so 
claim Is: 

1. Apparatus for applying radiant energy ther­
a.peutlc.;ally, comprising means for producing high 
potential, high frequency electricity; a high .:a­
po.c!ty sparking condenser; and a treatment elec- 55 
trode connecte{i in circUit with the foregoing, 
said treatment electrode including a discharge 
element adapted to charge the patient with sa.ld 
high potential, high frequency electricity, and 
radioactive means adapted to discharge radio- 60 

~
active emanations into said charged patient. 

2. Appa.ra.tns in accordance with claim 2, 
wherein the sparklng -condenser is in the form 
of a. vacuum tt~be o! high capacity haVing mu-
tually sr>aced capacity elements adapted to pro- 65 
duce a. corona discharge. 

3. Apparatus for applying radiant energy ther­
apeutically, comprising means for producing hi••':1 
potential, h!gt. frequency electricity; '.1. high e&.-
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R!::FERENCES CITED 

The folloWing references arc of record in the 
file of this patent: 

UNITED STATES PATENTS 
Numl>er 

f"Z8,351 
047,607 
755,~'iv 
950,842 

1,156,317 
1,193,018 
1,466,777 
1,590,930 
1,655,783 
2,010,018 
2,073,428 
2.126,070 
2,192,6:10:: 

Na.me Date 
0'?-Teill -------- ----·· July 4, 1899 
Tcpha.m ---------- Apr. 17, l!lOO 
Fricillander -------- July 19, 1904 
Davis -------------- Ma.r. 1, 1910 
Santos et al. ------- oct. 12, 1915 
Howard ------------ Aug. 1, 1916 
Winkelmann --- ---- Sept. 4, 1923 
Falkenberg - - ------ June 29, 1926 
Gallois ------------ Jan. 10, 1928 
Hodnette ---------··- Aug. 6, l<l35 
Schmid ------------ Mar. 9, 1937 
Wap;.'t:r ------ ----- Aug. 9, 1P38 
Dixon ------- ------ Mar. 5. ·.s40 

OTHER REFERENCES 

Tousey ; Me{iical Electricity and Rof>.ntgen 
Rays (1910), pp. 493 to 498. Copy in Division 55. 



' 
United States Patent l19J 

Dotto 

(54) ELECfROSTATIC WAND 

( 75 1 Inventor: Ciauni A. Dotto, Dayio.n, Ohio 

[73 1 Assignee: Alfred A. Aaglemyer9 Doayton. Ohio 

[221 Filed: Mar. 299 1971 

[:!1] Appl. No.: 128,813 

(521 u.S~ a. ............................... -·······-······ 128/414 
[51 1 luL Cl .................................. - .......... A6lo l/86 
[58] Field of Scan:h ...... .............. 128/404,413, 414, 

128/415. 303.13; 313/152 

[56] References Cited 

1.57~.041 
I ,655,783 
2,286, 110 

UNITED STATES PATENTS 

1/1926 Clark .................................. 128/414 
1/1928 Gallo is ................................ 128/414 
6/1942 Running ................. ............. 128/404 

[II) 3,785,383 
[45) Jan. 15, 1974 

Primary E.raminu-William E. Kamm 
.Attom~y-lrvin V. Gleim, Edward M. Tritle and Fran· 
cis M. Crawford 

(571 AB.'\TRACT 
ElcctrostOJtic mc:ans l':ldioating clectric<~l encq~y at SC· 

lectcd frequencies of tbe order of mepcyclts per sec· 
ond is safely and harmlessly coupled c:apacitively to 
tissue structure of a human being or of an animal with 
DO significant flow of electrons for reducing sensitivity 
to pain, at least temporarily. The radiating means may 
.comprise au evacuated glass envelope containing a se· 
Jected atmosphere of inert ps and also containing an 
electrode that is intermittently subjected to an electra. 
positive voltage during certain portions of the cycle to 
promote positive space charges within the envelope 
together with a controlled amount of ionization of said 
atmosphere and the production of selected fot:ms of 
electromagnetic radiation such as infra red light, ultra 
violet light, visible light, and mixtures thereof. 

4 Claims, 6 DnwiDg Figures 

VARIABLE 

FR£QUtNCY t--.......-t CONV£RT£.R 

GENERATOR IZ 

/0 II 

/3 

I 
I 

. I 
I 



I . 

3:785.383 

SHEET 1 OF 2 

VARIABLE 

FREQUENCY CONVERTER 
/.9 TRANSFORM£1?

20 
t---~.-rn'J"'ll'"--1-----{IJ• 

GENERATOR /Z 

/0 /I 

/3 

PC RJWEN 
.SUPPlY 



.I 

-
-

lt
!t

:t
 

1
3

a
 

/
~
3
 

4
c
 

I 
,
/

8
4

 

;r. 
.·~
 

) 
....

 
..

..
;:

 

~
 ~
~
~
~
~
 

~ r·
 r~~ 

1~
-~

~ 

?
-
0

/ 

7 
/
/
 

-
--

-
-

- /7
.3

 
/4

-
S

 

/7
c
 .J

cC
. 

s 

! 

/S
p

 

~~
I 

/5
6

 

~
5
 

I 
5

8
' 

/6
1

 

"'4
 

.....
.....

. ~
5Q

..
 

I 

S
t;

tt
. 

1-4
(1.

 i 
-

/4
6

 

:;
;'

) 
::

c
 

,.,.,
 

,..,
 

N
 =
 

.....
, 

N
 

" > -. , :z
: 

--
t 
~
 

c:
::

l ~
 - l1l Ei

5 _,
 - w
 

• --4
 

(\
!)

 
U

1 - (a) O
J 

(,
) 



,_ 

1 
ELEC'IltOSTATIC WAND 

BACKGROUND 

3,785,383 
2 

or other intercellular fluid and an electrical current, in 
order to reach th~ cells, has to pass through this fluid. 
The tissue fluids consist of a solution of water, albumin, 

There are many known influences that can reduce or fibrin, and salts. 
au2rnent the threshold of pain reaction as opposed to S An equivalent electrical curcuit of human tis!'uc! 
pain reception. For example, devices employed hereto- structure is shown in FIG. 6. The electrolyte surround-
fore for the relief of pain include beating devices such ing the cells is resistive. The cell electrical characteris-
as hot water bottles, hot packs, electrically heated pads tics are illustrated as being in parallel with the charac. 
:1nd blankets, radiant heating devkcs. diathermic de- teristics of the electrolyte. The cell wall or .membrane 
vices, whirlpool baths and the like. While such devices 10 and the cell interior are each equivalent to resistance 
are zenerally effective they are subject to certain disad- and capacitance connected in parallel. The values of 
vantages and/or limitations. Conductive heating de- capacitance and resistance are a function of cell shape 
vices heat only the areas with which they are in contact radius and volume concentration. At low frequencies 
and are not particularly suited for irregular bodily sur- (below-300 megacycles) curient tends to -bypass the 
faces. Conductive heating devices, such as the whirl· IS relativelyhighcapacitanceoftheceUsthroughthecon· 
pod bath, heat aU immersed areas genecally rather ductants of the electrolyte which surrounds it. As the 
then locally. capacitive reactance drops at higher frequencies. the 

Additionally, it has long been known that skin or cu· current passes into the cell. At higher frequencies of 
taneous tissues are quite sensitive to pain whereas cer- the order of 1,000 megacycles current conducts pri-
tain organs that are more deeply disposed within the 20 marily at the skin surface. 
body, such as the viscera, are quite .insensitive to pain Experimental and clinical work with electrical energy 
when judged by criteria applicable to the skin but are of high frequency has shown that this form of energy 
sensitive to tissue distension or muscular contraction. can pass through electrically non-conductive surfaces 
For example. a limb muscle can be quite painful if exer- because dielectric permeability or conductivity in-
cised while its blood supply is cut off. and other rela- 25 creases with the increase of the frequency of currents. 
tively deep tissues to pain include the periosteum (bone The flow of an electrical force through the insulating or 
covering). Thus, depending upon the nature and &oca- dielectric medium is known as a current .. cap2citive" 
tion of the factors causing the pain sensation, analgesic current in contrast to the .. conduction.. current 
methods z.nd/or devices in many instances need to be through an ordinary electrical circuit at 60 cycles per 
applied in particular locations for effective relief from 30 second or with direct current. The unit of didectric 
pain. 

SUMMARY 

permeability is that of air under normal pressure. Budy 
··tissues and fluids transmit electrical field force from 80 
to 90 times better t~n air space. 

Such prior experimental anJ clinical work has also 
revealed that structures such as fat, bones. and so forth 
are relatively poor conductors and may have currents 
conducted through them only if sufficiently high fre­
quency currents are applied to them. 

Prior clinical ar.d experimental work has :llso shown 
40 that the various diseases and/or ailments to which tis­

sue may be subjected are sensitive or are resonant at 
differing frequencies. Accordingly, it is desired both to 
provide a method and means to supply sufficient num­
bers of frequencies to meet all of the combinations of 

These and other objectives of the invention will be- 45 reactance and resistance that may be presented by liv-

Accordingly, the principal objective of the present 
invention is to obviatt: the above-noted difficulties and lS 
efficiencies. This is accomplished. in accordance with 
the pr~sent invention , by the provision of means estab­
lishinK electropositive sp;icc charges at high frequen­
cies within aa evac~:ated glass envelope with or .,ithout 
accompanying electromagnetic radiation. •t can be ap­
plied to tissue structure safely and at a desired location 
for reducing, at least temporarily. sensitivity to pain. 

DESCRIPTION 

come apparent from the following description taken in ing tissue structure. There are literally an infinite num-
connection with the accompanying drawings in which: her of electrical circuits within human tissue and they 

FIG. 1 is a simplified circuit diagram illustrating one require a range offrequencies to meet the various ..:om-
embodiment of the invention including means for pro- binations of reactance and resistance to permit pene· 
ducing intermittent electropositive space charges 50 tration of the electrical ener&Y into the tissue structure. 
within an envelope or envelopes; These equivalent electrical circuits or the tissue slr.Jc-

FIG. l is a cross sectional view of one of the envel- • ture all have a d ifferent electrical impedance and they 
opes of FIG. 1; · will conduct radio frequency current at a ma:\imum 

FIG. 3 is a cross-secti.mal view of a modification of 
55 

peaking level when the impedcnces of th= many cir-
the envelope of FIG. 2; cuits are at resonance with the frequency. 

FIG. 4 is a view illustrating a modified embodiment Apparatus embodying the pr~t invention is indi-
of the invention; cated gener:llly in FIG. 1 and comprises a variabl-e fre-

FIG. 5 is :1 wirin6 diagram of the converter portion of quency generator 10. Vari:lble frequency generators 
the embodiment of FJG. I; and are previously known and wiil not be described in detail 

FlG. 6 illustrates an electrical circuit equivalent to 
60 

except to state that they comprise a tunable electrical 
the electrical circuit of human or animal tissue struc- circuit and suitable means selectively controlling the 
ture. variable frequency output at a desired frequency . 

The human body is known to consist of a composite The variable frequency output from generator 10 is 
tn:lSS of tissues which have electrical constants like any 

65 
fed through line 12 into a com·ener- 11 which also re-

I 
other subsunce or matter. In other words, all of the tis- ceived the output from a direct current power supply 
sues act as conductors of electrical energy to a varying via connecting hnes 14. 15. The converter includes a ;I 
extent. In human tissues. all cells are bathed in Jymph tunable circuit which functions to del.iver a converter 

. ~ 
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o01tput signal with full-wave voltage amplification of The previously described quantities of helium and 
the signal received from generator 10 at a desired value neon which were introduced into the atmosphere con-
of output current, and at a frequency corresponding to tained within envelopes lS, 26 permit a controlled 
that provided by the gener.1tor. amount of ionization to occur within said atmospheres. 

