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VRIL COMPENDIUM VI

VRIL is primary. VRIL is sensate and
insensate experience. Consciousness floods
and interthreads the universe. Not to transact
in VRIL is not to be conscious. Not to be
empowered by VRIL is not to know true
experience. We know VRIL universe through
meanings. VRIL universe is composed of
meanings.

Meanings impact inertial space. Inertia
space cavitates with degenerate patterns and
by-products. By-products are degenerate re-
sponses of inertial space in VRIL projective
impacts. Inertial science studies VRIL initi-
ated degenerate detritus.

We do not know VRIL universe through
examinations. We transact in VRIL mean-
ings. VRIL gives vision. VRIL transactivity
i8 our access to VRIL living universe. We
access VRIL via material contacts.

Eidetic “leaks” mark inter-dimensional
terminals. Visceral responses are strong at
material nodes because of VRIL eidetic leak-
age. Charge (inertial detritus) forms sponta-
neously in specific materials because of ei-
detic inter- dimensional leakages.

Materials exhibit eidetic nodes in volu-
metric distribution. Touch contact with ei-
detic nodes yields spontaneous eidetic trans-
action in absence of effort. Visceral and
eidetic nodes coincide. Ground VRIL satu-
rates geometrically disposed systems. Ground
VRIL transacts eidetic information.

Floreolar VRIL threads emanate ex
nihilo. VRIL floreolar threads project glori-
ous and world permeating purities. Floreolar
threads of VRIL fundamental space are ab-
solute. VRIL dendritic perfoliations form
VRIL experiential crystallographic infra-
structure.

. Apparent experience is VRIL projected.
VRIL infrastructure is experiential struc-
. ture. Eidetic experience defines VRIL struc-
apparent world structure. VRIL crystallog-
raphy generates and sustains being. Mean-
ingful message are its chief transactivities.
Absolute VRIL nature is persona.

We must absorb its meaningful mes-
sages directly. VRIL apparent world is a
horizontal stratification. This VRIL Tem-
plate is especially active in VRIL empirical
operation of VRIL wireless arts.

Early empirical researchers confused
VRIL and inertial detritus. VRIL tranverses
lodestone crystal from south to north and
continues in its thready path through space.
Inertial polarizations emerge from VRIL

lodestone mass and impress patterns in im-
pacted inertial space. “Fields of force™ are
VRIL impact patterns in inertial space. Iner-
tial pressure does not transact eidetically.

VRIL does effect viscero-eidetic trans-
actions which may be sensed from VRIL
south pole magnetic faces. Song and vocal
utterances magnify this effect.

Material arrangements project non
electro-detrital visceral emergies (Galvani,
Mesmer). Numerous recent successful de-
signs were varieties based on early concepts
(Perrigo, Hendershot, Coler, Ehrenkrafit).

We are to experience and not merely
measure. VRIL fundamental axioms of VRIL
Science demand participatory experience in
native VRIL phenomena. VRIL
transactivities are experiential. We must
transact with phenomena before designing
technology. VRIL Science studies native
phenomena.

VRIL Technology employs native phe-
nomena in VRIL design of eidetic transactive
systems. Minerals, crystals, organic sub-
stances, and metals are needed for VRIL
interception of eidetic knowledge. Materials
are VRIL detectors by which eidetic knowi-
edge is gleaned amid VRIL ever-transactive
VRIL universe.

Materials which compose VRIL struc-
ture of telegraphic components focus and
blend specific eidetic worlds. Meanings gen-
erate and sustain systems and component
structure-integrity. VRIL is enhosted in and
through specific designs. Design structures
are projected and sustained. Designers re-
ceive envisioned revelations. Designs ex-
hibit quasi-intelligent behavior when made.

VRIL quality of transactions are sa-
vored by VRIL-sensitive designers with aims
toward realizing perfection in system func-
tion. VRIL empirical design and efficacious
use of specific components was developed
throughout telegraphic history. Components
prove effective because of fundamental VRIL
conductivity.

Human VRIL matched VRIL transac-
tions are specific. Organismic requirements
determine transactor design. Organismic
transaction in VRIL systems requires special
minerals and substances which soften auric
interciliation. Properly designed VRIL trans-
actors enhance and engage human conscious-
ness. Degree of eidetic communion is deter-
mined by transactivity of minerals, crystals,
metals, organic substances, material con-
figuration, and materio-organismic contact.
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Successful design of usable apparatus de-
pends totally upon user requirements and
limits.

VRIL Technology is determined effort
to create humanly valuable VRIL Transac-
tions. VRIL Technology has as its goal VRIL
magnification. VRIL experience must be
magnified and projected in inertial space.
VRIL experience is maximum human expe-
rience. Eidetic experience is revealed through
material structures. VRIL identity and be-
havior of material designs suggests that spe-
cial VRIL states exist.

Designs of specific form and function
operate within specific VRIL states and draw
existence from those states. VRIL states
encompass vast experiential spaces. We call
vast experiential spaces Templates. VRIL
Templates are independent, superimposed,
and interactive. Template Structure repre-
sents creative permutations. Bach Template
is a specific experiential state. Templates
exist in a vast and complexly interwoven
hierarchy.

VRIL eidetic worlds impact VRIL iner-
tial space. VRIL Templates exist in non-
inertial spaces. Inertial space is not univer-
sal. Inertial space is not ever-present. Iner-
tial space exists in specific, limited, experi-
ential concentrations.

Sensate VRIL is ground densified and
ground-configured. Insensate VRIL is space-
configured and space-densified. Sensate
VRIL threadways, junctures, and nodes exist
as ground distributions. At this boundary
surface human society exists, experiencing
self-surging, self-determined, and self-bal-
ancing eidetic transactions between space
and ground.

Specific VRIL active devices enhost
specific VRIL Templates. We know of fun-
damental VRIL Templates from common
observation of natural conditions. VRIL ex-
istence of matter and space is a fundamental
Template. We infer VRIL existence of much
more fundamental Templates which are
deeply inaccessible to human apprehension.
Templates mutually transmeld. Foundational
Templates permute and become VRIL Tem-
plates.

Each new permutation Template con-
tains ghostlike frames of all former VRIL
Templates. VRIL existence of matter and
space contain mutually qualidial messages
from ultimately more ancient Templates. In
matter and space we detect pre-archaic

synaesthesic qualities. Form, beauty, intent,



direction, proliferation, consciousness, un-
expected change, relationship: fundamental
qualities emerge among VRIL things which
are seen and known. 8-fold qualities hail
from a more fundamental Template which
exceeds our grasp. One experiences their
uitimate purities in stages of VRIL eidetic
communion.

Eidetic experience of ancient universal
past is densified m VRIL ground. Common
experience is apparently inertialized and
stratified. Stratified experience represents a
distinct VRIL Template. Systems haphaz-
ardly have triggered specific Template ac-
tivities among componentry. Transactivities
are extreme when condenser configurations
are deliberately arranged. Sentient agency
and co-creative participations may trigger
permutations in condenser arrangments. Per-
mutations may be arranged and magnified
by VRIL condensers.

VRIL Alchymy releases sudden and to-
tal unexpected changes in worlds. Arranged
permutations become Templates. Devices
and designs draw strength of being from
parent Templates. Wireless was an event
triggered in VRIL permutations.

Designers function as prophets and as
active agents in VRIL Space. Designers may
build what has been made possible by some
recent permutational change. A. new Tem-
plate demands specific forms and functions.

VRIL archeforms manifest Template reso-.

nance. Telegraphy used rectangular geom-
etry. Wireless used triangular forms. Geom-
etry informs of VRIL Template category.
Inventors and creative artists fulfill new
potentials. Cultural struggle over Template
boundaries. Factions deliberate over Tem-
plate emergence.

VRIL operators enter each new Tem-
plate and maintain progressive quest along
mysterious VRIL themes. Designers struc-
ture condenser devices which trigger VRIL
permutational change. Designs are received
through revelatory visions and reveal VRIL
intent. Structured capacitor designs trigger
Template presence. Designs draw upon Tem-
" plates for transactivities. Behavior of de-
vices is determined by VRIL Templates.
VRIL Tempiates may be catalogued.

Telegraphic and telephonic systems in-
curred VRIL active presence of specific VRIL
Templates. VRIL Template Structure did
not require technological re-creations of what
already existed. Redundant enterprise builds
what exists in VRIL Templates. Aerial guide-
lines and buried cables were redundant.
Stubblefield proved this fact. VRIL Tem-
plate of horizontal stratification had already
densified VRIL self-articulate channelry in
ground and space.

Designers who successfully resonated

into natural Template Systems were legend-
ary. Loomis projected aerial terminals and
signalled telegraphically through VRIL dis-
tant ground. Stubblefield utilized VRIL self-
articulating VRIL threadways in VRIL
ground and exchanged vocal utterance with
clarity to great distance. Ruth Drown man-
aged exceptional shadowgraphs of inacces-
sible anatomical views through self-articu-
late ground activations.

Attentions focussed by and into a spe-
cific VRIL Template may dominate our con-
sciousness for a time. Inter-relationship
among VRIL Templates is difficult for us.
We are slow to manage inter-Template reso-
nances. Sentient mastery enters fundamental
Templates. Template correspondence (in-
teractive resonance) fixes and clarifies VRIL
Template crystallography for VRIL opera-
tor.

Generative sustainer of eidetic worlds is
VRIL. VRIL impacts inertia in highly
brancated black glowing dendrites. VRIL is
self-generating consciousness. VRIL is ev-
ery foundation of existence. VRIL undergirds
our experience. VRIL foundational deep-
ness cannot be consciously reached. VRIL
generates and empowers ideas. VRIL sub-
dues, dissolves, and dispels inertial space.
VRIL ideas are pre-eminent in inertial space.
VRIL ideations flood the universe. The VRIL
universe is a VRIL dendritic network of
consciousness.

VRIL self-articulates. Humanly designed
systems add artificial impulse to VRIL func-
tions. Humanly designed systems assign ar-
tificial codes toward information transfer-
ence. Positional and temporal assignments
are fixed in code. Signals, print, and speech
are coded transfers. Signals, print, and speech
effect changes in VRIL inertial sensory space.
Formative VRIL vowel utterances are fun-
damental expressives.

Formative VRIL expressives modify
regions and districts. Insensate VRIL trans-
actions occur during many specific material
transactions. Insensate transaction modifies
organismic participatory response. Insen-
sate transaction occurs as mysterious forma-
tive sensory language. Participants receive
deep formative VRIL penetrations.

Each VRIL thread contains formative
information of every VRIL eidetic world.
VRIL self-articulates, Materials exhibit ei-
detic nodes in volumetric distribution. Touch
contact with eidetic nodes yields spontane-
ous eidetic transaction in absence of effort.
Visceral and eidetic nodes coincide in sensi-
tive materials. Ground VRIL saturates geo-
metrically disposed systems. Ground VRIL
transacts eidetic information.

Ground is generated, sustained, and
structured on VRIL channels. VRIL chan-
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nels densify in deep VRIL ground. VRIL
permeates projected space. Black radiant
space is VRIL striated bundles in highest
projectivity (potential). Eidetic transaction
between communicants permits instanta-
neous knowledge of interpersonal qualities.

Eidetic resolution may be modified via
appropriate tuning assemblages. Eidetic im-
ages are experiential. Eidetic images main-
tain self-articulated integrity. Eidetic im-
ages maintain resolution along VRIL
threadways.

Space surrounding VRIL ground nodes
is eidetically projected. Apparent world in-
tegrity depends on VRIL nodes. VRIL nodes
suffuse and sustain vitality in void apparent
world infra-structure.

VRIL revelations provide short-cuts
through which we achieve futural science.
VRIL eidetic messagings direct and re-struc-
ture human consciousness into its deepest
potentials. VRIL eidetic consciousness breaks
VRIL inertial bondage to VRIL 5-sensory
degenerate perceptive mode.

Floreolar threads emanate ex nihilo. Pro-
jective floreolar VRIL threads emanate from
exceedingly glorious and world permeating
purities. VRIL floreolar threads of funda-
mental space are absolute and form the crys-
tallographic infrastructure. VRIL projects
experience. VRIL worlds supply meaning
and quality to the void apparent world infra-
structure. VRIL structure is experiential.
VRIL crystallography generates and sus-
tains our being. Meaningful message are
projected into our world. We directly absorb
VRIL meaningfil messages.

Personal VRIL transactivity is eidetic.
Space crystallography magnified in VRIL
ground nodes. VRIL nodes project euthral-
ling eidetic transactivities. Projected VRIL
worlds supply the apparent world. Eidetic
transactivity is transcendent experience. In-
nermost desires seem reach satisfactory guid-
ance in VRIL transactions. VRIL projects
flooding and overwhelming relief. Permeat-
ing joy is projected from VRIL nodes: Ground
nodes dissolve inertial strains, tensions, and
negativities which accompany organisms in
inertial space. VRIL permeating presence of
consciousness is the universal VRIL struc-
ture.
Technologically entuned VRIL nodes
sustain clarity and power.

Inertial space distorts eidetic projective
organization. Human experience of apparent
reality is highly distorted. VRIL ground nodes
project clarity. Anomalous eidetic projec-
tions remove inertial space effects in dis-
tricts. Perceptual clarity frightens inertialized
humanity. VRIL Science studies native phe-
nomena which enable eidetic entunement
and magnification.



Sensate VRIL is ground-densified. Con-
tact with ground nodes is contact with VRIL.

Fundamental black glowing floreolar
threads project structured ground massives.
VRIL ground is floreolar thread convolu-
tion. VRIL ground is VRIL stratum. VRIL
ground projects our being. Insensate dy-
namic transactions proceed in absence of our
direct knowledge. We must participate with
VRIL eidetic projections. VRIL meanings
and messages are the universal blood. We
function as fully sentient beings in eidetic
transactions.

VRIL generates and empowers ideas.
VRIL subdues inertial space via eidetic pro-
jections. VRIL ideas pre-eminate inertial
world. Because of VRIL ideas we may actu-
ally prove VRIL living nature of VRIL uni-
verse. VRIL universe is a VRIL dendritic
network of consciousness.

Innumerably endless worlds are VRIL
projected. We experience VRIL deepness in
simultaneous awe and dread. VRIL deep
experience is an ultimate confrontation of
fearful aspect. VRIL deepest appearance is
frightening and wondrous. The vibrant
thready VRIL spark from which our very
being is generated.

VRIL directs specific individuals to ar-
range condenser configurations through
which it may permute. This participational
experience is very deeply devotional. Those
who are transformed through VRIL
interfusion surrender to its every inclination.
VRIL is independent self-sufficiency. VRIL
is VRIL living being. VRIL is the space
persona.

Sustained experiential contact with VRIL
i8 possible with special technological appli-
ances. Learned experiences are permanent in
VRIL organism. VRIL threadways mutually
interact. VRIL nodes are present everywhere.

VRIL is organismicaily envisioned natu-
rally and readily in VRIL nodes. VRIL sen-
sitivity is the direct resuit of frequenting
VRIL nodes. Familiarity with VRIL allows
increased VRIL senmsitivity: a process of

. personal transformation. VRIL transactivity

i8 personal transmutation.
'~ VRIL draws human attentions most pow-
erfully into its brancated threads. VRIL is the
organic-crystailine presence from which all
reality is drawn. VRIL pappilate glowing
black threads spread throughout projected
worlds. VRIL ground nodes are mind-ground
nodes. VRIL ground nodes are social cen-
tres. VRIL ground nodes modulate history
and society directly. Proper activation and
operation of VRIL ground nodes raises con-
sciousness. VRIL transactivities give expe-
rience of VRIL whole worlds.

VRIL brancated threads transact VRIL
enlivening power. VRIL transactivity gives

vision. VRIL transactivities entrain the VRIL
sensory mode. Synaptic transaction gives
VRIL communion. VRIL threads drive
ganglial synapses. VRIL sensory mode is
suppressed by inertial space. 5-sensor obser-
vation is not experiential communion with
VRIL universe. 5-sensor observation is de-
formed and distorted VRIL experience. 5-
sensor observation is inferior sensation. 5-
sensor observation never permits direct com-
munion with VRIL projective species in

Excessive dependence on 5-sensor ob-
servation generates VRIL alienation and ni-
hilism of inertialistic science. 5-sensor ob-
servation can only be proven through VRIL
closure provided by inertially distorted space.
Inertial science studies, codifies, and de-
scribes inertial surfaces and topological dy-
namics. Excessive involvement in VRIL de-
mands of inertialized apparent world dis-
tracts and delays development of VRIL sen-
sory mode.

VRIL meaning is the universe. VRIL
gives meaning. VRIL meaning floods and
suffuses VRIL universe. The universe is
VRIL projected. VRIL eidetic transaction is
communion. Inertial examination is mere
observation.

VRIL is the universal medium.

VRIL archeforms maanifest geometric
infrastructures in inertial detritus. Inertial
detritus is studied by inertial mechanists.
Floreolar threads dissolve detrital distribu-
tion. VRIL archeforms manifest in matter.
VRIL archeforms transcend skeletal out-
lines of inertial detritus. Minerals, crystal,
organic substances, and metals are projected
VRIL cascades in VRIL inertial space.

VRIL is multidimensional transactivity.
VRIL structures are located in natural set-
tings. Entuned VRIL nodes give experience
of meta-dimensional relationship and multi-
locational awareness.

VRIL transactive minerals and metals
interlink human organism with ground thread
to give distant vision of geo-regions and
eidetic worlds. VRIL naturally forms mul-
tiple associations and cohesions. VRIL gives
inter- relational experiences of bilocation.
Organismic approach in VRIL natural ground
nodes projects flickerings of eidetic worlds.

Viscero-eidetic transactions are observed
spontaneously across groundworks. Brancate
threads may remain insensate. Interflowing
brancate threads engage in mutual insensate-
sensate balance. VRIL interflowing brancate
threads enlarge local vision against inertial
space. Human arrangements of minerals and
metals blend interflowing brancate experi-
ential threads. VRIL transactivity occurs in
VRIL nodes.

VRIL projects mineral, vegetable, and
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animal forms. VRIL is simultaneously
crystallic and fluidic. VRIL appears in
floreolar displays. Delicate VRIL threads
compose VRIL tissues of flowers. VRIL
threads compose minerals and metal fili-
grees in rock. VRIL extends VRIL ganglia of
orgenismic integrity. VRIL projects thready
plasmial resplendence of VRIL galaxies.
VRIL is fundamental universal experiential
form.
Older studies of Geomancy were con-
cerned only with the VITAL EARTH. The
VRIL World of vibrant self-generating ac-
tivities was mapped with greatest preci-
sion among the geomancers. Geomancy com-
prehended why lodes, metals veins, crystal
cavities, and organic substances were dis-
tributed as they were. Geomancy
comprehended eidetically transactive
componentry of earth.

Involvement with living and active pres-
ence remains unappreciated by those who
seek INERTIAL MECHANISM in explana-
tion of EIDETIC EXPERIENCE. Between
the two extremes there can be no common
meeting. Inertial science is a specific branch
of VRIL Science. Inertial Science marks
dynamical behavior of inertial space before,
during, and after VRIL projected impacts.

VRIL Science collates and notes signifi-
cantly endless viscero-eidetic transactions.
Each transactivity offers new experiences
and technological abilities. VRIL Science
recognizes viscero-eidetic transactivities
from inertio-detrital patterns caused by space-
cavitation.

VRIL TRANSDUCERS

Human auric contacts are organismic
signals; whether through touch (telegraphy)
or speech (telephony). Human auric contact
is VRIL thread contact.

VRIL superior eidetic transaction among
communicants through telephonic assem-
blies has its basis in auric transactions. Tele-
phonic assemblies organismically VRIL con-
nect. Telephonic configurations transact ex-
ceptional VRIL eidetic experiences.

VRIL organismic conductions of VRIL
threads generate, enliven, and sustain be-
ings. Organismically conducted VRIL threads
project from VRIL body as thready striations
and tufts against VRIL inertial space. VRIL
spreads out feathery aura threads in sequence
upon carbon. VRIL auras become floreolar
in carbon. VRIL threads do intensify at spe-
cific nodes along carbon surface when ground
contact is provided. Eidetic contact requires
VRIL node contact in matter. Eidetic com-
munications require VRIL node ground con-
tact.

VRIL thread body projections are tufted



and striated. Auric interactions and
interblendings may be detected among sen-
tient beings and objects. Organismic VRIL
aurae in proximity with specific material
configurations are powerfully drawn into
systems.

System-conducted VRIL threads merge
with applied aurae to provide viscero-eidetic
transactions among communicants. Numer-
ous viscero-cidetic experiences are constantly
transacting among participaats. Old tele-
phonic systems provided direct experience
of eidetic worlds. Direct eidetic contact
among communicants is received through
ground and aerial VRIL nodes.

Varieties of transactive components ap-
peared during telegraphic and telephonic
development. These components became
primary tools of radionists. Various stages of
developing Wireless implemented each pre-
vious technological development as
componentry. Energetic interactions occur
between VRIL and electro-inertial interrup-
tions.
Comprehending VRIL separate func-
tion of each component is humanly valuable.
We find chokes tunable coils resistors tun-
able (carbon) resistors rheostats resistance
coils chemo-electric batteries branches
groundplates and wire conduction paths.
Circuit elements are not primary electrical
compounents. VRIL transactivity engages
whole aggregates. VRIL transactive systems
exhibit viscero-eidetic aberrations not ex-
plained through inertial science.

Telegraphic and telephonic systems were
designed from visions and built through
empirical means. Patented components
worked.

System designers assumed that every
empirical feature was serving obscure “elec-
trical” functions. Erroneous empirical re-
ductions became dogmatically fixed as “elec-
trical law”. It became impossible for re-
searchers to dissociate artificial effects from
VRIL activities. Empiricists employed VRIL
vision in order to discern VRIL activities
functions and potentials of every (supposed
" electric) artifice.

- VRIL instantaneous presence responds
to VRIL-organic stimulations. Telephonic
devices are VRIL permeable. All matter
projects VRIL eidetic consciousness. Each
metal, mineral, crystal, and organic sub-
stance projects VRIL consciousness in
viscero-eidetic transactivities.

Viscero-eidetic intelligence is modified
in transactive devices. Transactive devices
enjoin eidetic projections of matter toward
specific transactions. VRIL Science studies
transactions of material configurations. VRIL
generates, projects, infuses, and sustains all
materials. VRIL minerals, crystals, organic

materials, massives, and metals are gener-
ated in situ. VRIL generated material has
specific context in situ. Novel VRIL transac-
tions released when VRIL active minerals
and metals are removed from sites of genera-
tion.

Study of material transactors gives abil-
ity in altering inertial space. Study of mate-
rial transactors gives ability in altering expe-
rience.

Viscero-eidetic intelligence is transacted
through wire lines. VRIL transactions occur
through articulate conduction. VRIL trans-
actions do not require artificial impulse or
code. Telegraphic and telephonic systems do
not transact intelligence through inertio-de-
trital undulations. Intelligence is transacted
through articulate VRIL conduction patterns.

Empathic emanation may be absorbed
and recovered through exceedingly simple
apparatus. Empathic emanations can be trans-
mitted over conductive lines. Discoveries of
viscero-eidetic transaction in natural and
human-made media are extant.

Ganglial conduction of special VRIL
tranchman during a thunderstorm. Galvani
distinguished between both VRIL viscero-
tonic energies and life-killing detrital by-
products.

Inertial shocks were engaged in various
experiments with human participants (Salva,
von Guericke, S.Grey, Franklin). Partici-
pants became ill from these detrital species.
Voltaic shocks could kill.

Electro-inertial shocks correlate enlarged
organismic VRIL conductivities. En-
larged VRIL conductivities suddenly con-
verge into ganglial ground nodes to preserve
organismic integrity. Electro-inertial shocks
provoked extraordinary primary vocal utter-
ances (names of the Divine). VRIL intelli-
gence manifested as response outcries to
deep danger.

VRIL is space permeating energy. Baron
Karl von Reichenbach demonstrated the abil-
ity of semsitives in darkrooms to viscerally
discern differences between distant polari-
ties of magnetism, crystallic form, lunar and
solar lights through wires, threads, chains,
and across space. :

Intra-Ganglial audition (physiophony)
is hearing through VRIL nerves directly.
Demonstrations of physiophony were made
by several empirical researchers (Meucci,
Gray threads). Physiophony clarified divi-
sion between two sense worlds. Dual organ-
ismic sensory systems are mutually exclu-
sive. Inertial sense is S-sensor surficial ob-
servation. S-semsor surficial observation
founds Inertial Science. VRIL sensory sys-
tem is primary participatory sensation. VRIL
sensory system is experiential. VRIL sen-
sory experience is communion with items
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examined.

In 1847, Antonio Meucci discovered
that high voltage electrical conductors could
be used to transmit audible sounds...without
microphones or diaphragms! His transmitter
and receiving apparatus consisted of nothing
more than 2 copper tongue-depressors, an
electrical shock-coil, rheostat, and ground
plates.

This arrangement was charged to a mod-
erate potential through a rheostat. Copper
tongue depressors were held in the mouth
directly. It was possible to clearly “hear” and
“sp]Electro-inertial shocks correlate enlarged
organismic VRIL conductivities. Eniarged
VRIL conductivities suddenly converge into
ganglial ground nodes to preserve organis-
mic integrity. Electro-inertial shocks pro-
voked extraordinary primary vocal utter-
ances (names of the Divine). VRIL intelli-
gence manifested as response outcries to
deep danger.

VRIL is space permeating energy. Baron
Karl von Reichenbach demonstrated the abil-
ity of semsitives in darkrooms to visceraily
discern differences between distant polari-
ties of magnetism, crystallic form, lunar and
solar lights through wires, threads, chains,
and across space.

Intra-Ganglial audition (physiophony)
is hearing through VRIL nerves directly.
Demonstrations of physiophony were made
by several empirical researchers (Meucci,
Gray threads). Physiophony clarified divi-
sion between two sense worlds. Dual organ-
ismic sensory systems are mutually exclu-
sive. Inertial sense is 5-sensor surficial ob-
servation. S-sensor surficial observation
founds Inertial Science. VRIL sensory sys-
tem is primary participatory sensation. VRIL
sensory system is experiential. VRIL sen-
Sory experience is communion with items .
examined.

In 1847, Antonio Meucci discovered
that high voltage electrical conductors could
be used to transmit audible sounds...without
microphones or diaphragms! His transmitter
and receiving apparatus consisted of nothing
more than 2 copper tongue-depressors, an
electrical shock-coil, rheostat, and ground
plates.

This arrangement was charged to a mod-
erate potential through a rheostat. Copper
tongue depressors were held in the mouth
directly. It was possible to clearly “hear” and
“speak”™ across 80 feet of wire without for-
mal acoustic transmitters and receivers.

Meucci discovered physiophony. This
great discovery paved the way toward
telemopathic transmission systems. It is the
very first electrically activated viscero-ei-
detic transactor of its kind. It was possible to
clearly “hear” and “speak” across 80 feet of



wire with this neuro-ganglial activator. Means
in which nerves directly “speak™ and ‘“hear”
is not so easily explained. Meucci’s first
system of telephony was physiophonic.
Meucci’s later experiments in acoustic tele-
phony predates Bell. His prior caveat (1871)
to physiophony and acoustic telephony made
him an early victim of corporate-suppres-
sion.

Elisha Gray independently re-discov-
ered the physiophony of Antonio Meucci.
Gray developed a form of telephony which
utilized nerve induction. Patents which bridge
VRIL gap between telegraph sounders and
telephones are notable VRIL eidetic transac-
tors. Telegraphy uses instantaneous impulses
of complex waveforms. Gray experimented
with magneto-acoustic tone generators. and
telegraphic lines. Gray demonstrated that
end-grounded lines could sustain and trans-
mit pure tones.

Tuning fork vibrators are rich harmonic
sources. Minute blasts of compressed air
physically vibrate specific tuning forks. These
generated thrilling tonalities. Magneto-elec-
tric tone generators were later employed by
organ manufacturers (Hammond, Lowrey,
Wourlitzer). Classic Abrams visceral re-
sponses to radiant stimulation is observed
during tone-generator organ performances.

Tone-generators stimulate VRIL nodes
directly. Intelligent messages of ground it-
self are absorbed, transmitted, and com-
pletely recovered by distant recipients
through the VRIL ground threadways
(Dalessio, Vassilatos). American Indians
practiced these arts with regularity.

VRIL transactivities enabled some re-
searchers to entune specific distal locales in
viscero-eidetic parameters (Rogers, Moray,
MacCullough). One such listening device
entuned specific nodes to receive clear into-
nations of audible speech. This device never
tuned into a audibly vacant settings. The
device entuned only speech activated VRIL
nodes. Speech activates VRIL nodes. Tradi-
tion teaches that grounds respond to organis-
_ mic outcries and prayerful requests. Ancient

people knew that megaliths were special
VRIL nodes. Carefl intonations were made
in this vicinities.

Gray proved that generated tones could
be transmitted over end-grounded lines with
great clarity. This should not be
electrodynamically possible.

Physiophony is nerve-audition without
the ears. Physiophony demonstrates sensory
division. Duality of sense mechanisms mani-
fest differences between acoustic and gangliar
audition. Deeply permeating experiential
components enrich acoustic tones.

Gray discovered the organismic frictive
effect embodied in the radionic rubbing plate

capacitor. Patent designs show tonal recep-
tion through frictive contact with metallic
diaphragms. Radionic rubbing plates are
viscero-eidetic capacitors (Hieronymus).

Gray re-discovered and demonstrated
direct nervework transaction of tones
{Meucci). Physiophonic music reception is
startling and “totally enveloping”. This sys-
tem of telephonic communication is better
than VRIL acoustic ones we use at present.
Other remarkable transmitters allowed deaf
persons to hear music. Requirements for
activations included intact auditory nerves.
VRIL foundational systems may not require
intact physiological apparatus.

Human expression may be sent along
wires and through space. Dr. Abrams dem-
onstrated visceral transmissions of emotions
and thought-forms between persons through
wires. VRIL holistic transmission of thought
and eidetic transaction has been demon-
strated. VRIL tele-transmission of emotions,
mental pictures, and thoughts were investi-
gated by others (Abrams, Tesla, Drown,
Vogel).

Elisha Gray recognized that visceral
transactions to electro-acoustic components
are permeated with deep and fundamental
experiential components.

Telephone diaphragms exceed VRIL
activity of telegraph sounders as VRIL ei-
detic transactors. Code (speech) and mean-
ing are conjugate but not identical.

Placement of metal resonators over ver-
tical coils immensely increases VRIL ei-
detic transactions. Transactive bells were
replaced by thin metal membranes to make
telephonic transmitters. VRIL transactive
bells of telegraphic and telephonic sounders
are extremely potent viscero-eidetic projec-
tor.

Tones are easily transacted through
single lines with great clarity (Meucci, Gray,
Reis). This possibility should not bean easy
feat to accomplish according to certain elec-
trodynamic nodes of view. Tones require
sustained periods of total line conduction.
Telephone lines are end-grounded. A size-
able “charge-transfer” is required by electri-
cal telephony. Ground plates should disperse
problematic electro-detrital volumes during
system hours of use. It is clear that some
VRIL influence had manifested its presence
in old telegraph lines.

Physiophonic instruments enabled deaf
persons to releamn normal modes of speech.
Later researchers had been chailenged by
independent observations and discoveries to
investigate similar possibilities for vision
and thought itself (Tesia, Drown).

Subsequent experiments proved that re-
markable kinds of sensation may be trans-
mitted through appropriate matqﬂals

5

(A.Meucci, E.Gray, G.S.White, A.Abrams,
T.G.Hieronymus, W.Reich and many oth-
ers). Hieronymus proved that VRIL “chloro-
phyll energy” in sunlight (2 VRIL transac-
tion) could be successfully conducted in
blackrooms to make plants thrive.

Progressive discovery allowed recogni-
tion of native phenomena in which eidetic
System transaction of eidetic projections
became a subject of intense study during the
early 20th Century.

Dr.Drown discovered that it was pos-
sible to recover eidetic imagery from distant
VRIL nodes over a single wire. Single
guidewire imaging systems were entuned by
stepped theostatic switches. These were ar-
ranged with a caesium phototube and photo-
graphically sensitive paper. Extraordinary
eidetic views included anatomical interiors
of patients.

Telephonic system designs are VRIL
activated radionic circuits. Telephonic trans-
mitters transduce great eidetic potential
across great distances. VRIL duplex and
multiplex circuits function in radionic modes.
VRIL supplies circuitry with integrated form
and function. VRIL components and sys-
tems are holistic designs. VRIL designs are
aggregates and cavities of eidetic
transactivity.

VRIL telegraphic components empiri-
cally developed in radionic potentials. Elec-
trical action were redundantly impressed
upon these primary VRIL structures. Electri-
cal functioning required VRIL transactivity.
Electrical functioning responded to VRIL
articulations. Electricity is detrital and sub-
ordinate to VRIL.

Patents of T.A.Edison show implemen-
tations of “tunable resistance”. We do not
know whether he discovered rheostatic
ground-tuning or whether he heard rumors of
such tuning effects through telegraphic asso-
ciations in his younger years. Edison was
notorious for patenting what others had dis-
covered. Clarity of transferred code was
enhanced through rheostatic entunement.
Code signal and strength varied in VRIL
“quality of ground”. Edison components
made entunement of VRIL telegraphic sys-
tems possible. Quality of ground was not
important to VRIL functioning. VRIL node
emplacement is important to VRIL system
functioning.

Telegraphic systems are large and pow-
erful radionic tuners. Examinations of tele-
graph and telephone patents describe mul-
tiple-entuned ground connections. Patent por-
trayed tuning assemblies are radionic in form
and function. Telegraphy and telephony are
radionic systems. Telegraphy and telephony
rely upon radionic principles for their entire
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A NEW WIRELESS TELEPHONE.
The Paris journals report that M. Maiche, a well-
known inventor, has made a sensational discovery in
the fleld of wireless telephony. His new apparatus
consists of two posts which are placed in his prem-
ises. EKach post consisis of a telephone, battery, a
special form of induction coil and a frame which is
formed of a series of insulated wires. One post is
placed in the garden and a second one in a room in
the building some distance off, about 100 feet, and sev-
cral walls, doors, and windows come between the posts.
Conversation can he carried on easily, and the sound
is clear. The inventor strarted five yvears ago to work
on the question. At the chateau of Murchuais. helone-
ing to the Prince of Monaco, he made experiments
using the earth as a conduector, and these were suc-
cessful at a distance of two miles. One vear after-
ward he was able to communicate between Toulen and
Ajaccio in Corsica, over the sea at 180 miles distance,

using the sea as a conductor for the waves. These
experiments were kept secref, however., As the new

apparatus works avithout the use of gronund, the resul(ls
are more important. He expec{s to incrense the (is-
tance indefinitely by giving more power to the appa-
ratus, which is only in first stages. Snbmarine
boats could use the system to good advantage.
- o—
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, 460. “Aniennc’ in Wireless Telegraphy. A. Blondel. (Ecl.
Electr. 16.p. 316 and p. 318, 1898.) The author thinks the action .}/
of these depends on their capacity as forming along with the earth [, +:
a condenser, the seat of an cscillating discharge at the moment | =7
when the primary circuit is broken; and the receiving antennz . o\~
become the seat of a displacement current which acts on the
coherer. A. Broca (Ecl Electr. 16. p. 318) notes that the fluxof
energy (analogous to that in polarised light) passes through zero ©
values, and that it is also along the wire and is indeterminate in
wires in a plane normal to the axis of
the antenne: so that it is concentrated on a particular plane
. _instead of being sent in all directions. The fact that it 1s

T polarised tends towards null

values as we leav
. T oot R &7
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To all whom it may concern:

Bo it known that I, N1korA TESLA, a citi-
zen of the United States, residing at New
York, in the county and State of New York,

s 4iavo Invented certain new and usoful Im-
provements in Electrical Transformers, of
which tho following is a specification, refer-
ence being had to tho drawings accompany-
ing and forming a part of the same.

The present application is based upon an
apparatus whichlhavedevised and employed
for tho purpose of developing electrical cur-
rents of high potcntial, which transformers
or induction-coils constructed on the princi-
ples horctofore followed in the manufacture
of such instruments are wholly incapablo of
producing or practically utilizing, at least
without scrious liability of tho destruction of
the apparatus itself and danger to persons
approaching or handling it.