The output from the converter is fed through a line .5 Such ionization assists in distributing intermittently 
18 to the primary winding 19 of transformer 20. The positive voltage to the ball-shaped enlargements 29 
primary winding 19 is connected to ground through a and, as ionization occurs within the envelopes. elec-
line 21. The secondary winding 22 of the transformer trons are drawn toward the electrodes 27, thus promot- I 
is connected by lines 23, 24 to a pair of glass envelopes ing positive space charges within ~ch of the ball- I 
25, 26. Envelopes 25 and 26 are. identical in construe- 10 shaped enlargements of the respective envelopes. 
tioo so that the following d~tktn cOoc:eming one of Such ionization also produces a certain amount of ra-
these envelopes wilt apply equally to the other. diant energy in the form of illumination which may pass 

Line: or conductor 23 is connected at one end to the through the glass envelopes to ground. 
secondary winding 22 of transformer 20 and its oppo- Preferably, envelopes 25,26 are each provided with 
site end is connected to an electrode- 27 which is 1.5 a shield (not shown) of high capacity with respect to 
housed within evacuated &lass envelope 25. As shown the electrode that it surrounds thus diminishing the 
in FIG. l, the inn~r end or Jlass envelope 2S is silver electrostatic field strength at the glass which immedi-
plated to provide a full minor surface 28 ~urround.ing ately surrounds each of the electrodes. This prevents an 
the distal end of the electrode. The opposite end of en- undesired arcing which would otherwise result should 
velope 25 is formed to a ball-shaped enlargement 29 20 a grounded conductor be placed in proximity to the ex-
the inner surface of which is provided with about S per- terior of the glass wall surrounding either of the elec-" 
cent silver plating 30. trades. · 

Envelope 25 also houses therein an annular ring 16 With the device in operation, the electrodes within 
of conductive material that is connected to anode 27 by envelopes 25,26 function as isolated electrostatic poles 
a flexible connector 17. Ring 16 is smaller in size than 25 that are intermittently driven positive and negative. 
the internal diameter of the envelope 2S so as to be When one of the electrodes is placed in contact with 
freely slidable along the extent of the envelope. tissue structure, as indicated in FIG. 6, the electrostatic 

For reasons which will appear as the description pro- field which is changing rapidly in the megacycle fre-
ce~ds, it is desirable to provide means for adjustably quency range becomes capacitively coupled to ground 
positioning ring 16 at selectable positions along the ex- 30 by the equivalent electrical circuit of the tissue struc· 
tent of envelope 25. This is accomplished in accor- ture. The skin tissue will then experience intermittent 
dance with the invention by the provision of a penna- positive voltages so that electrons in the skin tissue are 
nent magnet 32 housed within an annular housing 31 exposed to active agitation but essentially no current 
of a suitable material such as plastic that wiiJ not inter- flows between the skin tissue and the glass envelope. 
fere w!th the magnetic attraction exerted by magnet 32 3.S The degree of such agitation will be greatly increased 
on ring 30. Hottsing 31 is fitted to a sleeve 33 having when both' envelopes 25, 26 are applied to th~ tissue 
an internal dimension slightly greater than the external structure. · 
dimension of envelope 25 so that the housing and By careful pre-selection of the nature of the gases in-
sleeve are also slidable along the extent of the enve- traduced into the glass envelopes and also by careful 
}i)pe. As the housing is selectively positioned at varipus 40 selection of the optical transmittency of the envelopes. 
selected locations along the extent of envelope 15, the various forms of electro-magnetic radiation can be per-
magnetic attraction exerted by magnet 32 on ring 16 mitted to accompany such electron agitation. Thus, at 
causes the ring to follow such movement of the housing the same time the electron agitation is taking place, the 
to a selected position of the ring. tissue structure may also be irradiated with infra red 

In accordance with the invention. the glass envelope 45 light, or with ultra violet light. or with visible light. or 
may contain an atmosphere which has been evacuated with mixtures of the three. 
to a pressure of about 28 mm. of mercury prior to add- Regat ding such electro-magnetic radiatinn, it is to be 
ing I mm . of mercury of a gas such as helium and also recognized that skin tissue structure will have varying 
abcut 1/10 mm. of mercury of another gas such as capacities to absorb such ra.iiation and as absorption 
neon. 50 occurs electrons are freed within the skin ti:;sues. More 

During operation of the device, at proper portions of specifically, for a given frequency and exciting voltage, 
the operating cycle the transformer 20 will drive con- a certain amount of electron agitation will occur in the 
ductor 23 and the :mode 27 to a potential which is elec- skin tissue structure being touched by the glass envel-
trostatically positive relative to ground. However, since 

55 
opes. If the skin tissue is simultaneously irradiated with 

the anode 26 is isolated in an essentially non- light of a proper frequency. the degree of electron agi-
conductive atmosphere. no significant electron flow tation within the skin tissue can be increased, and by 
will occur because there is no significant source of elec- controlling the light color. the depth of light penetra-
trons which can be moved by the positive voltage, and tion can also be controlled. 
the electrode 27 merely becomes electrostatically posi- 60 Obviously, there is a vast range of optical excitations 
tive. The same is true with respect to the anode con- that can be caused to accompany the electrostatic agi-
tained within envelope 26 when the conductor 24 re- tation of electrons in the tissue structure. Experiments 
ceives a pos;tive voltage. Accordingly, the respective have shown that benefteial effects from the particular 
electrodes contained within envelopes 15, 26 function combination of helium and neon, noted heretofore, are 
as intermittent posith·e electrostatic poles. When the 65 . obtained. Beneficial results are also observed if the be-
electrode in envelope 25 is electrostatically positive. lium and neon are replaced by about I mm. of mercury 
the electrode housed within envelope 26 is at a nega- of argon. Beneficial resu1ts have also been observed 
tive or ground potential, and vice versa. when the glass envelope is so-called ••black glass" bav-
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I ing a high ult::a violet transmission and the gas atmo- to be connected to line 1l to receive a signal from vari-

Sj)herce within the envelope comprises air evacuated to able frequency generator 10. Terminals 14a, lSa are 
a pre!'Sure of about 28 mm. of mercury to which 1 mm . adapted to be connected to lines 14, IS, respectively, 
of xenon has been added. The beneficial results noted to receive negative and positive voltages from direct 
include relief from pain from localized cuts and bruises. s current power supply means 13. 
relief of arthritic pain, toothaches, and the like, some- The electrical circuit superimposes the variable fre-
times for p;olonged periods of time. quency signal upon the direct current voltage at differ-

Without intending to limit the present invention, it is ing levels thereof and thereby .provides at output termi-
my present preference to employ a transformer 20 hav· nal 1& a full-wave output signal of desired wave form, 
ing a secondary designed to provide voltages of the 10 such as a square wave, and corresponding to the fee-
order of 12,000-15,000 volts across their secondaries. quency of the selectable variable frequency input sig-

ln FIG . 3~ there is shown a glass envelope of the same nal. In accordance with the invention, said electrical 
basic construction as that described above in connec- circuit comprises semiconductor materials such as di-
tion with FIG. 2, the principal difference being that in odes and transistors of both the p.n-p and the n-p-n 
FIG. 3 the glass envelope terminates with a pointed IS type and employs, in a follower type circuit, comple-
projection having a small end portion 29a. As noted mentary symmetry te take advantage of the opposite 
heretofore, the controlled atmoliphere wi,thin the glass bias and signal polarities of the transistors. 
envelope -and the presence of certain selected gases The electrical circuit includes negative line J4b and 
th~rein promotes a positive space charge at the end of positive 1ine' 15b with output signal line 18b interposed 
the envelope which is opposite the electrooe. The rela- 20 therebetween. Lines 14b, 15b, respectively, are con-
lively pointed shape of the electrode in FIG. 3 func- nected to terminals 14a, lSa and each is intercon_. 
tions to concentrate such positive space charge a"ld is nected with output signal line 18b by complementart 
sufficiently small in physical dimensions that treatment amplifier cir::uits each of which comprises a plurality or 
can be applied to a relatively small and carefully se- transistors. Trans~stor 41 is of the p-n-p type and is base 
lected portion of skin tissue structure. 25 connected by tine 42 in series with resi~tor 43 to lin.: 

Thos.: skilled in the art are aware of the fact that 1Sb. Transistor 41 is emitter<onnected by line 44 in 
there is a known relationship between frequency and series with resistor 45 to line 1 Sb. It will be undcr~tood 
wave length. And it can be shown that the wave length that resistors 43, 45 will ha\·e differing va!ues or resis-
of electro-magnetic energy corresponding to a fre- tance chosen to provide the proper bias voltage for 
quen.:y of 1,000 megacycles per second is about 30 30 transistor 41. Transistor 46 is of the n-p-n type and is 
centir.1eters in length, and that for a 'frequency of 300 base-connected by line 47 to receive the collector volt-
megacycles the co;responding wa,·e length is about 100 age of transistor 41. Line 18b is seri<!S connected by 
centimeters. lines 48, -'9 and diodes SO, S 1 to receive the collector 

In accordanc.e with the present invention the distance voltage ot transis!or 46. 
betwe~n the mirrored surfaces 28 and 30 is cho~en to 35 Transistor 52 is ::lso of t.'Je n-p-n type and is base-
co:respond with ono:: quarter wave length of the desired connected by line:. S3, 54, diodes 55, paraUel-
freq u :ncy. Thus, by utilizing a distance between mir· connectetl with by-pa:os resistor S5a to line 4 7 to re-
rored surfaces 28 and 30 of about 25 centimeters, the . cei\'e the collector voltage of transistor 41. Transistor 
wave harmonics and the adjustability provided by the 52 is emitter<onnected to line 15b by lines 56, 57 and 
selectively positionable ring 16 provides effective util- 40 series-connect~ resistor 58 to provide desired voltag~ 
ity O't'er a frequency range of-f~om about 300 to about to the emitter. 
1.000 megacycles. Transistor 59 is base. connected by line 60 to receive 

A modification of the device is illustrated in FIG. 4. the emitter voltage of transi;;tor 52. Transistor 59 is of 
The dcevice shown in FIG. 4 differs from that of FIG. 1 the p-n-p type and its emitter· is series-connected by re-
in that a single transformer lOa having a secondary 45 sistor 61 and line 56 to line 1.5b. The collector of tra.n- · 
winding :Z:Za prov'ded with a center tap to ground is sister 59 is series-connected to line 18b by resistor 62. 
connected to the glass envelopes 25. 26. Transformer Transistor 63 is of the n-p-n type and is base-
lOa has its primary winding 19a conr.ected to a suitable connected by line 64 lD receive the collector voltage of 
source of alternating current such as a c:cn,·entional transistor 59. The emitter of tr-:1nsistor 63 is connected 
115 volt, 60 cycle, source. In this embodiment, the 50 by line 65 to line ISh, and its col:cctor is ~Cries-
variable frequency generator, the conv~rter and the di- connected to line I8b by resi.o;tor 66. Connected to lines 
rect current power supply elements are not employed. 57 and 60 and in parallel with resister 58 is a line 67 

The embodiment or FJG . 4 functions essentially like including diodes 68. 
that of FIG. 1 in that. although the device is supplied 

55 
Transistors S9a and 6Ja ar~ similarly connected be-

with a 60 cycle alternating current, the glass envelopes tween lines J4b and 18h with corresponding connected 
25, 26 function essentiall~ as indicated above since the lines, resistors, and diodes bearing a like number with 
selective positionability of ring 16 between the reflec- the suffix a. Howe\!er, in the case of the transistors, 
tive surfaces of mirrors 28 and 30 enables the device to wher~ transistor 59 is of the p-n-p type, transistor 59a 
function at selected frequencies within the above noted 

60 
is of the opposite type, that is n-p-n type. Similarly, 

frequency range. Thus, the embodiment shown in FIG. transistor 63 is of the n-p-n type and transistor 63a is 
<4 is suitable for use by physicians in their offices where of the p-n-p type. 
the expense and complication t-f the additional eq~.:i;:>- Additionally. transistor 52 and transistor Sla are of 
m~nt shown in FIG. J may not be economically feasi- opposite types, the former being of the n-p-n type and 
ble. 65 the latter being of the p-n-p type. Transistor 52a is 

b~-conn~cted in series wit."& n:siuor 69 which in t>...trn IJ 
is connected to line 18b. Line 70 inte:connects the col-
lector of transistor 52 with the emitter of transistor s:za. 
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Transistor 4la is of the n-p-n type, opposite from that 
of transistor 41, and is base-connected by lines 71, 72 
and in series with resistor 73 to line 15b. The emitter 
of transistor 4la is connected by lines 4&, 74 to the 
ba~e of transistor 52a. The collector oftransistor 41a s 
is series-connected by line 75 and resistor 76 to line 
l4b. 

As noted heretofor~. a variable frequency .signal is 
superimposed upon direct current signals. The super· 
imposed signal is received by transistor 80 which is 10 
base-connected to line 71 with its collector series­
connected to line 14b by resistor 81. Transistor 80 is of 
the n-p-n type and its emitter is interconnected with the 
collectors of transistors 82, 83 by line 84. 

8 
having a second end portion terminating externally 
of ~aid walls and adapted to be connected to a 
source of electropositive electrical voltage pubes 
of the order of about 12,000 to about IS ,000 volts 
and at variable frequencies in the range of about 
300 to about 1,000 megacycles per second, 

said walls having a tissue-contacting external surface 
positioned opposite said one end of said cavity ca­
pacitively coupling said variable frequency pulse$ 
to ground potential when laid surface is in contact 
with tissue structure, 

mirror surfaces llt'ithin said cavity at opposite ends 
thereof and adjacent said conducting member and 
said external surface respectively, 

Transistors 82,83 :1re both of the n-p-n type. Transis­ IS an annular member of electrically conducting mate· 
tor 82 is base-connected to ground, and its emitter is 
series-connected to line lSb by resistor 43 and line 85. 
Similarly, the emitter of transistor 83 is series­
connected to line 1Sb by-resistor 43a and line 86. Tran­
sistor 83 is base-connected to terminal lla for receiv- 20 
ing the variable freq:Jency signal from line 12 by line 
llb and resistor 87 ...,hic:h may be variable, if desired. 

While particular embodiments of the 'invention have 
been illustrated and described, vo.rious Changes and 
modifications can ~ made without departing from the 2S 
inventic.n and it is intended in the appended claims to 
cover all such chango!s and modifications that fall 
within the true spirit ami scope of the invention. 

What is claimed is: 

rialalidably disposed within said cavity for recipro­
cation therein, 

meaJUI electrically connecting said annular member 
to said conducting. member. and 

means slidably mounted externally of said walls for 
Rciprocation. thereon and concomitantly selec­
tively positioning said annular member, 

wherein said cavity is evacuated to a pressure of 
about 28 mm. of Hg. below atmospheric pressure 
and said cavity contains an inert gas at a pressure 
of abOut 1 mm. or Hg. absolOJte. 

2. A wand according to claim 1 and additionally in­
cluding means magneticaily coupling said annular 
member with said externally mounted slidable means. 

1. An elt:ctrostatic wand for the relief o f pain upon 
cont3ct with tissue ;;tructure comprising 

walls of electrically-insulating material forming an 
enclosure having lherein an elongate evacuated 
cavity, and 

30 3. Structure according to claim 1 v.·herein said mirror 
surfaces are spaced apart a distance about one fourth 
of the wavelength com:spunding to the frequency :&t 
the lower end of said frequency range. 

an electrically-conducting member extending 
through said enclosure walls and having one end 
portion disposed within one end of said cavity and 

4. Structure according to claim 3 wherein said dis-
35 . tance is in the range from about 7 centimeters to about 

25 centimeters. 
• • • • • 
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The Home-Treatment of Tuberculosis by 
·High-Frequency Currents 

By I>R. 1-"RJ,:DERICK Jo' INCU ~'RONG 

t--curcr Jo Electruchen•pculln, Tuha C..Ucac, Buuon 

S
TATISTIC:-; shu\Y that ouc <kath iu 

c:vcry seven i::. c;.au~cd by tulu:n:ulu:.i:. . 
usuall v iu the furm ~allcd "l'ul­
rnuuai-y tuln:n ·ulu::.i::t.'' ''Tttl n:n:u}c,.)is 
of the J.un~-:s" ur ~cuu~mn(>t~lll." 

Sanitary rc~-:ulatiuus, iso1atiou of c~sc;· and 
hy~:ienic cdu~ation ;trc rapidly lo>werinl{ this 
hi~:h dta th rate, hut tuloerc:ulusb is still 1111· 
man itv's must tcrrilolc ><'<>nq.:c. 

Thruunt the a~:c> "'The Crco.t White 
Plague" has <lone tnure to retard human 
pru~:ro:ss than all the wars ui the centuries 
- nut cxc:ct>tinJ.: tht· pn:scut Armageddun. 

Furtunes have ht•cn SJ><·nt in the study of 
the prc~· cntiun aucl cure uf this disease; 
C:OUntlc>s f urtuues. h;l\·e focen matle hy 
<JII;Kks and mi, tak,·n cntlnt.ia>IS who eithn 
dain>c•l or hdicvcol tloen"dvcs to have rli>­
Cu\'~: rtcl '' :\ Sure ( ~urc ior CtiiiSUtnptiun." 
The di,.·oHr}· uf tttlocn·ulin loy Kud1 \ \:IS 

witlch· heralded as the lun~:•·d-fur ,,;m:Ke:l, 
!Jut it proved a failure, and up to the pres· 
cnt time no "sJ~<:Ci tic:'' has been found for 
the cure of tuln:rc:ulusi~. 

T he importance of the subject is further 
emphasi~•"' when we rdlec:t that even when 
it tlocs not man ifest as consumption, tuhcr­
culosis still dues its insidious work in 
undcrmininJ.: the stamina of the t•nti rc race. 
Dr. A. C. Geyser states that ''ninety per cent 
of all ch ildren arc infected before their 
twelfth year, and nearly all hodies that 
come to autopsy show unmistakahlc: signs 
of prc,·ionsly existin)!; tubercular lesion~." 
That more people: do not develop tht: d1s· 
ease in its act ive: form is due: to the natural 
curat ive forces that are always at work in 
the hum:m body. 

ami is J>rol!aloly distri!Jm<'d h)· a dr.:nlatin!( 
Sr>!em. all tb U\\ n- a >ttl> tie "'Etheric Uody''• 
wlu.:h nll<'TJH:lletratc• the coar>cr molecules 
uf the ur~an ism and is dou!Jtless formed uf 
i m t> 'o n t!t:rahle .. 
chemical 'alums 
liner th:m the 
gas atum anti 
cuarser than the . 
dc:ctrun. J u s t 
as modern 
physicists lind 
it uen:ss.,rv tu 
employ ' the 
hypo thesis u I 
" The Et ht·r uf 
Spac:c" in vrtlcr 
tu aCCIIUnt fur' 
the ph<·numt·na 
uf ndiant en ­
<'rJ.: )', s u the 
most advanced 
() f our physiolo­
~:i>IS aud biolo­
~ i>ts arc: as­
>uming the ex ­
i>tc:ncc of the 
"E.therie Uody" 
iu order to ex­
plain the phe­
nomena of lift: 
in animal and 
\'cge tahle hlld­
ics. 

l'ruloaLly the 
g r c a t sympa· 
thetk nervuns 
system distrih· 

·ut"s the life:· 
carrying mattt:r 
of the "theric 

1/0Y..A:C. 

P , 

.~: 

ihan. that resulting from the "poison gas" o£ 
the: w;~,r zone. \\'hat can we do fur thesc·un­
fortunates? Those of them· who can go to 
the 5pecial; tuberculosis sanitariums and 

Disease germs j!row only in a ~uitable 
soil or medium ; healthy human tissues do 
not furnish this medium. Only when these 
tissues arc weak. inactive or charged with 
dead 'matter do they allow disease germs to 
multiply in thei~ midst and produce their 
poisonous secretions. 

body in much . Fig. 1 ·Showa Tru\ment or Tubcrculoale· b'f "Diatherlng," Fig. 2, 
the same way Treat!ng Tubo.~~~~o~l• ·by "Pzono Nebula' •nd T .. la _curnnte, 

In a previous article in the March, 1917. 
ExP~RI~tENn:R-"Electricity and Life"-the 
writer called attention to the existence of 
the "Vital-force," or "Prana," thru 'the 
activitv of which all life is maintained. ·This 
is absorbed from the food, air and water, 

as the heart and ;,, • :, 
Llood ve.sels . transmit food and · oitygc:n to 
th" c:ells and tissues. The: latter circulation 
d"pends upon th~ maintenatice of the: for· 
mer, fur if pr.,ssurc is made over cc:rtain 
nerve cc:ntc:rs tht: blood str.,am is rt:tardc:d 
or cases · ahogetht:r ; pressure on auotht:r 
center stops the breathing mechanism ar:>d 
· , dt:ath from syncope follows. Great dts· 

eo\·eries will Le made: in the imm.:diatt: 
· future thni the .study of the nervt: cur· 
rents and their relation to the· Etheric 
llody and to "Vital Force." 

It is because this vital circulation is 
fairly active..in the majority of pc:rsons 
that so many r:"cover spontaneously from 
vulmonary tuberculosis. But in cases of 
wc:ak "vital resistance," where tht: Prana 
is not activdy distributed to the lung 
cc:lls, the tubercular germs grow, mul­
tivly, S<·crt:tc: ·J>oi>ons and ultimately 
makt: the )>hysical Lody unlit fur its hu­
man tena m \diU is forced to move else­
\\ here:! 

Thi> lnwerc<l cdl vit:ality results from 
. h<·rccl itary weal.: nes~. improper fuud, anti 

:cLove all, fr• lm insufficient fresh air and 
ont -uf -tluor t:Xt:rci>e. \\ie can )>re\·cnt 
thiS hereditary Wt:akneSS in fUture gc:n­
cratiUIIS by fullowiug Eugenic princi(>lc:s 
and exercising the same care that we 
now usc: in lorecding' Llood.,d cattle and 
horst:s. ; 

Port.abte Vet Effective Etec:trlc:al App.aratu& for 
Otatherlng .1nd Tc:sl~ Tre~tment of Tuberculoata. 

But meanwhile we have in our midst 
countle>> thunsands of poor sufferers in 
whom tuLerculos:s exists in an :active 
iurm, aud th" majority of whom face a 

. )iu~:ering dc:ath scarc~ 1y lt:ss horrihlc 

-have daily treatment under proper sur­
roundings stand a fair chance of recovery, 
especially when the disease is in the: early 
stancs. There are hundreds, however, who 
cannot go to such institutions. 

When we do not usc a machine it rusts 
and falls to pieces ; when we do not usc 
an organ or tissue of the human body the 
life-force and blood supply arc !fiminished 
and Wt: have · a condition where disease 
germs can find a ready foothold. If cer­
tain parts of the lung are not- periodically 
~xpancled by the inspired air · they become 
' 'Anaemic" and susceptible to tubercular in­
fection, which afterwards spreads to other · 
parts of the lung. Now if -we can find a 
way of revitalizing .these anaemic areas, na­
ture will use the blood and· oxygen to start 
a regenerative process and the bacilli and 
dead cells will be thrown off in the expec­
toration. This latter material-the "tuber­
cular sputum"-<arries the infection to 
others; it should always be burned or. re­
ceived in vessds containing antiseptics such 
as creolin or sulphonaphthol. If this were 
alw:ays du ne the disease would soon be 
stamped out. · . 

It is a well known fact that high-fre­
IJucncy currents wh~n past tJ1ru the body 
l·ausc every molecule to vibrate to their 
particular periodicity, and this vibration 

l•ruduces secondary effects, notably the .re­
t:ast: o f heat in the tissues and the in­

crease of luc:al hlood supply. When an 
llcutc: infc:ctiun occurs in any part of the 

(C,mtiuuc:d on pag~ 718) 
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body-for example, in acute bronchitis or 
"cold in the chest"-we have as prominent 
symptoms-fever, consestion, cough and ex­
pectoration. 11o~t pcople think that by 
taking medicine to suppress these symptoms 
they can cure the disease; hence the use 
of cough-syrups, sedatives, etc. When the 
patient recovers under such treatment it is 
in spit~ of th~ m~dicine rather than be­
caust of it, for these symptoms are the 
very means nature is using to throw off 
the infection. Extra vital force is bein~:; 
wisely directed to the endangered area­
hence the fever, heat, congestion and ex­
pectoration. Medic:ll science has been 
working at the problem of "cure" from the 
wrong end. Instead of suppressing symp­
toms we must aid nature to throw off the 
disease-producing germs and neutralize 
their poisons. In other words we must 
assist and promote the process of inflam-

. It is because the inflammation is 
liciently vigorous that many cases of 
losis do not recover. The infected 

areas are usually anaemic to start with and 
after the infection becomes well estahlisht 
the general blood pressure drops and it is 
still more difficult to establish the healing 
intiammatory phenomena. Other germs 
come in and cause secondary infections 
which greatly hasten the progress of the 
disease. 

Now the D'Arsonval H igh-frequency cur­
rent, when applied to certain tissues of the 
body, produces all the dfects of a natural 
inflammation-they cause "hyper:~.emia" or 
increase of blood to the parts, liberate heat 
and probably promote the circulation of the 

! vital currents. This method is known as 
"diathermy" or ''thermo-penetration" and 
has been successfully employed in many 
hospitals and clinics m treating pulmonary 
tuhcrculosis. Dr. Albert Geyser, of New 
York City, reports over si.rty per ant of 
u cuv.·riu in cases so treated at his Clinic at 
Fordham University; others have reported 
equally good results, yet it is a fact that 
the St:~.tc: Boards of Health, the Public 
Sanitoriums :~.nd thousands of lung special­
ists i~;nore this important method of com­
hatting the "Great White: Plab'lle." 