Tho improvemont involves a novel form of
transformer or induction-coil and a systcin
for the transmission of electrical energy by
means of the same in which the energy of the
source is raised to a much higher potential
for transmission over tho line than has ever
been practically employed horctofore, and the
apparatus is constructed with reference to the
production of such a polential and 8o as to
be not only free from the danger of injury
from the destruction of insulation, but safe
to handle. To this end I construct an induc-
tion-coil or transformer in which the primary
and secondary coils are wound or arranged
i ,ueh manner that the convolutions of the
conductorofthelattor will be fartherremoved
from the primary as the liability of injury
from the offects of potential incronses, the
terminal or point of highest potential being
the most remote, and so that botween adja-
cent convolutions thore shall be the least pos-
sible difference of potential.

The type of coil in which the last-nawmed
featurcs are present is the flat spiral, nnd this
form I generally einploy, winding the primary
on tho outs’de of the secondary and taking
off tho curront from the latter at the center
orinnerend of thespiral. Imaydepartfrom
or vary this form, however, {n the particulars
hereinafter specified.

In ocnstructing my improved transformers
I employ a length of secondary-which is ap-
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proximately one-guartor of tho wave length
of the plectrical disturbanca in the circuit in-
cluding the secondary coil, based on the ve-
locity of propagation of electrieal disturb-
ances through such cireuit, or, in general, of
such length that the potentinl at the terminal
of tho secondary which is the moro romote
from thoe primary shall be at its maximum.
In using these coils I connect one end of tho
sccondary, or that in proximity to the pri-
mary,toearth, andinordertomoroeflectually
provide against injury to persons or to the
apparatus I alyo connect it with the primary.

Inthe accompanyingdrawings, Figurelisa
diagram illustrating the plan of windingand
connecction which I employ in_constructing
my iinproved coils and the manner of using
them for the transmission of energy over long
distances. Fig. 2isasideelevation, and Fig.
3 a side olevation and part section, of modi-
fied forms of induction-coil made in accord-
ance with my invention.

A designates a core, which may be magnetic
when so desired. -

B is the secondary coil, wound upon sald
core in generally spiral form.

C is the primary, which is wound around
in proximity to the secondary. One terminal
of the latter will be at the center of the spiral
coil, and from this the current is taken to
line or for other purposes. The other termi-
nal of the secondary is connected to earth
and preferably also to the primary.

When two coils are used in A transmission
gystem in which the currents are raised to a
high potentialand then reconverted toalower
potential, the receiving-transformer will te

‘constructed and connected in the samo man-

noras the first—thatis tosay,theinnerorcen-
ter end of what corresponds to the secondary
of the first will be connected to line and the
other end to earth and to the local circuit or
that which corresponds to the primary of the
first. In such case also the line-wire should
be supported in such manner as to avoid loss
by the current jumping from lina to objecta
in its vicinity and in contact with earth—as,
for example, by means of long insulators,
mounted, preferably, on metal poles, so that
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in case of leakage fromn the line it will pasa.

harmlessly to earth. In Fig. 1, where such
A system is {llustrated, & dynamo G is con-




veniently represented as supplying the pri-
mary of the sending or ‘‘step-up” trans-
former, and lamps I and motors K are shown
as connected with the corresponding circunit
s of the receiving or ‘‘ step-down ” transformer.

Instead of windiug the coils in the form of
a flat spiral the secondary may be wound on
& suppori in the shape of a frustum of a cone
and the primary wound around its base, as
shown in Fig. 2.

In practice for apparatus designed for or-
dinary usagethe coilis preferably constructed
on the plan illustrated in Fig. 3. In this fig-
ure L L are spools of insulating material upon
which the secondary is wound—in the present
case, however, in two sections, so as to con-
stitute really two secondaries. The primary
C i3 a spirally-wound flat’ strip- surrounding
both secondaries B.

The inner terminals of the secondaries are
led out through tubes of insulating material
M, while the other or outside terminals are
connected with the primary.

The length of the secondary coil B or of
each secondary coil when two are used, as in
Fig. 3, is, as before stated, approximately one-
quarter of the wave length of the electrical
disturbance in the secondary circuit, based
on the velocity of propagation of the elec-
trical disturbance through the coil itself and
the circuit with which it is designed to bo

current traverses the circuit, including the
coil, be one hundred and eighty-five thousaud
miles per second, then a frequency of nine
hundred and twenty-five per second would
maintain nine hundred aud twenty-five sta-
tionary waves in a circuit one hundred and
eighty-five thousand miles long, and each
wave length would be two hundred miles in
length. Forsuch a frequency Ishould usea
seccndary fifty miles in leagth, so that at one
terminal the potential would be zero and at
the olher maximum. :

Coilsof thecharacterhereindescribed have
several important advantages. As the po-

tential increases with the number of turns
the difference of potential betwoen adjncent
turnsiscoinparatively small, and hencea very
high potential, impracticable with ordinary
coils, may be successfully maintained.

N\ .
4

803,138

used—that is to say, if tlie rate at which a’

As the secoundary is electrically connected
with the primary the latter will be at sub.
stantlally the same potential as the adjhcont
portions of the secondary, so that there wiil ss
be no tendency for sparks to jump from one '
to the other and destroy the insulation.
Moreover, as both primary and secondary are
grounded and the line-terminal of the coil
carried and protccted to a point reimote from
the apparatus the danger of a discharge
through the body of a person handling orap-
proaching theapparatusis reduced to a mini-
mum,.

I am aware that an induction-coil in tho
form of a flat spiral is not in itself new, and
this I do not claim; but

What I claim as iy invention is—

1. Atransformer fordeveloping orconvert-
ing currents of high potential, comprising a
primary and secondary coil, one terminal of
the serondary being eclectrically connected
with the primary; and with earth when the
transformer is in use, ns set forth.

2. Atransformer fordevelopingorconvert-
ing currents of high potential, comprising a
primary and secondary wound in the forn of
a flat spiral, the end of the secondary adja-
cent to the primary being electrically con-
nected therewith and with earth when the 8o
transformer is in use, as set forth. .

3. Atransformerfor developingorconvert-
ing currents of high potential comprising a
primary and secondary wound in the form of
a 8piral, Lhe secoudary being inside of, and 85
sarrounded by, the convolutions of the pri-
mary and having its adjacent terminal elee-
trically connected therewith and with earth
when the transformer is in use, as set forth.

4. Inasystem for the conversion and trans- go
mission of electrical energy, the combination
of two transformers; one for raising, theother
for lowering, the potcntial of the currents,
the said transforiners havingone terminal of
the longer or fine-wire coils connccted toline, 95
and the other terminals adjacent to the
shorter coilg electrically connected therewith
and to the earth, as set forth.

NIKOT.A TFSLA.
Witnesses:

M. LawsoN DyYER,
G. W, MARTLING.
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o all whom. it may concern:
Be itknown that I, N1RQLA TESLA, ncitizen

0! tha United btates, residing at New York,

in the couantyand State of New York, have
invortod & new and useful Improvement in
Mothods of Intanaifyiog and Utilizing Effecls
Traasnitted Tlhrough the Natural Medin, of
which the following is a specification, refez-
enca being had to ths acrompanying draw-
ings, which forn a part of tha same.

Tha subject cf my present iavantion is ay
improversent in ths art of utilizing offecia
transmiited from a distanco to a receiving
device through the antural madiza; and it con-
sizis in & novel method by means of which
resnitahithertc unattainable may bosecured.

Ssvoral ways or melhods of tranamliting
electrical disturbances through the nataral
medis apd otilizicg them to ogerate distant
receivers are ncw known and have been ap-
piiad with more or less sucenss foraccomplish-
ing 6 variety of usefal resulls. Oneo! these
waya ¢cnaists in producing by n snitable ap-
paratua rays or radiations—thai is, distach-
ances—which aro propagnted io straight lines
tkroagh space, directing them upon a recoiv-
ing or recording apparatus at a disiance, and
therebLy bringing thelatterinto action. ‘Lhis
mothcd I3 the oldest aud Lest kXuowu and bas
been brough! particularly Into prowinence
in racent years through the investigistions of
Hoinvich Hortz. Another method consistsin
Dpassing o quirand through o circuit, profor-
ably oan inclesing a veTy ‘:\"ga area, inducing
"“rol,{ in a siinilas eiroult situatad ot o di«-
t2nco another current and alcatieg by t
gane i '.1 any convenicni way a recsiving d
vica. 5till another way, which hooaiso beeu
kpown for mmany years, is to passin any sait-
able imanser & curren: throngh a pertion of
tho 9ryacd, aa by crmmwu':g to two printy
of the 3aL19, p'efetsal 1t a considerable dis-
tance Irom each othor, tha two te z"nmﬂ.;s ola
,;w:e'akr.,‘.d toepergize by a part of thecar-
204 diffased t’erU sy thecarth a distant, cir-
cuit waich is similariy arracged and gz ound-
ed &% two ncints widely apart and whist
madatocact ugon a sensitive receivar,
varicus meihods havs their limitationy, cno
espaziaily, which iz ecinmon tonl!, Deing that
the receiving eizenit or instrumeny muae be
12aintisined in a dadaity voaition with respect

to the trapamittiog apparatus, which often
imposes greal disadvantazes upon the use of
the apparatos.

In several applications filed by me and pa:-
ents gramad to mo I have disclosed cther
mathods of accomplishivg reaalts of thia na-
ture, which may 'ba briefly described as foi-
lowa: In one syatem the potontial of a point
ar region of tha earth iy varied by imparting
to it mmrmzttenb or alternating electrifiza-
tions throngh one of the terininala of a suit-
able acurce of electrical disturbunces whieh,
to heighton the effact, hay its othor terminal
connocted to an insuleted vedy, proferably
of large surface and at an elova L.on. The
olactrificationa commuuizcated to tho ear:
spread ia all directiony thrcugh tho same,
reachiug a distant cireais which generally
hag its torminusls arranged and couansociad
similaciy to these of the tranzmitling scurce
aadoperatesupona highiy-seveitiva receivar.
Another mathad ia based upoa tie fact t uac
the atinoapheric air which bahaves asan ex
colient insulator to currents gunacated by or-
dinsry apparatus Lecomes a sonductor under
this influenco of currents ov impulses of enn:-
mously-high alectromnotive forco which I havo
devised monna for generating. DBy sach
means air eiratn, which are easily accesaibloa,
aro renderod available for the production of
many dezired effacts at distances, howsvar
gvent. Thiamnethed, farthermora, allews ad-
vaniage to be takon ¢f many of thaso tm-
provomants whizh ara pracicalin in ;in or-
dinary systams of transmission iavoivis
L] m a metallic conductor.

Obvisusly whatever msthod vo employed

it {3 desirablo thay tho disturbances prrduud ;

Dy the traosmitting apparaiuy snonld Lo as
powari:l ag possiblo, nnd by the usa of cor-
tain form3 of nigh-fraquency apparatug which
I havo davised aud which aro now well 2nowa
impcrtant practical ad vantazes ara in thisro-
spect aecurad. .Iurtherimere, sincs in most
ca3ns the mno.mt of marzy conveyed o the
distans cireuit i3 hut a minute fracticn ol the
total enorgy eizacating from ths soureo itis
necessaicy for ths atisinmant of the iess ro-
gults tiad whataser tns characior of Lho e
zeivar acd tho naturo ol the distucuincey ns
much ag pesaible of tue onergy couvoyd
should ba wade available for tho oparatica
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of tho receiver, and with this object in view
I have heretofore among other means em-
ployed a receiving-circait of high self-icduc-
tion and very small resistance and of a po-
riod such asg to vibrate in syochronisin with
the disturbances, whereby a nuinber of sop-
arate iinpulses from tho source wero made to
coiperate, thus magnifying the elfect exerted
upon and insuring the action of the receiv-
ing device. By theso means decided advan-
tugzos hiave been secuared in many instances;
hut very often the improvement is either not
npplicable at all or, if so, the gatn is very
slight. Evidently when theaourcsiacne pro-
ducing n continuous pressure or delivering
impulses of long duration it is impracticable
to maguoify the effects in this manner aad
when, on the other band, it is one furnishing
short immpulsey of extremo rapidity of succes-
sioa the advantage obtained in this way is
insignificant, owing to tho radiation and thso
unavoidabia fricticnal wasto in the recaiving-
circait.  These losses reducs greatly both tho
intensity and the number of the codparative
impulses, and since the initial inteusity of
each of these is necessarily limited only an
insignificant amount of anergy is thus mads
availableforasingle operntionof thereceiver.
As this amount is consequently dependent o
the enerzy convoeyed to the receiver by ona
single impulse it I3 evidently cecessary to
amploy either a very large and ecostly, and
thorefore objectionable, tranamittor orelse to
resort to tho equally cbhjectionable use of o
receiving device too delicate and too easily
deranged. Fuarthermore,theonergyobtained
through the ccoperation of the impulses is in
the form of ‘extromely rapid vibrations and,
beeause of this, nusuitablo for tho operation
of ordinary receivers, tho more so ag this form
of enerpy imposes narrow rostrictions in ro-
kord to the morde and time of its application
to such dovices. i

To overcome thess and other limitations
end disadvantages which have herotofore ex-
isted in such systams of transmission of sig-
nalg or inteilizancs iy the main chjeet of my

rosent inventien, which eowprises a toval
tncthod of necomplishing thess onda..

The method, brielly stated, ennsista in pro-
ducing arbitrarily-varied or interinittent dis-
tarbances or eflects, transmiting such dis-
turbances or effects through the natural me-
dia to n distant receiving-station, utilizisg
encrgy derived from such disturkances ovef-
fects at tho recniving-station to chargo £ con-
denser, nm:d using the accumulaiad potontial
coergyaochtained fo cpernta a receiving do-
viee,

Anoappavatuz by means of avhich :his
methed annye Lo practiced Iy Dlusieated in
e drawings hereto annexad, in which—

Fizure 1isa dinrrammatic illustention of
tha apparatus, and Fig, 21y a modified form
or arrangemont of the anme,

2 €805,083

poiats In tho transwitting mediam batwesn
which thera exists or may boobtained inany
manner through the action of the disturb- 50
ances or offocts to be investigated or utilized
adiffarenco of electrical potential of any mag-
nitude [ arrango two plates or electrodes so
that they may be oppositely charged throagh
the agency of suoh effocts or disturbaances, 75
and I ccnnect theso electrodos to the termi-
nalsof n highiy-insulated condansar, gener-
allr ¢f considernble capacity. To the con-
denger-terminala I also conunest tha receiver
tc boe oporated in series withadevice of suit- 3o
able construction, which performs the func-
tion of periodically discharging the condonser
throagh the receivor at and during such in-
tervals of time as may be beat auitable for
the purpose contemplated, This dovice may 83
merely consist of two staticnary electrcdes
saparated by afeebledielecetriclayerof minunte
thickpess or it may comprise terminals one
or worp of whizh are movable and actaated
by aaysuitable force and ara adapted to be 9o
brouvght into and out of contact with each
otherin avyccnvenient manaer. It will now
bo readily scen that if the disturtances of
whatever naturo they may be cause definite
amouatsof electricity of thesamesizoto bo g
conveyed to each of tho platea or electrodes
above imonticnod, either continuously or at
intervalsof tiwoe whieh are suflicientiy long,
the condeonser will ba charged to a certain po-
tentinl, and an adeyuate amouunt of energy
boing thusstoredduring the time dotermined
by the devico effecting tha discharge of the
condcnser tho receiver will bo pericdically
operated by the electrical energy 30 accuma:
Intoad; Lut very often the characterof tho im-
pulsesand the conditionsof their use aresuch
that without further provision not enouogh
potentialenerzy would be accumulatid in tha
condenser to operate tlie receiving device.
This is tho easp when, for example, each of
tho plates or terminals receives electricliy of
rapidiy-changing sign o even wien each re-
coives elactricity ¢f the same sige, but only
during periods which are sherti as cemparsd
with the intervalzgenaratiogthem. Iz suek
instances I resovt to the use of o special Ga-
vice wkick 1 insert in the circuit Letwaon
the piatos and thoceondensar for the purpose
of vcoveyiug to ench of the terminals of the
atier electrienl cLarges of tha proper qual-
ity aud orlerof succossion to eoablo the ro-
quiradamountof potentinlenergy tobestored
in tho condenser.

Theroaro s numberof well-kuowz devices,
eithar without any moving party cr termiaals 13
or with clemsenty reciprocated or rotated by
tha apnl.eation of a suitalle foree, which of-
fer v woro ready passage to impulses of ono
gige or diraetimn than to theso of tho othier,
cermit only hinpuises of one kind or order 130
succession 1o ravarse a path, andany of

Lavized capablo of faltitling

wy

100

105§

110

wn

Iu tho practical application of my wnettod |
I wsually prceeed as follows: At any two |

Al A A A= NN

10 requira:zanisinay bo used in carcying my
invention inty practice. Oune such Jovicos of

\

N

d\ 4\ 4 dlm N

s




NN = =11

15

20

3

40

50

=]

W

35,683

famillar counstruction which will servo to
couvey a clanr understanding of this purt of
my invention and enable a person skilied ia
the art -to apply the same is illastratod in
the ahnexed drawings.
dor A-of {csulating material, which {8 moved
at a uniform rate of speed by clockwork or
other suitable motive power aund is provided
with two wetal rings B B’, upon which bear
brushes a and a’, which are connected, ro-
spectively, in the manner shown to the ter-
minal plates P and P, above reforred to.
From the ricgs B B’ extond narrow metallle
segments s and 3', which by the rotation of
the cylinder A are brocught alternataly intc
contact with double brushes & and &/, earried
by and in contact with conducting-holders h

‘and A/, which are adjustablo longitudinally

in the metallic sepports D and D’, as shown.
The Iatter are-connected to the tormizals T
and T of a condenser C, and it should te un-
deratood that they aroe capable of angular
displacement, as ordipary brush-supports.
The object of using two brushas, as b azd U,
in each of the holders k and 1’ is to'vary as
will tho duration of the alectricrontacs of the
piates P and P’ with the terminals T and T,
to waich I3 coonected a receiving-circuit ia-

inding a receiver R and a devica d of the
kind above referred to, which performs thio
duty of closing the recoiving-circait at pre-
dotermined intervals of time and discharging
the stored energy through the receiver. Iz
the present case thia dovico consists of a cyl-
inder d;ymade partly of conducting anad partly

{ insnlating waterial ¢ aud €', respectively,
which ia rotstad at tha dasired rate of speed
byany suitabloimeans. Theconducticg part
e is in gocd electrical connection with the
shaft 8 and is provided with taperivg seg-
ments f 7, upon which slides e brusb %, sup-
ported on a conduciing-rod I, capable of lon-
gitodinal adjustment in a wmetallic sapport
m. Apother brush n i3 arranged to™ bear
upon the shaft’S, and it will bo seen that
wheneveronn of thescgments fecomesin con-
tacy with the brush k the circuit, including
the receiver IR, is completed and tho <con-
denser dizcharged through thosame. Byao
adjustment of tho specd of rotation of the
eylindar d and a displacemant of“the brush
7o along the cylindar tho circuit may bo mads
to open and closo iu as rapid succession and
roinain cpen or closed during such intervals
of time as inay bo -lesired. The plates Pand
P’, through which the electrifications are con-
veyeC to the brushes a and o/, may be at a
coasideratle distunca from each cther and
both in tha ground or both in tho air, or ono
in tha ground and the cther in the air, prel-
erably at some heigii, or they may Lo con-
pected to conductory axtending to somo dis-
tance orto the terminals of any kicd of ap-
paratus supplying electrieal onergy which is
obtaired frem tho energy of thy impuises or
disturbances trausmitted from n distanea
throngh tlie atural medin,

It consiasts of a cyiin- .

In {llusiraticn of tho operatlion of the Qe-
vices described lat it bo assumed that altar.
pating electrical impulses {rom a distant gen.
erater, 88 G, are transmitted tarough the
aarth aad that it is desired te utilize thoss
impulees {a aceccrdanse with my method,
This may be the c2se, for oaxample, whan such
a generstor i3 nesed for purposes of sigualing
In one of tha ways before enumerated, a3 by
baving its torminels connected to two points
of taa earth dlstant from each other. In this
caze tho plates P and P’ are firat counectad
to two proparly-selected polats of the earth.
The spead of rotation of tho cylinder A la
varied wotil {4 is made to turn in synchro-
nism with the nlternste impulses of tho gen-
arator,and,doally, the position of the brushes
b and b’ izadjusted by angnlar displacement,
as usual, or in other ways, so that they are
in contact with the segmests s and 3’ dariug
the pericda when the impulses are at ot near
the maximum of thelr intensity. Ouly ordi-
nary elaciricsl akill and knowledge aro re-
qaired to make these edjustments, and a
acmber of devices for elfoeticy synchronons
wmovement balag well known, acnd it being
tha chiel object of my presant applicaticn to
sot forth s novel methed of utiliziog or ap-
plring a primciplo, a detailed cCescription ¢l

uah devices is not considored necessary, I

imay stete, howovor, that for practical puor--

peaes in the present case it is ¢aly necessary
to shi{t tho brushes forward or back nntil the
mazimux offect i3 sacorad. The abovo re-
gairamenis being fulflled, olectrical charges
cf tho samo sigc will be couveyad to each of
tha condenser-torminals 5a the eylinder A iy
rotatad, and with each fresh impuise the con-
derzer will be eharged to a higher potantial.
Tuo spead of rotation of tho cylinder d te-
ing adjustable ai wiil, the energy of any num-
ber of sepirato impulles may thus-be acca-
mulated in potentizl forin and diacharged
throfigh the receiver I3 upon the brush k
coming in contact with onc of the segments
/- It will bo of courso undarziocd that the
capacity of tho condenser sliould bo such as
to zllow thnaiczing of a much greater ammounnt
of ebergr than o required for tho ordiaary
operation of tno rocelver. Sicco by tzis
mothod 2 relativoly great smount of energy
and in o suitable form may be made avail-
ablo for the oporation of & receiver, the iatter
necd not bo very sonsitive;. but of course
wheon tho irapulisas aro vory feeble, a3 when
cowing from a great distance or whisa 14 i3
desired {o operats a receivar vary rapidly,
than auy ¢! thio woll-krewn davices capnble
ol respoading o very festie influsoces wey
bo used in this connection,
1f inatead of tha alternating irapulses short
imnuleog of tha camo direction are convayed
g the apparatts Co-
Hreadily be used, fad 197 SRis
i3 mareiy necessary $o shift shoa
hos o oped b into the peaition iadicatad
to dettod lines wikis walataluing tho
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same condilions in regard to eynchronism as
before, so that the succesding impulsos will
be permitted to pass into the condeaser, bus
prevented from returning to the ground or
trapsmitting medium during the intervaly
between tham, owing to the interruption dur-
ing such intervals of tho connectionsleading
from the ccndenser-terminals to the plates.

Aunather way of using the epparatus with
impulses of the same direction i3 to take off
oneg pairof brushes, as b, disconnect the plata
P fromn Lrash g and join it directly to tho ter-
minal T of the -condenser, and to conunect
brush a with brush a’. The apparatus thus
modified would appear a3 shown in Fig. .
Operated in this manoer and assuming the
apeed of rotation of eylinder A to be the same,
the apparatus wiil now be evidentiy adapted
for n number of impulses per onibtof time
twice ag great »s in the preceding case.” In
all easos i3 is evidently importans to adjust
the duration of contact of segineanis 8 and §
with brushes b 3’ in the manner indicated.

YWhen the method and apparatus Thave de-
seribed are used in conneetion with the trany-
iniseion of sigpals or ictelligence, it will of
course be undarsteod that tho truosmitter is
operated in such a way as to produce disturb-
ances or cffects which aro varied or interimit-
ted in somo arbitrary manner—for example,
to produce longer and shorter saceoessions of
impulsescorrespoading tuthe dashesand dots
of the Morse alphabet—and tho roceiving do-
vico will respond to and indicate theso varin-
tions or intermittences, since the storage do-
vico will bockarged and discharged n aumber
of times correspondiug to tho duration of the
successions ¢ lmpuises raceived.

Cuviously the special applinuces used in
carrying oud mv invontion may Le varied in
many ways withont depurting from thoapirit
of the samae.

It is to Lo obsorved that it is tha {unetion
of the cyiinder A, with {ts brushes and con-
nectiony, to reandar tho eleciriesl jmpulses
ceming from the platas P end IV suitable for
charging the cordenzor {assuminy them ta be
ucsuitablo for this purpose in the form in
which they are received) by rectifying-them
whon they are origzinally alternating in diree-
tien or by zeoleciinz euch parta of them as
are suitabie when sll are not, acd any other
dovice perfurming this fuoctien will obvi-
ousiy arswer the purpese. It isalscevident
that o devies such as I havo alreadyr referred
to wonich 2ifers a nore ready passage to im-
pulses ai 2ig-yor perinity caly impulses of

the s 5iC2 o PAg may alvo be used to
paciorin this seieciivo inaction in wmony cases

wheo aiternatieg impulzes are receivod.
Whan the impulses are long aad.all of the
gamo direction, and even waca_they ars al-
ternatiag, but suiliciontly leng ia duratien
aad sustaiced in olcctromotivo forca, the
brushes b and 3" may bo adjested g0 asg to
Lear on 252 paris B B of ke eylinder A, cr
the eylinder acd its brushes may be omitted

686,953

and thoterminalsci the condonser connected
direotly to tho plates P and P,

It will bo seen that by the use of my in-
vention rasults hitherto unattainable in util-
izing disturbances or effocts transmitted
througk wpatural medin may be readily at.
tained, sluee however great the distance of
such transiniasion and however feeble or at-
tenunted the impulaps received enough cn-
ergy may be recnmalated from them by stor-
ing up the enoargy of succeeding impulses for
& suflicient interval of time torender the sud-
don liberation of it highly effective in operat.-
ing a recoiver, In this way receiveraof ava.
riaty of forms may be made to respond effect-
ively to impulses too feebie to be detected or
to be mado to produce any eensible effect |
any other way of which I aw aware, a result
of great valuo in variousapplications to prac-
tieal use. ‘

Idonotelaimhersinan apparatus by meana
of which tho above-described methed is or
may Lo practicod efither in the special form
horoin shown or in other forwms which are
possible, baving made elaimms to such appa-
ratus in another appliestion, Serial No.
729,812, filed September 8, 1899, as a division
ol .thoe prezont cass.

What I'elaim ng iny invention, and desire
to secure by Lstters Patent, is—

1. Tho motkod of transmitting and utiliz-
ing olvetrical encrygy herein described, which
consists in producivg arbitvarily variad orin-
termiticd electrical distiirbances or effecis,
transmitting the same to a distaut recaiving-
station, charging, for succeeding and prede-
tarmined periods of time a condensor with
epergy derivad from such effects or disturb-
ances, aad operatiug a receivicg davies by
discharging at arbitrary intervals, tho accu-
mulated potential snorygy so obtained, ay set
forth.

2. The mothod of transmitting and utiliz-
{ng oloctrical energzy heroin descrited, whici:
consists in produciug electrical disturbances
or offects capatle of beinyg tranewmitted toa
distanes threugh th natural wmedis, char:-
ing acordanser at a distant receiving-staticn
with onergy derived frora such effacts or dis-
turbances, and using for periods of timo, pra-
dotermmined as to succession and duraticn,
the potaatial enerzy so obtained tooperato a
receiving devico.

3. The mothod of transwitting and utiliz-
ing electrical encryey herein deseribed, which
consists in produeing electrical dislurbances
or eTects eapable of being transmitted to s
distance through the pataral medis, vanrs-
ing a conderser at a distant racaiving-ata
for saceeoding and predetormized parie
time, with energy derived from suck efinc
cr distarbanecas, and using for poriods of tize
predeterminoed ag toszeeession and duraticn,
tho accuiaulatad enorgy 30 cbtaiaed to oper-
ato a vecaiving doviea.

4. Tuo wmotacd hercinbaforo deseribed of

)
.
J
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slectrical disturbances or effects, transmit-
ting such disturbancoa- or effects through
the natural medis to a distant recoiving-sta-
tion, storing in a condonser energy derived
from a succession of such disturbances or of-
fects for periods of time which correspondin
caccession tosach efects or disturbances and
are predetermined as to duration, and using
the sccumulated potential energysoobtrined
to operate a recsiving device,

6. The method herein described of produe-
ingarbitrarily varied or intermitted eleotrical’
disturbances or effects, transmitting such
disturbances or effects throngh ths natural
madia to a distant receivisg-staticn, estab-
lishing thereby a flow of electrieal energy in
a circuit at such station, charging a con-
denzer with enorgy {from such circuit, and
uwsiug the accumulated potentinl snergy so
obtained to operate a roesiving device.

6. Tho method herein daseribed of produe-
ing arbitrariiy varied orintormittad eleetricnl
distorbances or eflfects, trarsmitiing steh
distarbances or effects throngh the natural
media to a distant receiving-staticu, estad-
lishing thereby a flow of eloctrical euergy in
a circui? at such station, charging a con-
densor with electrieal energy from such eir-
cnit, and disckarging the aceumulatad poton-
tial onergy so obtained into or through a re-
colving devico at arbitrary intarvals of time.

7. The wmethod hereir described of produc-
g arbitesrily varied orintermitted olectrical
isturbances or eflects, trasamiiting such

aturbaoces oreffects to a distant receiving-
taticn, establishing thereby a flow of olec-
rieal energy in a circuit at such station, so-
eting or directing the impulses ia said cir-
ait 30 ag to render thew suitable for charg-
ing a coudenser, chargiag a condenser with
Ltha imnulses 8o sslected or direated, and dia-
cherging the accumulated potential energy
20 obtained into, or through a receiving de-
vice.

8. The inethed herein descrived of produe-
ing arbitrarily varied orintormitted slecirical’
dizturbances or offecty, transmitting such
dizturbavces or effscts throagh the natural
media to a distant receiving-atation, estad-

o

oY

1
§
i

Ot DO
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a circult at anch station, selecting or direct.
ing the impalses in sald cirenit o as to ran-
der them sunitable for charging a coudenser,
charging a condansar with the impulses so
solected or directed, and disckarging the ac-
cumalated potential ensrgy so obtained into,
or through a receiving device at arbitrary in-
torvala of time.

9. The method hereinbafore described of
transmitling signuis or intelligence, which
congist3 in precducing at the sending-staticn
arbitrarily varied orintermiitad disturbances
or eflfects, transmitting sueh disturbances
or effecis vthrough tiae nataral media to a re-
coiving-staticn, utilizing energy derivad from
snch disturbances or effects at the receiving-
station to charge a condenser and uaing tho
accumulated potential energy 8o oblained tc
operato a receiviag device.

1C. The msthod hereinbefors described of
tranamiiting signuls or intalligence through
the nstnral media from a sending-station to
& roceiving-stalica, whiclt consists in predue-
Ing at the sending-atation, arbitrurily varied
or interwitted electrical effects or disturb-
ances, transmitting the same throough the nat-
ural media to thoe receiving-station, utilizing
the energy derivad from auch disturbances or
aifocts at the receiving-statisa to chargo a
condenser, and discharging ths accumulatad
potontizl enorgy so obtaiaod throagh a ro
coivinz device at arbitrary intervals of time.

11, The method heroinbefzre deseribed of

transmiitting sigoalzs or inislligence frowm o
sending to a diataznireceiving siaticn, which
consists in preducing at tho {ormor, arbitra-
rily varied or intarmitted electrical disterb-
ncas or effects, transmitting the same to the
receiving-atation, charginyg by the enorgy de-
rived from such dizturbancea or effects at the
raceiving-gtation a condaaser, and using for
paricds of time predetermiced as Lo succea-
sion and durasion, the potential energy =0
obtaizned toopersto areceiving dovics, a3 gel
forth.
NIKCLA TESLA.
Y itnesaes:
Lzonaanp E. Curnris,
AL B, 8xINyuR
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UNITED STATES PATENT OFFICE.

NiKOLA TESLA, OF NEW YORK, N.Y.

APPARATUS FOR UTIL!ZING EFFECTS TRANSMITTED FROM A DISTANCE
TO A RECEIVING DEV!CE THROUGH MATURAL MEDIA.

SPECIFICATION forming part of Letters Patent No. 685,955, dated November 5, 1401,

To all whom it may concer:i:

Be it known that I, NIKOLA TESLA, a citizen
of the United States, residing at the borough
of Manhattan, in the city, county, and State
of New York, have invented certain new and
useful Improvements in Apparatus for Utiliz-
ing Effects Transmitted from a Distance to a
Receiving Device Through the Natural Media,
of which the fcllowing is a specification, refer-
ence being had to the accompanying draw-
ings, whic form a part of the same.

This applicatien is a division of an applica-
tion filed by me June 24, 1899, Serial No.
721,790, in which a method of utilizing effects
or disturbances transmitted through the
natural media from a distant source is des-
cribed and made the subject of the claims. The
invention of my present application consists
in the apparatus hereinafter described and
claimed, by the use of which the method
claimed in my said prior application may be
practiced and by means of which results hith-
erto unattainable may be secured.

Several ways or methods of transmitting
electrical disturbances through the natural
media and utilizing them to operate distan
receivers are now known and have been
applied with more or less success for accomn-
plishing a variety of useful results. One of
these ways consists in producing by a suitable
apparatus rays or radiations —- that is, distur-
bances — which are propagated in straight
lines through space, directing them vpon a
receiving or recorcding apparaius at a distance,
and thereby bringing the latter into action.
This method is the oldest and best knowu, and
has been brought particularly into prominence
in recant years through the investizations of
Heinrich Hertz, Ancther method consists in
passing a current through a circuit, preferabiy
one inclosing a verv large area, inducing
thereby in a simiiar circuit, situated at a Jis-
tance, another current and affecting by the
same in any convenient way a receiving de-
vice. Still"another way, which has also been
known for many years, is to nass i any suit-
able manner a currang through a portion of
the ground, as by connecting t two points of
the same, preferibly o a conziderable dis-

| | || IS I RN

tance from each other, the two terminais of
a generator and to energize by a part of the
current diffused through the earth a distant
circuit, which is similarly arranged and
grounded at two points widely apart and
which is made to act upon a sensitive receiver.
These various methods have their limitations,
one, especially, which is common to all, being
that the receiving circuit or instrument must
he maintained in a definite position with re-
spect to the transmitting apparatus, which
often imposes great disadvantages upon the
use of the apparatus.

In several applications filed by me and
patents granted to me [ have disclosed other
methods of accomplishing results of this
nature, which may be briefly described as
fcllows: [n one system the potential of a point
or region of the earth is varied by imparting
to it intermitient or alternating electrifications
through cone of the terminals of a suitable
source of electrical disturbances. which to

heighten the effect has its other terminal con-’

nected to an insulated body, preferably of
large surface and at an elevation. The eiectri-
ficatios communicated to the earth spread in
all directions through the same, reaching a
distant circuit. which generally has its termi-
nals arran:ged and connected similarly to those
of the transmitting source, and operates upcn
a highly-sensitive receiver. Another methiod
is based ujren the fact that the atmospheric air,
which Behaves as an excellent insulator to

currents generated by ordinary apparaius,
becomes a conductor under the influence of

currents of impulses of enormously high elec-
tromotive force which I have devised means
for generating. by such nieans air strata, which
are easily accessible, are rendered availabie
for the production of many desired effects ai
distances. however great. This method. fur-
thermore allows advauntage to be taken of
many of those improveiients which are
practicable i the ordirary systems i
transmission nvolving the use of a metaiiic
conductor.

Obvicuslv whaiever meinod be empicyed
it is desirabile that the disturbances produced
by the transmitting apparatus should ke as

Application filed June 24, 129 Serial No. 721,790, Dhivided and thes apolication ided Septomber 8018099 Renewed Moy 29 181 Senial Noo 62317 (No mdel)

5

A

w

(]

0>

70

S0

A5

)

1.

A\ 4\ ) lmI B




N NN =| 11 1A

20

30

35

40

£

685,055

powerful as possible, and by the use of certain
forms. of high-frequency apparatus which 1
have devised and which are now well known
important practical advantages are in this
respect secured. Furthermore, since in most
cases the amount of energy conveyed to the
distant circuit is but a minute fraction of the
total energy emanating from the source, it is
necessary for the attainment of the best resuits
that whatever the character of the receiver
and the nature of the disturbances as much
as possible of the energy conveyed should be
made available for the operation of the receiv-
er, and with this object in view [ have hereto-
fore, among other means. employed a receiv-
ing-circuit of high self-induction and very smat!
resistance and of a period such as to vibrate
in synchronism with the disturbances, where-
Ly a nuniber of separate impulses from the
source were made to cooperate, thus magnify-
ing the effect exerted upon and insuring the
action of the receiving device. By these means
decided advantages have been secured in
many instances; but very often the iinprove-
ment is eitizer not applicable at all or if so the
gain is very slight. Evidently when the source
is one producging a continuous pressure or
delivering impulses of long duration it is
impracticable to magrify the efiects in this
manner, and when, on the other hand, it is
one furnishing short impulses of extieme
rapidity of succession the advantage cotained
in this way is insignificant, owing to the radia-
tion and the unavoidable frictional waste in
the receiving-circuit. These losses reduce
greatly both the intensity and the number of
the cooperative impulses, and since the initial
intensity of cach of these is necessarily limited
oniy an insignificant amount of energy is thus
made available for a single operation of the
receiver. As this amunt 3 consequently
dependent ou the energy conveyed to the
receiver by one single impulsa, it is evidently
necessary to employ either a very large and
costly, and therefore objectionable transmit-
ter, or else resort to the equally objectionable
use of a receiving device too delicate and tco
easily deranged. Furtiherinere, the cnergy
obtained through the  cooperation of the
impulses is in the form of extremely-rapid
vibrations and because of this unsuitable for
the operation of ordinary receivers, the more
so as this form of en=rgy impcses narrow
restrictions in regard to the moede and time of
its application to such devices. To overcome
these and other limi.ations and disadvantages
which have heretefors existed in such systerms
of transmission of signals or intelligence is the
object of my inventiva, which comiprises a
novei form of appraratus for accompiishing
these results.

The apparatus which is emnploved at the
receiving-station, described in guneral terms,
consists in the combination of a storage device
incitded i a circuit connecting peints at a dis-
tance fiom the source of the disturbances and
between which a difference of potential is

created by such disturbances, a receiving-
circuit connected with the storage device, a
receiver included in such receiving-circuit, and
means for closing the receiving-circuit at any
desired mument, and thereby causing the
receiver to be operated by the energy with
which the storage device has been charged.

The best form of apparatus for carrying out
my invention of which I am now aware and
the manner of using the same will be under-
stood from the following description and the
accompanying drawings, in which —

Figure 1 is a diagrammatic illustration of
such apparatus, and Fig. 2 a modified form or
arrangement of the same.

At any two points in the transmitting medi-
um between which there exists or may be
obtained in any manner through the action of 4
the disturbances or effects to be investigated
or utilized a difference of electrical potential
of any magnitude ! arrange two plates or elec-
trodes so that they may be oppositely charged
through the agency of such eifects or distur- 90
bances, and | connect these electrodes to the
teriminals of a highly-insulated condenser,
generally of considerable capacity. To the
coidenser-terminals [ also connect the re-
ceiver to be operated in series with a device
of suitable construction which perforins the
function of periodically discharging the con-
denser through the receiver at and during
such intervals of time as may be best suitable
for the purpose contemplated. This device 100
may merely consist of two stationary elec-
trodes separated by a feeble dielectric layer
of minute thickness, or it may comprise ter-
minals ene or more of which are movable and
actuated by any suitzble force and are adapted 103
to be brought into and out of contact with’
each other i any convenient manner. It will
new be readiiy seen that if the disturbances,
of whatever nature they may be, cause defi-
nite amounts of electricity of the same sign to11y
be conveyed to cach of the plates or elec-
trodes above mentioned either continuously
or at intervals of time which are suificiently
long the condenser wiil e charged to a certain
potential and an adeguate amount of energy 115
being thus stored during the time determined
by the device eifecting the discliarge of the
condenser the receiver will be periedically
cperated by the electrical energy so accuma-
lated; but very often the character of thei2y
impulses and the conditions of their use are
such that without further provision not encuygn
potential energy woeuld be accumulited in the
condenser to operate the receiving device. .
This is the case when, for example, each 0i125
the plates or terminals reccives electricity of
rapidlv-changing sign or =ven when eaci
receives electricity o/ the same sign, but only
during periods of which are short as compared

o

85

o with the intervals separating them. In such 120

instances ! resort o the use of a special device
wlhich lnsert in the circuit between the plates
and e condenser for the purpose of convey-
ing to each of the terminals oi the lalter elec-
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trical charges of the proper quality and order
of succession to enable the required amount
of potential energy to be stored in the con-
denser.

There are a number of well-known devices,
either without any moving parts or terminals
or with elements reciprocated or rotated by
the application of a suitable force, which offer
a more ready passage to impulses of one sign
or directicn than to those of the other or per-
mit only impulses of one kind or order of suc-
cession to traverse a path, and any of these
or similar devices capable of fulfilling the
requirements may be used in carrying my
invention into practice. One such device of
familiar construction which will serve to con-
vey a clear understanding of this part of my
invention and enable a person skilled in the
art to apply the same is illustrated in the an-
nexed drawings. It consists of a cylinder A, of
insulating material, which is moved at a uni-
form rate of speed by clockwork or other suit-
able motive power and is provided with two
metal rings B B', upon which bear brushes a
and a’, which are connect2d, respectively, in
the manner shown to the terminal plates P and
P’, above referred to. From the rings B B’
extend narrow metallic segments s and s’,
which by the rotation of the cylinder A are
brought alternately into contact with double
brushes b and b', carried by and in centact
with conducting-holders i and 2', which are
adjustable longitudinally in the metallic sup-
ports D and D', as shown. The latter are con-
nected to the terminals T and T' of a con-
denser C. and it should be understood that
they arc capable of angular dispiacement as
ordinary brush-supports. The object of using
two brushes, as b and b', in each of the hold-
ers h and i’ is to vary at will the duration of
the electric contact of the plates P and P’ with
the terminals T and T’, to which is connected
a receiving-circuit, including a recziver R and
a device d of the kind above referred to, which
performs the duty of closing the receiving-
circuit at predetermined intervals of time and
discharging the stored energy thrcugh the
receiver. in the present case this device con-
sists of a cylinder made partly of conducting
and partly of insulating material e and e’,
respectively, which is retated at the desired
rate of speed by any suitable means. The con-
Jducting part ¢ is in good electrical connection
with the shalt S and is provided with tapering
segments £ f, upon which slides a brush k,
supported on a conducting-rod /, capable of
longitudinal adjustment in a metallic supgort
1. Another brush n is arranged to bear upen
tiie shaft S, and it will be seen that whenever
one of the segments f comes in contact with
the brush % the cireuit including the receiver
R is cempleted and the condenser discharged
tiirough the same. Ev an adjustment of the
speed of rotation of the cylinder ¢ and a dis-

placement of the brush £ aleng the cylinder
the circuit may be made to vpen and close in

as rapid successicn and remain open or closed

— 17—

during such intervals of time as may be de-
sired. The plates P and P’ through which the
electrifications are conveyed to the brushes 7
a and ¢' may be at a considerable distance
from each other and both in the ground or
both in the air or one in the ground and the
other in the air, preferably at some height, or
they may be connected to conductors extend-
ing to some distance or to the terminals of any
kind of apparatus supplying electrical energy
which is obtained from the energy of the
impulses or disturbances transmitted from a
distance through the natural media.

In illustration of the operation of the devices
described let it be assumed that alternating
electrical impulses from a distant generator,
as G, are transmiitted through the earth and
that it is desired to utilize these impulses in
accordance with my method. This may be the
case, for example, when such a generator is
used for purposes of signaling in one of the
ways before enumerated, as by having its ter-
minals connected at two points of the earth
distant from each other. In this case the plates
P and P’ are first connected to tvo properly-
selected points of the earth, the speed of rota-
ticn of the cylinder A is varied until it is made
to turn in synchronism with the alternate
impulses cf the generator, and, finally. the
position ¢f the brushes b and b’ is adjusted
by angular displacement, as usual, or in other
ways, so that they are in contact with the
segments s and s’ during the periods when the1on
impulses are at or near the maximum of their
intensity. Only ordinary electrical skill and
knowledge are required to make these adjust-
ments, and a number of devices for effecting
synchironous moveinent being well known1o3
and it being the chief object of my present
application to set forth a novel apparatus
embodying a general principle a detailed des-
cription of such devices is not considered
necessary. | inay state, however, that for prac-1 it
tical purposes in the present case it is only
necessary to shift the brushes back and forth
until the maximum effect is secured. The
above requirements being {fulfilled, electrical
charges of the sameé sign will be conveyed to115
cach of the condenser-terminals as the cylin-
der A is rotated, and with each fresh impulse
the condenser will be charged to a higher
potential. The speed of rotation of the cylinder
d being adjustabie at will, the energy of any
number of separate impulses may thus be
accuinulated in potential form and discharged
through the receiver R upon the brush %
coming in contact with one of the segments
£ It will be of course understond that the;
capacity of the condenser shouid e such as
to allow the stcring of a much greater amount
of energy than is required for the ordinary
operation of the receiver. Since by this method
a relatively great amount of energy and in a
suitable form may be made available {or tha
operation of a recejver, the latter need not be
vary sensitive bui of course then the impulses
are very {eeble, as when coming from a grezt
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distance or when it is desired to operate a
receiver very rapidly, than any of the well-
known devices capable of responding tc very
feeble influences may be used in this connec-
tion.

If instead of the alternating impulses short
impulses of the same direction are conveyed

may still readily be used, and for this purpose
it is merely necessary to shift the brush b and
b’ into the position indicated by the dotted
lines, while mzintaining the same conditions
in regard tc synchronism as before, so that the
succeeding impulses will be permiitted to pass
into the condenser, but prevented fron: returri-
ing to the ground or transmitting medium dur-
ing the intervals between them, owing to the
interruption during such intervals of the con-
nections leading from thie condenser-terminals
to the plates.

Another way of using the apparatus with
impulses of the same direction is the take off
one pair of brushes, as b, disconnect the plate
P irom brush a and join it directiy to the ter-
mina! T of the condenser, and to connect
brush @ with brush a’. When thus modified,
the apparatus appears as shown in Fig. 2.
Operated in this manner and assuming the
speed of rotation of eylinder A to be the same,
tl e apparatus will now be evidently adapted
for a number of impulses per unit of time twice
as great as in the preceding case. In all cases
it is evidently important io adjust the duration
of contact of segments s and s’ with brushes
b b' in the manner indic ateu

When the apparatus | have described is used
in connection with the transnussmn of signals
or intelligence, it will of course be understood
that the transmitter is operated is such a way
asto pmdm'e disturbances or effects which are
varied or intermitted in some arkitrary man-
ner — for example, to produce longer and
shorter successinns ¢f impulses, cerresponding
to the dashes and dots of the \h)rso dlphal‘--
— and the receiving device will respond th and
indicate these variations or ntermittences,
since the storage duvivo wil{ e charsed and

discharged a vu'nhnr of times ¢o rress ponding
to the tiur dion of the 5 of impulses
SO (‘1‘./“(1

Obvioasly the specia! applianees used in
CArTVInEG out my mvem A may Lo varied in
many ,vays without departing from the spirit
i the same.

itistobe ()lm'fvou that
the cvlinder AL with i
tions to render the electrical impuises coming

rom the plates P and P’ :.infn’r:»i:'* for charg-
ing the condenser (assuming thenm to be un- |
suitable for this purpose in e form in wihich
they are received) by rectifving them wien
they are originall» alternaineg in drection or
by setecting such parts of them as are suitable
w.ie" all are not. and anv device per-

e i ";'.f."-v 0t

\h(“\ ad connees

DT

forming this function will obviously Snswer
the purpose. [Dis olso evident tha a devien

such as L have aiready referred o wiich oiters |

| NP IS

a more ready passage to impulses of one sign
or permits only impulses of the same sign to
pass may also be used to perform this selec-
tive function in many cases when alternating
impulses are received. When the impulses are
long and al! of the same direction, and even
when they are aliernating but sufficiently long
in duraiion and sustained in electromotive
force, the brushes b and ' may be adjusted
s0 as to bear on the parts B B’ of the cylinder
A, or the cylinder and its brushes may be
omitted and the terminals of the condenser
cennected directly to the plates P and P,

it will be seen that by the use of my inven-
tion results hitherto unattainable in utilizing
disturbances or effects transmitted through
natural media may be readily attained. since
however great the distance of such transmis-
sion and however feeble or attenuated the
impulses received enough energy may be ac-
cumulated from them by storing up the energy
of succeeding impulws for a sufficient inter-
val of tiine to render the sudden liberation of
it highly effective in operating a receiver. In
tiiis way receivers of a variety of forms may
be made to respond effectively to impulses too
feeble to he detected or to be made to pro-
duce any sensible effect in any other way of
wiiich | am aware—a result of great value in
scientific research as well as in various appli-
cations to practical use.

What I claim as my invention, and desire to
sacure oy Letters Patent, is—

fin an apparatus for utilizing electrical

effects or disturbances transmitted mmugh tiie
natural media, the combination with a source
of such effects er disturbances of a charging-

S0

Y

5

1G4

circuit adapted o be energized by the action]as

of such nflecs er disturbances, a storage
device included in the charging-circuit and
adapted to be charged thereby, a receiver, and
wmeans for causing tie receiver to he operated
by the energy accumulated in the
device at arbitrary intervals of
qubsmx*:m?ly as describewd.

2. Wy an apparaius for utilizing ciectrical ¢f-
foets or disturbaizces transinitted througis the

time,

storage 1o

inatural meda, the cgmbination with a cource i

of such effeets or disturbances of a charging-
circuit adepted (o e eaergized by e action
of such offocts o distirbasnices, a storage de-
vice included i the charging-circuit and
agapted o e
(‘(){'li]lht.:"l“’ \.1”‘"( ting or seijecting th‘ cur-
rent inpulies i (e coarging-cireuit, a reced-
ving-circaio and means for disce h.xr.{n:gz the
storage device theouash the recoiving-cireuit,
3 leiﬂh(ln!l}/ as described.

3o an apparatts for atilizing electrical ef-
iects or disturoaneos transmitted throuch the
aatural medial thic comsinaticn with @ source
of such effocts or distrubances of a (.mr;,in(g
circuit adapted 1o be eneryd
of such effects or disturnances, o condenser
included in e charging-cirewst and adaptad
to be charged cerehymeans for commutat-
ing, directing or veiecnng the current impnlses
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by the action g

rued thereby, means for12o
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in the charging-circuit, a receiving-circuit, and
means for discharging the condenser through
the receiving-circuit, substantially as
described.

4. In an apparatus for utilizing electrica!l ef-
fects or cdisturbances transmitted through the
natural media, the combination with a source
of such effects or disturbances of a charging-
circuit adapted to be energized by the action
of such effects or disturbances, a storage de-
vice included in the charging-circuit and
adapted to be charged thereby, means for
commutating, directing or selecting the cur-
rent impulses in the charging-circuit so as to
render them suitable for charging the storage
device, a receiving-circuit, and means for dis-
charging the storage device thorugh the re-
ceiving-circuit, substantially as described.

5. In an apparatus for utilizing elecirica!l ef-
fects or disturbances transmitted through the
natural media, the combination with a source
of such effects or distrubances of an charging-
circuit adapted to be energized by the action
of such effects or disturbances, a condenser
included in the charging-circuit and adapted
to be charged thereby, means for commu-
tating, directing or selecting the current im-
pulses in the charging-circuit so as to render
them suitable for charging the condenser, a
receiving-circuit, and means for dicharging the
condenser thorugh the receiving-circuit,
substantially as described.

6. In an apparatus for utiiizing electrical ef-
fects or disturbances transmitted through the
natural media, the combination with a source
of such effects or disturbances of a charging-
circuit adapted to be energized by the action
of such effects or disturbances, a storage de-
vice included in the charging-circuit and
adapted to be charged thereby, means for
commutating, directing or selecting the cur-
rent impulses in the charging-circuit so as to
render them suitable for charging the storage
device, a receiving-circuit, and means {or dis-
charging the storage device through the re-
ceiving-circuit at arbitrary intervals of time,
substantially as described.

7. In an apparatus for utilizing electrical ef-
fects or distiirbances transmitted to a distant
recetving-station, the combination with a
source of suich effects or disturbances of a cir-
cuit distant from the source and adapted to
have current impuises set up in it by the action
of the effects or disturbances, a storage device,
means for commutating, directing or selecting
the impulses and connecting the circuit with
the storage device at succeeding mtervals of
time svochronizang with the impulses, a
recetving-circuit, and means for periodically
discharging the siorage device through the
receiving-cireuit, substantially as described.

R.In an apparatus for utilizing clectrical ef-
feots or disturbances transmitted to a distant
receiving-station. the combination with a
source of such cffects or disturbances of a
cireuit distant from the source and adapted to
have current impulses set up in it by the action

of the effects or disturbances, a condenser,
means for'commutating, directing or selecting
the impulses and connecting the circuit with
the condenser at succeeding intervals of time
synchronizing with the impulses, a receiving-
circuit, and means for periodically discharging
the condenser through the receiving-circuit,
substantially as described.

9. In an apparatus for utilizing electrical ef-
fects or disturbances transmitted through the
natural media, the combination with a source
of such effects or disturbances of a circuit
connecting points at a distance from the
source between which a difference of poten-
tial is created by such effects or disturbances,
a storage device included in such circuit and
adapted to be charged with the energy sup-
plied by the same, a receiving-circuit con-
nected with the storage device, a receiver in-
cluded in such receiving-circuit, and means for
closing the receiving-circuit and thereby
causing the receiver to be operated by the
energy accumulated in the storage device,
substantially as described.

10. In an apparatus for utilizing electrical
effects or disturbances transmitted through the
natural media, the combination with a source
of such effects or disturbances of a circuit at
a distance from the source which is energized
by such effects or disturbances, a storage
device adapted to be charged with the enerygy
supplied by such circuit. means for connecting

the storage device with the said circuit for s

periods of tiine predetermined as to succession
and duration, ¢ receiving-circuit connected
with the storage device. a receiver included
in such receiving-circuit, and means for closing
the receiving-circuit and therehy causing the
receiver to be operaied by the energy
accumuiated in the storage device,
substantiafly as described.

11 In an apparatus for utilizing electrical
effects or disturbances transmitted through tie
natural media. the combination of a circui
connecting pointe at a distance irom the
source between which a difference of poten-
tial is creatud by such effects or disturbances.
a storage device included in such circuit and
adapted to be crarged with the energy sup-
plied by the same, a receiving-circuit, a
receiver incluced in such circuit, and means
for connecting the receiving-circuit with the

storage device fur periods of time predeter-)

mined as to succession and duraticn and
thereby causing the receiver to be operated
by the energy Gecumuiated in the storage
device, substantially as described.

12.In an auparatus for utiliziag electrical;

effects or disturbances transimiited thorugi the
unatural media, the combiination of a circeuit
connecting points at a distance from the
source betwezen which a difference i voten-

tiai is created by such elfects or disturbances. o

a storage device adapted io be chargec with
the energy suppiied by such creniz for sue-
ceeding and predetermined periods of time,
arceeiving-cirevin a receiver ineluded in the
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receiving-circuit, and means for connecting
the receiving-circuit with the storage device
for periods of time predetermined as to succes-
sion and duration and thereby causing the re-
ceiver to be operated by the energy accumu-
lated in the storage device, substantially as
described.

13. In an apparatus for utilizing electrical
effects or disturbances transmitted through the
natural media, the combination of a circuit
connecting points at a distance from the
source, between which a difference of poten-
tial is created by such effects or disturbances,
a condenser inctuded in such circuit and adapt-
ed to be charged by the current in the same,
a receiving-circuit connected with the con-
denser, a receiver included in such receiving-

ceiving-circuit at arbitrary intervals of time
and thereby cause the receiver to be operated
Ly the electrical energy accumulated in the
condenser, substantially as described.

14. In an apparatus for utilizing electrical
cffects or disturbances transmitted through the
natural media, the combination of a charg-
ing-circuit distant from the source and ener-
gized by the effects or disturbances, a storage
device included in the charging-circuit, means
included in the charging-circuit and acting in
synchronism with the impulses therein for
commutating. directing or selecting the im-
pulses, a receiving-circuit and means for
periodically discharging the storage device
thorugh the receiving-cireuit, substantially as
described.

15.In an apparatus for utilizing electrical
cffects or disturbances transmitted through the
natural media. the combination of a charging-
circuit distant from the source and energized
by the effeets or disturbances, a condenser
included i the charging-circuit, means
incinded in the charging-circult and acting in
synchronisin with the impuises therein for
commutating., directing or selecting the
impulses, a receiving-cireuit and means for
periodically  discharging the condenser
through the receiving-circuit, substantially as
described.

16, In an apparatus {for transmitting signals
or inteligence through the natural media from
asending-station to a distant point. the com-
bination of a generator o transmitter adapted
to produce ariitrartdy varied or intermitted |

z

| | e | | ]I RN

electrical disturbances or effects in the natural
media, a charging-circuit at the distant point
adapted to receive corresponding electrical
impulses or effects from the disturbances or
effects so produced, a storage device included
in the charging-circuit means included in the
charging-circuit and acting in synchronism
with the impulses therein for commutating,
directing or selecting the impulses so as to
render them suitable for charging the storage
device, a receiving-circuit, substantially as
described.

17. In an apparatus for transmitting signals
or intelligence through the natural media from
a sending-station to a distaat point, the com-
bination of a gencrator or transmitter adapted
to produce arbitrarily varied or intermitted
electrical disturbances or effects in the natu-
ral media, a charging-circuit at the distant
point adapted to receive corresponding elec-
trical impulses or effects from the disturbances
or effects so produced, a condenser included

in the charging-circuit, means included in the 7

charging-circuit and acting in synchronism
with the impulses therein for commutating,
directing or selecting the impulses su as to
render them suitable for charging the conden-
ser, a receiving-circuit and means for periodi-
cally discharging the condenser through the
receiving-circuit, substantially as described.
13. In an apoaratus for transmitting siznals
or intelligence through the natural media from
a sending-station to a distant point, the com-
bination of a generator or transrnitter adapted
to produce arbitrarily varied or intermitted
electrical disturbances or effects in the natural
media, a circuit at the distant point adapted
to receive corresponding electrical impulses
or disturbances from the disturbances or
effects so transimitted, a storage device in-
cluded in such cirguit mmd adapied o be
charged thereby, a recelving-cireuit conineeed
with the storage device, a receiver included
in the receiving-circuit and a device for closing
the receiving-circuit at arbitrary intervals of
time and therehy causing the receiver (o be
operated by the energy accumuiated in the
storage device, substantiailv as descried,

NIKOLA TESLAL
Witnesses:
CE TS,
LEONARD E. CUR
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A UNITED STATES

IIARRY SHOEMAKER, OF PHILADELPHIA, PENNSYLVANIA, ‘AssiGNOR o
MARIE V. GEIRING AND AMERICAN WILKLESS TELEPHONE AND
TELEGRAPII COMPANY, OF PHILADELPIIA, PENNSYLVANIA.

WIRELESS TELEGRAPHY.

SPECIFICATION forming part of Letters Patent No. 714,246, dated November 25, 1902.
Application filed October 25,1801, Serlal No. 79,859, (No model.)

To all whom it may roncern:

Be it known that I, IIARRY SHOEMAKER, #
citizen of the United States, residing at Phila-
delphia, in the county of Philadelphia and
State of Pennsylvania, have invented certain
new and useful Improvements in Wireless
Telegraphy, of which the following isaspeci-
fication. :

This invention relates to improvements in
wireless telegraphy, and has speeial reference
to an apparatus in which static induction is
used for operating the receiver.

Another object of my invention is to dis-
pense with the Hertz oscillators now so gen-
erally used and also the imperfoct electrical
contact or coherer. '

Another object of my invention is the pro-
vision of a system which employs two ground
connectionsateach station,although a ground
and an air wire may be employed, if so de-
sired.

Another object of my invention is the pro-
vision of a system which is easily tuned, so
that any number of apparatus may be oper-
ated at the same time without in any way
affecting the other.

Another object of my invention is the pro-
vision of a transmitting apparatus in which
is employed an alternator and a transformer
which cause vibrations to pass through tho
earth or air to the receiving apparatus, which
is provided with means which are positively
operated to offect a relay and sounder, thus
dispensing with the llertz oscillator and the
coherer.

To attain the desired objects, the invention
consists of a system of wireless telegraphy
embodying novel features of construction and
combination of parts, substantially as dis-
closed herein.

In the drawings, Figure 1 is a diagram-
matical view of the entire system. Iig. 2 ix
a sectional view of the receiving means, and
Fig. 3 is a Lottom plan view thercof. Iig. |
is a diagrammatieal view of thoe entire sys-
tem using a ground and an air conductor at
each station. :

Referring to the drawings, A designates
the transmitting apparatus, and B tho receiv-

so ing apparatus.

PATENT OFFICE,

The transmitting apparatus consists of the
alternator 1, to which is connected the pri-
mary of the transformer 2, a key 3 beingem-
ployed to control the current through the
wires connecting the two. Connccted to the
secondary posts 4 of the transformer are re-
spectively the ground-wire 5 and the wire 6,
to which is further connected the condenser
7, having the wire 8 connecting it to the
ground at 9, If it should be desired, an air
connection may be employed and is placed as
shown in Fig. 4,

The receiving apparatus consists of the
ground 11, to which is connected the wire 12,
which is connected to the batteries 13, a wire
14 connecting these butteries to the cap 14,
which elamps and holds thoe ferrotype-dia-
phragmm15inplace. Secured to thiscapis the
rubber cup 16. The wire isalso connected to
the diaphragm.

Mounted upon the posts 17 is the strip 15
of mica or any resilient insulation material.
It is so mounted as to be free to vibrate at a
certain period or piteh, depending upon its
length,  Carried by this strip by means of a
post 19 is o metal plate or disk 20, which is
also free to vibrate with said strip.  Connect-
ed to the strip and also with the post 19 by
means of a wire 21 is n spring-pointer 22,
which is connected Lo a post 23, so astohave
slight spring motion, and upon its free end is
carried the donble-headed contact-point 24,
which is adapted to always slightly contact
one of the points 25 or 245, which, with thoe
wires 27, Lattery 23, relay 29, wire 30, and
pointer, make a eircuit.  Anadjusting-screw
31 is used to vary the pressuroe of the spring-
pointer. 82 iy a non-inductive resistance
which takes up self-induectance of the relay.
The armature 33 controls the sounder i
through its eireuit 35 as contact at 36 and 37
iy made. .\ ground-wire 38 is connected to
the post 1, and, if desived, anaiv-wire 39 may
be employed.

From the foregoing deseription, taken in
connection with tho drawings, the operation
is readily understood; but, briefly stated, it is
as follows: As the source of cleetricity here
employed is an alternator, the samo is con-

tinuously operated, the key keeping the cur- 1co
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rent from flowing through the primary of the
“transformer. When the key is pressed, the
~olrcuit is closed and the primary of the trans-
former is energized, this causing an alters
nating potential at the grounds. This sends
out electrostatic waves at the ground, these
waves being radiated over the stirfuse of the
 earth in much the same mannei as ripples in
" & pond when a stone is throWwii thereiti—=tlat
10 is, it varies the potential at different polnts
‘in its path. When these waves reach the re-
celver, a change of potential is caused at the
sonelver’s grounds, causing variations of po-
tentinl between 15 and 20, thus causing the
15 plate 20 to vibrate the pointer. The relay is
now energized, as the points have madea posi-
tive contact, and thus the recorder-circuit is
operated and a signal transmitted and re-
ceived. With this system it is possible to
operate a great number of transmitting and
receiving apparatus without interference, as
the plate 20 has a certain natural period of
vibration. If these impulses are sent in the
same period as the natural period of thestrip,
the plate carried thereby will get its maxi-
mum swing, hence will record the characters
sent. Should the periods of the transformer
not be the same as the strip, it will not get
its maximum swing, but may be affected to
a certain extent, which would not be enough
to record the characters. The transformer
which furnishes the varying potential should

have the samé period as the strip.

I would have it understood thatin place of
35 the transformerand the alternator I may em-
ploy an induction-coil and a battery, an ordi-
nary break being used with the coil and being
run at thesame period asthe diaphragm of the
receiver. This furnishes a varying potential
and will operate equally as well.

The condenser in the transmitter is em-
ployed for the purpose of keeping the poten-
tial up, as it has enough dielectric to raise the
potential very high, and also giving two nega-
tive grounds instead of one.

The battery of the receiver is of very high
potential, being about one thousand volts,
this being done to keep the diaphragm under
a static field, thus making the same more sen-
sitive in thesame mannerasthe common mag-
netic fleld in nagneto-telephones makes them
more sensitive.

In the apparatus an air-wire may be em-
ployed and if used assumes the relative posi-
tion as shown in Fig. 4.

I have found by experimenting that the
grounds of the transmitter and receiver
should be substantially the same distance
apart—say from twenty to thirty feet—and
also that the distance between the parts 15
and 20 should not be over one-eighth to one-
fourth of an inch, the best results being ob-
tained when the enumerated parts are sub-
stantially the distance apart as I have herein
stated. The purpose of the condenser 7 is to
restrict the amount of current through the
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wires in the transmitter and to prevent a
short cironit.

What I clalm as new iy~

1. In & signal system, & transmiitter, which 76
cotprises & feﬂmﬁor of flietiating poten-
tials, sotinaetions frot sdid means to sepa:
rated earth:plates throtgh & etirrent or ki-
netid-energy reatraining means.

4. A transmitter which Goniprises medis
for generating high-potential Auctaating en-
ergy, cotideotions from sald teans to sepa-
rated earth-plates through a current or ki-
netic-energy restraining means, whereby elec-
trostatic energy of high potential is im-
pressed upon the darth.

3. A transmittarwhich comprises a source
of fluctuating electrical energy, a primary of
a trapsformer in the circuit of said source, a
means for controlling the energy in accord-
ance with the signal to be sent, and connec-
tions from, the secondary of said transformer
to separated earth-plates through a current
or kinetic-energy restraining device, whereby
electrostatic energy of high potential is im-
pressed upon the earth.

4. A transmitter which comprises means
for generating fluctuating potential differ-
ences, connections for said means to sepa-
rated earth-plates and a condenser between
said generating means and one of the earth-
plates and means for modifying the fluctuat-
ing potentials in accordance to the signal to
be sent.

5. A transmitter which comprises a source
of fluctuating electrical energy, a primary of
a transformer in the circuit of said source, a
means for controlling the energy in accord-
ance with the signal to be sent and connec-
tions from the secondary of said transformer
toseparated earth-plates throughacondenser,
whereby electrostatic energy of high poten-
tial is impressed upon the earth.

6. In a signal system the combination of a
transmitter which comprises a generator of
fluctuating potentials, and connections from
said generator to separated earth - plates
through an energy-restraining means; and a
receiver which comprises a plurality of plates
in inductive relation, means for permanently
charging the plates, and a local circuit con-
trolled by said plates.

7. In asignal system, the combination of a
transmitter, which comprises means for gen-
erating fluctuating potential differences, con-
nections for said means to separated earth-
plates, and means for modifying the fluctuat-
ing potentials in accordance with the signal
to be sent; and a receiver, which comprises
a plurality of plates in inductive relation,
means for permanently charging the plates,
and a local circuit controlled by said plates.

8. In asignal system, the combination of a
transmitter, which comprises means for gen-
erating high-potential luctuating energy,con-
nections from said means to separated earth-
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ihétebi'y thesarth connections are maintained
t widely-differeiit poteitials; and a reseiver,
hich coii prises & plirality of platesinindiot:
“ive relation, menns for permanently charg:
s ing the plates, and a local cireuit controlled
by said plates.
- 9. In asignal system, the combination of a
-transmitter, which comprises a source of fluc-
" tuating electrical energy,a primaryof a trans-
yo former in the circuit of said source, A means
for controlling the energyin accordance with
the signal sent, and connections from the sec-
ondary of said transformer toseparated earth-
plates through an energy-restraining device,
whereby said earth-plates are maintained at
widely-different potentials; and a receiver,
which comprisesapluralityof platesininduct-
ive relation, means for permanently charg-
ing the plates, and a local circuit controlled
by said plates. ' )

10. Inasignalsystem, the combination of a
transmitter which comprises a generator of
fluctuating potentials, and connections from
said generator to separated earth - plates
through an energy-restraining means; and a
receiver, which comprises a plurality of plates
in inductive relation, and a source of high-
potential energyin connection with opposing
plates through an earth-circuit.

‘11, Inasignalsystem, the combinationof a
transmitter, which comprises mmeans for gen-
erating fluctuating potential differences, con-
nections for said means to separated earth-
plates, and means for modifying the fluctuat-
ing potentials in accordance with the signal
to be sent; and a receiver, which comprises a
plurality of plates in inductive relation, and
a source of high-potential energy in connec-
tion with opposing plates through an earth-
circuit. -

12, Inasignalsystem, the combination of a
transmitter which comprises means for gen-
erating high-potential fluctuating energy,con-
nections from said means to separated earth-
plates through an energy-restraining means,
whereby thoearth connectionsare maintained

~at widely-different potentials; anda receiver,
which comprises a plurality of plates in in-
ductive relation, and a source of high-poten-
tialenergy in connection with opposing plates
through an earth-circuit.

13. Inasgignal system, the combination of a
transmitter which comprisesasource of flue-
tuating electrical energy, a primary of atrans-
former in the circuit of snid source, a means
for controlling the energy in accordance with
the signal sent, and connectious from the sec-
ondary of said transformer toseparated earth-
plates through an energy-restraining device,
whereby said earth-plates are maintained at
widely-different potentials; and a receiver
which comprises a plurality of plates in in-
ductive relation, and a source of high-poton-
tial energy in connection with the opposing
plates through an earth-circuit.

14, Inaasignal system, the combinationof n
transmitter, which comprises a generator of
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fuetuating potentials; aid eontections from
anld getierator to separdted enrth - plates
through an energy-restraiing means‘i
recoiver, which eoinptrises opposing plates, &
hi;lzh-polentlnl source of energy eontieeted to
said plates through an earth-circuit to per-
manently charge the saimne, and a circuit-con-
trolling menns operated by the reaction be-
tween sald plates upon the reception of a
signal, : '

15. In a signal system,the combinationof a
transmitter, which comprises a generator of
fluctuating potentials, and connections from
said generator to separated earth - plates
through an energy-restraining means, and a
receiver, which comprises plates in inductive
relation to euch other, means for normnally
charging sald plates to a high potential,
means controlling a local signal-cireuit oper-
ated upon fluctuations of charge on said
plates due to received signal energy.

16. In asignal system,the combinationof a
transmitter, which comprises a generator of
fluctuating potentials, and connections from
said generator to separated earth - plates
through an energy-restraining means; and
a receiver, which comprises a plurality of
plates in inductive relation, batteries of high
potential ;i»ermunently charging the plates,
and a local circuit controlled by said plates.

17. Inasignal system,the combinationof a
transmitter, which comprises a generator of
fluctuating potentials, and connections from
said gencrator to separated earth - plates
through an energy-restraining ieans; and
a receiver, which comprises a plurality of
plates in inductive relation, a battery of high-
potential energy in connection with opposing
plates through an earth-circuit.

18. Inasignal system,the combinationof a
transmitter, which comprises a generator of
fluctuating potential, and connections from
said generator to separated earth - plates
through an energy-restraining means; and a
receiver which comprises opposing plates, a
battery of high potential connected to said
plates through an earth-circuit to perma-
nently charge the spme, and a circuit-control-
ling means operated by the reiction between
said plates upon the reception of a signal.

10, Inasignal system,the combination of a
transmitter, which comprises a generator of
fluctuating potential, and connections from
said generator to separated earth - plates
through an cnergy-restraining means; and a
reeeiver, which comprises plates ininductive
relation to each other, o battery for normally
charging said plates to a high potential, and
means controlling a local signal-circuit oper-
ated upon {luctuations and chargo on said
plates due to received siznal cunergy.