For those: who can make or procure a 
Jligh- frequency apparatus, such as the 
writer de-scribed in the December, 1917, 
i.,uc: of the Eu:C1111CAL EXI'.I:IIIYJ::NTER, or 
any other standard therapeutic high-fre­
<fnency apparatus siving both Tesla and 
CJ' :\rsonval currents. the successful home 
treatment of tuberculos is is easily possible. 
The: technique is exceedin~:;ly simpl~nce 
<laily for twenty-five minutes, the patient is 
.:iHn a ))'Arsonval treatment-a block-tin 
electrode <ottachcd to a coni connected with 
each terminal of the solenoid being held 
ur strap! in close contact with the skin of 
tloe patient's chest and the corresponding 
purtiun of the hack (Fig. 1), so that the 
iufectcd area of the lung lies in the path 
I oct ween the electrodes. The spark is 
upcncJ un1il lhc: patient feels a deep pene- . 
1r.1t ing heat in the tissues between the tin 
•·knro><le>. If tloe he:.~t loccumes uncom­
iurtaiole the >par k ~:all should be made: 
' hurter. All fohy>ic ians' machines are pro-
' iolcol with hut ·wire milliamperemeters in 
1ioc ,, .. t ic11t'• circuit. \Vhcn the meter is 
·" .. il .. lolc tloe current ~trcnl{th can be ad­
Jll>l<·•l ~" '" tu ' ht'~in with 1.000 ma.,­
l!' ".!u .• ll )· iucrt'a>iu~; this to 2.000 rna., by 
!he ,.·,·uu<l ur third week of treatment. A 
louollt' ·on .. •le noacloiuc: overated from a one­
'l""rt'·r K. \\'. wir,·lc>s trall>ioruu:r will not 
.: ivc mure tl:an 1,2110 rna., in Diathermy, 
lout tloi> ··an he ma<lc sulli~ient by incrc:as­
in :.: llw lo·m:tlo ,!( tlor- trealrn•ut tn forty 

--nnnutc::~~.·'·~v•nnu3-.;."' v ...... ., · • v• ·-----
treatment will Ldng aoout recovery in a 
majority of consumptive patients. It is 
sc:&rcely neces;;uy to add that proper 
dict;uy and hygienic measures should also 
be employed. Bulletins ~iving all n•eded 
information on these potnts can be had 
l{ratis from any State Board of Health 
A physician should Le consulted oc· 
casionally so that the progress of the case 
o:an be itttc:lligently followco.l. 

The u~e of the •·o:zonc Nebula' ' bv i"ltulu· 
lion is of ~rc:at value in treating tt1hcrcular 
cases and when it is given in connection 
with Diathermy the dJ:~.no:es of the pa· 
tient's recovery arc materially increased_ 
A simple home-made apparatus for this 
treatment is made: from a WclsLach lamp 
chimney mounted in a wooden upright as 
shown in the drawing (Fig. 2); one end of 
the chimney is open, from which the patient 
inhales the nelmla; the other end is closed 
with a disc of wood thru which is past a 
short glass tube three-c:i~hts inch in diam· 
eter; a brass rod ~"' by 8"' slides thru a 
hole in · the center of the disc. The inner 
end of the rod carries a small brass disc 
1/16"' uy 1 Y."' ; a small insulating rub her 
handle being attached to the outer end of 
the rod. A rubber tube connects the small 
glass tube with a D~Vilbis Oil Ntbuli:ur 
(procurable for a small sum at any lar~,;e 
drug store) cont:~.ining a small amount of 
"Pinoleum"-a preparation containing oil~ 
of pine and eucalyptus. 

In treating, the patient sits on the lil.ocr 
condenser pad which is connected with one 
terminal of the Tesla coil; the other Tesla 
terminal · is connected to the brass rod in 
the chimney which is brought up close to 
the patient's face until a fine purple effiuve 
passes between him and the brass disc. An 
assistant now alternately compresses and 
releases the nebulizer bulb, thereby forcing 
the vaporized oil across the effiuve so that 
it emc:r~es {rom the open end of the chim­
ney doso: to the nose and mouth of the 
patient. The patient, breathing naturally, 
inhales the chemical combination which is 
said to form between the oils and the ozone 
and nitrous vapors formed in the effiuve : 
these a re later released in the lung tissues. 
The action is antiseptic and also carries 
oxygen into the infected areas. Oinical 
tests seem to prove that there is a com· 
plica!l:d vitalizing effect obtained by the 
simultaneous usc of the ozone nebula and 
the Tesla currents. . 

This method was devised some years ago 
by the writer and differs from all the . 
Ozone and "Oxylene" systems on the mar· 
ket in the above respect ; in other words it is 
a combination treatmc.'lt of two well recog-
nized healing agents. . 

It should be given for only a few min· 
utes at a time, and twice: daily. If the vapor 
is too irrit:~.ting, reduce the eRluve by means 
of the spark sap or uy withdrawing the 
sliding rod in the chimney. 

No possible dangerous effects ean fol · 
low the intdlisent use of the electrothera­
peutic methods above described, in the 
home treatment of tuberculosis, and the 
uenelicial results are very marked. 

Those interested in using high- frequency 
currents for the above purpose should ob· 
tain the back numbers of the Eu:cnrc.u. 
Ex~t::R.IM£NTU containinl!' the articles "Elec­
tricity and Life," and "Treatment of Dis­
ease by Hi~:;h-frequency Currents" by the 
writer. 

It is hoped that this article may be the­
means of c:nahling many sufferers from 
tuberculosis to rc:~ain their health. 

--

--
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The intere•tint .tory of a man "too . bu•y to 
ene_rgy and uitality only alter htJ lo.t it-and how Jae 

who app .... r:iated :,.rl~t Mlth1 

n it 6acA: in a daJ'tllnt MOq 

Y OU probably know uotcns of people like 
PlY frien<l ] nhn Brainard. Stron~, robust, 
~ hum:m d\'n:uuo fur wqfk

1 
~ rc·al bull­

'' ~' t· .1 l•: t; : :~:; t!f; :t :f · ; t< llf:.,tf: lifl:;•l, )II 

•ttl: 1:1 k 11•11!:· I n ~ :;I '· l'!'l ~ll lti !::1 d•~ 
m·ss and sitk people. lie rt~ardcd sldmess as 
a milo sort of crime and hat! such faith in his 
own cx, dknt health that ht: had about as 
much sympathy for sick people a:;, according 
to Mark. Twain, Davit! had for Goliath. I! 
you ilapfknetl to mcnli'!n . that you didn't fed 
extra wdl Brainard would say, as courte-
ously as was absolutely nen.,;sary, 
"T'bad, very sorry"-and you could al­
mo>t uc the entire matter sail out of 
hb other car. Skkn.-;s and suffering 
were forch:n to John Brainard ancl he 
coulcln't understand it in other people, 
that was all. 

But as Ju, h Billings once said, "Health 
is like munny. We never hav a tntc 
ich-•· uv its value until we lo:.e it." Anc..l 
quite suolol,·nly Juhn llrainartl rL-alin·cl 
\\lu i ill1u·:tl1h j, Tuu UIU•h un.•rwmk. 
itt llfJI._ifJt.t :t lt· ltu llfo.l 1 httr!Htth•t:ttl• Utt•:tf.:. . 

~wl ~:•· u• · l:tl in:tltc·utiun lu hi; hl'ahh 
l111ally "told on him." One cby I w~nt 
tu hi> :.p~rtm~nt> ancl found him in becl 
with a >e\'cre attark of sciatka, but 
fum in~: with ra~e in >J•it~ of the int.·n:.e 
p:tin "\\' Jo ,• , J,.mlcl l haw tlo i< ~- , l'w 
• .... .. •• ... 1 ...... 1' It • • • .., •• • .. tf "" ,... ~·II !U.. It, ... 
\\'1, \ .lu~tdd /I,, . .. j,t. t lhHit-1 11 , f n••u'l 

f,,. ·I• k," utul lw jt'lh•l hiuo•dl tu u 
>~tttn)! pu.ture uuly to f;dl bad;. in pain 
upcm t h~ pilluw. 

Fur a wwlo: Juhn Brainard Jay in bed 
in int<'II>C al(uny. 1'hu>t of you who 

By FRANK HARTLE 

could use i1 on hin~SCII· and It woultln l shock 
him like dectricity in other forms,\how it 
w~\llcl $1Lrd~· ~ l lt·a~t hdf his own ,sdalic:t 
!I !l jl I t:o:: 1 hn :l :·11 :11 :; If,.~· ,: 1'!11· ~ If< II 
l'l.l!ll li'IL l tH; ~-tlrtl!' ! , IHII\1!1•1 :!l!l~ iht ~lli~ 
ol other tliseasl'S, ancl finally 1 !ole hlm how It 
would bring back to him his old "pep~' vigor, 
and "knock-'em-d~ad" vitality. Tbrn John 
rolled over and said, "All right, if it brings me 
out of this blamtd bed a well man I'll swt<~r 

by it for life. Carli in the' 
dynamo, or whalcvtr it 
• is.'' ~ 

Now, lhroul(h the Vlol.tta, you Q.n hnc lJJ 
your own home; thr wonderful violct-ny trt:at­
mc·ot~ ~~~ctlv a $ l!h'tl\ by tm?.\~nl &bplcbns 
Vlilt li~~~~~~ ~~ :~~~~tl-ttt 11VH11ttt~tt \lr ~tiiJJl'!l 
!:\Ill ~ 1!11 ~!tU I :j Hllh~t! jtl [ul ~~~ L!; t·ill:~ . 
tonu, l:onstlJlatlon, Uan run, Ueahtttt, iit­
zelll<l, Eye Diseases, Hay Fever, H .. ad&cbc, 
Goitre, Insomnia, Lumba11o, Nervousness, Neu­
ritis, Obesity, Par.1lysis, Piles, Pimples, Py­
orrhea, RbcurnatQm, Skin Dbcaxs, Sore 
Thro:at, and many other ailmcnU. 
; Multiply your bodily bcalth-vitallte jour 
nerves--double or treble your cnerk)' a.n vi­
tality. Sleep better, increue ,your atrcn~tth, 
improve your appetite and digestion. · Soothe 
your n~rves, retluce or incre;ue your ftoh, 
tone and strengthrn the entire system, bclruti­
fy your complexion. All with the Violdta. 

Trisic Friganza, the famous actrn.a, u~, 
wCbLocrfully will I adc..l my pr~i>c for Violdta. 
It's the bc::.t 'pain ch;uc:r' and 'wothcr' I've 
ever bad the good fortune to lind. It's won­
cicrful. It cured my brother of neurit~ . .-\~ 
fur mndl, I us~ 11 lur (~dal lr~lthu•ut• a11•l 

·11\'ll~ral IIIR••uu~ I c "'""'! ~·~· 11111 
much fur II ." l'rauk llurwnc, ui s~al­
tlc:, Washint:ton, s..ys: "1 purrha:.ccl the 
\'ioletta fur ·my wife who w:u ~ulferin~t 
from an :.cut" attack of ~ciatica. hom 
the very lirst treatment it inclucecl peace­
ful rest and she is entirely well nuw." 
<:~ r ·r>4 11f l ~ll•t• (fl,f' I,,,..,. Ill" H••l v••l 
u•lt cl.tY 

'II• ~ Vlult·ll~ b tttoll \'llll!llut . It lsttttl 
. a machine that coni racts the Jltii5(.IC3-
it doe nul shock.-it dOd not pound the 
muscles-it i:; absolutely painlc.:ss. 

loa\'c >Ulfdt·d from arut c sdatira or 
rh.·um:.ti.m know what it is. The doc­
tur '·'""' and went, lout 1'uc.cl.ly and 
h uJ,,y wl1e·n 1 talk•l. John only lhlicl, 

.. Wh•l\ I,.,. that fl••• tuM Oft.r my •ltlJ•' /' ••Jd Jolt;.. 
••u l•lt Ju.t Ill•• • locer en•••tl•atlc on • fiiUJ toot A. •• 

Eminent phy>icians from all over the 
country apply the Violetta with wonder­
fulre,;ults . Dr. Bert H . Ri<c, of Vinton, 
luwa, .ays: "I have good CL-sulb with 
the Violetta. AlnaU$t lnotanl relief Jn 
l'adal !lleuralgia." Or. Daniels, I.iabon, wtth a wc01k ath-rupt at hi:! Cunner 

dttcrfuhw=. "!\:uthin~ doin~:, Frank. They 
hawu't JlU>ht·rl the ri~:ltt IIC•alth button yet. 
Wlw ..,,,, tlo .. t fdluw an)·w~y who ,...jcJ >omc­
tluu.: ·••••n&l '.a w.au tuu IJU:"'Y tu l.&kc t_.rc uf 
lu, lu·.tllh " H,· a tned ... urc tuu hu.y to lake 
C;&lt' uf hi -. tunr .. ' " 

... .'. ·· :: .. :'·· ; ... :, ::.~'.' i'.' •. ! :~r '\ ··,::"'·: .. ~;:.:~·.r· .. ',:::::l 
Juh&•::. ::.ttJI I"·Ju..: :.u "'-''Y ilL ••t .. blcn • .t-•J.&uk.. 
ui.J huy," he .,.j,J, "I clun't want lo be pre-
, ·' ·.·t, .' ....... . ·•!•; I I· · "~ hi... lj:·•t ·••:·! { 

' .. - ' .•• r ·· -~ ' • .• r .,,. ' 
urtain1y l1dint that the Vue will fix 
J uhn up Ji uc, but th~r~'$ a lrr:.tment 
wlurh cutirdy rur~d my wiic of chronic ncu­
r~ l!(i..,, a rut nuw it·~ brin~:iug total cure to PlY 
ruu>in, "nuth~r .datk suff~rer. I think jf John 
woulc l~o: ivc it " trial it mi~:ht help him some." 
Ten minut,-; further conwrsaliun with Conrad 
cunvint ccl me and 1 went right over to John's 
bumc to "::.prin~ it." \ 

"Jolon," 1 sri<! •tuietly, a; I tip-tOc:d into lu~ 
bcclruum, "I' ve gol the: very thin.:. Conroa'l 
f,..,. ~ti wn me >llnlc real fa(ts about wh.tt elcc.. 
t rk \'lulct ray:; 01rc cluing fur pc:uplc anti 11 
tlunl., ·" 

"(lh," he inkrruptecl, "I clun'l know. 1 
tlun 'l Ull..I~IUC il 'aU h\.·Jp IUc." 