_ In testimony whereof I aflix my signature
in presence of two witnesses,
HHARRY SHOEMAKER.

Witnesses:

J. N. FFonr, Jr.,
CHAS, L FOREMAN,
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:No. T7T7.216.

UNITED STATES

SIGMUND MUSITS, OF STEIN

NAMAN

Patented December 13,1 yQ"ﬂ.

1

PaTENT OFFICE.

GER, AUSTRIA-ITUNGARY.

APPARATUS FOR WIRELESS TELEPHONY.

SPECIFICATION forming part of Letters Patent No. 777,216, dated December 13, 1804.
" Application filed November 24, 1902, Serial No. 132,547, (No model.)

Tooull wleam. it ey coneern:

Be it known that I, Stumoyn Mosrrs, official
of the Royal Hungarian Postaland Telegraphic
Administration, n subject of the Emperor of
Austrin-Hungary, restding in Steinamanger,
Austria-ITungary. have invented a certainnew
and useful Improvement in Apparatus for
Wireless Telephony: and 1 do hereby declare
the following to be a fully elear, nnd exnet de-
seription of the invention, such as will enable
others <killed in the art to which it appertains
to make and use the same, reference heing had
to the accompanying drawings, and to charae-
ters of reference marked, thmcon. which ferm
a part of this sp(‘mhcm(m

The present invention relates to improve-
ments i deviees or apparatus for electrically
transmitting language, music, or signals over

0 great dixtances w 1thour the use ﬂi COnnectmm

20

[}
(¥

(73}
o

40

'Y

-Mawmm:w“‘

wires,

In order to nmlw the invention more read-
ity understood, I will now describe it mth \'Lt-
erence to the accompanying drawings, wher -
in—

Figure 1 is a dingrammatical representation
of twoidentical stations A and B, both of which
may be used for sending and receiving mes-
sages,  Fig, 2 is an eniavged front élevation
of a telephone in eonnection with a micro-
phone.  Fig. 3 is o vertieal sectional view
through Fig. 20 Fie. 4 is a top plan view of
a certain double \Imwlu'\'4 hereipafter re-
ferred tog and Fig. 5 is a side view “of what is
shown in Fig. ¢

Each station eonsists of two circuits,

niicrophone-civeuit in turn has two cireuits,
the primary and the seeondary eireuits.

A hollow body 1, preferably eylindrieal in -
shape and of copper or othoer
rial. which may or may no- he filled with a
current-generating liquid or electrolyte, is em-
Dedded into the ground and is connected hy
the line-wire 2 with the contact 3 of adouble
key 4. whose handle end s normally held up
by contretile spring 4,

In the specitication and claims I shall refer
to this hollow body 1 as " evlinder.” althongeh
it may be of other shape or forn, From the

contnet H of the double key 4 nowire 6 runsto @ corresponding to the primaey currents, which 1oo

|1 1T N ——

the ;
microphone and the telephone cireuits, and the !

suitable mate-

the microphone 7.
“a powerful source of electricity 9 and a wire
10 to one or more secondary coils 11, within
which the primary coils are areanged in the
manner usual with induction-coils.  From the

Jtelephone 13, interconnected with the miero-
phone 7, and the wire 14 connects the tele-
s phone with the metal exlinder 15, sunk into
the ground. Thetelephone 13and microy,one
7 assist each other when operating through

diaphragm on the microphone - membrane;
\vherch\ the microphone_ produces current.
xmpnlhe, which in its turn increases the vibra-
tion of the telephone-membrane.
seribed connections I eallthe “*secondary cir-
cuit.” From the contact 16 of the double key
4 a wire 17 connects with a source of electric-
ity 18, and thence a wire 19 to a switch 29
with contacts 20 and 20'.  This switch has as
many contacts as there are microphones 22 92’
rut into th. circuit21. (Inthe drawingsonly
wo such microphones are shown, and conse-
oy only two contacts.)  The wire 21 then
is coum.ccted to the primary coils within the
sccondary coils 1. A wire 23 then conneets
the primary coils with the contact 24 of the
double key 4. From contact 25 a wire 26
stretches to the telephone 27, and o wire 23
from the telephone to the grou: ulml exvlinder
15. lh.o\c connections call the *
circeuit.™
The operation of the appa
lowing: If station A desires to call up station
B. the switch 29 is laid on contact 20 or 20,
caccording to whether the miuuphnnv DY Gr
S22 s used. T microphone 22 s to be used,
the contact is made at 20 and bhoth kevs of
the double key 4 are depressed,  The eirenit
ix now closed as follows: The current Hows
from the source of eleetricity IS over line-
wire 19 to switch 20, contact 20, microphone
220 wire 21, to the primary induction- coils,
thenee hy wire 23 to contact 24 of the double
ckey 4 to contuet 16 and over the wire 17 to
the battery 18, The current impulses cener-
Cated by actuating the nm'mplmn«' 22 will in-
Sduee in turn secondary enrrents in the coils 11

secondary_coils 11 a wire 12 isstretehed to the

Cprimary

satus is the fol--

A wireSthenconnects to

6o

the effects of the vibration of the telephone- .
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will then travel on the one hand over wire {2
to the telephone 13, wire 14, and to the
grounded exlinder 15: on the other hand. over

N

ary cirenit, embedded in the ground, all sabi- .

stantintly as and for the purpose set forth,

i 2.0 In apparatus for wireless telephony.a 4o
wire [0, battery 0, wire 8, microphone 7, wire | primary civeuit comprising a souvcee of eloé-

5 6, to contact 5 of the double key 4. thenee tog! tricity. microphones, privaary induction-coils
contact 3, wire 2, and to the embedded eylin- ‘ and a double key, o secondary circuit, com-
der 1. The telephone 12, ent into this civeuit, | prising a source of electricity, secondary in-
and the microphone 7 now serve as a trans- L duction-coils, adapted to be influenced by said 43
lator to enhance the current impulses. From ! primary induction-coils, a telephone; a micro-

1o the eylinders 1 and 15 of station A the cur- phone wdapted to he actuated by said #ele-
rent impulses will then travel throughthe con- | phone, a double key and motal evlinders em-
ducting mediuni (ground, water) to the cor: bedded in the ground conneeted to the see-
responding exlinders 1 and 15 of station B. ondary line ends, substantially as and for the 3o
Since in this station the double key is not de- | purpose set forth. C
pressed, the current will flow from eylinder 1 3. In apparatus for wireless telephony, a -
overwire 2 to contact 3 of double key 4. to con- primary circuit, comprising a sourcedf elee-
tact. 25, wire 26, telephone 27, wires 28 and -tricity, microphones, primary induction-coils
14 to eylinder 15, thereby closing the cireuit | and a double' key, n secondary circuit, com- 53
between the two stations,  1f. however, sta- | prising a source of electricity, secondary in-

20 tion B desires to talk to station A, the dou- | duction-coils, adapted to be influenced by said
ble key 4 of station B must bhe depressed, the | primary induction-coils, a telephone. a micro-
switch 29 turned into the contact correspond- | phone adipted to be actuated by said ‘tele-
ing to the microphone to be used, and the de- phone, adouble key and metal exlinders em- 6o
vices operate as above desceribed. bedded in the ground and connected to the

25 It is evident that changes may be made in secondary line ends, and a telephone or tele-
the interconnection of the various parts with- ! phones connected to the one grounded eyvlin-
out stepping beyond the scope of the inven- ' der and to the said double key and througly
tion. : bsaid key, in its position of rest, to-the other 63

Pl 1— 1t <Jl=1— [ —

What [ elaim is—

tricity and microphones cut into the said pri-

- wrounded metal eylinder, all substantially #is
L In appuratus for wireless telephony. » ﬁ
primary circuit, comprising a source ot elec:

be influenced by the suid primary circuit, a
telephone cut into the said secondary circuit, .

. & microphone adapeed to be actuated by said

telephone and metal cylinders in said second- ;

and for the purpose set forth.
In testimony that 1 claim the foregoing 1

November, 1902,
SIGMUND MUSITS.

Witnesses:
© Fraxz Rerren,
Anvesto 8. Hoaue.

Ky

¢ bave hereunto set my hand this 4th day of”
mary circuit, a secondary cireuit. adapted to .
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ARCHIE FREDERICK COLLINS, OF NEW YORK, N. Y.

WIRELESS TELEPHONY.

" No. 814,942.

Bpeeiﬁcation of Letters Patent.

Patented March 13, 19086.

Apﬁlication filed August 21,1905. S'erial No. 375,026,

To all whom it may conceri: :

Be it known ‘that I, Arcmie FREDERICK
CoLL1xs, a citizen of the United States, and a'
resident of New York city, borough of Man-
hattan, in the county and State of New York,
have invented new and useful Improvements
in Wireless Telephony, of which the follow-
ing is a specification.

My invention relates to the art of trans
mitting and receiving articulate speech elec-
trically between two or more stations with-
out connecting-wires, but employing the
earth or other medium as a means of propa-
gation; and it relates more particularly to the
transmission of impulses into the earth or
other medium by meansof a direct or alter-
nating current having a higher voltage and
greater amperage than it has been found pos-
sible to employ heretofore and the reception
of these impulses and their amplification and
intensifications at the receiving-station.

It is well known to those versed in the art
that if a telephone-transmitter, a source of
electromotive force, and the earth or other
medium are connected in series by terminal
conductors entering the earth any variation
of the current due to resistance changes in

the transmitter will produce a difference of -

potential at the terminal conductors formi
contact with the earth or other medium an
when a difference of potential is established

-at the two terminals connected to the earth a

current is established in the circuit of which
the earth forms a portion. Equipotential
surfaces are established around each termi-
nal, and while the greater portion of the cur-
rent flows directly between the terminals a
certain portion taking a less direct path flows
from one to the other in arc-shaped paths ex-
tending from the conductors a considerable
dlstqnce, or this arrangement may be so
modified that an alternating current may be
made to produce the same results—e. g., a
transmitter and a source of electromotive
force are connected in series with the pri-

‘mary of &'simple transformer-coil the termi-

nals of the secondary of which are conneéted
with the terminal conductors leading to the
earth or other medium, in which case the re-
sistance changes in the transmitter cause the
current in the primary circuit to create, ac-
cording to the law of induction, an alternat-
ing current in the secondary circuit of which
the earth or other medium forms a portion.

—~ A A A A=

Heretofore no provision has been made for
amplifying or intensifying the received pul-
saticns emitted by the transmitters de-
scribed, and a simple telephone-receiver has
been employed to pick up and translate the
impulses into speech. Likewise all experi-
ments in wireless telephony using conductor-
terminals embedded in the earth or other
medium have been made by meaus of ordi-
nary telephone-transmitters, which in com-
mercial practice operate approximately on
twenty-five volts and one-half ampere.
Using of necessity a transmitter having this
limitation wireless telephony by this method
has been successful over tomparatively short
distances, since where a current in excess of
that stated is used it burns out the trans-
mitter.

Now the object of my invention is to obvi-

ate this difficulty and to provide for the use
of any voltage and any amperage without
regarg to the transmitter proper, and in so
doing I render the transmitter absolutely in-
dependent of the current traversing the earth
or other medium and I also amplify the re-
ceived impulses so that the reproduced
speech will be louder and more distinct than
heretofore. )
- Figures 1, 2, 3, and 4 show diagrammatic-
ally .various modifications of the transmitter
arranged in accordance with my invention,
and Figs. 5, 6, 7, 8, 9, and 10 are modifica-
tions of my receiver.

=

5

70
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My method of transmitting consists, sub-

stantially, in modifying a current {of suffi-
cient electromotive force to produce an arc-
light between the electrodes of any conduct-
ing material, such as pencils of carbons or
suistances employed 1n the production of
arc-lights) by means of either shunting the
current, as shown in Fig. 1, or by superim-
posing a direct or alternating current on the
circuit including the arc-liggt, as shown in
Figs. 2, 3, and 4.

90

95

n Fig. 1 the circuit represented by A con- -

sists of a source of electromotive force 1, the
arc-light 2, and the conductor-terminals 3 3,
forming connection with the earth or other
medium. In parallel with this circuit, which
may be designated as the ‘“heavy-current”
circuit, is the shunt-circuit B, derived from
the heavy-current circuit A and in which is
included a telephone-transmitter 4 and a re-

sistance 5. Any modification of the derived
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circuit B by virtue of a chh.ngé of l;e:sistanc’g
~ due #o a variable pressure of the dia%hragm
‘is impressed upon the circuit A, and the tem-

perature of the arc and its resistance indi--

5 cates a corresponding and proportionate

" change in the circuit A. This variation of
resistance in the arc produces in the circuit
which includes it electtical undulations in
‘the earth or other medium.

1o In a second modification of my method

(shown in Fig. 2) the heavy-current circuit

A includes a source of electromotive force 1,
the are-light 2, and the conductor-terminals
3 3/, foring connection with the earth or

t5 other medium in which they are embedded
and one of the windings 4 of a transformer-
coil. The circuit B is separated mechanic-
ally from the circuit A, but is in inductive
association with it through the complemen-

20 tary winding of the coil, as shown at 5. The
circuit B includes the winding 5, battery 6,
and transmitter 7. When the transmitter 7
is in operation, an undulatory current is set
up an superimﬁosed on the current in the

23 circuit A, and the current is varied as indi-
cated with reference to Fig. 1. -

A third modification is shown in Fig. 3.
In this case the current flowing in the circuit
A is varied by an alternating current set up

3o in the circuit B, which includes a winding of
a transformer-coil 4 and a condenser 5. A
third circuit C includes a battery-cell 6, a
telephone-transmitter 7, and a winding 8 of
the transformer. It is the undulations of

35 the current in this circuit which produce the
alternating current in the circuit B.

A fourth modification of this method is
shown in Fig. 4 and has for its object the
production of alternating currents in the cir-

40 cuit which includes the earth or other me-
dium. By referring to Fig. 4, A B C D indi-
cate separate circuits. The primary circuit
(represented by A) includesa telephone-trans-
mitter 1, a source of electromotive force 2,

45 and the winding 3 of a transformer-coil. The
secondary circuit B includes the comple-
mentary coil 4 of the transformer, a con-
denser 3, and the arc-light 6. The third cir-
cuit C is in parallel with the circuit B and in-

- so cludes the arc-light 6, a source of elecfromo-

tive force 7, which feeds the arc, and the pri-
mary winding 8 of a transformer. The
fourth circuit D includes the secondary 9 of
the transformer and the conductor-terminals

55 10 10/, embedded in the earth or other me-
dium which completes the circuit.

In -action the direct current from the
source of electromotive force 2 is changed
into an undulatory current by means of the

6o transmitter 1 in the circuit A. This sets up
an alternating current in the circuit B by
means of the transformer 3 4, and this cur-
rent is then superimposed upon the current
flowing in C feeding the arc-light~ Every

65 imposition of the alternating undulatory cur-

rent flowing in C produces identically the™
same effect upon the circuit D that the cur-
rent in the circuit A has upon B, with the
final result that an alternating currgnt hav-
ing the same frequency and phase as that 73
produced in the circuit B, but with its ampli- °
tude %;'eatly increased, is made to pass °
through the circuit inciuding the earth or

other medium in which conductor-terminals g

are embedded.

It is obvious that many other modifications .

of my method of transmission may be made,
but the results obtained will be the same.-
It is likewise obvious that my system may
be employed .for signaling without wires,
provided a telegraph-ﬁey issubstituted for the
telephone-transmitter indicated in-the text.

In connection with my method of trans-
mitting articulate speech without connecting-

wires there may be employed as a receiving 85 :

device a simple telephone-receiver having its
conductor-terminals embedded in the earth
or other medium. When such a receiver is
employed, the received impulses will have a
value corresponding to the sensibility of the go
instrument.

Now to further increase the amplitude and
intensity of the impulses, so that the repro-
duction of speech may be louder, and without .
increasing the sensitiveness of the receiving- gs
telephone I employ a method shown in Fig. 5,
of which Figs. 6,7, 8, 9, and 10 are modifica- -

“tions.

Fig. 5 shows my invention in its simplest
form. The circutt A includes a source of 100
electromotive force, an arc-light 2, and con-’
ductor-terminals 3 3/, embedded in the earth
or other medium. The circuit B is derived
from A, which isin parallel toit and includes a
telephone-receiver 4 or other means of indica- 103
tion and a resistance 5. When in operation,
the function of this receiver is as follows: The
received impulses through the earth or other
medium are superimposed and impressed
upon the current flowing in the circuit A, 110
which includes the source of electromotive
force 1, the arc-light 2, and the conductor-
terminals 3 3/, embedded in the earth or other
medium. These superimposed impulses vary
the resistance of the arc 2 and increase the 115
variations of the current from the genera-
tor 1 flowing through the circuits A ahd B.
The receiver 4 in the circuit B is protected
from excessive voltage by means of the re-
sistance 3, and the circuit B (since it is in par- 120
allel with the circuit A)-derives its energy
from that circuit, and the telephone-receiver
4 responds to changes in the circuit A, but
with augmented amplitude and intensity.

In Fig. 6 the circuit B includes a condenser
5/, in series with the fransmitter instead of
the resistance 5, (shown in Fig. 5,) which pre-
cludes the flow of the direct current in the
circuit A through the receiver 4, but permits

Ind
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Aiation may be effected
siver 4, the resistance 5 of Fig. §, and the
e~ denser 5, Fig. 6, in the circuit B. :
Jrig. 7 illustrates a modification of my in-

nted by A B. ' The circuit A includes a
ce of electromotive force 1, an arc-light
conductor-terminals 3 3/, embedded in the
22 vth or othermedium, and one winding 4 of a
former-coil. ~The circuit B includes the
osite winding 5 of the transformer-coil,
‘{elephone-receiver 6, and a condenser 7.
&'This arrangement removes the telephone-re-
e Ssiver from the circuit A, and thus insures its
- mfety. . . . )

1g. 8 shows a form of my receiver .in
hich the circuit A includes a-source of elec-
omotive force 1, an arc-light 2, and conduc-
r-terminals 3 3’, embedded in the earth or

S

pther medium. The circuit B is in para.]lel
Vwith the circuit A and includes the primary 4
¢ of a transformer and a resistance 5, or a con-
denser may be substituted instead. The cir-
¢uit C includes the winding 6 of a transformer,
ondenser 7, and a receiver 8. .
ig.9 shows diagrammatically the arrange-
ent I employ for utilizing the well-known
roperties of selenium. The circuit A con-
7 gists of a source of electromotive force 1, an
jo arc-light 2, and conductor-terminals 3 3,
* embedded in the earth or other medium. The
ircuit B is mechanically and electrically re-
moved from the circuit A, but is influenced
‘ gmeans of the variation of light intensities
of the arc 2 acting on a selenium-cell 4, which
is ihcluded in the circuit B, together with a
ource of electromotive force 5 and a tele-
hone-receiver 6 or other means of indication.
‘Another form of receiver is shown in Fig.
40 10. In this modification of my invention a
eceiver 1 is connected in series with the sec-
ndary 2 of a transformer forming the cir-
cuit The secondary circuit B includes
7 ‘one winding 3 of the transformer-coil, a con-
denser 4, and the arc-light 5. This circuit is
in parallel with and derived from the circuit
i C, which includes the arc-light 5, the source
g7 of electromotive force 6, and one winding 7
of the transformer-coil. . The circuit D 1n-
Jo cludes the complementary-winding 8 of the
- transformer-coil and the conductor - termi-
#4'nals 99’ Inaction the function of these va-
strious factors are as follows: The impulses
. propagated through the earth or other me-
§ dium are impressed upon the circuit D and
<, 8re transferred by the transformer 7 8 to cir-
-:cuit C.  The resistance of the said circuit is
;. varied, as before stated, and undulatory cur-
< Tents flow in the derived circuit B, and these
are transformed into alternating currents in
the circuit A in which the receiver 1 is placed,
z-- 80d a3 a result of these operations the am-
¢~ Plitude of the current and its intensitys js in-
4 Creased bevond the maximum valte im-
v Pressed uipon the circuit D.

““force, an arc-light, a circuit connecting the
same and having its conductor-terminals em-
bedded in the earth, or other natural medi-

§ ums, an independent circuit containing a re-
ceiver and a source of electromotive force

and means for influencing the current in said

fention in which two distinct circuits are rep--

tus comprising a source of electromotive

[
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-Ido not claim that broadly, but only the com-"

.waves into eléctrical waves or electrical

. g my .invention' with greater -
clearness I would state that T am aware that -
the so-called “speaking-arc” is not new, and

bination of the speaking-arc and the disper-
sion method herein shown and described. .
It will be seen from a comparison of Figs. 1
and 5 that the samé instrumentalities may
serve for both a transmitting-station and a
receiving-station, and in referring generic-
ally to the transmitter 4 of Fig. 1 and re-
ceiver 4 of Fig. 5 in the claim I employ the
generic term of ‘sound-converter,” meaning
thereby any means for converting sound-

75

8o
waves into sound-waves.

Having thus described my invention, what
I claim as new, and desire to secure by Let-
ters Patent, is— ,

1. In a wireless telephone or telegraph the
combination of a source of electromotive
force, an arc-light, a circuit connecting the
same and having the conductor - terminals
embedded in the earth or other medium, and -
a circuit containing a sound-converter for go
transmitting or receiving, said sound-con-
verter being in’a circuit of its own outside
the main influence of the arc-light circuit,
substantially as shown and described.

* 2. In a wireless telephone or telegraph, the
combination of a source of electromotive
force, an arc-light, a circuit with terminals
forming connection with or embedded in the
earth or other medium, and means for modi-
fying the current flowing through the said
cireuit, said means consisting of an independ-
ent circuit containing a sound-converter, sub-
stantially as shown and described.

3. In a wireless telephone or telegraph, the .
combination of .a source of electromotive
force, an arc-light, a circuit with terminals
connecting the same with the earth or other
medium, a circuit including the arc-light and
containing also a sound-converter for trans-
mittinf or receiving substantially as de-
scribed. - :

4. In a wireless telephone or telegraph, the
combination of a source of electromotive .
force, an. arc-light, a circuit with terminals
connecting the same with the earth or other
medium, a circuit including the arc-light and
containing a resistance and a sound-con-
‘verter, substantially as. shown and de-
.seribed. . ’ ,

5. In a wireless telephone or telegraph, the
combination of a transmitter proper, mech-
anism connected therewith for producing a
so-called “speaking-are,” for varying the
current forming seid arc and producing cur-
rent impulses, and means for transmitting
said current impulses to a natural medium
capable of conveying the same to a distance.

6. In a wireless teTephone or telegraph, the
combination with & transmitting apparatus
of the kind described; of a receiving appara-

85
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circuit containing the receiver by the varii

tions in the arc-light, substantially as de-3 -

scribed.

. ARCHIE FREDERICK COLLINS. :.
Witnesses: * v
" Wartox Hagrrisoy,
E. C. NieLsox.
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illustration of an application of the invention

‘which the shield is composed, and not on the

UNITED STATES
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GREENLEAF WHITTIER PICKARD.

OF AMESBURY, MASSACHUSETTS.

WIRELESS COMMUNICATION.

No. 842,910,

Speciﬁca.tion of Letters Pat_ent.

Patented Feb. 5, 1907

Application Eled November 30, 1906.. Serial No. 345,642,

To all whom it may concern: _

Be it known that I, GREENLEAY WHITTIER
PicraRD, a citizen of the United States of
America, and a resident of the town of Ames-
bury, State of Massachusetts, have invented
certain new and useful Improvements in
Wireless' Communication, the principles of

tion and accompanying drawings, which dis-
close the form of the invention which I now
consider to be the best of the various forms
in which its principles may be embodied.

Th's invention relates to means for receiv-
ing intelligence communicated by electric
waves. '

The object of the invention is to prevent
the deleterious effects of static.discharges.

The invention consists in a static shield for
the wave-intercepter, as described heréin-
after and set forth as to novelty in the ap-
pended claims.

The serious results of static discharges oc-
cwrring under certain climatic and atmos-
pheric conditions, is well known to those
skilled in the art. :

- Ofthedrawings, Figure 1 isadiagrammatic

to a common form of wave-intercepter, or re-
ceiving-antenna, consisting of a single con-
ductor A forming a closed circuit and includ-
ingtheusual inductance L, L’ and connected
to earth at E; Figs. 2 and 3 are sectional
views of devices used in the invention; Fig.
4 is a perspective illustrating the practical use
of the invention; and ¥ig. 5 is a view of a
modification.

As shown in Figs. 1 and 4, a conducting
static shield composed of copper conductors
S is arranged about and close to the inter-
cepter or antenna A. This shield is of
special construction, such that all static dis-
charges will take place on the conductors of

receiving-antenna A where they have acted
harmfully theretofore.

‘The conductors S have connected with
them respectively an impedance-coil O and i
a non-inductive resistance C, which may be |
used in pumbess connected at intervals in |
the shield-conductors’S. The object of this
construction is to prevent the static dis-:

charge from taking an cscillatery form, and .[

to cause it to slowly subside as a single pulse !
to earth (when the conductors S are con- |
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-ward oscillation.

change of electric force being so slow that no .

disturbance will be induced on the antenna
A. Owing to the high impedance of the
shield, it is practically transparent to a rapid
change of electric force in tge ether, so that
the signal-waves from a transmitting-station
pass through the shield without loss of
energy, and cut the intercepter A to effect
the usual result of delivering the signal.

The impedance-coils O are preferably
made of small iron wire, in order to obtain
high impedance and produce hysteresis
losses which contribute to the damping out
of any tendency of the static discharge to-
This wire may be about
No. 26 or 28, and covered with cotton. As
shown in Fig. 2, these coils are wound on
wooden cores G, which may be protected by
insulators I filled with a sealing compound
W, such as wax. The iron-wire coils O are
securely connected in any suitable way with
the copper shield-wires S. ;

The non-inductive resistances C may be in’
the form of carbon rods or sticks, and may be

rotected as shown in Fig. 3, by insulators T

led with wax W, in the same way as the
impedance-coils O, and also securely con:
nected in any suitable way with the copper
shield-wires 8. Instead of using separate
non-inductive resistances, the arrangement
shown in Fig. 5 may be used, the impedance-
coils consisting of fine or high-resistance
wire, to contain in one device the desired
ohmic as well as reactive impedance.

As shown in Fig. 4, the plurality of shield-
wires S may be arranged entirely around the
wave-intercepting antenna-wire A, and all
the wires may be retained in their codper-
ative relations by a retaining device consist-
ing of the wooden arms D forming a cross,
with a central insulator I’ for the reception
of the antenna-wire A. The outer ends of
the arms D may be adapted to engage
around the grooves U (Figs. 2 and 3) in the

insulators I, to assist in maintaining the rcc

rigiclity of the structure.

This aerial structure is somewhat more
expensive than that heretofore used, bus
this disadvantage is slight as compared with

the offsetting advantage of preventing the 103

static troubles which frequently result in
complete inoperativeness of an installation.
I claim— )
1. In systems of wireless communication,
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from static discﬁarges, which means consists

inductive resistance connected toit.

2. In systems of wireless communication,
means for shielding the wave-intercepter
from static discharges, which means consists
of a conductor having connected with it a
plurality of impedance-coils and non-induct-
1ve resistances.

3. In systems of wireless cofnmunication,
means for shielding the wave-intercepter
from static discharges, which means consists
of a conductor having connected with it an
iron impedance-coil and a non-inductive re-

15 sistance.
4. In systems of wireless communication,
means for -shielding  the wave-intercepter
- from static discharges, which means consists
of a conductor having connected with it an
impedance-coil and a carbon resistance.

5. In systems of wireless communication,
means for shielding the - wave-intercepter
from static discharges, which means consists
of a conductor having connected with it an
iron impedance and a carbon resistance.

6. In systems of wireless communication,
means for shielding the wave-intercepter
from static discharges, which means consists
of a conductorhaving ccnnected with it a plu-
rality of iron impedance-coils and non-in-
ductance resistances.

7. In systems of wireless communication,
means for shielding the wave-intercepter
from static discharges, which means consists
of a conducter having connected with it a
plurality of impedance-coils and carben re-
sistances.

8. In systems of wireless communication,
means for shiélding the wave-intercepter
from static discharges, which nieans consists
of a conductor having connected with it a
plurality of iron impedance-coils and carbon
resistances.

9. In systems of wireless communication,
means for shielding the wave-intercepter
from static discharges, which means consists

w
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of a conductor having impedance and non-

AR TINSUNNINUSS

of a conductor connected to earth and hav;
ing connected with it an impedance-coil and

a non-inductance resistance.

10. In systems of wireless communication
means for shielding the wave-interceptef-
from static discharges, which means consistg
of a conductor located in preximity to the
intercepter and containing ohmic and reac-
tive impedance. ’

11. In systems of wireless communication,
means for shielding the wave-intercepter
from static discharges, which means eonsists
of & conducter having connected in it in se-
ries an impedance-coll and a non-inductive
resistance.

12. In systems of wireless communication,
means for shielding the wave-intercepter
frem static discharges, which means consists
of a plurality of conducters arranged about
the intercepter, said conductors having con-
nected with themrespectivelyan impedance-
coil and a non-inductive resistance.

13. An aerial structure for systems -of
wireless communication, which compfises
tize wave-intercepting conductor; a plurality
of static-shield conductors arranged about
said wave-intercepting conductor, each in-
cluding an impedance-ccil and a non-induct-
ive resistance; and a retaining member to
maintain all the conductors in codperative
relaticnship.

14. An aerial structure for systems of
wireless ccmununication, which comprises

-the wave-intercepting cenductor; a plurality

of static-shield ccnauctors arranged about
said wave-intercepting conductor and each
including an impedance-coil and a non-in-
ductive resistance; insulating-shields for the
devices in the static-shield cenductors; and
a rctaining member ccnnected with said in-
sulating-shields . to maintain all the con-
ductars in ccoperative relationship.
GREENTLEAF WHITTIER PICKARD.
Witnesses:
Epwirp H. RoweLL,
Myra S. RoweLL.
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. purpose T use a conlm

bemg used. “protectio
"This may be cut out of action by -
throwing the switch 32 to the position shown.
in dotted lines 31.--30 and 36 are relays for
closing the circuit between the seconda
the transformer 19, 19’, and the electrodes
40 and 37 of the spark gap 46." When 30
and 36 are clcsed a discharge takes place
at every half period between “the stationary
electrodes 37, 38, 39, 40 and a rotating disk
41, of -spark 0"lp 46; and when relzns 30
and 36 are open the dl;chqrge takes place
onlt dnce every period. :Consequently by
operating a key 23, which controls the cur-
rent from-a battery 24 through the relays
30 and 36, the 'di charw may be made to
occur say 1000 times per secomd when the
key 25 13 open and 500 times per second
when the %ev is closed. By this means the
dets and dashes *or signaling may be made
to have a note of 10060 per second and the
spaces 1 note of 300 per second. The tips
of me eloectrndes of the spark gap. as shown
at 43, mayx he made of watex cooled disks,
shown in detail in Figs. 8 and 4. For this
oil 41 and a circu-
latiag prmp 5. The rotating spark gap
may be inclosed in the casing 46" and the
rotating dizk 41 may be keved on to the
shaft 42 of the alternator 11. In Fig. 1 is -
s‘..‘m'x also an antenna 28. grounded “at 29,

and aperativelr connected to-the seco*ldarv
”\, af the fransformer 28. 23’, shown in de-
tail in Figs, 3 and 9. 27 reprecenta an an-
tenna in"" tance for varving the tune: it
is shown in detail in Figs. 10 and 11, 12

.IBCI 13.
a .. n

g. 2 shows a partial side elevation of
;..11"\ rap. in which 46’ is the outside
1 the rotating disk, 37 an °1ectrode.
1 J iz g”w:t-.tor. 47 a hand-wheel carrying
a Screw and m u; 48 vnernbv tlie” case 40
and ﬂ’en*rﬂ 37 may be rotated and shifted
in poesition Wlt‘m "efe"enf*e to the dvnamo 11
£0 as to cause the <par;: to be produced at
the proper point of the potential curve.

In Figs. 3 and 4 -I"r‘wmv ne details of
the stationary electrodes, 43 is a water
cooled disk. made hollow as shown and

_-med so as to be generally round on its
' mference but to have its surface con-

sist of a number of plane faces. This is
found to be Ju\'ﬂl’ltﬂ"EOUa for insuring the
constancy of the spark. The disk 43 has a

hollow ﬂe 42 leading to the circulating
pump 45 shown in Fiz. 1, and 30 is a tube
for projecting the water to the pomt of tlk
disk 43 nearest the point where the spark
.xkea phca between it and the rotating
disi

In F igs. 5 and 6 showing the relavs such
as at 30 in Flg. 1, 51, 32 represent fixed
jaws, and 53, 54 the movable jaws of the

' relay. 53 is a movable plunger for opening -

|

gap .35'-may be the relay and 56 an ad]ustmg

~used as-a“discharge §3p to-protect the con-*closmg 1.~ 57 is a headed bolt attached to
- densers.”

Zd\ |

Ly
8pnng for
*the movablé jaws '53,”54, ‘wheéreby, by ad-

justing the cooperatmv th;eaded bolt 58,
‘the movahle: plunger 55 may be made to

ry.of move.a greater or less distance before. re-

_tracting - the movable jaws 53, 54, thereby
makmo the break more or’ Tess rapid.

ig. 7 showing ‘in detail a form of
key 17 in Fig. 1, 60 is a metallic casing in-
_closing the. key proper, 59, and actmv as a
shield to prevent any electrostatlc disturb-
ances produced by opening and closing of
the key from affecting the receiver, and a
wire netting 62 forms a screen over the
whole devme, lead covered cables 60, 61,
connecting key 59 and leading outside the
wire netting so that no o’)exatlon of the
key 59 will produce any electncal distuarb-
-ances outside the screen.

In Figs. 8 and 9 showing the sending
transformer 28, of Fig. 1, the pri imary and
secondary are formed. of strips of copper
63, 64, wound’ edgewise and supported on
insulating frames 63, 66. The transformer
may be made in round sections or sruare
sections as here shown. The p rimary 63
and secondary 64 are preferably made ad-
justable to and from each other by sliding
on the axis 67. By constructing the trans-
former out of strips in the fashion shown
a very great advantage is obtained over the
use of c*'hndx'c:ll forms. as by this means
the windings may be b‘ouaht much closer
to each other while stil! leaving the distance
"between turns the same. and since t"w in-
ductance varies as the square of the nnum-
ber of turns per inch. the total len:z’th of
wire may be very greatly reduced and the
size of the inductance may be made very
much smaller. Moreover, the mutual in-
ductance between the primary and seeond-
ary may be made very much greater than in
tae case where the round ‘conductors or
tubes are used.

Figs. 10 and 11 show one form of th
antenna inductgnee 27 of Fig. 1. In !
form I use two spirals of flat iron wound
edgewise. A troliey bar 88 bridges across
the two spu'als 101,102, and shdea on a rod
69 when these spirals ‘are revolved on their
shafts 103, 104 which are connected to-
gether by sprocket chain70 so that when the
pulle" 11 s rotated bot‘1 spirals 101 and
1102 are moved in the same direction and the
bridging trolley bar 68 is caused to move
backward or tor"»nnd and therebv include
a greater or less number of turn; between
the coil terminals 72. 73. -This is verr ad-
vantageous for tuning. and moreover the
tum’w can be aceomplished without chance
of t‘le operator being injured, while the
spark is passing.

Figs. 12 and 13 show another form of
antemm mductance in which T use a =1nc'1e
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coil 74, inside of which are a number of
disks 75, 75, 75. These disks ‘are pivotally
mounted on pins 76, 76, engaging frame 105,
and attached to an insulating” connecting
bar 77, so that on rotating. the handle 78
attached to one of the disks the inclination
of all the disks to the surrounding coil 74
may be varied. When the disks 75 are in
planes parallel to the planes of the turns of
coil T4 the inductance in the coil 7% 1s
largely annulled. When the handle 78 is
trned so that the disks 75 are in a different
Dlane to that of the turns of coil 74 the in-
ductance of 74 is not annulled and is larger
than beforé. In this way very exact tuning
can be had. :

In Fig. 14 showing an antennd and con-
nections for same, 80 and S$1 represent masts.
82, 82, 82,-82  insulators, an 83, 84 hori-
zontal conductors such as shown in appli-
cant’s U. S. Patent No. 706,738, of August
12th. 1902. In these 3 long wave arriving
from the side 83 for example will produce
an effect in 83 of a different phase from that
produced in 84. and a maximum effect will
not be obtained. For this reason I lead the
current from 83, 84 by means of conductors
83. 86, preferably attached to about the mid-
dle of ‘the conductors 83, 84, and  connect
these leads 85, 86 operatively to the circuit
containing the receiving or transmitting ap-
paratus in such a way as to correct this dif-
ference of phase, and in such a waiy that
this correction will be effected when the
waves are arriving from one direction and
preferably not when they are arriving from
any other direction. I accomplish this by
leading the conductors 85. 86 through the
switch 100 and the transformers 87. 88 to
ground at 89,90. The transformer 87,87 is
connected preferably directly by means of
the double throw switch 912 to the receiver 91
or to the sending transformer 92, 93 being
a high frequency alternator and 94 a send.
ing key, 95 a capacity and 96 an inductance.
A transformer 88, 88’ js connected to a sec-
ond circuit containing thé inductarice 97
and capacity 98, and this circuit in turn is
inductively connected by means of the trans-
former 99. 99" to the cireuit containing the
capacity 93. inductance ‘96 and secondary
S77. In this way. by adjusting the coupling,
tarns. and edectrical constants of the trans-
former £7. the transformers 99 and S8 are
able to cause the effects produced by the
currents in the conductors S5 and $6 to co-
incide in phase. Thus by means of the re-
versing switeh 100 T am able to arrange it
so that the phase relation may be correct for

Twaves arriving or being sent out from the

side 83 of the antenna. or for waves arriving
or being sent out from the side S4.

In Fig. 15 is shown another arrangement,
Here 112 is a steam turbine; 111 is a 300
cyele dynamo, 113 a rotary spark gap, 114

a condenser, 105 a primary of a transformer,
106 the secondary of the tx:ansformer,
grounded at 110, 107 a tuning inductance,
108 a switch and 109 an antenna. A rela-
tively low voltage, preferably not exceeding
5,000 or 6,000 volts. is used on the rotarv
spark gap 113 and preferably no trans-

: ; Y
former is used, (though one may be used if

age of 3,000 volts or 6,000 volts directly by
its armature windings. This is found to
give a higher efficiency not only by doing
away with the losses in the transformer but
also for-other reasons which are not as yet
fully known, but whi¢h have been experi-
mentally demonstrated and which partly r=
sult in increased efficiency in the spari in Jdo
ing away with the brush discharges. ete.

By means of adjusting the rotary spark
gap herein disclosed and also by the form
of electrodes disclosed I am ena‘ole{! o oc-
tainyvery high efficiency and to obtain 2
power factor as high as 96 or 93 pe'; 'elh_t:
from the generating apparatus. and this

with large amounts of power. By means of

the other devices shown herewith I am en-
abled to handle and utilize these large
amounts of power in such a way as to obtain
great efficiency of operation. For example.
the flat strip inductances and transformer
enable me to get the necessary amount ot
inductance for tuning with but a small frae-
tion of ,the ohmic resistance necessary In
the causé of inductances or transiormers
formed of cylindrical conductors.

By mounting the rotary gap housing on
the end of the generator itself I am enabled
to avoid the possibility of angular displace-
ment which is apt to occur when the housing
and dynamo have separate foundations.

By forming a discharge zap 35 of balls
having a very large diameter in proportion
to the distance between them I am able to
get a relief gap which-breaks down at prac-
tically the same potential for high fre-
quency discharges' as for low and also one
whose discharge voltage is practically inde-
pendent of the time which the voltage is ap-
plied. ) )

Having thus described my invention and
illustrated its use. what I claim as new and
desire to secire by Letters Patent, is the fol-
lowing:

1. In wireless telegraph apparatus, the

combination of an oscillating circuit con-*1:

taining a spark gap with a plurality of sta-
tionary terminals. a generator, a movable
member of the spark gap mounted on a ro-
tating part of the generator, and means to
change the spark frequency for signaling,
by cutting out some of the stationary ter-
minals of the spark gap.

2. In wireless telegraph apparatus, the
combination with an oscillatory circuit con-
taining a spark gap with several stationary

)
e

desired) the dynamo 111 generating a voli- .
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“terminals, of 4 generator, a rotating part

- of the generator forming one member of the

(4]

15

spark gap and means to adjust the position
of the stationary sparking electrode to vary
the sparking ‘point on the potential curve,
and key operated means to cgange the spark
frequency. , L

3. The combination with an oscillating
circuit having a plurality of stationary ter-
minals forming electrodes of a spark gap
therein, of a series of rotating elements
forming one electrode, said stationary ter-
minals containing cooling means, a sur-
rounding casing arocund the revolving ele-
ment and the series of stationary terminals
protruding ‘therein, and electrically oper-

ated.means to chunge the number of active

terminals. i

4. Apparatus for wireless telegraphy,
.comprising the combination of a generator
circuit, inductance therefor, an oscillatory

~ circuit including a rotary spark gap, an aux-

1,175,418 -

iliary-protective discharge gap, a switch to
alter the amount of said inductance, and
said inductance being formed of flat strips
to provide for low ohmiic resistance.

6. In high powered wireless telegraph ap-

paratus, the combination with an oscillating
circuit containing a rotary spark gap, a con-
denser, inductance, a protective spark gap
around the. rotary gap and a secondary of a
transformer, of a generator, a circuit con-
taining the primary of sdid transformer, an
extra inductance, and a key arranged to
alter the effect of said inductante for sig-
naling. substantially as described.

In testimony whereof I have hereunder
signed my name In the presence of the two
sitbscribed witnesses.

REGINALD A. FESSENDEN.
Witnesses:
Jessie E. Bexr,
Frorexce M. Lyox.

E Copies of this patent may‘ be obtained for five cents each, by addressing the ‘‘Commissioner of Patents,
Washington, D. C.”
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UNITED STATES PATENT OFFICE.

JAMES HARRIS ROGERS AND EENRY H. LYON, OF EYATTSVILLE, MARYLAND.

WIRELESS BIGNALING SYSTEM.

—

fpecification of Letters Patent.

1,220,005,

Patented Mar. 20, 1017,

Application filed Rovember 10, 1916. Serial Ro. 130,802,

To ofl whom it may concern:

Be it known that we, Jases H. Roorrs
and Hexnr H. Lyox, citizens of the United
States, residing ‘at Hyattsville,in the county
of Prince Georges and State of Maryland,
have invented new and useful Improvements
in Wireless Signaling Systems, of which the
following is a specification. .

Our invention relates to the trensmission
of electrical impulses or oscillations to a dis-
tance, primarily for the purpose of convey-
ing intelligence, and it pertains to means for
both sending and receiving.

In systems of wireless sending and receiv-
ing now in general use, one or more can-
ductors or capacities are employed disposed
above the surface of the earth, which con-
ductors or capacities serve to radiate or re-
ceive the impulses in the sending or receiv-
ing of messages. Such elevated conductors
are costly to erect and maintain,asto obtain
efficiency and long-distance transmission it
is necessary to have thein at considerable dis-
tanca above the surface of the earth. This
necessitates expensive towers and masts, and
moreover both the conductoérs and the towers
or me<ts are exposed to weather conditions—
wind storms, lightning, snow and ice—which
often impede or entirely ‘Qrevent the opera-
tive use of the system. We are aware that
it has been proposed also to employ a con-
ductor elevated above the earth in connec-
tion with a buried conductor.

Our invention has for its principal object
the provision of a system not subject to the
above objections; a sysitem in which the
communication, both sending rnd receiving,
is clear and effective; in which the comniuni-
cation is selective and the direction of trans-
mission may be readily determined;in which
multiple transmission may be effected; and
in which the sending and receiving of mes-
sages to and from stations on land and on
water may proceed independent of weather
conditions.

We have discovered that signals can be
sent and received with at facility by the
employment of wires buried beneath the
'surface of the carth but insulated therefrom
substantially throughout their length and
extending in direction substantially parallel
to the sarth’s surface, so that while the wires
are not in direct contact with the earth they
ary intimately associated therewith.

The invention consists in the novel fea-
tures and combinations of circuits snd appa-

Al Al A A= A R

ratus in the wireless signaling system here- -

innfter described and claimed, and illus- .
trated in diagram in the accompanying

drawings, in which—

Figure 1 is a system in which a single an-
tenna is shown below the surface of the
earth, but insulated therefrom by being
mounted within a conduit;

Fig. 2 is a similar view showing two an-
tenna extending in opposite directions; :
Fig. 3 is a view similar wo Fig. 2, but with

the instruments of a sending s*ation; and

Fig. 4 is a similar view showing in whole
lines the antennz consisting of insulated
wire buried below the surface of the ground.

Referring to the drawings, signal instru-
ments are indicated at 10, and in Figs. 1 and
2 are those of the receiving station, while in
Fig. 3 the instruments of a sending station

80

85

70

7%

.are shown. InTigs.18nd?2,11 is a detector

of any type, preferably an sudion, 12 a tele-
phone, and 13 and 14 are the usual con-
densers. Any desired tvpe of instruments

and arrangement of connecting circuits may 80

.be employed.

The surface of the earth is indicated at 15,
and the antenna at 16. This latter extends
in a direction substantially horizontal, and
as shown in the figures is preferably buried
below the surface of the earth. Referring
particularly ta Fig. 1, the antenna is mount-
ed within r conduit or pipe 17, preferably of
any suitable non-conducting material such
as terra cottn. The mounting within the
conduit may be of anv preferred type, that
shown being by mounting the antenna upon
n series of lugs or projections 18 extending
upwardly from the bottom of the conduit.
From the end of the conduit connection is
maile between the antenna and the signal in-
struments. The antenna is thus intimately
associated with the earth throughout its
Jength but is insulated therefrom and, it is
believed, a considerable portion of the
earth’s surface ahout the anlenna thus co-
operates with the latter in sending or receiv- -
ing oscillations.

The codperation of the antenna with a
ground connection or a second antenna is 105
desirable for proper transmission or recep-
tion of signals. and in Fig. 1 we have there-
fore shown the other side of the instruments
connected to ground plate 19.

Fig. 2 is un embodiment of the invention
in which two antennz are employved extend-
ing in opposite directions, the sccond an-
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tenna 20 being connected in place of . the
ground plate shown in Fig. 1. ‘This ar-
rangement is mcre effective than with the
use of the ground plate. ‘ .

In order to obtain th:e maximum efficiency
it s desirahle to have the antennw disposed
in a line at right angles to the wava fronts,
and in order that this may be accomplished
for the different directions a plurality of
antenn# are employed extending outwardly
in different directions but subsiantially hori-
zontal and parallel to the surfuce of the
earth, and under the surface as already ex-
plained. This arrangement is fully set forth
i our application Serial No. 130,603, filed
November 10, 191G, to which reference is
made for complete dctails. It is therefore
thought uninecessary to illustrate or descrile
such arrangements in the present applica-
tion.

Fig. 3 shows the same arrangement as
Fig. 2, but with sending instruments instead
of receiving instruments. These latter com-
prise o generator 21, transformer 22, spark
gap 23 and condenser 24¢. Any other send-
ing arrangement and instruments muy be
employed instead of those shown. )

eferring now more particularly to Fig.
4, in place of the conduit or pipe, an ordi-
nary insulating cavelop for the antenna is
shown at 25, and for this purpose the an-
tenna may be an ordinary insulated wire of
tlie proper sizeand length. It may beburied
bencath the surface of the earth, as already
explained. )

he invention is also applicable to the
surface of the earth where there is water.
For instance, on the sea coast the antennm
may be run out from the shore into the
water, and although insulated from the Int-
ter it is so closely associated therewith that
there is a cobperation between the antenna
and the surrounding water in the sending
and receiving of escillations. ‘The insalated
antenna may also be employed for sending
ard receiving signals to and from vessels in
the manner fully set forth in our above men-
tioned application, it being believed unnec-
;.xsary to fully describe these arrangements

ere.
In accordance with the patent statutes we

have described whif we now believe to be -

the best embodimant of the invention, but
we do not wish'to be understood thereby as
limiting ourselves ér the scope of the inven-
tion, as many changes and modificstions

———1 | A ) =N N AR
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may be made without departing from the
spirit of the invention an all such we aim
to include’ in the scope of the uppended
claims.

For instance throughout the severnl fig-.

ures, the signal instruments are shown asso-
ciated with the antenna or antennic by irdi-
rect coupling, but may be associated there.
with in any other manner desired.

It will be seen also that while the signal
instraments  are shown diagummetically
nbove the earth, they will in practice often
be actually located in a pit below the ground
level or entirely underground between the
antennwe, as shown in Iig. 4. When the
antennie are entirely underground, the cf-
fects of lightning on the veceiving of signuls
are nearly elinnnated, so that only slight
clicks are heard instead of loud prolonged
hissing.

It wilh be understood that the sysiem
works with either sustained oscillations or
dam wave truins

What we claim and desire to secure by
Tetters Patent of the United States, is—

1. A wireless transniission and recepticu
system comprising an antenna extending in
direction substantially parallel to and buried
under the surface of the earth bnt insulated
therefrom substantially throughout its
length. o

2. A wireless signaling systein comiprising
electromagnetic wave signal instrunents, an
antenna extending outwaiddly therefrom, o
second antenna extending in the opposite di-
rection, said antennie being parallel to and
buried under the surface of the earth but in-
sulated therefrom substantially throughout
their length, said instrumerts being connect-
ed Letween said antennwm.

3. A wireless transmission and reception
svstent comprising an antenna extending in
direction substantially parallel to and buried

under the surface of the curth and a con- 100

duit in which sud antenna is insulated sub-
stantially throughout its length froni the
earth. : ‘ :

In testimony whereof we have hereunto

set our hands 1n presence of two subscribing 108

witnesses.
JAMLES HARRIS ROGERS.
HENRY H. LYON.

Witnesses:
Jomx Gissoxn,
S. Wrriax Fero.
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UNITED STATES PATENT OFFICE.

JAMES HARRIS ROGERS, OF HYATTSVILLE, MARYLAXD.

WIRELESS SIGNALING SYSTEM.

1,303,728.

Specification of Letlers Patent.

Application fled January 10, 1818, Serial Ne. 270,558, o

To all whom it may conczrn: -

Be it known thet I, Jayes Harrus Rogens,
a citizen of the United States, residing szt
Hyattsville, in the county of Prince Georges
and State of Maryland, have invented new

and useful Improvements in Wireless Sig-

naling Systems, of which the following is a
specification. .

My invention relates to radio signaling,
and has for its object the provision of an
improved system fo1 use in connection with
vesselg, particularly submarines.

The invention comprises the employment
of an insulated radio conductor or antenna
suitably mounted upon the submarine but
insulated therefrom except at the outer ends
where it is in electrical connection with the
metallic body of the vessel, Electromag-
netic wave sending and receiving insiru-
ments are arranged to be associated with the
said conductor al a point intermediate its
ends, in any suitable murner.

The invention consists in the novel system,
and srrangement of apparatus and circuiis
hereinafter described and claimed, and
shcwn in the accompanying drawings, in
which drawings—

Figure 1- shows a submarine -vessel
equipped with the invention, a portion of
the vessel being in section, and the wireless
apparatus and circuits for receiving mes-
sages being diagrammatic; -

“ig. 2 is a diagrammatic view of conven-
tional sending apparatus and circuite for
use with the system of Fig. 1 for the purpose
of sending signals.

Referring to the drawings, 10 indicates
the metallic hull of a submarine vessel,
which may be of any type or construction,
11, 11’ indicate an insula‘ed radio conducior
s0 mounted 28 to be elactriczlly insulsted
from the vessel and the water except at its
outer ends where the portion 11 is connected
at 12 to the bow of the hull and pertion 11’
is connected at 13 to the stern of the hull

Associated with the radio conductor,
preferubly at some point batween its ends,
arc electromagnetic gignal instruments. As

shown conventionally, receiver 14 is in cir-

cuit with winding 15 of an inductive cou-
pling of which the other windirg 16 is con-
ractegd to the radio conductor 11, 11°. 17 is
the usual detector, which may be 2n andien,
and 18 and 19 are the usual condensers.

~ Sending instruments and circuits for uss
with the system are shown in Fig. 2, wherein:

W:me

20 is a source of current, 21 a key, and 22 .
spark gap in an oscillsting circuit ‘which

includes winding 15 of the coupling. This
sending apparatus is of course on the vessel,
Any desired electromagnetic wave signal
instruments may be employed, those shown
being merely illustrative.
From the foregoing it will be seen that the

_radio conductor constitutes with the electri-

cal connectiun through the vesse]l a loop
oscillating circuit which will oscillate in re-
sponse o electromagpetic waves being re-
ceived, or set up by the sending instruments.
A suitable tuning condenser 23 is provided
to tune this oscillating circuit to the proper
frequency. It will also be observed that the
radio conductor is carefully insulated
throughout its length between its ends, so
that it cannot e electrical connection
with the vestel, or the water when the sub-
murine is submerged.

While 1 have described & specific embodi-
ment of the invention, this is only by way

‘of illustration, and it will be understood

that modifications may be made without de-
parting from the invention. For instance,
the electrical connection between the ends
of the radic conductor may be made by a
metallic conductor other than the hull of
the vessel,

J c:aim: - ,

1. The combination with a vessel, of a
radio conductor extending longitudinsily
thereof but insulated therefrom and frum
the water except at its ends which make
electrical connection with the vessel, an elec-
trical connection between said- ends of the
radio, conductor through said vessel, and
electromagnetic sigraling instruments assn-
ciated with said radio conductor at & point
between its ends.

2. The combinatioa with a2 submarine ves-
sel having a metallic hull, of an insulated
radio conductor extending longitudinally
thereof and connected electrically at its ends
with said bull, whereby a loop oscilluting

circuit is provided, and electromagnetic.

signaling instruments associated withi said
Jooped oscillating circuit.

3. The combination with a submarine ves-
ge] having a metallic hull, of an insulated
radio conductor extending longitudinall
thereof and conunected electrically.at its en
with said hull, whereby s loop oscillating
circuit is provided, a tuning condenser in
s2id oscillating circait, and electromagnetic

Patented May 13, 1919,
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signaling instruments associated with said circuit is provided, electromugnetic signal

looped oscillating circuit.

4. The combination with a submarine ves-
sel having a metallic hull, of an insulated
radio conductor extending longitudinall
thereof and connected electrically at its en
with said hull, whereby a loop oscillating

instruments associated with said radio con-
ductor between its ends, and a tuning con- 10
denser in circuit with said conductor.
In testimony whereof I have hereunto pet
my hand.
JAMES HARRIS ROGERS.

Ooples of this pateat may bt edtained for fve eents sach, by addressing ths “Commissionsr of Pateats,
Waskiagtes, B. 0.° ,
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UNITED STATES PATENT OFFICE.

JAMES HAREZE ROGERS, OF I'YATTSVILLE, MABRYLAND.
BADIOSIGNALING EYSTEM.

1,303,%30. -

$pecifioation of Letters Patent.

Patented May 13,1910.

Appliestion fled January 11, 1919, Berial We. 270,863,

To oll whom it may concern:

Be it known that I, Jaxes Harsis Rog-
United States, resid-
ing at Hyattsville, in the county of Prince
Georges and State of Maryland, have in-
verted new and useful Improvements in
Radiosignaling Sg’stcms, of which the fol-
lowing 18 a specification.

My inveution relates to radio signaling
systems and apparatus for sending and re-
ceiving signals thruugh space by meuns of
electromaguetic waves, and it relates par-
ticularly to that portion of such systems
known as the antenna. .

I have discovered that radio conductors
or antenne are highly efficient when dis-
posad horizontally or substantially parallel
to the surface of the earth but completely
insulated therefrom and inclosed in an in-
closing metallic covering, screen or casing
gractica.lly throughout their entire length,

ut insulated therefrom. The metallic cov-
ering thus inclosing the antenna, but from
whxiﬁ: the latter is insulated, takes up the
electromagnetic waves, in receiving, and
transmits ther to the anteana within at full
strength and even with greater effect than
when the antenna i3 used without the cover-
ing. A highly efficient action is thus ob-

tained, the static is reduced, and at the same"

time the antenna is fully protected from de-
terioration by the corroding action of earth
and water. '

In such a system it has been found nec-
essary, in order to obtain the best resulis, to
employ radio conductors and casings of very
considerable length, that is, 250 feet, 500
feet, 1,000 feet, or even 5,000 feet or more
in length. With the use of such long con-
ductors and casings, however, it is found
that tha static increases in proportion to the
length, that is, as the length of conductor
and casing increases, the static increases in
ebout the same proportion, and this increase
in the static prevents obtaining the best re-
sults. .

Now, it is the object of the present inven-
tion to reduce the proportion which the
static bears to the Jength of the radioc con-
ductor employed. A further object is {o ren-
der ible t{n employment of longer radio

- conductors or antcnna in proportion to the

N

incoming wave length.

SANAA I TN N Y

In carrying the invention into effect the
metallic covering, screen or casing of the
radio conductor or antenna is made sec-
tional, the sections being insulated from
each other by rubber hose, such as garden
hose, or equivalent.

The invention concists in the novel ecn-
struction and arrsngement of spparatas and
parts thereof for sending and receivin
radio signals hereinafter described an
claimed, and illustrated in the accompany-
ini drawings, in which drawings—

“igurs 1 1s a dingrammatic view showing
the antenna buried beneath the surface of
the earth, receiving instruments being asso-
ciated with the antenns;

Fig. 1* shows a conventional arrangement
of sending instruments which may be sub-
stituted for the receivi
transmitting signals, it being understood
that either the sending or receiving instru-
ments shown in Fig. 1 are to be used in
connection with the arrangements shown in
the remaining figures;

Fig. I’isa longiuuiinn] section of one of
the couplings or section connections, shown
on an enlarged scals;

Fig. 1° is a transverse section taken on
the line c—c of Fig. 1*;

Fig. 2 is a view similar to Fig. 1 showing
two antennz extending in opposite direc-
tions beneath :he surface of the earth, the
connection for signaling instruments being
Jocated between the antennaz and also be-
neath the surface of the earth;

Fig. 3 is » view similar to Fig. 2 but show-
ing the antenna resiing upon the surfacs of
the earth with the signal instruments npon
or above the surfacs;

Fig. 4 ic a view similar to Fig. 3 but show-
ing the antenna supportad above the surface
of the earth but in close proxiniity thereto;

Fig. 5 is a view similar to Fig. 2 in whica
the antenna are shiown submerged in watar.

Fig. 6 is a view similor to Fig. 2 showing
a2 modification.

Referring to the drawings, 10 indicates
the signal instruments, which in Fig. 1 are
those for receiving siynzls, while in Fig. 1
the instruments for sending signais are
shown. In Fig. 1, 11 ix a detector of any
type, preferably an audion, 12 a telephone,
and 13 and 14 the usvasl condensers Any
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desired type of instruments and arrange-
ment of connecting circuits may be em-
ployed.

In Fig. 1* suitable sending instruments are
conventionally shown. These comprise a

generator 15, transformer 16, spark gap 17, .

~ condenser 18 and key 19.
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.The above-mentioned instruments are well
known in the art of radio or magnetic wave
signaling, and need not be further described.

20 is an antenna for radiutin% or receiving
electromagnetic waves, and as shown in Fig.
1 extends horizontally or substantially par-
allel to the earth’s surface and buried in the
earth. This antenna may be of any suitable
or desired length, and is completely inclosed
within & metallic covering, casing or screen
21 which may be a tube or pi%o lead, iron
or any other suitable metal. e antenna is
insulated from the metallic covering or cas-
ing by means of insulation 22. It will thus
be seen that while the antenna is buried in
the earth it is completely insulated there-
from and from the metallic govering or cas-

ing.

%['he receiving instruments shown in Fig.
1 are associated with the antenna by means
of an inductive coupling comprising wind-
ings 23 and 24 of a transformer, but may bo
associated therewith in any other suitable
manner. The other terminal of winding 24
of the coupling is connected to ground at 25,

In the embodiment of the invention shown
in Fig. 2 the ground connection is replaced
by a sevond antenna 20" extending in a direc-
tion different from the direction of antenna
20, the signal instruments being connected
betwcen the antennm as indicated by the
winding 24 of the inductive coupling. In
this figure also is shown the arrangement by
which the signal instruments are Jocatzd in
the chamber 26 below the surfacs of the
earth. i '

Fig. 3 shows an arrangement similar to
Fig. 1 but with the employment of a second
antenna 20’ in place o? the ground connec-

Fig. 4 chows an arrangement similar to
Fig. 3, but with the antenn=z slightly ele-
vated above the suriace of the earth by

“means of struts or pins 28. - Thus while the

entenne extend substantially parullel with
the surface of the earth, the mctallic cover-

- ing or casing is not in direct contact with tha

1.2

60
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earth but is sepnrated therefrom by a short
szca. It may or may not be insulated from
the earth according to the material of which
the struts or pins 28 are made, that is
whether they are of conducting or of non-
conducting material o
Fig. 5 shows the employment of two an-
tennre submerged beneath the surface of the
earth Whers thers is water, the water being
indicated at 29. Here the metallic covering
or casing is in contact with the water, but

‘sixteen feet

S A S NN Y

the antennz and their connecting circuits
are insulated from the water. :

Fig. 6 shows the employment of ground
connections 30 for the outer ends of the an-
tenne. . :

In urder to reduce the static, as above in-
dicated, the casing 21 is divided into sec-
tions 381, which sections may be of any. de-
sired length, Frefembly very short, such as

or instance. is particular
length is suggested for the reason that it is

70

75

the length of ordinary iron R'ihpe which may -

be used for the purpose.
are connected to each other by insulating
couplings 32, which may be made of rubber
hose clamped to the metailic sections b
clamps 33 or other suitablo means. :
. Careful tests and experiments have shown
that by the employment of sectionil metallic
casing in intimate contact with the earth
but insulated from the radio conductor or
antenna, the sections of the casing being in-
sulated from each other and connected b
couplings of insulatin%);naterial, very muc
longer antennz may be employed than is
possible with the continuous metallic casing.
Also, when comparing the use of antennms of
the same length, the static is much less with
the sectional casing.

It will be understood that while T have
shown and described arrangements embody-
ing my invention in which one antenna and
also two antenns are employed, any desired
number may be used, and it is desirable to
have them extend in the proper direction to
obtain the maximum effect-both in sending
and veceiving of the electromagnetic waves,
For this purpose a number of antenne may
be employed radiating in different directions
from the instruments, and suiteble switching
mechanism may be provided for connecting
any one or more of the antenne to the sig-

e sections 31

80
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nal instruments. Such an arrangement is

shown and described in the pending applica-
tion of myself jointly with I}ienry on,
S. No. 130,603, to which reference is gm
made for further detailzs, so that it is nm-
necessary  to describe such an arrangement
in this application.

It has been stated that the inventiom is

118
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applicable to the surfacs of the earth whers _

there is water, one such application beui)gg

illustrated in Fig. 6. It will be unders
also that the invention is also applicable to
ships at sea, but as the employment of my

120

new antenna arrangement. in such connaction. .

is obvious it is though that illustration is
unnecessary.

In accordance with ths patent statutas I
bave described what I now believa to be the
best embodiment of the invention, but I do
not wish to be understood thereby as limit-
ing myself or the scope of the invention, as
many changes and modifications may be
mads without departing from the spirit of
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130

“ 2 ]2 121NN




N N |=| 111

s

~

1,508,730

the invention and all such I aim to ind

in the scope of the appended claims, = |

. What I claim as new and desire to secure

byllittend.?atqnt of the United States is:
. A radio signuling system comprising

an antenna extending horizontally substan-

tiallfv parallel to the surface of the earth and

insulated therefrom, a metallic eovoring

comprising sections insulated from

other and inclosing said antenna throughout

_its length but insulated therefrom, and sig-

nal instruments associated with said an-
tenna. . T ‘

2. A radio signaling systam comprising
an antenna extending ionzontally substan-
tially parallel to the surface of the earth, a
metallic covering comprising short sections
connected by couplings of insulating ma-
terial and inclesing said antenna but insu-
lated therefrom, and signal instruments as-
so%iztzd wé%h said algxtenna.m .

. A radio signalin comprising
an antenna extending osgzonully substan-
tially parallel to the smurfacs of the earth, a
metallic covering comprising sections insu-
lated from each other and inclesing said an-
tenna but insulated therefrom in con-
tact with the sarth substantially throughout

AP NN

N »

its Jeugth, and signal instrumants asscciated
ﬁ%r b dio. signali risin
radio wignaling system comp F 4
an antenna extending hogzonully substan-
tially parallel to the surface of the earth, s
metallic covering for said antenna com-
prising sections insulated from each other
and inclosing said antenna but insulated
therefrom, maid metallic covering bai
buried in the earth with jts sections in inti-

mate contact therewith, and signal instru-.

ments associated with said antenna. ,
5. A radio signaling system comprising
signal instruments, an antenna extending
outwardly therefrom, a second antanna ex-
tending in a different direction, mid antatne
being substantially parallel to the surfacs of
the earth but insulated therefrom and said
instruments being connected between said an-
tenns, and a metallic covering for each of
szid antennw comprising sections insulated
from each other and inclcsing the antanna
throughout its length but insulated there-

In testimony whereof I have hersunto set
my hand.

JAMES HARRIS ROGERS,
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FUNITED STATES PATENT OFFICE.

il whom it may concern:
Be it known that I, Jaxes Harris Rocers,
izen of the United States, residing at
f{vattsville, in the county of Prince Georo'es,
d State of Maryland, have invented new
nd useful Improv ¢ments in Radiosignaling
ystems. of which the following is a specl-
jcation.
My m\entlon relates to radio signaling
ems in which radio conductors or an-
xinse are employed in sending and receiving
ignals through space by means of electro-
1d; etic waves, and it relates more particu-
arly to the arrangement and disposition of
ich conductors or antenne.
#My experiments have shown that coils of
fire, of various shapes and sizes, act with a
h degree of efficiency as radio conductors
_’ﬁen used beneath the surface of the earth,
nd possess the advantage of greatly reduc-
ng t e static. Such coils may be buried in
he earth, lowered into dry Wells, or sub-
rged in water in wells or in bodies of
ater covering portions of the earth’s sur-
ace. The coils may be composed of bare
rire so wound that the coils are separated
rom each other, such coils being used out
contact with the ground or water, and
dpreferably insulated wire when the coil is to
immersed in water or buried in the

5 3

n using these coils I may and preferably
o include thcm in a closed oscillating cir-
uit which is suitably associated with the
%lgnahna instruments.
he invention consists of the novel con-
tuction and arrangement of '11)p.1rf1tu<.
. ind parts thereof for sending and recciving
¥Yadio signals  herein: lfter described 'md
‘clalmed. and illustrated in the accompany-
: n%dl'n\mvs in which drawings—
igure 1 js a diagrammatic view showing

e ndm conductor or coil beneath the
earth's surface but insulated therefrom, re-
1V1n" instruments being associated with
he r'xdmtmrr condnctor;
‘l°' 1= shov\s a conv ent10n.11 arrangement
sending instruments which may be sib-
Btituted for the receiving instruments for
Ysdransmitting swn.ﬂ\ it being understood
that either tho receiving or sendmv instru-
Mentgs are employed with the arrangements
hOWn in the remaining ficures;
i, 2 is a view similar to TFig. 1 but show-
"E tho circuit of the radio conductm coil
= \C uding a portion of the ground adjacent

TR

Specification of Letters Patent.
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thereto, instead of being included in a com-
plete magnetic circuit as s shown in Fig.

Fig. 3 is a view similar to Fig: 15 owmg
the radio conductor coil buried in the earth
but insulated therefrom;

Fig. 4 is a view similar to Fig. 3 showing
the radio conductor coil immersed in water.

Referring to the drawings, 10 indicates the
signal mstruments, which in Fi 'ig. 1 are those
for receiving signals, while in Fig. 1 the
instruments for sendmw signals are shown.
InFig. 1,11 1sa detector of any type, pref-
erably an audion, 12 a telephone, and 13 and
14 the usual condensers. Any desired type
of instruments and arrangement of connect-
ing circuits may be employed

In Fig. 1* suitable sendin instruments are
conv nntlon'lllv shown. These comprise a
generator 15, transformer 16, spark gap 17,
condeneel 18 and key 19.°

The above-mentioned instruments are well
known in the art of radio or magnetic wave

signaling. and need not be further described.

“"The radio conductor or antenna is shown
at 20, and as illustrated consists of a coil or
spiral wound upon a suitable frame 21. The
coil illustxated is flat, that is the turns lie in
the same plane, and are secured to the frame
21 in any suitable manner as by being fitted
in notches formed in the frame. “for that pur-
pose.  While this is the preferred form of
coil, it will be understood that other forms
may be adopted and may be found to work
satisfactorily. This coil is placed beneath
the earth’s surface, as shown in Fig. 1 by
being lowered into a well or other de epres-
sion in the earth. The coil is preferably ar-
ranged in a vertical plane, and is placed at
right angles to the wave fronts of the elec-
tmma«netlc waves to be radiated or received,
in mdm to obtain the maximum effect. The
well referred to is indicated at 22 and the
surface of the earth at 23.

The radio conductor is connected in a
closed oscillating cirenit indicated in Fig. 1
by conductors 94 and 25 connccted to the

respective ends of the radio conductor 20,
and to the coil 26 of the inductive conpling
the other member of which is indicated at
27. The closed oscillating circuit thus in-
cludes the radio eonductor coil and a coil
of the inductive coupling or transformer
through which the receiving or the transmit-
ting circuits and 1nstrnmonts are associuated
for sending or receiving signals.

In the modification of circuits shown in
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Fig. 2, one terminal of the coil is connected

- to ground adjacent thereto, and one side of

10

15

20

80

the circuit leading from the coupling coil 26
is connected to a second ground near the
surface of the-earth. ‘The first mentioned
ound is indicated at 28 and the second is
indicated at 29. The earth connection be-
tween these two grounds 28 and 29 therefore
takes the plice of one side of the metallic
circuit shown in Fig. 1 and constitutes a
portion of the closed oscillating circuit in
which the coil is included. .

In Fig. 8, the radio conductor or coil is
shown buried in the carth but insulated
therefrom, instead of being lowered into
a well or other cavity in the earth. In this
connection it will be understood that the
conductor constituting the coil as well as
the circuit conductors 24 and 25 are iu-
sulated so that the wires themselves do not
come in electrical contact with the ground.

In the arrangement shown in Fig. 4 the
coil is shown immersed in water, this may
be considered as a portion of the earth’s sur-
face. Here also insulated conductors are
employed. .

Throughout these various arrangements I
have found that in receiving signals the
strength and clearness of the signals seems
to improve as the depth below the surface of
the earth is increased, and the static is

- greatly reduced by the employment of the

40

45
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coil below the surface of the earth. Tests
which I have made with the coil immersed
to a depth of fifty feet in water have given
excellent results.

In the practice of my invention I do not
wish to be limited to the particular ar-
rangements shown in the drawings or de-
scribed above, but contemplate all such
changes as are within the scope of the in-
vention. The invention is applicable to
trench warfare for communicating between
different portions of a trench or between dif-
ferent trenches. It is also applicable to
various types of land stations, and may
be also used with advantdge on portions of

the earth where there is water, such as on

ships at sea where the radio conductor may
be mounted upon the ship in any suitable
way or may be lowered overboard from a
vessel. It will be understood also that it is
not necessary that the sending and receiving
instruments should be above ground as illus-
trated, as these may be under the surface of
the ground in suitable chambers, bomb proof

| | | | v
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trenches or in caves, etc. As such applica ¥
tions of the invention are obvious it 3
thought unnccessary to illustrate them. 3@

In the practice of the invention that staticHR
is greatly reduced and the directional effectsSil
obtained arc excellent. i

From the above it will be apparent that 34
radio conductor of great length may be et J8
ployed beneath the surface of the earth with-%
out necessitating a corresponding amount gf
trench work or other labor for placing theHl
conductor beneath the surface. It will alsy S8
be understood that the conductor may be'#8
made of any desired length according to 7p
conditions or requirements.