! 
the sort ," I insisted. "ll's a handy little tubc­
:.hapc:tl thing tlu•t attaches to that elrctrk 
wd<et ril;ht u\·er yuur hcacl. Ancl yCJu c:on 
:opply it yuur,cll rit.:ht tu y11ur 'hicle' without 
ft·d inl( a hit uf a •h<>rk." 

Tlorrr rlny• Inter I luul ~ullc•n · tt vl .. lc·l ray 

11~-f\Uu•r ur ' ' '' ' t' f ' ld·.~t.: '' 'IJI\1 J ,. l l h tl" •tl fl \ '" 
tlol .. b .. .. ,,,j .. ,,,b .. "" ~--J. h. ,,.p .. .... '"' •. ~ 

tir>l trr~tuocnt, "1 thou~;ht clc(trkity alw4y:i 
shorkrd " fellow. Why, when I ran that glass 

lt~ l'~ ~~ a ~;;r 1~Jt\ H ~ ~: ~-~~h ~ r:~~ -~ '!~~ ~ ,~ ·~ 
around, il )usl felt Jikc: a Iota! anabthtlic on 
a wild tooth. If this keeps up-ob, boy!" 

John Brainard got up for good three days 
ago for the first time in ovc:r two wee: Its. Five 
days' tr~atment with the violet rays put him 
on his feet. 

"\Vherc: is your 'rbc:umatiz,' John," I re­
marked yt-;terday. 

"J)unno. Fr:.nk, I c:.n't find it anywhere. 
It ju:;t 'viokt-rayed' itself away, I guL-.s," bc: 
saitl, pointing to the instrument in the bath-
ruom. 

"I sec you krep it attached." 
"Ycs, you sec my. wife discovered that the 

0..-:;t bcauty ~&..-ciali:.ts in town used it, :~nc..l she 
-~to·cll, my wife's a wom;rn you fr.now." . . . . . 

North Dakota, says : MHave used the Violetta 
in such c...sc:s u Goitre, Bronchitis, Pieuruy, 
Neuritis, Neuralgia. and I-untl>aKo, and line! it 
wry t..<·neli lial. In f~l't, I woulrl not be wttb­
uul it in my oft\rc. ' ' llr, G. II . J)unr~&n, Kc­
WMtll'r, Ill , aay•, "The Viulctta I. the 1\ncll thin( 

1 '''(''I'"''' " , .. n,_. •. fl r""l1··~11 .. n In ~lll 1'7'' "' ''"' .... _. , ..... . ,,. h lt.:\.tr i•"'-t ...... r ... , ..... ht 

.., plc ..... ut that .. n of any swticnt,a like it." 
Write today for a very inteftllling little 

~~~~~~~ ~ ~~Pl~~L~!·~2 1 :~ ~~~ ~~'~I~t !l:~ Yiele~!~ ~P.~ 
bow you c n try It for ten !bys Letore you de­
cide. Rt<~d some of the amazing r~ul~ pro­
duced in almost every disease. Read how tbe 
Violetta can be attached to any electric socket• 
and also used where there is no electric light. 
Read hgw this little instrument, Jhapo!d aome­
wbat like a thermos bottl¢ with a glass tube 
and bulb at tb• end, pours electric ~11<1rgy and 
vigor into every muscle, fibre, cell, and pore 
of y11ur body, read bow you do not· have to 
obligate youniel£ in any way until the Violetta 
bas proven ~ts value in your particular cue. 

\\"rile { or tbi• intcrrstinc booklet noW. !--ill out 
t lu.· ,;uul'uU ,,rullcc..l Ldu..w fur )'UUt further coo ~ 
n u i..- lH ~· . tJIIJ m"JI 4l unt~. .A.Jdrc:u. · DJ(ad,Un· 
l>un l'ump.u1y. Dept: ZC, 11 Su .. Det.,Kaioca St., 
t.:Uic~""' Ul. 

BLEADON·DUN CO., 
"Of tuur>e yuu clun't t.:.nuw. Ancl you never 

u•iJl until yuu try. :-\uw clun't talk fuoli.h, 
: Juhtlll\', uld ~•·nut. Wun' t yuu ewn klicvc · I yuur frit·ucb? 'J'Ioi:; \'tukt ray treatment bas 

prv;·n/ "'hat it b ." 

11 ~ And tlwn I w~nt un to tdl him all I hac! 

Violcl rays have brou~tht gaud r'tsults in al­
mo>t cnry dbeasc and Violcna, being the 
mu, t :.c..l,·anc,·cl in:.trunu:nt produced and scll­
int.: many thousands ahead of all olbers, is 
<Ulain tu bring you thc: hc-.llth-~:ivin!( n-sults 
you have always wishc:d. But we do not 
w;ont you tu take our word fur it. J Ud!;~ Jor 
your..clf-try i~ fur ten days in rour home 
bdure you cledclc one way cr thc other. 

D•Pt. 2C, It &o. o .. plala .. &L, c•tca10. 
J•Jea:w= kDd mo JCJur fr.:e booklet .about. the • 

\ 'luJeU.;a. aud tea da)'a' trial otfcr. 

j !cawed al10ut viokt ray trcatm~nt-huw it had 
:c:u inwntc<l l•y the ~:real Tt'>Ll in l!sQO, how 
wa> Lt·Utl! lbc:d with wonderful SU((L':>:i by 

lr. ~-" l>h>>k 0M >II"'"' obo ""'"• lo"w h< 

A .A .A 

~;&b..l&:; •• •••• • • •• ••• •• • • • ••••• • . . . .. ...... . .. . . . . .... . 
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Delightful 
ments 

Your Own 
Right·· 
Home .: 

Enjoy wonderful, s~arkling health! ·Feel"the · 
thrill of the bounding yitality of youth! Increase 
your store of energy; revitalize your worn out 
cells, make every fibre of your body tingle with 
a new vim and vigor! All this you can have 
through the magic of Vi-Rex Violet R:iys right 
in your own home! 

Violet Rays penetrate to every cell in the body, im~g vip which 
brings the glow of health, tones up the entire system, putting life intO and alugrish 
tissues. As a quick relief from pain Vi-Rex has no equal. Its sootliing rays quickly find Ute 
source of distress and afford speedy comfort. Headaches, nervouslless, akin blemishN and 
"rn:my other complaints vanish as if by magic through this marveldus trea~t. You will 
be amazed at the splendid, quick results through the use of this woni:lerful new Vi-Rex V101et 
Ray Macbine-1ight in-your.own ho~el · · 1 

. .lAYS 
0he A~azin9 Hew S':'urcf of 
Jlealth. ,Ener99. a_lJ._d 13_e~uty 

VI-Rex VIolet Rayw are effective for a hoat of ment at home. . 1 

dloorden and ailmenu. Physicians In all parU The operation of lhe outfit b almplldty ltall. 
of the eountry are adding thia acientific outfit to. Current from your electric: lllht 10c:ket u ~ 
their equipment and r~mmending Ita uae to Conned into an efre<:tlve healln1 arent u pkuant 
their pauents. Beauty apec:ialista have long to the aenses ae a ray of aprifllauDahlne. It may 
~Jiud Ill efficiency for inducing a clear and be ullt'd Oll the Very young and the very old wlth-
ht":llthfulslcin. Until ~ntly erpenae prohibited out the alirhte11t dUc:omfort. No aboc:b or jolt-
the Ult' ol thi• rem:ulco.ble health-building force in jUst a soft steady ray of violet ll&ht filled •lth an 
private homc:s. Now the practical. hlerpen5ive abundance of health and enerJ[Y. (Special ~uii)-
Vl·RI!X VIolet Ray Machine enablea everyone ment 14 suppUed to you at a tri!Unr c:o.t U electric: 
to enjoy all the benefits of thls marvelous ~~- current is not available.} 

20 Home Self-Treatments FREE 
You don't have to take any risk In giving Xi· •. 

Rrr Vlulrt R:ayw a tri!ll. Take 'o tn:atments tn 
yuur nwn hom~. li~~e thie m:1rv~lnuA m:u:hine 
mornlnr :~ncl nhtht fur ten d:aya. If you do not 
tincl rtuirlt rrli•l-if ynu do not 1«:<:1 better. -~~:~ 
I~Mt•r. lr••~ l ... uc-r. orn•l it h~c-k nnrl you will not 
be nut """ prnny. T hl• •a>«i:>l otTer is now open 
hut It m:ay he wlc lu.Jr:awn at Any time so act 
qulrlr.lyl 

Write for Free Book and Trail Offer 
Wrllr 1<>-oiOiy fur uur frre ~M>klot d.,.c;r ibing the 

"'''"''"'ful v .... ,. ... uulflt In C"Omfllr"te dcull, and 
a .. utlt nl.ar11 ,,, war llll("f.tl trHJay tri:.Ll ufTr"t. Find 
cmt hrrw \"lul,.t fLay• '4'i lt hrl(1 yrlU. Rrnd what 
l~t~ r~t lr..-·t• uf UN"ta "ay '*I N1Ul th~ Vf• l{e:r and 
a•t••flhftUIII( rr•tdl• whkh ha\'r hrrn nbt-.&in~l. 
I ,.,~ffl ~h)' It i• Chr mruat r c'ftnumir"!LI t.tnrl {JtetMIC':ll 
fllof. t tun.- tol II• "hul .aVIUI,•I•If'". \'uu tncay u.w: It to 
x • .an llf'nltll . , . ,1-.IH)' . J,.-. .. ut)•l Thl'"tC" i• nn Jh:nJt 
Cu ua l""r..,.hd•l puwf"u, ~l uil th~ l ·oupon or 
Wfhl • l• .. t.al. J Ju It uuw. 

VJ-Ra• Electric Co., Dept. 4-4 

Not a V'aabrat« 
Tl>o VI-R.a Vlolot na, 
)1-w.. y ...,, •• ~ 
bta&or-4o.. oot.abo.k 
or jar t.lM ...,... • ...t.. 
Jg .s.cu ....... '-~ 
l&la..t lllirot~&b lu 
"....,of Dln'tt.nboeo­... w-...... ..-. 
~- .. rf----­Mo t-alA& of ......_ 
.w-.Jiwl,u.&io• al..__ 
--oal7 • ..-ron.&ac. 
~---ol " IW . 

Namo ........ . . .. . .. .. .. .. ........... ... . ...... .. 

Add.- .. .... . .. ... .. . .................... .. .. .. . :. 
:nt. W. Madlaon St •• Chicago City ...... .. ....... ...... .... ~sw.. . . . . .. .. .. ..... ~ 
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A ~)sed ~~tJsc~ mea.naafhandlin:ryourown ca .. r.aBorded 
by. tho RENUUFE VJOI...ET RAY HlCH FREQUENCY ,CENERATOR. It u.., doall'!'.d and mado .. that'anyono can apply tho wonderful cornctl,.., 
urbulldin~ forca of -tho VIOLET RAY~ Thie pleaaant POWERFUL fonn 
a elec:tri::lty hu done.and u doinc 'wonden In :rolininc and oliminatlnc 
pain· and euffo.rlng. You owe It to younolf to inTeeticat.-6nd out tho 
facte. Cot oW' new boo!:let cxplaini::t:r tho Datura of tho VIolet Ra)"-iu 
u..,e, bone6te, and applicaU-nd tha coupon below at once. 

-WHAT USERS SAY 
-n.. .JI.oomll!• ~ lla>' Bic1> ~· 

- c-.~«lo ..,,..!or lA .c:.;...., __ .. Jiio_ .. ,_ ... __ 

'""'"'._.... --"'"P ....t _ ... __ ...,. __ Ood ~-

... ~loalooo.,..,od. 

~~!'!'Xloo"""-w.ld- - · u. 
~-.. ... l..r..c11U..arW:rirl&. I 
~ ...... ~til tar .n 1!. IIIIGOCF 
tD U.. "W"''Od.• -I c:a~m0\ nooiD:IIMOCl I\ 
too bJa:\d.,.• -%-.....b.., ,..{ac miDe DO"'II" 

fot 0 -k fo<8et.tioa ....t 1 ..,.J:UcbJF 
1)'--d wh.b ....Ut..." ..,I 1-b.IU. ll &. ooe 
of ttl. bMt UtU. ~ t.bt..,... .,... 
t.. .... too~.• ·n • .,. 'UOd 11whl> ....n..• 
r..Jlt../~ the tw\antloa. ol \a.lt ud • tU 
ud.,. ~*' aa .... Soillta.."' ... A:D 
..n ol- will> u.. a-s ..... ....t -
kiD-1 u.t .. t .... ,m tr.m ~eo~ 
~·... "J,b Gectcat.or b.. ~ttooD«i IDoJ' 

. JMW"itl&.. "'"'!!.,...,. ~ U...Lcl }.a ..... 
Jleftwa. Vlol.rl Ra.T IIiah F'nlcl\tenc7 
o.n-.tOT fot lU tn&tmell\ Cl( N.u~; 

· N...arit&.: 8oR ':["bra.&t: x--. 1D N«:1r.: 
c-a..,: Rooda<bo: SWf N .. k u-
.. ~a~ - · J<t-matlom:--In •"""- poiD ot ollld...s..''-!.1. 0. 

.. I ha .. '-'"' much ft'u..nd h7 tb.- of 
701:1r \·io\tt RaJ' o-...&or." 

.. hit Go• fcnt..a.ocaaia ... 

•t 6od "ou<h • w, •• - --
.. 1 'W'OWd DOt pe.r\ with it fOf' 6ft tim. (he 

priN. 1\. .. ....,.. a. little W"DDIId,er, .. 
-1. am IDON t.l:t.a..D ~ with the 

Oeaan&.or. U.. wbc* ta.mlb' an ualnc it. .. 

THIS TYPE o! Violet ll:tY Jr"tru• 
cnent m~kn possible alia-ht.conwnicnt 
hondl• and permits larte efficient 
units to be 'UX'Cl contained Jn band­
IIOme case. 

OUR NEW BOOK 
JUST OUT. This latest edition 

e:%plaim in detail. with 1n:1ny illus­
trations. the uses and bene£. t~ or 
Violet Ray. You should have 
one. Free for the ~Icing. 

.SEND. FOR BOOK f l 

THOUSANDS . OF VOLTS 
-No Sltock-No Hamt-Simp1i Gre4i Bdtlil! 

C=t !rom your lir.ht eocketlet:rana!ormrd 
Into the most powcrlu!. dl'ectivc purifyi!'g 
Health and Beauty givill& agency~ yrl_ llS pam­
!~ and pleas:mt as a r.1y of euushinc. Made 
safe for use in any home, on infant or ~kt-st 
invalid. Attacl:s the dC{'p 10ted eource ol 
diseases. at the s:u:te ti::le n:licving the Debe-s 
and pai~U which =Y be the annoying ay!np­
toms. Learn bow this :modent form of dr<:· 
tricity-The Violet !by-eo ac~ptable to the 
human body aet11:1lly saturates the whole sr•t.-m 
'1'-ith i nvigorating lile-b.den forces. brin~::ing b:lck 
normal condition:). You m:>y trf':lt the 10("!11 :lrt':l 
but results are Dot confined to th:.t part :llnnc-­
the blood, nerves, U.S.ue:s ure n:vit.allicd. to ned 
and restored. 

Send for the DooL:.Iet-(cll o( lnformo.tlog~hat 
tells tbe olory eo you c:>.n unrJentaml lt. 

Natures Own Aid 
Wb:.t Is th~ otr-..n~e rebtlon b.-t.,....n •l..ctrlcltY and 

ll!e? Some doebre doctr!c:lty i1 lilc. We <I<> not know. 
But life c:ellt do wcleome ar.fl rHPOnd zn~uvtloualy to 
electricity In the form of Vlol•t l<nro. It wnrk• ,.lth 
n:~.ture to re-store t":hcrc· many other method" £:1U. l t 
tre:>ts fund:>ment~lly ~::U therdore II ep<"cifierJ by 
J"hYikl:~nt for :a ,.,itJc t:l!'::"C: o£ ailmf'nt..-for rhf'UrD2• 
ti!m. neurit is. ntrve ttnc.l blood dliJOt•le~te .• t tc.­
both chronic and ucute. &e the llot on cournn .nd 

~:~:~~~~J.'"h'~c:u~,~.~- p~~~~~.c:::~~:>\1!~ ·:~~ 
dilllenloa lmprovcd-functlona rr,tortd to normal. 
Combln .. the benef.ts of elrrtridty, \"lbratlon. n• 
crdx. atlraub.llon. an1l ol.!tlaUon. Crt t~ i nfnrma. 