The term “radio conductor” has been em-*
ployed throughout the specification and
claims synonymously with the term “an-
tenna” to indicate the conductor from which 7§
the oscillations are radiated in sending mes-
sages and are received when receiving mes--
sages. v

What I claim as new and desire to secure 3
by Letters Patent of the United States is— 803

1. A radio sigraling system comprising jisf
a coiled radio conductor beneath the surface
of the earth and connected in a closed oscil-
lating circuit. : i

2. A radio signaling system comprising a 853
coiled radio conductor buried beneath the 4%
surface of the earth but insulated therefrom
and connected in a closed oscillating circuit. 34
3. A radio signaling system comprising %%
a coiled radio conductor Immersed in water 90
but insulated therefrom and connected in a
closed oscillating circuit. %

4. A radio signaling system comprising a 8]
coiled radio conductor beneath the surface :3
of the earth but insulated therefrom and 95
connected in a closed oscillating circuit, and 3
electromagnetic wave signal instruments in- -
ductively associated with said oscillating 3%
circuit. C o

5. A radio signaling system comprising a 10
radio conductor connected in a closed oscil- a’§
lating circuit and in the form of a flat coil %
or spiral beneath the surface of the earth é
but insulated therefromn and positioned at =3
right angles to the wave fronts of the waves 108
sent or received, and clectromagnetic wave 3:
signal instruments associated with said con- :3
ductor. - : ;
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In testimony whereof I have hereunto set
my hand.

JAMES HARRIS ROGERS.
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Z0 all whom it may concern:

Be it known that we, Jaxzs H. Rocrrs
and Hexry H. Lyox, citizens of the United
States, residing at Hyattsville, in the count

of Prince Georges and State of Maryland,

have invented new and useful Iinprove-
nients in Wireless Signaling Systems, of
which the following is a specification.

Our invention relates to the transmission
of electrical impulses or oscillations to a dis-
tance, primarily for the purpose of convey-
ing intelligzence, and it pertains to means for
both sending and receiving.

In systems of wireless sending and receiv-
ing row in general use one or more conduc-
tors or capacities are employed disposed
above the sarface of the earth, which con-
ductors or capacities serve to radiate or re-
ceive the impulses in the sending or receiv-
ing of messages. Such elevated conductors
are costl
tain efficiency and long-distance transmis-
sion it is necessary to have them at consider-
able distance above the surface of the earth.
This necessitates expensive towers and
masts, and morvover both the conductots
and the towers or masts are ex to
weather conditions—wind storms, lighuning,
snow and ice—which often impede or en-
tirely prevent the operutive use of the sys-
tem, We are aware that it hus been pro-
posed also to employ a conductor elevated
above the earth in connection with a buried
conductor. :

Our invention has for its principal object
the provision of a system not subject to the
above objections; a system in which the
conimunication, both sending and receiving,
is clear and effective; in which the commani-
cation is selective and the direction of trans-
mission may be readily determnined ; in which
inultiple transniission inay be effected ; and
in which the sending and receiving of mes-
sages to and from stations on land and on
water may proceed independent of weather
conditions,

We have discovered that #ignals can be
sent and received with ]gmt {ucility by the
employment of wires luid directly on, or
buried in, the earth and in intiniats contact
therewith substantially throughout their
length and paralle] to the surfuce.

The inveution also consists in the novel
features and combinations of circuits and

to erect and maintain, as to ob-.

apparatus in the wireless signaling systen
hereinafter described and c]a;p::ed, ﬁu?illus—
trated in diagram in the accompanying
drawings, in which— : -

Figure 1 is a system in which a single
antenna is shown buried beneath the sur-
faco of the carth, the signal instruments be-
mi thoss of a receiving station;

*ig. 1* shows the system with the antenna
lying along the surface of the earth in
intimate contact therewith substantially
throughout its length, the signal instruments
being omitted ;

Fig. 2 is a view similar to Fig. 1 showing
two antenne extending in opposite direc-
tions;

Fig,. 2 is & view similar to Fig. 2, the an-
tenn:e being shown lying along the surfuce
of the earth in intimate contact therewith
substantially throughout their length in-
stead of being buried beneath the surface,
and the signafinstruments being omitted ;

Fig. 3 1s a view similar to Fig. 2, but with
the instruments of a sending station;

Fig. 4 is a diagram showing in plan a
plurality of antenna extending outwardly in
different directions;

Fig. 5 is a similar view, including also
switﬁing means for mnaking the proper eon-
nections;

. Fig. 6 shows the invention applied to the
earth’s surface upon the water;

Fig. 7 is a view similar to i"ig. 6, show-
ing an additional feature of the antenns;
F%ig. 7* is a detail of the form shown I

il.’. 1 i .

Fig.’s shows the antenna supported on
the surfuce of the water; _

Fig. 9 shows the antenna on the surfuce
oféhe earth below the surfaca of the watar;
an

Fig. 10 is a view similar to Fig. 2, show-
ing the entire installation underground.
ferring to the drawings, signal instru-
ments are indicated st 10, and in Figs 1
and 2 are those of a receiving station, while

-in Fig. 3 the instruments of a sending sta-

tion are shown. In Figs. 1 and 2,11 isa
detector of any type, preferably an audion,
12 a telephone, and 13 and 14 arc the uaunal
condensers. Any dedred type of instruo-
ments and arrangenent of connecting dr-
cuits may be employed.

The surfaca of ths earth is indicatad at 15,
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and the antenna at 16. This latter extends
in & direction substantially horizontal,
either upon or below the surface of the
earth, and is preferably in contact with the
earth substantially throughout its length.
The antenna thus constitutes a ground con-
nection along its entire length, and, it is be-
lieved, & considerable portion. of the earth’s
surface about tire antenna thus codperates
with the latter in sending or receiving os-
cillations.

Instead of being below the surface, as
shown in Fig. 1 at 16, the antenna may lia
upon the surface of the earth, as shown at
16’,in Fig. 1*, being in intimate contuct with

- the earth substantially throughout its entire
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length,

n cooperation with the antenna we may,
and preferably do, employ another earth
connsction, this being shown in Fig. 1 a3 a
ground plate 17,

Fig. 2 is an embodiment of the invention
in which two antenne are employed extend-
ing in opggsite directions, the second an-
tenna 16 being connected in place of the
ground plate shown in Fig. 1. This ar-
rangement is more effective then with the
use of the ground plats. ’

Fig. 2* shows the antenne 16" and 18’ ex-
tending in opposite directions upon the sur-
face of the earth and in intimate contact
therewith substantially throughout their
langtb, the signal instruments connected be-
tween the antennm being indicated by ona
member of the indirect coupling.

Fig. 8 shows the same arrangement as Fig.
2 but with sending instruments instead of
receiving instruments. These comprise a
genenitor 19, kev 20, transformer 21, spark
gap 22 and condenser 23. Any other send-
Ing arrangement and instruments mnay be
employed instead of those shown.

. 1n order to obtain the maximum efliciency
it is desirable to have the antenne disposed
in & line at right angles to the wave fronts.
and in order that this may be accomplished
for the different directions we provide an.
tenna extending in different directions but
substantially horizontal or parnllel to the
surface of the earth and either on or under
the surface and in contact with the earth
throughout their Jengths. Such an arrange-
ment 1s illustrated in Fig. 4 where eight an-
tenne are shown. These are desienated 16,
24, 25, 26, 18, 27, 98 and 29. The instru-
ments are shown connected to antenne 16
and 18, but may be connected to any other
two or mora. Sometimes it is necessary to
connect to several aniennx in order to ob-
tain the.best results The signal instru-
ments may be comnected by zny suitable
switehing devices to any two or more of an-
tenne and the direction of trans:nission thus
sascertained. Usually the connection would
be mads with the pairs of oppositely extend-

I N A
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ing anlennm, but the instruments may be
connectes to any two or more desired. Also,
for multiplex transmission separate instru-
ments may be connected to different paiis
or groups. . "

y preférred switching devices may be
employed to connect the instruments to the
antenne, & convenient arrangement being
shown in Fig. 5. The instruments are con-
nected to bus wires 30 and 31, and each sdn-
tenna 16, 18, 25, 28 is connected to a switch

‘blade 32, 33, 34 and 35 respectively. Any

additional number of antenne desired ma
be employed in the same way. Each swi
blade coGperates with u contact upon esch

%o

78

bus wire. The instruments may thus he con- -

nected with any one or two or more antennwe.
The invention’is also applicable to the
surface of the earth where there is water.
For instance, on the sea coast the antenns
may be run out from shore into the water or
along the shore on the surface of or under
the sand. In this way the system is useful
for life-saving stations, light-houses, &e.
The system is also adapted to the use of
vessels at sea, including submarines. We
have demonstrated that the receiving is
highly efficient when the antenna are lying
on the bottom, as sho s in Fig. 9, either in
fresh or salt water. The antennz may also
be supported by floats along the surface of
the water, as shown at 18‘.in Fig. 8, or
suspended in the water above the%)ottom.
specific embodiment of this last men-
tioned feature of the invention is shown in
Fig. 6 where 36 indicates a boat or vessel,
16® one antenna and 18 another antenna.
The antenna 16' may be mounted nlonf' °
side of the vessel but preferably insulated
therefrcm or attached only at the bow and
trail townrd the stern, or with vessels of

90
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wood or other insulating material it may -

even be mounted inside. When the vessel
is iron or other metal, the vessel itself may
be employed as this antenna, provided the
capacity 1s not too great.

y this arrangenient it will be seen that
very Jong antennm may be used. The Jength
of the antenna mounted upon the body of
the vessel is only limited by the length of the
vessel, and as many vessels are over three
hundred feet long, and some are 600 to 800
feet, the necessary length of antenna for
Jong distance work is readily accommodated.
The other antenna. trailing from the starn

110

113

128

of the ves=l, may be st least as Jong a3, or -

even Jonger than, ti:e antenns mounted upon
the body of the vesszl. If desirable, these
and the other antenn.c described may be re-
placed by multipls strands

The antenns 18° may be 2 wire allowed
to trail astern, and will approximats the
horizontal, according to the speed. Fins 18
may be added at imtervals along the wire,
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action. The signal instruments are asso-
cioted with these antennz in any desired
manner, as at 37. :

‘When applied to submatines, it will be
seen, therefore, that messages may be sent

.and received while running partially or en-

tirely submerged. S .

In accordance with the patent statutes we
have described what we now-believe to be
the best embodiment of the ‘invention, but
wa do not wish to be understood thereby us
limiting ourselves or the scope of the inven-

tion, as many changes and modifications may -

be made without departing from the spirit
of the invention and all such we aim to in-
clude in the scope of the appended claims.
For instance throughout the several fig-
ures, the signal instruments are shown asso-
ciated with the antenna or antenna by ‘in-
direct coupling, but may be associated there-
with in any other manner desired. It will
be seen also that while the signal instru-
ments are shown diagrammatically above the
earth, they will in practice often be actually
Jocated in a pit below the ground level or
entirely unde und between the actenne.

.This construction is shown in Fig. 10, the

pit being indicated at 33. When the an-
tenne are entirely underground, the effects
of lightning cn the receiving of signals sre
nearly eliminated, so that only slight cliclks
are heard instead of loud prolonged hissing.
It will be undersioocd that the system
works with either sustained oscillations or
damped wave trains. - ) .
What we claim and desire to secure by
Letters Patent of the United States, is—
1. A wireless system for signaling by elec-
tromagnetic waves comprising an antenna
extending in direction substantially parallel
to and under the surface of tha carth and in
intimate contact  therewith substantially
throughout its length, an additional earth
connection, and electromagnetic wave signal
instiuments connected to said antenna anc
said additional earth connection. )
2. A wireless system for signaling by elec-

tromagnetic waves comprising signal instru--

ments, a plurality.of antennz associated
therewith extending outwardly therefrom
in direction parallel to the surface of the
earth and each in contact with the earth sub-
stantially throughout its length, and means
for connecting said instruments between two
or more of said antenne. B

3. A wireless system fqr signaling by elec-
tromagnetic waves comprising signal instru-
ments, a plurality of antennm associated

therewith extending outwardly therefrom .

in direction parallel to and below the sur-
face of the earth in contact therewith sub-
stantially throoghout their length, and
means for connecting said instruments be-
tween two or more of said antennsa.

AP NN NN NN

4. A wireless system for signaling by elec-
tromagnetic waves comprising signal instru-
ments, an antenna extending outwardly
therefrom, and a second antenna extending
in the opposite direction, said antenne be-
ing parallel to the surface of the earth in

70

contact therewith substantially throughout.

their length, and rpeans for connecting said
instruments between said antenne.

5." A wireless signaling system comprising
signal instrumients, a piurality of antennz
associated therewith each extending out-
werdly in direction parallel to the surface of
the earth in intimate contact therewith sub-
stantially throughont its length, and switch-
ing means to selectively connect said signal
instrumeuts to any two or more of said an-
tennz.

6. A wireless signaling system comprising
signal instruments, a plurality of antenna
in pairs associated therewith, the members
of each pair estending outwardly in direc-
tion parallel w0 snd below and in intimate
contact with the surface of the earth, and
switching rmeans to selectively connect said
signal instruments to said anienna pairs.

7. In combination with a boat or vessel,
an antenna thereon below the surface of the
water extending in direction substantially
parallel 1o the surface of the water, and elec-
tromagnetic wave signal instruments asso-
ciated with said antenna. ,

8. In combination with 2 boat or vessel,
an antonna thereon extending in.direction
parallel to and under the surface of the
water in contact therewith, and signal in-

75
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struments for electromagnetic waves ssscci-,

ated with said aatenna. - ,
9. In combination with a boat or vessel,
a signaling system comprising electromag-

netic wave signal instruments, an antenna

on said boat, und a second antenna extending
in the opposite direction, said antennz be-
ing parallel to and under the surface of the

- water and in contsct therewith substanticlly

throughout their length, and each connected
with said instruments. - -

10. In combination with a boat cr vessel, a
siymaling system comprisinz electromagnetie
weve signal instruments, an sntenna on said
hoat or vessel below the surface of the water,
and a second antenna extending rearweardly
from the vessel belew the surface of the water,
said instruments being connected between
said antenne. .

In testimony whercof we have hereunto

“set our hunds in presence of two subscribing

witnesses.
JARTES HARRIS ROGERS,
HENRY H. LYCN.
Witnesses:
Jom Gmson,
S. Worn Foxo.
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UNITED STATES PATENT OFWICE

CHARLES HARVEY RCE. OF WEIDMAN. MITIIIG.L N,

ART OF THE TRANSMISSION OF ELECTRICATL POX

1 .:{33 095.

Application filed August 1,

To wll rhout it may concern:

Be it known that I, Cizarces Ham ey Roe,
a citizen of the United States, residing at
Weidman, in the county of Isabella and the
State of Michigan, h.nc invented new and
useful Improvements in the Art of the
Transmission of Electrical Power Without
Wires, of which the following is a speci-
fication.

This invention has for its object the trans-
mission ol electrical energy or power in the
form of alternating current from a trans-
mitting station to a dlstml receiving stu-
tion where the current is utilized to operate
electrical devices. all without the use of
intermediate wires or other special condne-
tors.

My methed employs the principle of res-
onance in alternating current cirenits where-
in currents are prup‘w-lted entirely by con-
duction, and is to be differentiated from all
methods employing electric, electro-mag-
netic or electro-siatic waves and methods
whereby currents arve indiced at a distance
by electro-magnetic or electro-static fields.
In the drawing. an alterpating current eir-
cuit in which the impressed” electromotive
force is out of phase with the current is
closed by connecting it at two separated
points to the earth. This is shown in the
diagran: by an alternator .\ in series with a
condenser C and the terminals of the circuit
grounded at two points (i, and G, distant
trom each other. The current flowing thon
has a wattless component and spreads ‘ont in
all divections from the ground terminals Gf,

~and G, at the transmitting station as indi-

40

55

"A'nw.-“‘

cated by the dotted lines. If then two

uxonnded terminals (3, and (r, at a distant
receiving station be connected to a snitable
receiving deviee, they will lie in the path of
some one line of current flow from the trans-
mitting station and an electromative force,
even though very slight, will be impressed
upon the receiving circuit. .\ reactance in-
troduced into the reeeiving cireuit of such

nmature and dimensions as to produce con-
ditions of vesonanee will then eause what-
ever current may flow ax a result of the elee-
tromotive foree impres<ed at the ground ter-
minals (r. and G, to be in phase with the
generator electromntive foree, that is. of
nnity power factor. and it may be used to
actuate electrieal devices, This is represent-
ad in the dingram hy 2 varinble inductance
L adjnstable to eounterbalance the capacity

A A 4

Specification of Letters Futent.

atented Mav

1918. Serial No. 217.839.

The Jopd I
ternnnals of
arctinded st ti) and G dn
as tho-e ot the tiansoit-

C at the teapsmitting ~tation,
is <hown ji sories wath i,
the cirenit Loy
the same wanner
ting station.

I the firnree there are twe components of
current flowing turcugh the alternutor A,
One is ahaost ninety degrees behiind the gei-
crated clectroinotive Tovee  and  clrendutes
through the cirenit - =i —G — AL the
ereal angle uf pliase difierence m:.n“ due to
the use of the reactanee in series. as at C:
this component will be tevmed the wattless
component., The cther eomponent is nearly
in phase with the generated electromotive
foree and L-';z-cnl:uvs thronghy the eireuit
A—C—CG— G, — L—R— G- G ,—A: this
component will be termed the power coni-
bonent, the current and clectromotive foree
heing very nearly in phase hecanuse the sepa-
rate t (‘})(I("l(l('\ of the two reactinees. 1,
C are in epposite divections and operite to
neutvalize ench other. At the transmitiing
station, the wattlest component may he lwpf
very low by rising svificient!y high ronctanee
in series as at C: that is. the shost cirenit cur-
vent throrgh lhv cround hetween (), and (5,

ihe

or vice versa iy l)c nade very small and -

since even that is of a low power factor, ﬂw
lazss .of power dne to this leature may he
maintained at a very Jow figmre indeed.
Consider now the circuit of the power com-
ponent. —\ceording to the principles of
alternating curvents as exponnded in stand-
.nd texthbooks und generally accepted. a non-

enctive resistance in a circuit conta vining
<-]‘1p.u-1t\ and induectance in such propertions
that i

'

‘ 1
D - v R
2(7).fL equals S 7C
where /ois the freguencey of the cireuit in
eveles, Iois the indnetanee in henries, C i
the eapacity i faradss will De-traversed bv
a current whose nmaenitude is determined
only by the electromative foree nnlnuxeml
upon the non-reactive resistance and the
Vi lhw of the resistanee itse'f: that iz, Olun's
low in it shmplest form applies. To' the eir-
enit A—C ——(1 —(r, '—TA_R&(Y.,—G —\.
t! mvfoxo the two reactanees T, and C. bmn"
‘n sertes with each ather. tend to nentralize
.\ch nther and we have only the ohmie ve-
sistanee of the eirenit and of the load R 0
lnmt the smount of the enrrent flowing.
Acenrdingly, by keeping the ohmic resist-

A A A
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ance of the entire cirenit low enough and so
arranging the various parts of the system
a~ to hinpress.the highest pussible electro-
motive force seross the terminals of the lowl
R. the power cowponent of the current flow-

Efficiency =

ing through R may be nny tines, even
thensamds, meater thaa the wattless com-
ponent throiigh the ground hetween G, and
Gy Thereelere, the efficieney of transmis-
sion, as defined by

o . Watts transmitted and utilized in load It
Watts transmitted aud utilized in Toad R plus watt:

s lost in short ecircuit

between G, and G,

may be very hieh, This high efliciencey of
transtission iy e peineimi advantage |
chlim for ey invention, A other methods
tslit comdtetion Wireneh the ground o
cther medimn merely send out envrent in ali
circetions from the timasaitter and only o
very ki part of the cvrrent is picked up
wthe receiver s made to do work, That
i the eflicieney of Gansinissiog is very low,
By atl other systems jt ix necessaiy to irans-
pet henndreds or thensands of waits (somo-
times Bnudreds o kilowatts)  into the
grotid or other commen medivin in oelor
io b able to pick up sufficient eurvent at
the reeciver to operate the most sensitive
devices known to eleetrieal <cienee.  With
e svstem this enermons waste of power jx
avoided and it is possible by my. methed
to tran=mit power through he giound or

other meding without wires with a Joss of -

oniy a fraction of one per eont other thas
iron, enpper and dieloctrie losses in the ap-
pratus employed,

I practieal applieation every effort is
e 1o inerease the resistance Detween the
erouieledl terminals G, and G, at the trans-
mitting station and thereby inerease the
electromotive  force  impressed upon the
round terminals (v, and (3, at the receiv-

- »a

ing station. Thix way be done by tuling
advantage o natueal conditions, as for in-
stanee where the two ground connections
s made i two separate rivey beds morve
e less parallel to cach other, the streams
then acting asindependent  conductors.
Veins of conducting ores may also be used,
eroeven strata of earth separated by strata
of materinl of lower conduetivity, e g.,
rock. Qae terminal might be grounded ‘at
the sirface of the earth and the other car-
ried dowa an o insulated  conductor and
gromnded several hundred or a thousand
feet helow the sarface. OFf conrse the ter-
nillzls at the receiving end must be simi-

arly connected to the same natural con--

dnetors,

i claim:

The art of transmitting electrieal power
threngh the carth as a medinm from a trans-
miteing cireuit to a receiving circuit, which

40

a0

art comprizes the production of alternating 6o

ervents of power factor less than unity, the
fnpressing of said currents on an earth
pith and the increasing of the power factor
ef w part of said eurrents in such receiving
civenit,

CHARLES HARVEY ROE.
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UNITED STATES

JAMES EARRIS ROGERS, OF HYATTSVILLE, MARYLAND. “

RADIOSIGNALING SYSTEM.

1.349.103,

Specification of Letters Patext.  Paicented Aug. 10, 1920,

Application filed May 2. 1917. Serfal Ko. 165.875.

Tuull wwhom it imoy concern: ) :

Be it known that 1. Jases Hamas Ros-
¥us. a citizen of the United States. resid-
ing at Hyatteville, in the county of Prince
Georges and State of Marvland. have ip-
vented new and useful Improvements in
Radiosignuling Systems, of which the fol-
lowing Is a specification.

My invention srelates to radio signaling
or the sending and receiving of signals
throngh space by mean< of electromagnetic

“waves. and it pertains particularly to the

15

20

25

30

disposition of the radio conductor or con-
quctors, '

In the course of my experiments 1 have.
dizcovered that grounded radio conductors
or antenmy are highly efficient when dis-
posed] hovizontally or substantially parallel
to the surfuce of the earth. and surreunded
Ly or inclosed in a uniform metallic sereen
practically throughout their length. bat in-
sulated therefrom, The afvantages of long
prostrate (as distinguished from ervet) an-
tennae are thus ohtained and (he abjection-

able effects of certain forms of statie con-:
- fronts when receiving

ditions ure eliminated. .
The invention consists in the novel con-
struction and arrangement of appatatus and
parts thereof fur sending and  receiving
radio  sigmals  Lereinafter deseribed an
claimed. and illustrated in the accompany-

ing drawings. in which drawings—

Figure 1 is a diagrammatic view showing

- the screen for the antenna rexting upon the

35

40

45

50
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surface of the earth, receiving instruments
being shown associated with the antenna:

Fizr. 12 shows a conventional armngement

o, M !
of =~ending instruments which nmay Be sub-
stitnted for the receiving instruments for
{ransmitting signals:

Fig.'2 is a view similar to Fig. 1. but
showing the inclosing screen for the antennre
clevated above the sarface of the earth, the
instruments, receiving or transmitting, be-
ing merely indieated by one of Lhe coupling
coils:

Fig. 3 is a similar view showing the in-
closing screen buried beneath the surfage of
the earth: :

Fig. 4 shows dingrammatically a modifica-
tion: and .

Fig. 5 3s a similar view showing the in-
vention applied to a bont or vessel. snch as
2’ submarine. . .

Referring to the drawings. 10 indicutes
the signul instruments, which in Fig. 1.are

o | Al Al A=A

these for receiving signals, while in Fig. 1¢
the instruments for sending signnls are
shown. In Fig. 1, 11 is n detector of any
type. preferably an audioi. 12 a telephone,
und 13 and 14 the usnal condensers. Any
desired type of justruments nnd arrange-
ment of connecting circuits may be em-
]l]u)'ﬂ]. A - :

Tu Fig. I* sfitable sending instruments
are conventionally shown. These comprise
a_gencrator 15, transforiner 16, spark gap
17, condenser 18 and key 19.

The “above - mentioned
well known in the art of radio or magmetic
wave sigmaling. and need not be farther de-
seribed. -

20 und 21 are two antennwe extending in
different divections from the siznal instou-
ments. amd are shown associated with these
instruments by indinset coupling. as coils 22
and 24 of a transformer. These antennse
may extend in opposite directions, and in
order to attain maximum eficiancy arrange-
ment may be made so that they may be dis-
pused in u line at right jngles to the wave
. Such an arrange-
went is fully deseribed in npplication S, No.
130,603, which has sinee issued us Patent
No. 1522.622, dated Nov. 25: 1919,

The antenna are cuch inclosed in a me-
tallic screen shown as a metal pipe 24 in
which the antenia is mounted by spacers or
disks 25 of insnlating material. such as por-
eelain, elay. fiber or the equivalent. so that
while ench antenna is inclised sulstantially
throughout its length hy the metallic screen
it is insnlated therefrani. . At the outer end.
or end away from the instruments, euch an-
tenna 20 and 21 is connected to earth plates
26 and 27 respectively. |

The length of each antenna may be se-
Jeeted to snit the eowditions under which
each system is to work. and may be several
Jumdred or a theusand feet. or more. The
pipe or serven may be of iron ar other metal
suitable to aceomplish the purpose. and
serves to protect the antenna from certain
static conditions which would er might in-
terfere with the <ending or receiving of
fiymals. .

*The surface of the earth is indicated at 28.
and in Fig. 1 the antennre and thair inclos-
ing screens are shown resting upon and in
contact with the surface of the earth sub-
stantially thranghout their length,

In Fig. 2 the antennm und their inclosing

instruments are
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sereens are shown suppoted above the sor-
face of the earth. and may or may nat be

insnlated therefrom. In this lignre, as also
in Figs. 3.4 and 5, the sending and nveiv- .

ing instruments, whichever is conneeted for
use al any aiven time. is merely indieated
by one cutl 23 of the ccupling.

In Fig. 3 the antennie and their inclosing
sereens are shown buried heneath the sur-
face of the earth, in which ease the instru-
ments may he in 2 covered chamber 29 be-
low ground. .

In Fig. 4 is shown an arrangement in
which. instead of associating one set of sig-
nal instruments with both aptennre two sets
of instruments are provided, one set 23’ be-
ing conneeted to antenna 20 and sereen or
pipe 24”’, and instruments 23°° being eon
nected to antenna 21 and serven or pipe 247,
Tn this way {wo se(s of instruments may be
used simnultanconsly, both sets for sending
or reeeiving, or one set for sending and the
other set for receiving,

In using the term*surface of the earth ™
T intend to desizmate the surface where there
is water as well as where there is land.  The

invention is therefore egually applicable to .

boats or vessels, partienfarly submarines on
which it is operative whéther afloat or sub-
merged.  Such an embodiment of the inven-
tion is shown in Fig. 5. in which the vessel
is indicated at 30, and the other parts desig-
nated as in Figs. 1. 2 und 3, so t{mt they re-
quire no further description. The screens
24 are preferably extended through sheating

ot hull, so that each antennn is inclosed sub-.
stantially throughout its length within the-

vessel. he ground plate 26” at the forward
end of the vessel is preferably. pivotally
mounted at its forward edze on brackets 31,
32 so as to swing freely with the movements
of the vessel, but is insulated therefrom as
shown diagrammatfeally at 33.33. The an-
tenna 20 is connected to plate 26° in any snit-
able manner. Ground plate 27° is similarly
mounted on bhrackets 31°, 327, at the stern of
the vessel, and is connected {o antenna 21.
These plates may be mounted in any other
suitable manner. .

In all of the embodiments of the invention
the pipe or screen is preferably filled with

L A A A

1,319,103

vil giwh as is ardinarily used in transformers,

for the purpese &f preventing brush dis- .

¢harge. this being indicated at 34.
In uccordante with the patent statutes 1
have described what T now believe to be the

hest embodiment of the invention, but 1 do .

not wish to he understood thereby as limit-
ing mysell or the scope of the invention, as
many changes and modifications may be
made without departing from the spirit of
the invention and a1l such 1 aim to include
in the sope of the appended claims.  For
instance, each antenua is shown as a single
wire or eomduetor, whereas it might be com-
posed of mnltiple conductors. ’

What 1 elaiin #s new and desire to seenre
by Letters Patent of the United Stafes, is—

L.\ radio sigmaling system eemprising an
antennn extending horizontally substantially
parallel to the surface of the earth, sigmal
instruments associnted with said antenna at
one end and a gromid connection at {ke other
end, and a metallic sereen in intimate con-
tnet with the earth snbstantially throughout
its lengsth and inclosing said antenna.

113

85

70
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2. radio signaling system comprising an
antenna extending horizontally substantially

parallel to the surfuce of the earth. signal

mstrinents associated with said antenna at
one end and a ground connection at the other
end. and a metallic soreen npon and in con-
tact with the earth and inclosing said an-

80

tenna substantinlly throughout its length but -

insulated thevefrom.

3. A radio signaling system comprising an
antenna extending horizantally substantinily
parallel to the surface of the earth. signal in-
struments associnted with ‘said antenna at
one end and a ground eonnection at the other
end, and a metallic screen buried heneath
the surface of the earth and inclosing said
antenna substantially throughout its length
but insulated therefron:.

In testimony whereof I have hereunto set

my hand in presence of two subscribing wit-
nesses.

JAMES HARRIS ROGERS.
Witnesses :

Arxx J. Hassox;
Wartox C. Carnora
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UNITED STATES PATENT OFFICE,

| B O A

JAMFS HARRIS BOGERS, OF HYATTSVILLE, MARYLAND.

-BADIOSIGNALING SYSTEM.

1,349,104,

Specitcation of Letters Fateat.  Pafenfed Auns. 140, 1920,

Applicailen £led Jagwary 17, 1818, Serial No. 212,187,

Zu oll whym it may concern: | .
Be it known that 1, Jaxes Haews Rovens,

- at eitizen of the United States, residing at

10

15

Hyautswille, in the county of Prince Georges
aned ‘State of Marviund, have invented new
and useful Improsvenents in Radiesignaling
Systemns. of which the following is a specifi-
cution. ’ . .
My invention relates to radio signaling
systems and apparutus for sending and -re-
ceiving sigmals through space by meaus of
clectromagnetic waves, and it relutes par-
ticularly to that portion of such systems

known as tlie anteona.

1 have discuvered that radio conductors

. or antennw nre highly efficient when dis-

20

25

‘30

85

40

45

. stituted
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posed horizontally or substantinlly parallel
to the surfuce ufy the eurth but conipletely
insulated therefrom und incleved in un in-
closing metallic covering screen or casing
Ehwtnmlly throughont their entire length,
ut insulated therefrown. The metallic cov-
ering thus inclosing the antenna, but from
which the Jatter is insulated, takes up the
clectromugnetic waves, in receiving, and
transmits them to the antenna within at foll
strength and even with greater effect than
when the antennu is used without the cover-
ing. A highly eflicient. action is thus ob:
tained. the static is reduced, and ut the
sumiws time the antenna is fully protected
fronr deterioration by the corroding action
of earth and water. - .

The invertion consists iu the novel con-
struetion and arrangement of spparatus
and prits thereof for sendiug 2nd receivin
radio signals hereinafter described . un
claimed. and illustrated in the accompany-
ing drawings. in which drawings—

Figure 11s a diagrammatic view showing
the antenna buried bencath the surface of
the carth, receiving instruments being associ-
ated with the antenna; | |

Fig. 1* shows a conventions] arrangement
of sending instruments which may be sub-
or the reeeiving instruments for
transmitting signals, it being understood
thut either the sending or receiving instru-
ments shown in Fig. 1 are to be used in con-
nection with the armingements shown in the
renaining figures; .

Fig. 2 15 n view gimilar to Fig. 1 show-
ing two antenne extending in opposite di-
rections beneath the surfuce of the earth,

the connection for signaling instruments be- gy -

ing locuted between the antenna und also
benenth the surface of the eurth;

Fig. 3 shows an antenna incased according
to the invention and lying upun the surfuce

of the earth, a ground eomnection wud the 60

instruments connected between the antenna
und the ground cunuection;
. Fig. 4 15 « view similur to Fig. 3 show-
g two antenne instead of one untenna
and a ground connection: |

Fig. 5 is u view similar to Fig. 4 but show.
ing the auteore supported wbuve the sur-
fuce of the curth but in cluse proximity
thereto; .

Fig. G is view similur to Fig. 2 in which
the antennw are shown submerged in water.

Befen'in’g to the druwings, 10 indicates
the signal instruments, which in Fig. 1 are
those for receiving signals; while 1n Fip.

-y
[~]

1* the instruments for sending sigmals are 78

shown. In Fig.'1, 11 is u detector of uny
type, preferably un wudion, 12 a telephone,
und 13 and 14 the usual condensers.  Auy
desired type of imstruments and arrange-

ployed.

“ment of connecting circuits way be em- 80

In Fig. 1* suitable sending instrumenfs -

are conventionully shown. These coinprise
a generator 135, trunsformer 10. spurk gup 17,
condenser 18 and key 1. :

The above-mentioned instruments are well
known in the ait or rudio or magnetic wave
sigmaling, aml need not be further descrihed.

20.is an antenna for rudiating or reeeiving
electromagnetic waves, and as shown in Fig.
1 extends horizontally or substantially par-
alle] to the enrtl’s isurface and burwxd in
the earth. This antenna may he of any
suitable or desived length. and 1s completedy
inclosed within a metallic covering, casing
or screen 21 which may be v tube or pipe
of lead, iron or any other -suituble metal.
The antenna is insulated frum the metallic
covering or casihg hy nieans of insulation
92 It will thus be seen that while the
antenna is buried in the earth it is c¢om-
pletely insnlated therefrom and friom the
metallic covering or cusing.

The receiving instruments shown in Fig.
1 are nssowiated with the antenna by means
of an induetive coupling comprising wind-
ings 23 and 24 of u tunsformer. bat may be
associuted therewith in any other suitabls
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20
which latter is mdicated at 27,

" Fiz 4 shows an arrangement similar to

Fig. 3 but with the emplovment of a sec-

ond anterna 207 in place of the ground con-
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manner. The other terminal of windin
24 of the coupling is connected ta gmung'
at 25, :

In the enibodiment of the invention shown
in Fig. 2 the ground connection is replaced
by a second antenna 20° extending in a di-
rection different from the direction of en-
tenna 20, the sigmal instruments being con-
nected between the antennm as indicated by
the winding 24 of the indirect coupling. In
this figure also is shown the arrangement by
which the signal instruments are located
in the chamber 26 below the surface of the
earth. :

In the embadiment of the invention ¢hodn
in Fig. 3, a single antenna is employed and
is shown extending horizontally substan-
tially parallel with the surface of the carth,
and with the inclosing metallic covering or
ensing resting upon the surface of the earth,

nection shown in Fig. 3.

Fig. 5 ghows an arrangement similar to
Fig. 4. but with the antenna glightly ele-
vared abave the surfuce of the enrth by
means of struts ar pins 28, Thus while the
antenme extand gubstantinlly parallel with
the surfuce of the exrth, the metallic cover-
ing or'ensing is uat in direct contact with

the carth but is separuted therefrom by o -

short space. 1€ may or may not be insu.
lated: from the esrth necording to the mate-
riu] of which the struts or pins 28 v naule
thst is whether they are of conducting or of
non-conducting material.

Fig. 6 shows the employment of two an-
tenn:e submerzed benenth the surface of the
eiarih where there is water, the water heing
indieated at 29. Here the metallic covering
or casing is in eontact with the water, but
the antennie and their connecting circuits
arc insnlated fromn the water.

Tt will be understood that while T have

- shown and described arrangements embody-

59

1)

60

ing my invention in which one antenna ind
also two antennm are employved, any de-
sired number may be nsed, and it is desirnble
to hnve them extend in the proper direction
to obtain the maximum effect both in send-
ing and receiving of the electromngnetic
waves. For this purpose 2 number of an-
tenne may be cmployed radinting in dif-
ferent directions from the instruments, and
suitable switching mechanism may befro-
vided for connectiny any one or more of the
antenne to the signal instruments. Such
an arrangement is shown and described in
the application of myself jointly with Henry
H. Lyox, S. No. 130,603, issied us Patent No.
1,327,622, dated Nov. 25, 1919, to which ref-
erence is herv made for further details, sn

SAAPPA A A NGO NN

that it.irnnnecea;s‘.iry to describe such an ar-
rangement in this application. ‘

It has been stated that the invention isap- :
plicable to the surface of the earth where -

there js water, one such application being
illustrated in Fig. 6. It will be understood
alsre that the invention is also applicable to

70

ships at sea, but as the employment of my -

“new antenna srrangement in such connection

is obvious it is thought that illustration is
Unnecessiry.

In aceordance with the patent statutes 1
have described whnt T now believe to be the
best embodiment of the invention, but I du
not wish to be understood thereby as limit-
ing myself or the scope of the invention, ax
many changes and modifications may be

ade without departing from the spint of

he invention an
in the scope of the appended claims

What 1 clnim as new and desire to socure
Ly Letters Patent of the United States is:

{-. A radio signaling system comprising an

unlenna extending horizontally sulstantially

arailel to the surface of the earth and insu-
nted therefrom, & metallic covering inclos-
ing said antenna bLut insuluted therefrum
and in intimate contact with the earth sub-

all such I aim (o include’

15

0

stantially throughout its length, signal in- .
struments associatéd with snid antenna, and |

a halnneing connectiun on the oppusite side
of xaid instruments.
2.-A radio signaling system comprising an
antenna ex. nding horizontally substantially
mrallel to the surface of the earth and insu-
!nlml therefrom, a metallic covering inclos-

ing saitl antenna bul insulated therefrom
nnd in contact with the ‘earth substantially

throughout its length, and signal instru-

ments associated with said antenna,

3. .\ radio signaling system comprising an
antennu extendimgr horizontally substantially
rallel to the surface of the earth and insu-
Lnle:l therefrom, a metallic covering inclos-
ing sald antenna bat insulated -thervfrom,
saidd metallic covering being buried in the
earth in intimate contact therewith substan-
tinlly thronghont its length, and sigmal in
struments associated with said antenna. -

4. A madio siynaling system comsprising
signal instruments, an antenna extending
ontwardly therefrom. a sccond antenna ex-
tehding in a ditferent direction, said an-
tennwe &.-in;: buried in the earth hut insulated
therefrom and substantially parnllel to the
surfane of the earth, and said instriments
being connected hetween said antenne, and
a metallic covering inclosing each of waid
antennw sulstantially thronghout its’length
but insulated therefrom snd in intimate con-
tact with the earth. .

In testimony whereof I have lereiinto set

JAMES HARRIS ROGERS.

-my hand.
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-BOY A. WEACALT, OF NEW YORK. N. Y.. ASSIGNOR. BY MESNE ASSIGNMENTS, TO !
RADIO CORPORATION OF AMERICA, A CORPORATION OF DELAWARE., !

APPARATUS FOBR PREVENTING STATIC INTERFERENCE IN RADIOSIGNALING.

1,333.002. Specification of Letters Patent.  Patentfed Septl. 14, 1920,

Application filed December 12, 1917. Serial No. 206.724.

o all whom it may concern:

SPAAPAPA R N N NN

described in my said application being shown

Be it known that I, Roy ALExANDER associated with receiving and detecting ap- 55
WEAGANT, a citizen of the United States, re- paratus. Fig. 2 of the drawing is a diagram-
siding at Douglas Manor, in the county of matic view of a modified receiver in which

5 Queens. city and State of New York, have a single collector is employed.
invented or discovered certain new and use- Referring in detail to the preferred form

11 Tmprovements in Apparatus for Pre- of apparatus shown in Fig. L1 s a chanber 60

nting Static Interference in Radiosignal- beneath the scurface 2 of the ground. With-
ng. of which the following is a specifica- in this chamber there is disposed a divided
10 tion. collector having two coils 3" 3" disposed in

My invention relates to the art of radio a single vertical plane in the line of the sig-
signaling, and has for its principal object nal waves to be received. The ends of the 65
the provision of improved receiving appa- coils 3’ are crossed and conduetively con-
ratus for reducing or preventing static in- nected so that a horizontaliy-extending por-

15 terference. In its preferred embodiment my tion of one collector opposes a similarly

l invention is an improvement over the appa- placed horizontal portion of the other col-

ratus in my pending application Serial No. lector. TIn the leads from each collector are 70
181,458, filed July 19, 1917. In said appli- variable capacities 19 and varviable indue-
cation T call attention to the fact that where- tances 20, one of the inductance coils serv-

20 as signal waves travel in a horizontal direc- ing as the primary of a coupling transform-
tion, and therefore affect successively the er, the secondary of which is connected in
two parts of a divided antenna or collector the circuit of a detector or receiver of any 75

.' disposed in the line of propagation of such approved type—that shown heing a receiver

: waves, static waves affect the two parts of of the vacuum valve type, comprising a

: 26 such an antenna simultaneously, and appeat vacunm valve 9 and an energizing battery

to be propagated in a vertical direction only, 13. As this receiver and its mode of opera-
and T describe in said application means for ‘tion are now well known, it will not be de- 80
making practical use of these observations scribed in detail.

' or reducing or eliminating the effect of such A metallic conducting sereen 18 is dis-
tatic disturbances. My present invention is posed on the surface of the ground alove
ased on the further observation that the the receiving apparatus just described, and
force or effect of static disturbance is very this screen is preferably grounded at a largs 85
greatly diminished beneath the surface of number of points. Tn practice this sereen
the earth, whereas horizontally traveling may take the form of a net work of wires

35 signal waves, such as are now commercially resting directly on the ground or a metallic

' used in radio signaling penetrate a substan- screen of any kind supported immediately
tial distance helow the surface of the earth above the ground, as shown in the drawing. 90
with small diminution in strength. In or- Referring now to the madified apparatus
der to make practical use of these observa- shown in Fig. 2, this is in general the same

40 tions T place the receiver of my improved as that shown in Fig. 1. except that the col-
system, including the antenna or collector— lector consists of a single coil 3 vertieally
the latter being preferably made as de- disposed in the line of the sienal waves to 95
scribed in my said application—beneath the be received, instead of a plurality of coils
surface of the ground. and to further pro- as shown in Fig. 1. The ends of the coil
45 tect it from atmospheric disturbances, I 3 in this modified arrangement are connect-
cover the surface of the ground above the re- ed to the oscillation transformer 4. the sec-
ceiver with a metallic screen, as hereinafter ondary of which is connected to the vacuium 100
clescribed. valve of receiver 9. avhich is shown to be of
. In the drawing accom anying and form- the same type referred to in connection with
ng a part of this specification Figure 1-is Fig. 1. The arrangement shown in Iir 2
diagrammatic view of a receiving station likewise comprises a screen 18 disposed
embodying the preferred form of my inven- along the surface of the ground. 105
tion, a divided collector of the general type  From the foregoing it will be aparent
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that the effects of atmospheric disturbances
in both anangements will be greatly re-
duced by reason of the fact that the collec-
tors are beaeath tue surface of the ground,
and from the fact that the apparatus is
protected by a conducting screen against dis-
turbances propagated in vertical directions,
In addition the arrangement shown in FFig.
L. embodying, as it does, the principle of
my earlier application, still further elimi-
nates the effect of static disturbances by the
use of the divided collectors By reason of
this arrangement static disturbances which
succeed in penetrating the earth are in effect
balanced out or canceled. That is to say.
impulses set up in the collectors 3° simul-
taneously, as Dby static disturbances, are
made to oppose cach other, whereas oscidla-
tions set up by signal waves being out of
phase, act cumulatively on the detector 9,

While I have shown the collectors inelosed
in a chamber Leneath the surfuce of the
ground. I have demonstrated that these col-
lectors may” be buried in the ground, and
that successful operation may be had when
they are so buried, even though the wires
forming the collectors are not covered by
insulation.

1,353,002

Iaving now described my invention what
1 claim is:

1. .\ receiving station for radio signals,
comprising a collector disposed beneath the
surface of the ground, in combinatiorr with
a eonclucting sereen disposed at the surface
of the ground over the collector.

2. .\ receiving station for radio sigmals,
all portions of which are beneath the sur-
face of the ground, in combination with a
condu ting screen disposed at the surface of
the ground over the station.

3.\ receiving station for rulio sigaals,
comprizsing a looped collector disposed be-
neaih the surface of the ground, in com:
bination with a conducting screen disposea
at the surface of the ground over the looped
collector.

+. .\ receiving apparatus for wireless si
nals, comprising in combination, a pair
collectors lying beneath the surface of th
eround in substantial alinement in the direc-
tton of desired reception, a detector cireuit
assoctated with sald collectors, and means
common to both said collectors for differen-
tially affecting the detector circuit by static
impulses recetved in said colectors.

ROY A. WEAGANT.
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UNITED STATES PATENT OFFICE.

THOMAS APPLEBY AND LLOYD M. XNOLL. OF PHILADELPHIA. PENNSYLVANTIA,
ASSIGNORS OF ONE-THIRD TO CORNELIUS D. EHRET. OF PHILADELPHIA,

PENNSYLVANIA.

RADIO APPARATUS.

1.363.579.
Application filed June 14.

Toualiiwrhom it may cone v

Be it known that we. Trnomas \veereny
and Lroyp M. Kxowi, citizens of the United
Seates. residing in the city and county of
Philadelphia, State of Pennsylvania, have
invented certain new and useful Improve-
ments in Radio Apparatus, of which the fol-
lowing is a specification. o

Our invention relates to the transmission
of high frequeney energy, as electro-radiant
enerey. through the natural media for pur-
poses of signaling, transmission of intelli-
cenee or me-sages, er for any other purpose.
© Our invention resizles in both transmittine
and receiving apparatus for purposes of the
character referred to. partienlarly for pro-
curing «Jirective effects and for preventing
interforence or o' her disturbances.

Mare parti. vlarly our invention resides in .

apparatus of the character referred to in
whi-h a port or the entire radiating or ab-
sorbing s trocture is more or less completely
surronnde:! by a natars! medinm other than
air. ax for example, the earth or water: or
siuch radiating or absorbing structure may
be entirely or in part similarly more or less
completely ineloced in a suitable scereen or
cace having the same or similar effects 1s the
earth or water.

Tn conncction with receiving apparatus
employved as a radio enmpass because of di-
rective effects as obtained, for example, by
a rotatable abeorhing eoil stru-ture. the accu-
racy of determination of direction of a
sour ¢ of radiant energy i sometimes mate-
rially interforad with by eobiects s conduet-
ing masses, or carth fornatiens nose the ohe-
sorhing straetire, with poenlt on? clistortion
of the electric or maonetic field. or both,

ansine a variot an af the dotermined (diree-

tion from the true direction. By employ-
ment of oupr invention, howasver, the disturh-
inT effects of JVsioprtinon are maierially re-
duced. Mnd drrespeetive of Alictortion ef-
feets the eritical muximem o minimum re-
sponse in the reecivinge apparatus are more
sharply defined wherely when the appara-
tis is so suttably shielded its directional or
camral s propertics ere improved,

Our invantion resiles also in multinlex up-
paratus of the character bereinafter de-
seribed.

For an illustration of some of the many
forms our structure may take, reference is

Specification of Letters Patent.

Patented Jan. 11, 1921,

1912. Serial No. 304.118.

to ke had to the accompanying drawings, in
which:

Figure 1 is a view, partly diagrammatic,
of apparatus comprising a rotatable absorb-
ing or radiating=eoil inclosed or sereened
by the earth or equivalent.

Fig. 2 is a similar view of a modified form
where two rotatable coils at an angle to each
other are employed. .

Fig. 3 is a diagrammatic view of appara-
tus imvolving stationary radiating or absorb-
ing coils at an angle to each other buried in
the earth or otherwise screened.

Fig. 4isa diagrammatic view of absorbing
or radiating conduetors disposed at an angle
to cach other and buricd in the emth or
similarly screened.

Fig. 5 is a view of apparatus comprising
stationary absorbing or radiating structure
buried in the earth or similarly screened in
coiperation  with absorbing or radiating
strueture disposed above the earth or outside
of the sereening structure.

[ig. 6 is a view of a rotatable radiating or
ahisorbing «oil structure buried in the carth
or simifarly screened in association with ra-
Jiating or absorbing structure above the
earth or exterial to the screening means.

Fir. 7 1= a dingrammatic view illustrating
multiplex apparatus.

Fig. S isa view, partly dingrammatic and
partiy in perspective, illustrating radiating
or absorption structure together with con-
nections thereto and instrumentadities co-
anerating therewith, all shielded.

Peferring to Fig. 1, 1 represents the
earih, water or auivalent sereening or
shicldine means within which is buried or
disposed] a il ' of any suitable number of
tnrns, rutatable by the shaft @ about a verti-
cal axiz whereby the plane of the coil C may
he cansed to point in any direction. The
terminals of the eoil C terminate in the slip

rinas 7, o with which eodperate the brushes

h,. »,. conneete:d to the conductors < and e,
with which may be associated the variable
tuning condenser or capacity K, the con-
du tors d and e connectineg to any suitable
receiving apparatus. as awdion or thermionic
dete: tors amd amplifiers, when the apparatus
is used as noradio compass or direction {inder,
ar to any suitable source of high frequency
nscillations when the apparatus is to be used
for transmitting. Carried by the shaft a is
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the compass scale or card D, with which .o-
operites a stationary pointer £, the sha’t o
and therefore the coil Cand compas. card 1
being rotatable Ly the hand wheel B,

When the apparatus is used as a rulio
compass, for example the shalt « is rotated
until the coil C assines that position give
ing cither maximum, minimum or other
eritical response in the receiving apparatus
to therchy determine the direction of a
source of radiant energy located, for exam-
sle, upon a ship which'is steerinz into o har-
Lor at or in the vicinity of which the coil ¢
is installed.

Tt has been found that where such a radio
compass is installed near masses of conduet-
ing material, or near unsymmetrical earth
formations as a hill or ¢lifl, a distortion of
the eleetric or magnetic fields: or both. taks
place, with the result that for critical rve-
sponse in the receiving apparatus the plane
of the coil C will not coincide truly with the
plane in which the source of radiant energy
1s disposed.  Iowever, by locating the al-
sorbing structure in such position that it is
wholly or largely surrounded by the earth or
equivalent, the crrors introduced by the
aforesaid dictortion are materially reduced.

While we have shown the absorbing strue-
ture C entirely suwrrounded by earth or
equivalent, even by the covering portion
.. it will be understood that improved ef-
fects will be obtained even without such
covering material: furthermore, the absorh-
inz structure C may even project- more or
less above the carth’s surfa- o, thourh it is
preferred that it be entirelv beneath the sur-
face E..

In Fig 2 the albsorbing structure com.
prises two coils C and (', each of any suit-
able number of turns. disposed at an angle
with respect to each other and rotatable as
in the ease of Tig. 1. The coils C. C, are
shown connceted in series wifth each other.
though it will be understood they may be
cenniected in porallel, TTere yemin any suit-
able transmitting or receiving apparatus
may be associated with the coil stru ture C,
C,. which mav be either a radiating or ab-
sarhine strneture.

T Fig. 3 the coils Cand C, are stationary
and buried or to a large part disposed in
the carth ¥ or cquivalent, with their planes
nt an anele with respect to each other. Tn
reries with the coil Cis connected a varinhle
mduetatice T and variable capacity K, : and
m series with the eoil C, s a variable indne-
tance or coil L. and a variable eapacity KK..
Thus the eoil cir-nits may be tuned to the
anerey to be absorhed or transmitted. The
coils T, L, are placed ot an angle with earh
ather, preferably at an ancle equal to the
angle hetween their coils C. C,. Tn indue-
tive relation to both coils L, L, is disposed

N i g

e 1,365,678

Al A A AN NN

a rotatable adjustable eoil or inductance 1.,
whase eir uit moyv be tuned by the variable
eapacity Koo When the apparatus is used
as addirection finder or directionally selec-
tive receiver. there 1 asso -iatod with the coil
L, and condenser Kj a suitable detecting
apparatus, the coil L, being rotated with re-
speet to the stationary coils Loand L, until
@ maximum or mininmm response is ob-
tained. whereupon the direction of the axis
of the coil L, is then an indieation of the
dgirection of the sour-¢ of radiant energy.
While two coils C and C, are shown. it will
be under-toud also that our invention com-
prise: the use of only one of them, or of more
of them.

In Fie. 4 in lieu of closed coils there are
buried m the earth I or equivalent one or
wore insulated conductors C, and C, dis-
posed at an anzie with respect to ca-h other;
amd in series with these conductors are the
adjustable inductances and condensers T, K,
and L,, K,, and adjustable inductance or
coil L, being rotatable with respect to the
indu-tances L. T, as described in connection
with Fiee. 3. With the inductance I, is asso-
cinted fhe tuning condenser K. Here again
cither for absorption or radiation a directive
cffect is obtained, the detecting apparatus
Beine associated with condenser K, and in-
ductance L, for reception or direction find-
ing. or upon them may be impressed oscilla-
tions generated by any suitable source for
transmitting purposes. ‘

Tn Fig, 5 the arrangement is substantially
similar to that of Fir 4 < far as concerns
one or more condu tors C, and €y, indue-
tanees L, L, L, and ~ondensers K|, K, and
W.o Tn series or otherwise suitably asso-
ciated with the retatable inductanee T, and
the condenser K, is a secondary s of an os-
eillation transformer whose primary p is in
series with the anfenna .\ connected to earth
Il or to any other suitable capacity. When
ihe apparatus is used for recoption as Ji-
rection findine, the receivine apparatus :on-
neeind to the “onductors 7 and e is subjected
to the conjoint effects of the buried condue-
tors C, and C, as well ns the effects pro-
duced i the serinl L the acrinl and all eir-
cuits preferably being attuned to the fre-
auency of the received enerry. By this
combination the ae- uracy of determinine di-
rection is improved. the burying or equiva-
lent shieldinzg of the conductors C, and C,
avsistine in proventine effer ts of distortion.

Tn Fie. 6 the anfenna is as<ociated with a
eail straeture C of any suitable number of
fiens. which is preferably rotatable as de-
ceribed in conneetion with Fie 1. the eoil C
and theantenna A coiiperatively affecting the
reeviving anparatus connected to the receiv-
ing conductors «/ and o, The coil stru. ture
C may be of any suitable number of turns
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and.may be fixed or stationary, or may com-
prise coils fixed or stationary as in Kigs. 2
and 3.

In both the cases of Figs. 5 and 6 the appa-
ratus may be employed for direction finding
or reception in general, or for directional
transmitting by impressing upon both the an-
tenna structure and the buried or shielded
structure high frequency oscillations from
any suitable sourve.

narrangementssuch asindicated in Figs. 5
and 6, wherein in addition to directive trans-

mitting or receiving structure there is em--

ployed in coiperation an antenna structure,
the entire combination has uni-lateral char-
acteristics in that in a direction opposite to
that in which maximum transmitting and
receiving effects are possible the transmit-
ting and receiving effects are zero. In these
combinations the burying or shielding of
the directive elements, as conductors C,, C,;
of Fig. 3 and coil or coils C of Fig. 6, does
not interfere with the uni-lateral character-
istics, but increases the capacity of the appa-
ratus as an entirety sharply to determine di-
rection, either for transmitting or receiving,
in addition to the advantage gained in elimi-
nating or reducing distortion effects.

With uni-lateral arrangements of the
character indicated in connection with Figs.
5 and 6. multiplex reception or transmission
is readily effected by asso-iating with the
antenna any suitable number of shielded or
buried structures each utilizable for a dif-
ferent irection of re-eption or transmission
when coOperating with the antenna. Tn
this conne-tion each of the buried or shield-
ed structures nay have its own separate and
distinet coupling. ke p, s, with the ¢co-
operating antenna. Thuy, messages from a
plurality of transmitting statioms located
in different dire tions from the receiving

‘apparatus sach as shown in Figs. 3 and 6

may he simultaneously received in the afore-
mentioned multiplex arrangement berause
ag to each of such transmitting stations a
different uni-lateral maximum reception is
possible at the receiving station. Sunch mal-
tiplex apparatus is indicated in Fig. 7.
wherein two shielded radiating or ahsorb-
ing structures. as rotatable coils C and C,,
co-act with the same antenna strueture A,
whi-h latter is coupled to them by the pri-
mary p and secondaries s and &,. With the
seondary » are a~sociated the condenser K,
and connecting condutors « and «: while
with the secondary s, are associated the
variable condenser K., and the conneeting
vonductors o, and ¢,.

Tn arrangementis of all of the characters
Lerein described the hurying or shielding
of absorbing or transmitting structure
in addition to lessening the effects of dis-
tortion as described. more sharply defines
the critical maximum or minimum responses

» » | 4 » l
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in the receiving upparatus and more sharply
defines the dire-tion of maximum radiation
in transmitting apparatus.

While in some of the figures connections
from the buried or shiclded structure are
~hown as above the earth or outside of the
=hielding structure, it is to be understood
that these conne tions and instrumentali-
ties may also be Luried or shieldel.  For
example. in the cases of Figs. 1, 2 and 6
the receiving apparatus might be in the
same chamber or cavity with the rotatable
coil structures.  And in connection with
immovable shielded or huried structure as
in Figs. 3. 4 and 5 the connections there-
from il appurtenant apparatus may be
separately shielded. or nay be disposed in
a chamber or ¢avity in the earth or simi-
larly shielded. Where the connections ave
above ground or outside the shielding stru.-
tures, as dingrammautically indi-ated in
some of the figures, such conne tions nmy
themselves act somewhat as antenna, and
so temd to produre undesired distortion or
effects in the nature of uni-lateral effects.
In Fig. ¥ is shown an arrangement whereby
absorption structure. as rotatable coil ¢,
similur to Fig. 1, together with the con-
ne tions therefrom and the instrumentali-
ties employed therewith are all shielded.
Thus, the connections from the absorption
structure C to the condenser K, as well as
the receiving instruments R, are shielded.
It will be likewise understood that in cuse
the structure C of Fig. 8 transmits or radi-
atex energy, the associated transmitting ap-
paratus may bLe similarly shielded.

We do not claim as our invention the
combination of an antenna structure or
path codpernting with a diretional strue-
ture in transmitting or receiving apparatus
for effecting uni-lateral operation, but claim
s our invention in such combination the
shielding by natural or artifi-ial means, as
enrth or metallic screening structure, the
directional structure of the combination,

For the sake of brevity, in the appendel
claims we cmploy the term “radio™ as re-
lating to undulatory, impulsive. or vibra-
lovy electrical efferts transmitted through
the natural media.

What we elaim is:

L. The combination with radio transmit-
ting or alsorption structure -ompriging a
rotary coil. of means for shielding said
strneture, whereby distortional effects are
reduced and the directional chara teristi-
increased.

2. The combination with radio transmit-
ting or absorption structure . omprising »
coil rotatable about a substantinlly vertieal
avii, of means for shielding said structnre,
whereby distortional effects are reduced and
the directional charaeceristic ind reaged.

3. The combination with radio transmit-
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ting or absorption structure comprising a
rotary coil, of a natural medium other than
air in which said rotary coil is shielded
and to or from which said coil directly
transmits or receives energy, whereby dis-
tortional effects are redu.ed and the irec-
tional - haracteristic inereased.

4. The combination with radio transmit-
ting or absorption structire comprising a
coil rotatable about a substantially verti-
cal axis. of a natural medivin other than air
in which said rotary coil is shielded and to
or from which said coil directly transmits
ar receives energy. whereby distortional ef-
fe ts are reduced and the directional charac-
teristi- increased.

5. The combination with radio transmit-
ting or absorption structure comprising a
rotary «oil. of means for shiclding said
structure, whereby distortional effects are
reduced and the directional characteristic
incrensed, and an unshielded antenna strie-
ture coiiperating with said ceil and inde-
pendently transmitting or receiving energy.

6. The combination with radio transmit-
ting or absorption structure comprising a
coil rotatable about a substantinlly verti-al
axis, of meany for shielding said structure.
wherehy distortional effects are redueed and
the dire tional characteristic increased. and
an unshielded antenna structure eoiperat-
ing with said coil and independently trans-
mittine or reeeciving encrey,

7. The combination with radio transmit-
ting or absorption structure comprising a
rotary coil, of a natural medium other than
air in which said rotary coil is shielded and
to or from which said coil divectly transmits
or absorbs energy. whereby distortional
effects are reduced and the directional char-
acteristic increased, and a codperating an-
tenna structure.

8. The combination with radio transmit-
tine or absorption structure eomprising n
coil rotatable about a substantially vertieal
axis. of a natural medium other than air in
which said rotary coil is shielded and to or
from which said eoil direetly transmits or
absorbs energy, whereby distortional efTects
are reduced and the directional characteristic
increased, and a codperating antenna struc-
ture.

9. Radin receiving apparatus comprising
a rotatable coil aheorbing energy directly
from a natural medinm, means for shielding
said coil. and variable eapacity in eirenit
with said coil for tuning =aid cirenit to the
frequency of the energy absorbed from said
natural medium.

10, Radio receiving apparatus comprising
an unshielded antenna struecture. a enil di-
rectly nbhsorbing received energy and co-nct-
ing with said antenna structure, a shield for

said coil, and variable capacity for tuning -

the circuit of said coil to the frequency of 6s
the received energy. .

11, Radio receiving apparatus compris-
ing a stationary unshielded antenna strue-
ture, a rotary coil directly absorbing re-
ceived energy and co-ncting with said 7
antenna structure, a shield for suid enil, and
variable capacity for tuning the circuit of
said coil to the frequency of the receivul
energy. .

12. Multiplex radio transmitting or re- 7d
ceiving structure comprising an antenna
structure, and a pluraljty of shielded coils
directly radiating or absorbing energy and
co-acting with said antenna structure for
cither transmitting or receiving. 8

13. Multiplex radio transmitting or re-
eriving structure comprising an unshielded
antenna structure, and a plurality of rota-
tuble shicelded eoils direetly radiating or ab-
sorbing energy and co-acting with said 8
antenna structure for either trunsmitting or
receiving.

14. Radio transmitiing or receiving ap-
paratus comprising an unshielded antenna
structure, a shielded radiating or absorb- 90
ing structure co-ncting therewith for either
transmitting or receiving and having an in-
dependent oscillation path, and means for
separately attuning the oscillation path of
satd shielded structure. : 95

15. Multiplex radio receiving apparatus
comprising an unshielded antenna structure,
and a plurality of shielded structures di-
rectly absorbing received energy independ-
ently of said nntenna structure and co-acting 100
with said antennn structure in absorbing re-
ceived energy, and signal translating menns
co-acting with each of said shielded strue-
tures and said unshielded antenna stracture,

16. Multiplex radio receiving apparatus 10
comprising an unshielded antenna stene-
ture, and a plurality of shielded coils ench di-
rectly absorbing réceived enerey and eo-net.
ing with snid antenna struceture in absorb-
ing received energy. and signal translating 110
menns eo-peting with ench of said eoils,

17. Multiplex #edio receiving apparatus
comprising an nunshielided antenna strueture,
and a plurality of shielded structures di-
rectly absorbing receiving energy independ. 118
ently of said antennn structure nnd eo-peting
with snid antenna strueture in nhaorhing re-
ceived energy, signal tran<lnting menne cn-
ncting with ench of enid shielled structures
and said unshielded antenna strueture, and 120
means for attuning the oseillation paths of
said shielded structures to the frequency of
received energey,

I8, Multiplex radio transmitting or re-
ceiving structure comprising an antenna 128
strieture, aned o plurality of radinting or ah-
sorbing structures ench ndjustable as to its
angular position with respect to the distant
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receivinf or transmitting station and inde-
pendently co-acting with said antenna strue-
ture in radiating or absorbing energy.

19. Multiplex radio transmitting or re-
ceiving structure comprising an antenna
structure, and a plurality of radiating or ab-
sorbing rotary coils each independently co-
acting with said antenna structure in radiat-
ing or absorbing energy.

20. Multiplex radio receiving appuaratus
comprising an antenna structure, :ud a plu-
rality of rotatable coils each co-acting inde-
pendently with said antenna structure in
radiating or absorbing energy, und signal
translating means co-acting with each of
said coils.

21. Radio transmitting or absorbing ap-
paratus comprising an antenna structure,
and a shielded rotatable coil directly trans-
mitting or absorbing energy to or from a
natural medium and co-acting with said
antenna structure.

22. Multiplex radio transmitting or re-

1,368,679
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ceiving structure comprising an-unshielded
antenna structure, and a plurality of radiat-
ing or absorbing’ coils each adjustuble as to
its angular position with respect to the dis-
tant receiving or trunsmitting station and in-
dependently co-ncting with said antenna
structure in radiating or absorbing energy,
and means for shielding at least one of said
coils.

23. Multiplex radio transmitting or re-
receiving structure comprising an antenna
structure, and a plurality of rvotary coils
independently radiating or absorbing energy
to or from a natural medium and each inde-
pendently co-acting with said antenna strue-
ture in radiating or absorbing energy, und
menns for shielding at least one of said coils.

In testimony whereof we Lave hereunto
aflixed our signatures this 9th day ol June,
1919.

TIIOMAS APPLEBY,
LLOYD M. KNOLL.
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UNITED STATES

PATENT OFFICE.

EDWARD THOMAS JONES. OF NEW ORLEANS. LOUISIANA.

" UNDERGROUND OR UNDERWATER ANTENNA SYSTEM.

1,372,658. Specification of Letters Patent. atented Mar. 22, 1921,
Application filed April 11, 1919. Serial No. 289,427.

Lo all whom it may concern:

Be it known that I, Epwarp Tmomas
Joxes, a citizen of the United States, sta-
tioned at the United States Naval Station,
New Orleans, Louisiana, have invented an
[mprovement in Underground or Under-
wuter Antenne Systems, of which the fol-
lowing is a specification. .

My invention relates broadly to radio
cemmunication and more particularly to
nnderground and underwater antennwe sys-

“- tems for radio reception or transmiission..

The object of this invention is to provide
an underground or underwater antenne sys-
tent utilizing concentrated energy collecting
means.

In prior undérground antenne systems it

Jhas been the practice to employ buried in-

sulated cables of great length which systems
reqitire the construction of costly trenches
and occupy exténsive areas. :

In the accompanying drawings are shown
dingrammatically the electrical  circuits
illustrative of my invention. Figure 1
shows concentrated energy collecting means
buried in the earth, and Fig. 2 discloses an
oscillating radio frequency signal responsive
circuit connected to the concentrated energy
collecting means illustrated in Fig. 1.

As indicated in Fig. 1, concentrated en-
ergy collecting means 3 and 4 are buried in
the earth 5 and electrically connected by in-
sulated conductors 1 and 2 with the radio
receiving apparatus.

- In the particular drawing selected to illus-
trate the principle of my invention the con-
cenitrated energy collecting means 8 and 4
are shown as cotls of insulated wire having
the free ends suitably covered. While it will
be understood that I do not limit myself spe-
cifically to this way of obtaining concen-
trated energy collecting meuns to be used
as underground or underwater radio an-
tennw, nevertheless I have found this pro-
cedure practical in actual operation of such
underground or underwater antennwe sys-

_ tems.

In Fig. 2 the coils 3 and 4 buried in the
earth 5 are shown diagrammatically as be-
g connected by means of insuluted con-
ductors 1 and 2 with a radio signal receiving

cirenit. This cirenit comprises an audion -

detector 6, associated with the usual tuned
oseilluting ecireuit with variable condensers

sused in radio receiving stations.

.antennx systemns.  Strays do not affect, to ¢

A4 4 dsh S

. v

10, 13, fixed condenser L1, inductances 7, 8, 5¢&
9 and 12, high voltage battery Lt-and a sig-
nal responsive device 15, The plate 17
buried in the earth is connected thronzh a
one microfarad condenser 16 to the tuned
oscillatory circuit-above described. The xig- 60
nal responsive Jdevice 15 may be for example,
the well known telephone receiver erdinarily

In Figs. 1 and 2 the coils 3 and 4 are
illustrated as buried in the earth 5. If de- 6t
sired the coils 3 and 4 may be placed in
water, for example they could be submerged
at a suitable depth and distance apart in
lake or river.

I have found from practical tests that it 70
is possible to readily receive radio messages
employing the systemn herein described at
a time when it was impossible to copy radic
messages using the usual form of overhead

any noticeable extent, the practical opera-
tion of the underground and underwater
antennee system deseribed. due to the con-
centrated form of the energy col'ecting
means as opposed to the previous practice of ga
employing long cable  collecting means,
which cables pick up. increased strays in
proportion to their length. :

While I have shown diagrammatically the
concentrated coils placed vertically in the .85
earth it is apparent that the coils can be
placed with their axes in any plane other
than vertical in the earth or water.

My invention has proven highly success-
tul in practical tests conducted ut the United 90
States Nuval Station, New Orleans, Lou-
isinna. The antennse comprised two coils,
vach containing 200 feet of Packard cable,
the coils having a diameter of 4+ feet. These
coils were placed 30 feet apait on the bed of 9=
the Mississippi River at a depth of 12 feet
and leads brought to receiving apparatus on
a wharf 15 feet above the surface of the
water.  Strong signals were received from
Swan Island. ﬁurwom_l, Colen Panama, Key 100
West and Miami Florida, Arlington Vir-
ginia, Guantanamo and Moro Castle Cuba,
Great Lakes Station and many ships at sea.

I have described the underground and
underwater ‘antenne system as being con- 103
nected to radio receiving apparatus but it
is apparent that the antennx system may be
used for trunsmitfing purposes and the con-
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centrated elements employed -for radiating
energy without departing from the principle

_ of my invention.

10

What I claim as new and desire to secure
by Letters Patent of the United States, is:—

1. In an antenne system, the combination
of a plurality of energy collecting means
with radio apparatus, said energy collecting
means comprising simple concentrated free
ended coils of insulated cable embedded in
the earth.

2. In an antenn system, the combination
of a plurality of energy collecting means

s A A A= NI =

1,372,858

with radio apparatus associated therewith, 3
said energy collecting means comprising i
simple concentrated free ended coils of in- 3§
sulated cable separated a relatively short 3

distance apart and embedded in the earth.

3. In an antenne system the combination

with energy collecting means of a circuit

therebetween, and radio apparatus therein,

said energy collecting meuans comprising
flat concentrated free ended coils embedded
in the earth and connected at each end of
said cireunit. :
EDWARD - THOMAS JONES,
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Application Aled March 13, 1919.

To all whom it muyj concern:

Be it known that I.-Earu C. HaNsox, a
citizen of the Uniied States, and resident of
Washington, District of Columbia, have in-
vernted a new and useful Improvement in
Underground Loop-Antenne, of which the
following is a specification.

My invention relates to underground an-
tenna systems for raceiving radio signals,
and more particularly to underground ioop
forms of antenne.

The ghject of this invention is to pro-
vide a leep antenna adapted to be incased
in a conduit and buried beneath the earth.

A further object of the invention is to
previda such an nnilereround loop antenna
with filier coils inserted at intervals in the
turns of the loop to prevent response to
shock impulses produced by stray waves.

Referring to the drawings,

Figure 1 shows diagrammatically an
underground vertical loop antenna;

Tig. 2 is a modification of Fig. 1, and
indicates an underground loop antenna ar-
ranged in a horizontal plane below the sur-
face of the earth. :

Referring now more particularly to Fig.
1. reference character 2 represents a con-
duit buried in the earth 1. The conduit 2 is
positioned vertically beneath the earth and
incloses a number of convolutions of cable
terminating at 3 and 4. Suitably located
at intervals in the turns of the loop are
fiiter coils 5 for the purpcse to be more fully
described hereinafter.

Fig. 2 represents a lcop antenna system
similar to that disclosed in Fig. 1, wherein
the plane of the looped turns is parallel
to the earth’s surface.