~~~na!:C:~~~~~~ loO: ;i~~~~! f:~"it~r: th~o~,~~~~; 
all. The Tri:>l l 'bn ~rtr-tl Ito v:>lu<, In actual uoe. 
llocdve !ullln!ormatlon b y return mall. 

Renulife Electric Co., Inc. 
1204 Marquette Buildin~r, Detroit, Mich. 
Cltl~• OIPi~, Room 110, t:l W"e•t M•Jl~ 

CANADIAN RENULrFE: ELECTRIC CO., LTD • 
1204 N•ttln'( Dui:dlnc, Wlnd1or. Ont. 
To•onlo Ollie•, J41 AJ.t•IJo St., Wut 

LOWEST PRICED 
Etficlant 

VIOLET RAYS 

Hlah C lau S.loa 
Dt.etrUnalnre Write 

fw Pro-ltlon 

Jl::St:un ELECTIU~ CO .• 
ll.M M•tqt.MU,.. J:U4t •• O.t.r••t. Mkh. 
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LF. MAGNETRON AM.PLI~IER 
Patent No. 2,546,033 : .. 

Chester R. Knight, Scotia, N. Y. 
(Assigned to General Electric Co.) 

This blgb-~ain amplifier ues 2 magnetrons 
per stage. It eliminates contact potential errons 
and bas high stability. It ill efrective at low fre­
quencies down to d.c. 

A magnetron ill a diode with a straight wire 
cathode anrrounded by a cylindrical anode. It 
requires an external magnetfe field parallel to 
the cathode. Electrons from the cathode are at­
tracted to the pceitive anode. The electrona tend 
to move simultaneously in circular orbits around 

the cathode. But due to the magnetic f\eid, under 
the combined effects of the anode and the field, 
electrons travel along spiral paths wbieh besrin 
at the cathode and terminate at the anode. 
· Jf the field ie intensified, some electrona uenme 

circular paths about the eathode and do not reseh 
the anode at all. Further inereqe In flux density 
reduces the apace current bee&Wie trtlD more elec­
trons do not ree.eh the anode. A typieal mqnetron 
characteristic Is almcet ftat up to a critical ftux 
density, then current drops sharp}y toward cut off. 

Each magnetron ia eurrounded by a pair of coils 
to generate the required field. Coi1s Ll, L2 ener­
g ize magnetron Dl. The- arrows indicate that 
their ftelde are additive. Coils for D2 have oppos-
ing fields. . , . '· 

With zero slpal Input, Rl. R2 are· idJWited 
to bias the magnetrons to a critical operatlnc 
point. Therefore the spaee currents are IM!tlllltlft 
to either decrease or increase of ftux density. The 
output 'Voltage Is lnitiallT balanced to. zero ·by RS. 

Wben d.c. (or alow}y ..... ITinc Lc.) Is fed to 
the amplifier. the fteld of one mapetron Is 
atrenctheDed and the other weakened. For ex­
ample. i1 the alpal bas polarity as indicated, the 
field aetinc ou Dl ia atrencthened .a thia tube 
p&~~~~es leBa current. D2 eondncta more freely at 
this time. The currents thronch R3 are no loncer 
equal (and opposite) .a output appears between 

_tenuinals AB. . .::.-
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'~: . ~.ay,.· o(:Peath Kills at 6 Miles 
·. ·. · .\!:ttT ··. · · . 

. , .. 
· Hcnd Claud~l ,of Bourgcs, 
. Fr.ance; if .~h~f::i~ventor of 
· rht.s n..ew . •: 4!~~ ': ray ma­

' ·: . c~tne. · ij~ · ~~.;.~q~wn h~rc 
wuh · t~e ·l~l>par~~.us wh1.:h 

. recent .: tes.ts ·.•'4"-ve · proven 
be : :highly'\~:~atisfactory. 

• : 0 0 t;; ':• I'~ I < 

,. ,: . . ... ' .. : ' 

!.:.v •• · • .•.. :_, ••• _ ,,_ ...... •·'!:. ;:·;;, •'"--""~ 

LATEST · of .t~e death rays, designed for 
. modern . wqrfare comes from Bourges, 
' France . . Henr} · Claudel, '\Vell known French 
; scientist, i~· .the jnventor. . 
l Recent experiments with the delicate ap­
j par~tus have p~,ove.d it to be unusually deadly 
I w·hen directed :at small forms of life. The 
! inveritor. :est,im~t'es that the machine, which he 
; calls "Rays : of. ·Peath," will kill any living 
; thing at a ·· qistance of 10 kilometers, or ap-

proximately. 6 ~~ ~les. 
The rays are· projected by means of a slender 

tube' mount'ed ·.on a tripod, permitting the 
operator . to senq them in any direction or at 
any angle. Details regarding the constructio~·1 
of the death ray machine <:tre b~.ing kept a 
clo~ely guarded secret, only the re::;ult.s o'f th~ 
exnerimen t hen-· in o · bee-r- ,~, : i-'·l , • •·•• = i-- 1 i ,. . ... .. ... .0 .&. .~ . .. ~·- ! .... , ; .. .. -. 
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AN~ INVENTOR'S SEAS IN ~D IDEAS 

Tesla! Poin~in~ to 'Grevious Errors of he Past, ExplJinS 
R dio as ~e Seeslj at~ge of_~~-;-H~ E epts Television I 

By OU IN E. DUfLAP Jr. F Ita of SocJion. l 

A
AL · lean Jnve~~or ln a cut· THE: b, , moder_n 11arc~ lab· 
aw walked J~to hlll ·aky· orate 101 are b , tho iincu-

1 th bato of tdoaa &1 · ho baa. . 
acr er parlor th r_ty- reo watched t om tuncUori:. Seldom, lf 
tloo a above the ldew~lkl of over ho . . xplalna, ha~l an orl~lnal 

New York 1lald hla bl,clo derby on Idea' of a 'r con .. quen o been ' born 
the table, ' pened tho llwlndow and In an ol ' borate labo atory. l Tho 
then w1111 r 11dy· to talk bout radlo'• Cl&' of 1c{ nco Ja laid I the neat of 
put, prea t and ful o. He wu , colltudo. ' rue, Jt ma later bo ln· 
Nlkola. Te Ia, the In ntor whoao ' cubated alched and ur~td In tho 
dlac:ovory : t tho rota, ma~etlo l mUUon-do ar IAborato • 
:tleld mado poa~Jblo tha altomalln&"· ; .. ...... . . . . .. . . . ·.;· . 
C:ul'rent m or. He de~ rlbod a ay., · "It !11 p vldenttal ttip.t the youth 
tom of wl leu tran•fll aalon of en- . nr man Inventive _inlnd Ia not 
crllY hi 18~ . ·I ! ' ble!!aed' llh a mllll~m doll an," 

Seven loatonu b~ond thr... :: ~ld Mr. cala. "He would tlnd It 
acoro &nd . ton, thll ol~ctrlcal wla- f!l~flcult o thlnlt . The mind Ia · 
ard, who : mo to AmA lea In ua•. ::~~:trper II. .d keener In aecluslon and 
lookoll ba acro11 t~ yo&ra, r.. u:1tnlcrru ted aolltudoJI No big lab- , 
called wh: o tbeorlata 1 often cho.. r::·r: tor")' Ia .nccdc<lln which to thlni. 
wron~ pa a at the c oaaroada ot c-;·!r.lnnlll thrlvca In .leclualon tree 
acicnco nd then urnod hla c,r ou'. r.l~!c 

1 
lntluencu beo.tlng upon 

thou~.:hta . . tho tutu~._ In 'l"hlcb Ui to crJpplo the creat'ive mind. Be 
tcl~:vJalon rka. II · I alone, that u the .. eret ot 1nven· ' 

A Spe aclo That ~Jrhtona. Uon! bt alone, that Je when tdeu II 

''There aQmothln trl~hlonl~r are born. ~hat Ia why m.o.ny of the 
about tho· unlvord w an we con• earthly mJraclea h&v• pad the1r 
alder tho.t nly our 11n ea ot aound geaCIIa Jn bumble 1Urroundlng1." 
and. ll~ht· ake It be Utul," aald Radio experlmentera ot thia age 
Mr. Tuln . " hi• furro ad brow In·. aro following ancient thoorlo•, Mr. 
dJcalod ha Ia punled llh Ita du• Teal& bollovu and he warn• that· 
Uny. "J l think, 0 unlverao pro&reaa wlll 

1

be more rapid when 
Ia darker · than tho ~rkcat ink: thoy diacard tho old and adopt new 
cohlcr th tho cold •t leo and, Jdoaa. HI1 d1rectloiUI tor rettlng on 
morr .,ilcn thon " 11llen tomb, wllh the ri&'ht tz:ack of radio, televulon, 
all thu bod ew rushing t ·rough tt at power tr&Jllml .. lon by wlreloll and 
lcrrlflc •P eda. Wha~ an awe-In- 1 undry other branohea yt 10lonco 
apll lng pi ~ur·e, lan't I; Yot. It Ia follow: 1 
our brain hat rlvu m rely a J>hY• "The fuclnatlon qt tho oladro­
lcal Jmprc alan. Slsh . and aound magnolia theoryj of J(ght, ' advanced 
are tho jpnly avont• through by Maxwell &lld aut1104Uently n· 
which we an perceive t all . ~tten perimant&lly lnvr· •tl&'&tod !bY Horta, 
I have we dered It th o Ia a third wa• 10 ~roat that o~on llOW, 
aen1o whl h wo hllve flied to dla· althOUifb controvort,d, the .clen­
cover, I'· ' afraid n , " he · •aid Uflo 11\Jnd• are undor ltl away. Thla 
after aom lhnltallon 1 thouih_t. . theory auppoee4j tbe 'exla~ence _ ot a 

Looklnl:' Jbac:k to ther mauve dec- medium which ,_.-u 10lld, yot · por­
ade, to t~o turn of I he co!ltury mltted bodlea ~ pall t~rou&'h It ; 
'Yo'han tho ~orld Will ~ lnlf tllrUled without roalat&noo: tonuou. beyond : 
with new (pua ,.nd dla ovorlu, lttfr. conception, and j y1tL accordlo&' to :

1 Tu)a oba'lfvea a vo.at , an&'• In tho aome, ono thouaand tlmaa denaer 
art of lnvf1Uon. Man; he tlnda, In than platinum, I Aoaordln&' to our 
thl• atreaFllne ara o 1peedJ bu ·concoptlon• of ~och•nlcal prlnal· 

~ 
o ch&n o to think. ., · pl01 and aJ'el ofi experience, 1uch t. 

• • • • • • 1 m\dlum W&l abaolutaly lmpoulble. 
Novorlheloll, Urht wu conaldered 
oa11nUa1ly a phenomenon bound up 

· In that kind of f. modlum ; namely, 
; " .A .A ono capable ot 'ran•~lllln&' tran• ~ 
_ ~I ~ I ....,. ver10 vlbratlonl lllke a •olld. ...._ -...: 

r 

r 

r 



A Qu .. &lolij Taala Alkecl. 
"It 11 true, .. Mid .Jolr. ToaJa, "that 

many eclentlflo mlncl1 envlaared the 
theory ot ........ 'lUI ether, ~ut it'Wu 
reJected a~raln a~d a~raln ~ooaueo Jn 
auch a medium }on~rltudl~al wavoa 
would be proparated wit lntlnlte 
velocity. Lord Kelvin con elved the 
ao-called contractile ether, oaaoaaln1 
proportt .. whlcb would r'ault In a 

·ttnlto velocity ot lonaltudlnal wavoa. 
ln 1W, however, an academic da. 
aortatlon wAe pu~llabed by~roteaaor 
De Volaon Woeclt an .Amorlcan, at a 
Hoboken· lnatlt':\Uon, wblch clult 
with a •ueoue 'fther ln which the· 
oluUclty, dentltf and epecltlo heat 
were determined [~·Jth rare academic 
ole~rance; Butj ao tar, averythlnl 
pertalnlnr to th,.1 eubjoot , ... purely . 
theoretical.'' . . • j 
"-\yhat, thin, can llrht be tt lt l• 
n«K.., a tranavft'ae vlbratJ~n 1 That 
wae the queatlon bo uked hlmaelt 
and 11t out to find tho an~wer. 
"I oonalcler thle extrem~ly impor­

tant.'' ·aid llr. Teal&, .,lflaht can­
not be anythlnr ':olH but ~ Jonrltu· 
dln&l dl.lturbance ln tho lthtr, Jn­
volvlnr alternate compreitlona and , 
;~;~t~~u~·~;: -~;;1 o·t;;;; -..;~;d~:-ll.rbt 
can be nothlnr ~lee tha~ a 1ound 
wave In tho ether.'' 

Thla appaara cltarly, Kr. T11la ox.­
plalned, It lt le tlrat 'realized that, 

· there belnr no JMaxwelllan ether, 
there can be no 1 tranavene oacllla­
tlon In . the medium. Tho Newto­
nian theory, he bellevee, Ia In error, 
becauae It talla entirely ID not bolnl' 

abl~o explain how a amaH e&ndle 
can rojeot partlclu with the !JAme 
11pee u the bluing aun, whio.~ hu 
'an J menaely hlgber tempera~!Jre. 

" have made aure by .lper1-
ment " eald Mr. Teala, "tba U~rbt 
prop gatea wltb the aanie v oatty 
lrrea ecttve ot tbe character t the 
aour e. Such constancy ·ot v411 oclty 
can nly be explained by auqmln&' 
that It la dependent eolely op tho j 
phya al proportlu ot t.be mo~llum, . 
eape Ially denalty and ela1Uo ~.orce. 

: • • • .. .! 

oro-Wani Po.elbWUe~ 

C 
lUNG now' to tho wl ole11 • 
av .. , lt 11 atlll tnlo tha they 
o . of t.bo aamo oba.re.c r ... 
wave1, only they ar noL 

tr&n eraal but lonaltudlllal. AA a 
matt r ot tact, radio tr&na ~ttora 
emit. nothlna- elaa but aound avoa 
In th othor, and It tho upe1 wiU 
reall • \.1111 they : wlll tlnd 1t very 
muc outer to explaln tbo o rtoua 
obao aUona made In tho ap lie.,. 
Uon t theao wavea. 
"It betnr a fact that radio 'f&VII 

are uenllally llko aound wa~•• In 
tho alrJ It Ia ovldent. th&\ the 
•hor •r tho wavu the more pene­
lraU o thoy would be. In 1~~9 I 
prod ced electromajpleUo avea 
trom ono to two mllllmeten lonr 
and baerved their acUona at dla­
tanc . Thoro hu been a. ~rreat bope 
expr ued by varloua worker that 
lntro uotlon ot th01o, wave . will 
have a revoluUonary eUect, ut I 
am ot ~bartnr tbo opinion. bey 
wtll • 

1
udd, ot courae, but to & 

very limited extont. It ta m ltut 
that ppllca.Uona ot tho very ahort 

&VI Will not~ produco any ppre­
iabl ottect Ubon tbo 'Wlrolea art. , .. 

·"Err n" Befiircl W.lzoleea wo.r. 

Wb t !about tho &alblilu • of 
powe ira.namlulon y wlr .... r 

· tbo I qu)rer aald. . 
Ho &a'a.1n

1
ldr. T 1la bla.m • ••a 

tran • I mlaconc:opt on ot th ex­
porta and ''artevoua errora" or re­
t,.rdl r !tho Idea. He believe tbat 

hen It 
0
la accompllahed, tbe ower 

wlll ayel on lona- wav not 
on t e lwlnga ot "une,ono lcally 
prod ed" ahort wavea. i H aald 
he co 14 vouch lbat the ache e ot 

lrel •I power tranamlaalon a on· 
tlroly practical. · 

''Th appllcallon ot abort !&VII 
or ower purpoau,'' aald . Mr. 
eaJa, ••tnvolvu complicate · and 
xpen lvo apparatua tor rec ltlca· 
Jon r ;trequency tranatorm~tlon, 

bleb would make any urlopa at· · 
om~t t~. carr! out a ~rot~ct. ~- t.~l.'! 
lnd ucb more dlt!lcult frf an 
ono leal point ot view.'' 
Wb ~Ill televlalon come a ound 

erT he wa1 ••ked. 
"It Ufbt to be wJlb Ul •oo , and 
mo ay It will be on a par $ per- . 

tecllo wllh broadcaatlnc o mu-

I 
ble a m j and added, 1'Thero Ill be 
larl'• 1ctur11 thrown on the all." r~ 

[ lo... • •• wllh ......... ow ••• ··~. r 

. .- ff/. 
~ A ~ ~-~ ~ ~ ~ •~;: t': .. . _.. 
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"It ! Is 11bsolute1y \ dev ope ," 1 h" I 
declared. !;"I would~'t b any aurot 
that ~ c&f\1 tranemft ~ner y 10 mlle~ , 
than' II am ot the· tact hat: I ea~ · 
tranatnlt enel'&Y l iOOO,OO mil' up.' l 

A dtttetent klnl:i o! e erg than 
Ia c~' mmonly employe m t I b~· 
used, howevtpr, he. aald, expl lnln 
!urth ~ that "yo~.lJlUS re l:z:e I 
trave • · t~rOUK"h · tha ~1 t .1•1 
than !one1nalf ot . ml iont o! 
cenU eter." ·. · - · : . 

"I roulcl undert&kl a ont act t 
manufacture. th4! 1 ~PP lltu " 1 ht 
aaaerted.. • ' .· · : . 

Dr} Teal& declared t t •• ita on 
other planet. Ia . an in it prob­
ability, a . certitude." A It tic lt~ in 
ualni' hla. apparatua, be aid, would 
lie tri hitting other mo ng lane~ . 
with : "th~ needl~point t tr mend· : 
oua •ner~ry.'' but 'aatron mer co?l~ : 
~elp iaolve tbla problem : • I I 

Th• pqln t . ot , ~mer&' co ld ! b~ ! 
aimeti at the moon an " very: 
ea=sll:y could see the ett ee thel 
apluP, a:f. the volatlllza lon t mat· 
ter(i He &lao pictured • p aalbll·, 
lty o! a~'Vanced thlpke llv ni' on 
other 'pl~eta an(1 :.alao xpc lmen~­
lng ln th a field, ' blJt m takl I' the 
Teal& en t&'Y raya for a e t rm of 
c:oamlc r Y•· 1 · 

Dr, T¥la provoked at r 
with bla , next announc men . I 
· "My !float h:nport&n ln ention 
trom a ~r&et1cal poln ot view, •,• 
he Mid, . "1• a pew to m t tube 
wltb app!lratua tor lt. opn Uon.~ ' 

Beprirt. Tube of N . po ~/ 
Reca.lllni' experlmen wlt other 

tubes, he aald he ·ha be n "re­
warded with complete ·a ccc a'' a1'd 
had ''produced a tube " h ie It w 11 
be hard to Improve tu ·the f. " 

"It I• ot Ideal alrn llcl t:;," ~· 
:said, "not aubject to w ar and can 
be operated at any pot nt!Ll. how· 
e ver hl~h-ven 100, .000 I volta-
that car. be produced. t wl 1 carry 
heavy curnmta, tran form any, 
amount o! enar1."'Y with n Pf &ctlcal 
llmlta and 1t pe•mlta ay .control 
a~d- regulation or th,. 

l 
L 
L 

~ 
L 
L 



rj ~~ch Devle .. "Invaluable" : 
Attlr a , $~,000.000 would be rel~­
voly a ery:

1
. ama.ll aum compared 

lth wh Ia at atake, J! Mr. Tesla. 
dally tu !Ula hla promlae lhe a·o­
ult .. ll'chl ·ve4 •ould be .. truly at_ag• 
erJnr. ot ·only wou~!'tt a&Ya bU-

' lona no pl&nned JfO 'i~lr dehnee, 
I y ' XJ\ak.l ~ the·. coun J1' abaQlUlely 
I mprep le •l'•ln~t a'tly air a~t&ck, 
·~t -~t • uld ialao ~ave tnAny ~ore 

llll9na n 1 properl.y that ~ould 
therwla be·£· ·aurely dealroyed · nQ 

tt•r h w · • ronl' the de!Jnaea an, 
aa wtl.ne current event. ln Enar-

,t lind. . I II ; . I i : • 
1 ·Talce., r •:u.snple, · tha 1 Panama 
:'Canal, matter how atrong the 
! datena .. , ,.uiclda aquadrpn of dive • 
1 ~ox;nbera, aoqorc11nl' .to aoma ex-
' pert•~ 1'\lt\ ' aucceac1 In a:.attlni' 
. throui'B ~d' caua• auch damal'• 
'b&t. wo Jd. make ; &he Canal un­
uaable, .J •. !:w~loh ~ caae .our . Navy 
miJht fl .lta'lt bqttlad up. · . 

Conalda ln~ij the I probabll1tlea In 
tha cue vezll If Ula ohanc.. were 

. . 100,000 t' 1 ag.a.lnat :Wr. Teal& the 

. odda wou d(a~Ul b• lar,.ely Jn favor 
at . takln . ~a! ;chance . on apendlnl' 
$~,000.000 lnJ the opinion of the 
"niter, o ~a• known lair. T .. la 
for many year~ an4 Cal\ teatlty that 

·he · :aun ret& na· ltull Intellectual 
vil'or, tb au oriu .. in char,.. of 
buUdlnl' e n t.JoQal defenae abould· 
at once k nto ;the matter. Th• 
•um I• 1 11'1\t le&nt compared with 
Ule In t.~d· ot r· ataka, 
1-----+-~:- 1 . . . 
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TESLA,:soj REVEALS , 
I NEW. POWER DEVICE 
i I : . : I I . 
i I . 

Says His j; Wire I••:• . l:r,v~ntron 
! . ~m Olrd the. E~rt~ :with . 
· • En•riY for Industry. ·. . .·.· . I . . . ·I· . I ' I ! . 

: . Nikoi4 Teilia, Jnven~o·r; I wll~ ~~.1~ 
: bra eel ts • etgbUeth ,btr~dayl yea 
J tor~ay, iroreaaw an tn?u.atrlal clvl~l 
I 
zatlon tounde<\ on c~u1ap land un 
)lm.t_!_d 1 power .trana~ltted trom ~ 

I central f point. to any ~rt of .tb1 
1 l'lobe ,without . . wtr ... , .. d ·I .· · · 
! ··This new ·tY•tem of J)(?Wer tr&na-i 

-mta,to~ -.111 llave tt.~ln\. : practlcal~1 

delrlonatration. Lwithl a ' )' .. r, Dr. 
,-ea1a predicted. He Hid! b• ba 
~~eottd tb. prlncJplu· . ~bl'oh w1l 
~re~~ ~be neceaaar,y l ap~~r~tua. 1 

.J E 1 year. on hl• blrtbday r3h · 
~nv nt r · of ' th• prtnclp'e; o! . th' 
~ta:ry maauetto flel4, n•1" I to 

1 
· 

or dyne.moa; tran,tor1nera l abel; 700 ; 
.oth~r devl~ea' .which ~aye; played J. l 
!lea~ni' r6Je : 'Jn ; tee nolo leal • de ' velop~ent ·! play• hoa~to tte l pre.. ; 
.Y••\er ay ·he !J'&Ve a lunch.On to 1 i 'flttun newapaper me anct.wome~ ; 
at . h ' Hotel New Yorkllr, and· 

:tent dj hlm ... lf with hr .. !or&nl' 
,and· a quar1~ ot inllk.. · 1·1 ! · .. . 

i ~eaalla Inter• ~~laodoa 
1 I . I t i D T .. Ja recalled t. :ffr.t. moe J 
Jn~ with• T.homu A ·Ediaon, re 

1 
llve • 10m1 or th~ :lntereatln~ 
epla ea ln I hll own ·r··. deaorlblnc 
hia reaearchu Into auch varle ' tiel~•· u relaJjvlty, d,atb I raya~ · 
payc~lo phenomena, •ll'htnln&' ma~ 

j ohln · • and power deyelopment. 
· ... Be w .. n •tpa ot th~ warm ·mJlk, 
he ed t e newapa~er :folk · with thei~Bcotc~ and. aoda~and confided.' 
tha.t 1t he bad not gi en up drtnk-j 
lnl' lcohol with the nactmant o~l 

· proh blt1o11 h•i would lve t.o be 160 
Y!.~~· ~ld. ·. . . . . . l .. . I 

" tt Ia, I believe IllY abaunence• 
· tro alcohol durlnl' t~e latter par~ 
; ot y Ute hu lopped oft :fltteen~ 
j year from my lite, a)ld f\OW I ex; 
! peot tf) Uv• only 13~ ye&ra," · h•· 
; rem rked. "Alcoholl the elbdr ot! 
, Ute, but when thla o unt~ paaeect; 
the rohlbltlon Law :felt ! tha.t u 

· a patrlotio American •hould atop! 
drinklnl' whlak)'. ~ · have not 
tpuc~ed It alnce. " 1 I l. i I , · l 
; Mw.t Ia •\lathe~ •foOd; which he. 
neve touch .. a, Dr.l T,. Ia explained.; 

.Two quarta at mllk . day provlda 
hlm with , all the • rote Ina and. 
caJo~·· he n .. d. to emain &llve J 
he • ld . Althoul'h aa .. rule be doe~ 
nQt etlre untll · 6.30 p'clock everY.

1 mor~ln~r, he cetl up a.bout 101 A . ~' 
and iteela tuJl otj eneti'Y· .! 

The develo.Pmept ot wlr.elea1 trana~ 
·mla, lon ot pQw,.r will ovenhadow 
any or hla p·a-.t acc:Ompllahmenl~ 
and wlll uaber In a new civllbatlon 
tor ~anklnd . j Dr. Te~la. predicted; 
He •xplalned that hlfl ayatem wll~ 
make It poaalble, to~ example, to 
lnatall a hydro-electric plant at 
Muscle Shoal11 · and !tranarplt th~ ; 
pow•r ~renerated to EQiland, China; 1 
Little .America or Alallika With equal 1 

...... and a.t comparatively liltle ; 
coat; ' ! ' 



tor prod ucing rays " ahd other 
m1mJto•ta.tion» o! e n ergy" In !reo 
ai r. ellmina.ting the n ece.sal ty tor & 

blgh vacuum; a second l:s a; m ethod 

~
d prooeaa t or produc ing .. very 
ea~ electrlca.l f or ce"; the t hird 

al ! method tor am pli!y!ng thla 
rc~~ and the !our th hi. a new 

~etJtod tor producl 11-g ''a. : tremen­
dbua·ll tleetrloe.l repelllng · t orce ." 
'Jlhlai would! be t li e projector, • . 

m
n.l o! the: aystem. The' voltage 

t r pfopel~tng the bea.m to Ita objeo-_ 
·t veo: acc9rdln1' to· .the Inventor, 

r,Ul jtt&J~ a potential ot W,0001000 
tt• I , . ~ 

Wl1h thla.~ enormoua volta~o, he 
l~ld, ! . mlc;ro•coplc electrical parti­
cles Qf uu~tter 'Wlll bo catapulted on 
t elr! mi'4lon of de!enalve d .. t.ruo­

·t Qn.- jHe 'ta.• been working on· thla . 
• ventlon, ha. added, tor miLllY ·yea.t,. 

d hu r cent!y made a number of 
i provementa 1n it,' · : · : · 
, ¥r.: To~la make. one Important 

·a ~pulatlo~. Should the government 
d~d·e to ta~pe up h1a otter he would 
g to! wor~ · at -once, but they would 
b e \to t uat him. He would aut-

•.1 .' 'pq 1 terference from experta.r· 
; ln ~Nil ary ' time~ auch a condl­
t n woul yei:y 11}\tly ln~erpoae- an 
i upera e obatacw. But Umea be-
11'\lr 'Wha they are, and. I with the 
na.Uon ' U,-,~ ready to apond bll· 
~l~na · for na.U~m&l do~onae, . at the 
••m• tim ·tf,klnar; 1n conal'der&tlon ·nll• · I'$pu uon· c>t Mr. Te•ta ... •n 
. "(tntor who Jt.lwaya wu many 

~
an a d " of hla time, 'the quo»­

Uln at·la 11 whether · 1t may not be 
· viaablo ~o ltake Mr. Teal& at hla 

ord a.n commlaalon hlm to ar;o 
· .head wl h th\ conatructlon pt h la rJI!'iiiiiM 
; fletqrce l~t. • : . ~ . . "ir.. .. ,.~ 

-"~~ ~.?.:;_ 
'-! :!! -~' ~~ ~ 
G.~.. .:4 _. .Jill 
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S~ndini'of Messages to Planets : 

I 
I. 

P~edic.ted by Dr. T esla on Bir:thday 
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lnven_tor, ·ai,: T,allu of ~~y 1t~ · I11 ~erdt· lar l Trt111fm,iuio , ~.d 
· Tabe to Prada e.1Raaram Coproad ~ Cheap.ly- : 

: .' De~r~e~ by lrrttoilavia ~nd Cfechb~!o~~~~ .; ! · , 
. • I ' j . I ! . IT ' I : I i . 

1'Roports of dl11~:~orl'o by; which tt tu ,' whl h h~ .~J )wo~ld ake It 
wlll b~ pbsalblo to : omrnunlca.te ,pd* lb1e t .• m~ah,lt~e at~m a d pro­
with tho 'planets an~1 to !, produoe d~ ~e p rtdlutn, th~t he would 
radium I~ /unlimited ; uantlty_ tor b~ ble. t gl~e ~ld~~onltra Jon ln 
$1 a. pound fwere nnn~ need by ·Dr, "q ly a 1 ttle ,'tJm .~· : , . · 
Nlkola. ,Tcslil yost~rda at a lunob· ~ eat• t ~( T~a'iO:•a lunch on Jn-
~on on hla J elghty~tlr~ birthday at cl ed c n•t~tln' r~ut h, nllter 
which ho waa honore . with high !1· Yu · oal~Ja; ~adl lr rban, 
orders trom tho : Y goalav · and ~· · later fro Czechoa ovak a: R. 
Czcchoalovnk Govl3rnm nta.. · . p ovfo , fl 1t !~edret ry t th~ 
' Dr. Tcaln, whoae d 11coverle1 ln y ! oala de! gat~on;· . P. Stoy­
elcctrlcnl science havo won for him a Jteh Yufosl&v l ~0 ul enera.l 
recognition u ·the ti.theJ;" o! mod- 1 1 New Yor)t: pr.; J Ne 
ero methods o! genoraUng and dla: c ~n11Mo otfhe ;C:tech alav 
lrlbutlng elcctrfca.l en~' gy, aaaerted tlbit, and J. ajny, Actlnl'' 
hiA "nbaohtlo" belle! t at lhe would G~~era.l / ln ew /Y~rk ~or . ,;echo-
win tho Pie rre 'cuzmrl prize of the slotaklaJ i i : : . 
Ins tltiJt; of France tdr hla d lscov- ~ ' ' ' • 
ory relnllng :to th~ · Jnteratellar eaentJng to Dr. ;real& the Grand 

~ 
C doll o! th., Whlte Eagle, : lgheat 

trnnllmi14Hion ot encrg . . 0 er or YUIOIIIa.vt&. Mr. i otltcb 
Following his an nun cuatom, Pr. nhnounqcd It wa.. : the tlra time 

TrHIIL Jllnycd h oat t·~ n group of t1-le. ordt~,' r bl\d bel_ en grnnted to an 
nc wl!pnper men At . jhla birthday 'f 
luncheon nt the Hotel Now Yorker Amorlcdn tor civil acco pllllh· 
Hurl I~Kund tho nnnounccment ·o! hlet n' ents. /The honor wa.a beato ed by 
d l !!covr:rl cH ot lhn ln.at yoo.r. No ot'dcr 9! King Pate r lhrou h the 

Hl(!gont1 Prince Pnul. · 
Hppara lliK ·<H. Hl< fl lc hc f w~re shown, 
hut D1·. {!'c Hin ll{l.lu lp announcing 

. pot· ro c.: ll on o! tho princlplo o! a now 
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