This loop system is connected to suitable
receiving apparatus at terminals 3 and 4.
While the system has been described for
use in conjunction with receiving apparatus,
it is obvious that the antenna could be con-
nected at 8 and 4 with radio transmitting
apparatus and operated as a transmitting
antenna. In Figs. 1 and 2, the loop system
is shown as being underground, but it is
well understood by those skiiled in the art
that such a loop antenna system can be sub-
merged in water.

pendicularly to the surface of the earth
arranged below said surface and a series of
filter coils inserted at several points in the
turns of the looped coil for substantially
eliminating shock impulses in said coil.

3. An underground antenna system for
radio signaling comprising a looped coil in-

Specification of Lettars Patent.

= APAPAPA S NN N Y

Fatented Apr. 5, 1921,
Serial No. 283,517,

In Figs. 1 and 2, the loop antenna sys-
tems are shown buried in a conduit. This
conduit may be of any svitable material. In
some cases it would be feasible toc employ 55
heavy insulated binding arcund the convolu-
tions of the loop.

Considering the phenomenon ¢f induced
currents in the vertical loop coil, Fig. 1,
from progressing radiated wave trains per- 69
pendicular to the surfuce of the earth, it is
weil known in the art thai radiated waves
de not penetrate eatth or water fo any ap-
preciable depth. To utilize this phenomenon
in an underground leop system, the coil 65
shown in Fig. 1 is constructed of such di-
mensions and placed at such a depth as to
aliow only the top convolations fo be cut
by the progressing wave trains, thus indue-
ing currents which will aetuate receiving 70
apparatus connected to the terminals 3
and 4. '

In Fig. 2 the progressing radiated per-
pendicular wave trains will induce currents
in ‘the turns of the horizontal lcop and 75
thereby actuate receiving apparatus con-
nected to the terminals 3 and 4.

The filter coils 5 waile not absolutely
necessary are shown in the turns of the loop
for the purpose of rendering tho antenna 80
irresponsive to any undesired frequency or
shock excitation. ~

Resonant currents produced by passing
wave trains of a definite frequency pass
freely through the fiiter coils 5, while shock 8
impulses produced by stray waves or waves
of undesired frequencies are choked or fil-
tered out. By filter coils it will be under-
stood by those versed in the art is meant
impedance or retardation coils represented ¢6
at 5 throughout the several figures,

What I claim is:— : .

1. An underground antenns system for
radio signaling comprising a locped coil
inclosed in a conduit and arranged perpen- 95
dicularly to the surface of the earth, and
means electrically connected in the coave-
lutions of the loop for substantiaily elimi-

nating response to strays.

2. in underground antenna system for
radio signaling comprising a lgoped coil
having a plurality of turns positioned per-

G

100

closed in a conduit and buried beneath the 3
surface of the earth and including a series
of induetance coils within the turns thereof 163
whereby response to shock excitation is sub-
stantially eliminated. ?
In testimony whereot I affix my siznature. 3

EARL C. HANSON.
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n it may concern. .
5t known that I, Jayes Harris Roc-
tizen of the United States, residing at
tisville, in the county of Prince Georges
Gtate of Maryland, have invented cer-
ew and useful Improvements in Radio-
ing Systems. of which the following
gpecification. T .
invention relates to radio signaling
3 has for its object the provision of an
Shroved system for use in connection with
hssels, especially submarine vessels.
EThe inv-ntion includes the employment
“an antenna or radio conductor upon
hich the siznal electromagnetic waves are
seived, or from which such waves are ra-
Btated in sending, located within the metal-
& hull of the vessel. and in utilizing the
sél itself as part of the svstem. This
Rd more specific objects will be fully ex-
ined hereinafter.
The invention consists in the novel con-
fruction and arrangement of parts of a
dio system hereinafter described and
gimed, and illustrated in the accompanying
iwings, in which drawings:—
igure 1 is a longitudinal section of a
sel with apparatus and circuits shown in
oram ;
) 3:F1g. 1* shows a conventional arrangement
f sending instruments which may be sub-
getituted for the receiving instruments for
ansmitting signals;
#=Figs. 2. 3, 4 and 5 show in diagram vari-
us modifications of the invention, the vessel
Ebeing indicated in outline.
g Referring to the drawings and first par-
Eticularly to Tigs. 1 and 2 thereof; 10 indi-
es a vessel of the submarine type having
Jnetallic hull or sheathing which includes
-deck or upper surface as well as the sideés
pand bottom.  Within the vessel is located an
gantenna or radio conductor 11—11” extend-
ping longitudinally of the vessel and having
Ats ends electrically connected to the hull at
12 and 13. When the ends of the antenna
e connected to the bow and stern of the
ehull respectively. T obtain the greatest ad-
antage of the hull for a straight antenna
gocated therein, but it will be understood
ethat the ahtenna may be made shorter and
geonnected to the hull at other points if de-
g8ired. If the antenna is not the proper
ength for the wave-length to be used. a
gbatuning condenser may be employed as is well
Snderstood, and although it is thought this

Specification of Letters Patent.

-denser 24 and key 25.

JAMES HARRIS ROGERS, OF EYATTSVILLE, MARYLAND.

RADIOSIGNALING SYSTEM.

Patented Nov. 1, 1921,

need not be illustrated it is conventionall;
shown at 14. _

. Any well-known or desired radio signal-
Ing 1nstruments may be associated with the
antenna in a well known manner, as by coils
15, 16, of an inductive coupling or trans-
former. In Fig. 1 receiving radio or mag-
netic wave signaling instruments are con-
ventionally shown in diagram, consisting of
a detector 17 of any type, preferably an
audion. telephone 18, and the usual cop-
densers 19 and 20,

In Fig. 1* suitable sending instruments
are conventionally ~ shown in diagram.
These "comprise a generator 21 or other
source of alternating or other suitable cur-
rent, transformer 22, spark gap 23, con-
These instruments
are, of course, in the vessel and may be
substituted for the receiving set when it
is desired to transmit signals.

In the operation of the system as thus far
described and supposing it is ‘desired to
receive signals from another submarine or
other vessel, or from a land station. the re-
ceiving vessel is manipulated if necessary
to obtain the best directional effect on its
antenna which. being tuned to the proper
wave-length. yields signals with clearness
and high audibility: It will thus be seen
that my -antenna extends longitudinally
within the vessel and is completely inclosed
by the metal (such as iron or steel) thereof.
Moreover, the antenna forms a part of a
loop conductor of which the hull of the ves-
sel forms the other part.

In sending, the sending set is substituted
for the receiving set and key 25 is manipu-
lated as usual. ‘

Instead of -having the antenna extend
from end to end of the vessel, one portion
thereof, as 11, may be replaced by a capacity
plate 26 which is located in proximity to,
but separated by insulation 27 from the bot-
tom or side of the hull. A switch 28 may
be provided where it is desired to use or test
the capacity as a substitute for a part of the
antenna. T

In Fig. 2, I have shown a coiled or looped
portion 29 included in the antenna, this op-
erating to obtain a greater length antennu
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and also improving the results in some in-

stances. .
Fig. 3 shows a closed circuit loop conduc-

tor connected in the circuit of antenna 11,

11’, the tuning condenser being in series in
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the loop. The loop itself is in shunt to the '

coil 16 of indirect coupling. o

Fig. 4 shows a closed oscillating circuit
looped antenna 31 entirely inclosed within
the vessel but not connected electrically with
the metallic hull or sheathing. The' tuning
condenser is bridged across the circuit.

Fig, 5 shows a similar arrangement ex-
cept that the condenser is in series in the
oscillating looped circuit. In both the ar-
rangements the signal instruments are as 1n
the other figures, and represented broadly
by coil 16. Very good results are obtained
by these arrangements. ,
"In accordance with the patent statutes, I
have described what T believe to be the best
embodirment of the invention, but I do not
wish to be understood as thereby limiting
myself or the scope of the invention, as
many changes and modifications may be
made without departing from the spirit of
the invention and all such I aim to include
within the scope of the appended claims.
For instance. a plurality of antennz may be
employed instead of one. !

at I claim is: .

1. The combination with a submarine yes-

sel having a metallic hull or sheathing, of

an antenna extending longitudinally within’

and inclosed by said hull or sheathing and
-electrically connected to the same, and signal
instruments associated with said antenna.
2. The combinatien with a submarine ves-
sel having a metallic hull or sheathing, of
an antenna within and inclosed by said hull
or sheathing. a portion at least of said
antenna extending longitudinally of the ves-
sel.and electrically connected to the hull

or sheathing, and signal instruments asso-

ciated with said antenna.

3. The combination with a submarine ves-
sel having a metallic hull or sheathing, of
an antenna extending longitudinally within
and inclosed by said hull or sheathing with
its ends at the ends of the vessel and elec-
trically connected to vorresponding ends of
the same, and signal instruments associated
with said antenna. .

4. A radjo signal system having a closed
oscillating lcop circuit comprising the metal-
lic hull or sheathing of a vessel und a con-
ductor extending longitudinally within and
inclosed by and having its ends electrically

connected with said metallic hull or sheath--

ing, and signal instruments associated with
said conductor. .

5. A radio signal system having a closed
oscillating loop circuit comprising the metal-
lic hull or sheathing of a submarine vessel

-or sheathing, and signal instrume

“electrically connected with correspopy

“metallic hull or sheathing, a closed og

and a . conductor 'e.\:tending larig}t
within and inclosed by and havingjf8
electrically connected with said mefa]jl§

ciated with said conductor.
6. A radio signal system having 3%
oscillating loop circuit comprisi
metallic hull or sheathing of a v
a,conductor extending longitudinally 'y
and inclesed by and having its endg
trically connected with said meétalljcHe
or sheathing, a tuning condenser in
with said conductor, and signal ins
associated with said conductor.
7. A radio sigral system having
oscillating leop eircuit comprising the'p
lic hull or sheathing of a vessel and 3%
ductor extending longitudirally withig
inclosed by and having its respectiy

ends of said metallic. hull or sheathi
tuning condenser in circuit with saj
ductor, and signal instruments asso
with szid conductor. :

8. The combination with a vessel

W
havy
ing loop within and inclosed by said hy
sheathing, a conductorextending from
side of said loop and making electrical ¢g
nection with the hull or sheathing af’)
proximately one end of the vesseE y
ductor extending from the other sid
said -loop and making electrical conned
with the hull or sheathing at approxima
the other end of thie vessel, and electro
netic wave signal ipstruments assoc
with said loop.
9. The combination with a vessel h
a.metallic hull or sheathing, an oscill
loop within said hull or sheathing, a
ductor connecting said loop with the
ward end of said hull and a second
“ductor connecting said loop with the
ward end of said hull, and radio signal i
i . 8y ¥
struments operatively associated with el
circuit thus formed. R
10. The combination with a vessel ha
a metallic hull or sheathing, an oscillatt
loop within said hull or sheathing, a
ductor connectiny said loop with the
ward end of said hull and a second
ductor connecting =aid loop with the
ward end of said hull, a tuning conde:
in the circuit thus formed. and radio 81
instruments operatively associated with,
circuit.
In testimony whereof I affix my sigt

ture. ;
JAMES HARRIS ROGERS
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WIRELESS SIGNALING SYSTEM.

Application filed October 31, 1928, Serial No. 316,300, and in Great Britain August 12, 1927.

'This invention relates to wireless signaling
systems and has for its object to provide a new
or improved method of and means for trans-
mitting and receiving electric radiations
which ave propagated through a conduetive
medium such as carth or sea. The invention
may also be applied to wireless signaling ap-
paratus dizposed on or within a condueting
body such as the hull of an airship, which may
be surrounded by a dielectrie medimm.

According to the invention, wircless sig-
naling apparatas is provided wierein elee-
tric o=cillations or stationary clectrie waves
are sei ub in a system of condiictors which
is electrostatieatly coupled to the carth or
other condnetive mediun, such as the bull of
a ship, but which has a low radiation resist-
ance as regards the diele: trie medium so that
it is not appreciably affeeted under working
conditions by Hertzian waves.

The invention. therefore. provides a means
of utilizing the hysteresis in the said dielectric
medinm between earth and the said system of
conductors which includes an induoetance con-
nected to earth or other conduetive medinm
and one or more eonduclors  possessing
eapacity relatively to ensth and <o acting axan
equivalent condencer, and this ntitization is
effected by matehine the L doe to polariza-
tien of the dielectrie with the Ing due to in-
ertin of the induetance which, when charaed
by eurrents, ereates a weak magnetic field
aronnd  one carmatare  of  the  aforesaid
Capacity-possessing condueeter o conduetors
forming the equivalent condenser.

This interaction of the two lags introduces
sieh a time constant into the eapacity of the
equivalent condenser as to change that
capacity relatively to the phase of the charg-
ing cur,ents, the rate of change determining
the position of a nodal or refleeting point ror
stationary waves while the magnetic field is
Leing built up in one armature of the eon-
denser and the diclectric ix being polarized
under the electrie field.

In known systemss of tuning, the indnctance
and ecapacity of the eircuit are separate <o
that the . M. T. may be brovght into phase
with the eurrent or viee ver-a. but according

to thisinvention, the induet:ance and eapacity

are xo closely associated at one point where
the magnetic and eleetrie ficlds arve ont of
phase that a nodal point is produced accord-
iy to each frequency.

Known systems of reception without using
an elevated. or a frame, acrial have relied on
buried antennge, charged plates, or a plurality
of condensers or of carth connections, or on
the maintenanee of electrical oscillations in
the dielectrie while receiving the incoming
waves, but in the present invention one earth
conneetion  only  is  employed  and  the
equivalent  of one condenser in series with
the oscillating cireuit and it is not necessary
to maintain o=cillations in the dieleciric and
therefore the invention can be used in con-
junction with a crystal detector.

The present invention is therefore an enrth
wave system wherein nodal points are formed
relatively (o the stationary waves et up in
the earth or other conductive medium. The
invention can alzo hie used with advantage'in
an aerial eireuit to sharpen the tuning by di-
viding the cireuit into portions analogons fo
the fretting on a stringed instrument whers
the natural peried of the string is altered by
stopping and so creating nodal points where
required.

In order that the invention may he more
readily understood. reference will he masie
to the aecompanyine drawings in which:

Fig, 1 is a dingrammatie view of a radio
siznaling system enbodying the novel fea-
tures of the invention.

Fig. 2 is a view sinilar to Fie Uillustrat-
ing an alternative embodiment of the inven-
tion.

Fig. 3 is a view similar to Fies, Tand 2 il-
Iustrating another alternative embodinient of
the invention. '

Fig. 4 is a view similar to Fig=. 1 to 3 illus-
trating a further alternative embadiment of
the invention; and

Fie, 5 is a view similar to Iig< § to 4 il-
Instrating still another alternative embaodi-
ment of the invention.

In the arrangement shown in Fignre 1, a
conventional recetving set, having a tuned os-
cillatory eireuit I. C. conupled to a valve de-
tector, is enclosed in an insulated electrostatic
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screen @ which has a nataral enpacity to carth
represented by the imaginary condenser
shown in dotted lines at J.

The grid pole of the oscillatory circuit L.
C. is connected to an oscillatory system which
is electrostatically coupled to carth but which
has a low radiation resistance so that it is
not appreciably affected by Hertzian waves.

As indicated in the said Figure 1, the os-
cillatory system takes the form of two open
coils ¢, d of insulated wire, wound one on the
other, a.d connecied one to earth and one to
the grid pole of the oscillatory cireuit L. C.
as shown. For the purpose of reducing the
mutual indnctance as much as possible, the
coils ¢ and d are wound so that their turns
cross one another at right angles.

The oscillatory system composed of the ele-
nients ¢, d will aceept any frequencies within
limits. It has a low radiation resistance such
that it is not appreciably atfected by Hertzian
waves. Owing to the electrostatic coupling
to earth however, the effeet of electric nseilla-
tions transmitted through the earth will e to
set up electric oseillations or stationary waves
in the system e, d. The oseillation eirenit
I.. C. is tuned to the frequency of the waves to
be received and acts as a rejector for the se-
lected frequency.  When the cirenit 1. (i
correctly tnned, the aceeptor composed of the
elements e,  will apply magnified potential
oscillations to the grid pole of the cirenit
I..C.

It will be seen that the acceptor could take

5 many different forms,

For example, as shown in Figure 2, an open
coil # of insulated wire connected at one end
to *he arid pole of the oseiliatory civenit L. C.
iz wound on an earthed metal evlinder £,

Fignre 3 shows an arrangement in which a
flat spiral 4 of insulated wire is disposed ad-
jnecnt an earthed metal dise A,

In Figures 3 and 4, the sereen ¢ is dizpensed
with and the eoil g or j is connected to the
wrial terminzsl of an ordinary reccivine set 1,
This set, together with the batteries, tele-
phones and other deviess ascociated there-
with, is insulated from earth, but the filament
supp'y leads and other conductors conneeted
to the “carth” terminal of the set have o nat-
ural capacity to earth which is repre<ented in
the drawings by the imaginary condenser 4,

In each of the arrangements shown in I0jr-
ures I+, the sereen @ or the carth terminal of
the receiving set (1, e. that pole of the circuit
L. C. which is connected to the valve fila-
ment) may be conneeted to earth either di-
rectly or throngh a condenser. In most cares,
however, the natural eapacitive coupling rep-
resented by the imaginaey condenser b 15 s f-
ficient,

The oscillations induced in the system, e, .
e. f. g hoor j, bk may be due in some measure to
the fact that the system is electrostatically

coupled to the earth at spaced points, i. e. at

N N N NV V V" VT
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the capacity between the elements of the os-
cillatory system and at the eapacity between
the receiving set or the sereen ¢ aud the earth,
The major effect, however, is probably due
to the production of stationary electric waves
in the conductors e, d, e, f, g, k. ov j, k; there
being a potential loop at the grid pole of the
oscillatory system L. C.

In the arrangenient shown in Figure 5, m
represents a conventional receiving set hav-
ingza tuned oseillatory civeuit and one or more
valves (not <hown) the whole of this appa-
watns (including batteries and telephone) be-
ing preferably insulated from -the earth.
The “aerial” terminal of the tuned oscillatory
cirenit is conneeted through an inductance ¢
iin series with a condenser ¢! to earth.  When
titis system comes under the influence of elec-
tric escillations transmitted through the
carih, oscitlaticns are set up in the system L ¢t
i affect the “aerial” terminal of the re-
ceiver,

Atthough the arrangements shown dia-
grammatieally in the accompanying draw-
15ns e antended for use as receivers, it will
i understood that the invention may be ap-
phicd {o transmitters by coupling any of the
oreiliatoi v svrtems deseribed to a suitable
cenerator of eleeirie oseillations.

fe will be understood that the arrange-
acit< deseribod are independent of Hertzian
waves transmitted from the radiating source
thirowgsir a dielectrie medium, and ean there-
forn be vsod tnderground, within the hulls
of <hips and in other places which are effec-
tively sereened as regards radiations which
require adieleetrie medinm, - Further, they
corthd be used in the conduetive hull of an air-
ship. thie oseillatory system being electrostati-
eally convled to the said conducting hull or
to a cotiductor connected thereto,

We ebiin i—

Lo In a radio signaling system, aperiodic
eolleetor means one end of which is free and
the other end of which ix connected 1o ground,
adeteetar, anda cotl in spaced velation to said
aperiodie colleetor means connested with said
ditector, said aperiodic eolleetor means com-
prizing a coil the turns of which extend
picund the coil connected with the detector.

20 Inoa radio signaling svstem, aperiodie
collector means one end of which is free and
the otier end of whieh is connecetod to ground,
weleteetar, and a coil in spaced relation to said
speriodie eollector metns one end of which
i~ lrecand the other end of which i< conneeted
vith seid detector, said aperiodic colleetor
wenn comprising a cotl the turns of which
exiendaround the coil conneeted with the de-
tector,

b tesiimony whereof we Lave aflixed onr
starntures heveto this 19th day of October,
l!).,‘\'
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‘ No. 750,429. | Patented January 26, 1004.
UNITED STATES PATENT OFFICE.

FERDINAND BRAUN, OF STRASSBURG, GERMANY.

WIRELESS ELECTRIC 4TRANSM|SSION OF SIGNALS OVER SURFACES.

SPECIFICATION forming part of Letters Patent No. 750,439, dated January 26, 1904.
Applioation fled February 86,1898, Berial No, 704,004, (No model.)

To all whom it may concern: covering a considerable area. Within this
Be it known that I, Ferpinaxp BrauN, a | area the current vibrations may be collected
subject of the (ierman Emperor, and a resi- | and utilized to give signals by devices of any
dent of Strassburg, Alsace, German Empire, | snitable deseription.  ‘The application of the

5 have invented a new and useful Wireless Elee- | alternating current to the earth-platexcan be 55
tric Transmission of Signals Over Surfaces, | arranged in various ways  for example, cur-

of which the following is a specifieation, rents of high frequeney may be ereated ina
My invention relates to the transmission of | complete system by means of condensers, for
electrie signals without connecting-wires. instance, and these currents ean be then sup-

»  The accompanying drawings illustrate din- | plied to the wires which lead to the earth- 6o
grammatically preferred apparatus for carry- | plates, or by means of rotary nmchines a very
ing out the invention. high frequency may be forcibly obtained

Figure 1 shows a form of the transmitting | which is independent of the self-induetion and
apparatus,  Fig. 2 shows anapparntus having | eapacity of the earth-plates.  With these de-

15 induction-coils forming a transformer.  Figs. | tails my present invention is not particularly 65
3, 4, and 35 show moditieations hereinafter ex- | concerned, as various methods of supply may

. plained, and Fig. 6 shows the general arrange- | be adoptd,  In order, however, that my in-
mentof the electrical connections of the trans- | vention may be clearly understomd, 1 have
mitting and receiving apparatus, shown in the aceompanying dingrams various

20 Iitherto the transmission of elecetrie sig- | nerangements for supplying current to the 70
nals as above mentioned, usually termed | eneth-plates, .
*wireless telegraphy,” as been based on the ;. In Figs, Land 2, R vepresentsn Rubmkorfl's
propagation of eleetric waves in spnee, and | induction-coil or a Holz's influence-machine,
various difliculties have been encountered @ and o o the spark-gaps in aivorin oil, 7 P*

25 which have prevented such methods being sut- ¢ ave the enrth-plates,  ‘This is the well-known 75
isfuctory.  According to my invention Lavoid . appuratus used by Hoertz, in which, axshown,
these dificulties by utilizing the surfaces of  for example, in Fig. 1, condensers may be in-
conducting-hodies ns amedium for the trans-  terposed hetween the two prirs of balls,  In
mission of the elecetric waves, - Fig. 2 the enrth-plates are connected with the

30 My invention is based on the fact, now well  spark-civeuit through the medium of an in- 80
known to electricinns, that when alternating  duction-coil.
currents of high frequeney aresupplied toey- = Figs, 3 and 4 show condensers joined in cas-
lindrieal conduetors the outer surfaee of the  ende, in Fig, 3 with primary coils interposed
conductor is the important factor in trans- between the suecessive condensers, sos to act

35 mitting the energy, nnd the inner portionsof — inductively on the civenit containing the enreth- 83
the conductorare of very little nse, “This faet,  plates P P and in Fig 4 without any indue-
which is true for condueting hodies,isalso true  tion-coil,

_— A A A A _N N N N

for semiconductors, such as water and enrth, Fig. 5 shows another nerangement in which
as experiments on a large seale have conelu- two spark-gnps nee provided in civeoit with
40 sively shown, the earth-plates, in which the combined netion 9o

According tomy invention I take advantage  of enpneity and indnetion is used,  The evi-

()f tl“' t‘l,](l(\l“l.\' “h‘)\-‘n n“\"ﬁ""(ql f“r |'l(‘('| l'i(" ‘ll‘ll' purpose nf ”li" nreangretient i" to r!‘t“l"l

current waves to press townrd the outer sur- the vibeations whose fregquency deperds in a

face of a conductor or semiconductor by ap-  well-known nimnner upon the praduet o 1,000,

45 plying to two plates buried in the envth nta in which L signities the self-induction, C the

short distance apart analternating enerent of —enpmeity, Varions other armngemoents of ap-
very high intensity and frequeney. The lines  pventus mny e nsed,

of flow of the current from one plate to the The collection of the electrie disturbations

i

S

‘ other will no longer tnke the shortest path, mny e effected in the usunl mnnner. ‘Fwo

50 but will puss from their sources in large nres  enrth-plates inserted nt pointsof ditferent po- 100

I B -
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tentialand connected with each othet by nieatis
of wire will serve for the purpuse; a culieref
being inserted in its circuit as a delicate -
ceiving element. : _

A diagrammatical illustration of the man-
ner of carrying out both the transmitting and
receiving stationsisshownin Fig. 6. Rmeans
a Ruhmkorff induction apparatus, with the air-
gap a. C C are the condensers; P’ P, the
earth-plates, as mentioned above. All these
are parts of the transmitting-station. 1n the
receiving-station P’ P"*are the collecting earth-
plates; F, the well-known coherer or the like.
M is a Morse apparatus with its battery Band
earth-plate P, In the moment of action a lo-
cal circuit will be closed, comprising battery,
Morse apparatus, coherer, and earth-plates, as
the line coming from the battery is connected
to the middle of the coherer. All these con-
nections may be varied in the manner now
well known by electricians well up in what
has been done already in the line of wireless
telegraphy. :

The advantages of my improved system are,
first, the suppression of aerial wires, with all
their attendant evils and inconveniences; sec-
ond, that the energy expended renmining
upon the surface of the conductor it follows
that the energy will not be diminished accord-
ing to the square of the distance, as is the
case when radiating freely through the space,
but in a much less degree, being limited to
surface extension: third, an uneven ora woxl-
ed surface will present noobstacle to the trans-
mission.

What 1 claim, and desire to secure by Lot- ¢

ters Patent of the United States, is -
1. The method of transmitting signals elec-

PAPAPAPA A N NN

trically frohi otie station to dnother without
the tise of contieetitig=wires; cotisisting in silj= 46
plying eurrents by mednis of #n oscillation:
cireuit containing a condenser and # spark:
gap to enrth=plates conniected toupposite poles
of the transmitting apparatus, and collecting
the impilses by earth-plates at the receiving- ¢35
station connected to opposite poles of the col-
lecting apparatus, substantially as described.

2. 'The method of transmitting signals elec-
trically from one station to another without
the use of connecting-wires, consisting in sup- 50
plying currents by means of an oscillation-
circuit containing a condenser, a spark-gap
and an induction-coil to earth-plates connected
to opposite poles of the transmitting appara-
tus, and collecting the impulses by earth- 55
plates at the receiving-station eonnected to
opposite poles of thecollecting apparatus, sub-
stantially as described.

3. The method of transmitting signals elec-
trically from one station to another without 6o
the use of connecting-wires, consisting in sup-
plying currents produced by an oscillation-
circuit containing a condenser, a spark-gap
and the primary coil of a transformer to earth-
plates connected to opposite poles of the sec- 65
ondary coil of said transformer, and collect-
ing the impulses by earth-plates at the receiv-
ing - station connected to opposite poles of
the collecting apparatus, substantially as de-
seribed. 70

Intestimony whereof I havehiereuntoset my
¢ hand in presence of two subgeribing witnesses,

i FERDINAND BRAUN.
Witnesses:
| Fritz Niess,

| Max AbLen.
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* ART OF TRANSMITTING ELECTRICAL Eﬁzﬂcv THROUGH THE NATURAL MEDIUMS.

SPECIFICATION forming part. cf Let.ters Patent No. 787,412,

dated April 18, 1905.

Lpplxuuon filed Xny 16. 1900. chcwed June 17,1902, Serial No. 112,034,

Jo all whomn 7t may concer:
Be it known that I,-N1Kora+ Trsta, a cxtueu

- of the United States, residing in the barough

of Manhattan, in the city, county, and_ State
of New York, have discovered a new and w:cful
Inmprovementin the Artof Transmitting [lee-

trical Encrgy lhmutrh the Natural Media, of.

which the followi ing is a specilication, refey-
ence being had to tlxedm\vmm«.u.cumpxm\ ing
and forming a part of the same.

It is known since a long time that clect.rlc
currents niy be propagated through the
carth, and this knowledge has been atilized
in many ways in the transmission of swn.xla
and the operation of a variety of receiving de-
vices remote from the source of energy,

mainly with the object of dispensing with a

return conducting-wire. Itisalso known that
clectrical disturbances may Le transmitted
through portions of the earth hy grouading
only one of the poles of the source, and this
fact 1 have made use of in systems which |
have devisad for the purposes of transmitting
through the natural media intelligible sn~'nal~.
or-power amnd which are now fumllml“ but all
experimentsand observations Iwretofox'o mile

“have tended to conlirm the opinion held by

the majority of scientific men that the earth,
owing to its immense extent, although “pos-
sessing conducting properties, does nat he-
have in the manner of a conductor of Jimited
dimensions with respeet to the disturbances
produced, but. on the contrary, much like'n

vast reservoir or ocean, which while it may be
locally .disturbed by a commotion of ssome
kind remains unresponsive and quiescent in
a large part oras a whole.  Still another fuct
now of common knowledge is that when elec-
trical waves or oscillationsure impressed upon
such a conducting-path as a metallic wire re-
flection talkes place under certain conditions

from the endsof the wire, and in consequence [

of the interference of the impressed and re-
tlected oscillutions the phenomenon of **sta-
tionary waves” with maxima and ninima in
delinite fixed .positions is produced. In any
cuse the existence of these waves indicates that
some.nf:the outgoing waves have reached the
bounduries of the conducting-path and have
been retlected from the same. Now L havo

APAPAPA I NN N

discovered that notwithstanding its vast i<

mensions and contrary to all observations
hevetofore made the terrestrial globe may in
a large part or as a whole hehave toward dis-
turl).mu«. impressed upon it in the sume man-
ner as a conductor- of limited size, this fact
being demonstratesd by novel phenomena,
which I'shall hereinafter deseribe,

In the course of certain investigations
which 1 carried on for the purpose of studying
the effcets of lightning discharges upon the
electricnl condition of the earth T ohserved
that sensitive receiving instrumentsarranged

so as to be capable of responding to electrical

disturbances cereated by the Jdisceluirges at
times failed to respond when they should have
done so, and upon ingquiring into the causes
of this unexpected behavior Tliscoverad it to
be due to the character of the electrical waves
which were produced in the eavth by the
lightning discharges and which had nodal re-
gions following at delinite distances the shift-
ing source of the disturbances.  From data
obtained in a large numiber of observations
of the maxima and minima of these waves |
found their length to vary approximately
from twenty-live to seventy kilometers, and
these results and certain theorvetical,dedue-
tions led me to the conelusion that waves of
this kind may be propagated inall direetions

over the globe and that they may Le of still

more widely ditfering lengths the extreme lin-
its being imposed by the physical dinensions
and propectiesof theearth, Recognizing in the
existence of these waves an unmistakable evi-
dence that the Jisturbances ereated had been
conducted from their origin to the most re-
note portions of the globe and had been
thence reflected, I conceivedd the idea of pro-
ducing such waves in the carth by artiticial
means with the object of utilizing them for
many useful purposes for which they are or
might Le found upplicable.  This problem
was rendered extreniely diflicult owing to the
immense dimensions of the planet, and conse-
quently enormous movement of electricity or
rate ut which electrienl energy had to Le de-
livered inorder to approxinuite, even ina ve-
mote degree, movements or rates which are
manifestly attained in the displays of elee-

v

6o

75

80

8s

[*I)

95

i LR A1y T ALY e L AL i L i e




AN

10

20

. 3°

35

40

43

Q= =111

so

55

Go

65

25.

]

(s} 'a

trical forces in nature and which seemed at
first unrealizable by any human agencies; but
by gradual and continuous improvements of
a generator of electrical oscillations, which I
have described in iy Patents Nos. 645,576
and 649,621, I finally succeeded in re‘xchmg
olectrical movements or rates of delivery of
electrical energy not only approximating,
but, as shown in many comparative tests and
measurements, actually surpassing those of
Jightning discharges, and by means of this
apparatus I have found it possible to repro-
duce wheneverdesired phenomena inthe earth
the samie as or similar to those due to such
discharges. With the knowledge of the phe-.
nomena discovered by me and the means at
command for accomplishing these results: I
am cnabled notonly to carry out many opera-:

tions by the use of known instruments, biit'| 4¥:
also to offer a solution for many lmportaht “The

problems involving the operation or ‘control’

knowledge and the absence of these means’
have heretofore been entirely impossible. -For
example, by the use of such a generator 6f
stationary waves and receiving apparatus
properly placed and adjusted in any other lo-
cality, however remote, it i3 practicable to
transmit intelligible signals or to control or
actuate at will any one or all of such appa-
ratus for many other important and valuable
purposes, as for indicating wherever desired
the correct time of an observatory or for as-
certaining the relative position of a body or
distance of the same with reference to agiven

point or for determining the course of a mov-

ing object. such as a vessel at sea, the distance
traversed by the same or its'speed, or for pro-
ducing roany other useful effects at a distance’
depemlent on the intensity, wave length, di-
rection or velocity of movement, or other fea-
ture or property of disturbances of this char-
acter.

Ishall typically illustrate the manner of ap-
plying my discovery by describing one of the
speciltic uses of the same-—-namely, the trans-
mission of intelligible signals or messages be-
tween distant pomts-—-nnd with this object ref-
erence is now made to the accompanying draw-
ings, in which—

Ficure 1 represents diagrammatically the
generator which produces stationary waves in
the earth, and Fig. 2 an apparatus situated in
a remote locality for recording the effects of
these waves.

In Fig. 1, A designates a primary coil form-
ing part of a transformer and consisting gen-
erally of a few turns of a stout cable of inap-
preciable resistance, the ends of which are
connected to the terminals of asource of pow-
erful electrical oscillations, diagrammatically
represented by B. This source is usuully a
condenser charged to a high potential and dn-
charged in rnpzd succession through the pri-
mary, as in a type of transformer invented

B

‘gr'(”ifﬁ(]-plate E’ to the elevated terminal E
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b'\ me and not well known‘ but when it is de-
sired to produce stationary waves of great
lengthsan alternating dynamo of suitable con-

struction may be used to energize the primary | h

A -C lsaqplrnllv-wound secondan coil with-

in the primary having the end nearer to the ..,
latter connected to the ground E' and the other

etid toan clevated terminal E. The physical
constants of coil C, determining its period of
vibration, are so chosen and Adjusted that the
secondary system E’' C E is in the closest pos-
sible resonance with the ogcillations impressed
upon it by the pnmnry A. It is, moreover.
of -the greatest mxportance in order to still
further enhance the rise of pressure and to
iricrease the electrical movement in the sec-

;ohdary system that its resistance be as small

:practicable and its self-induction as large
tpossible under the conditions imposed.
‘ground should be made with great care,

.ﬁ‘ith :the object of reducing its resistance.
of remote’ devices which for want of. this'|-Ii téid

cﬁhté% ithe coil C may be joined .in-series or
-othd

of being directly grounded, as indi-

fse to the primary A, in which case the
laﬂe?"\ﬁxll be eonnected to the plate E'; but
béi lt hit none or a part or all of the primary
éltmg turns are included in the coil C
total ‘length of the conductor from the

shBhld ‘be equal to one-quarter of the wave
Jeﬁﬂth ot the electrical disturbance in the sys-
tétn E':C E or else equal to that length mul-
tiplied by an odd number. This relation be-
ing obsérved, the terminal E will be made to
cbmcu]e with the points of maxiinum pres-
sfe in the secondary or excited circuit, and

_thé_ greatest flow-of electricity will take place

iri"the same. In order to magnify the elec-
trical movement in the secondary as much as
possible, it is essential that its inductive con-
nection with the primary A should not be
véry intimate, as in ordinary transformers,
but loose, so as to permit free oscillation—
that is tosay, their mutual induction should be
small. The spiral form of coil C secures this
advantage, while the turns near the.primary A
are subjected td o strong inductive action and
develop n high initial electromotive force.
These adjustments and relations being care-
fully completed and other constructive fea-
tures indicated rigorously observed, the elec-

trical movement produced in the secondary

system by the inductive action of the primary
A will be enormously magnified, the increase
being directly proportionate to the inductance
and frequency and inversely to the resistance
of the secondary system. 1 have found it
practicable to produce in this manner an elec-
trical movement thousands of times yreater
than the initial—that 1s, the one impressed
upon the secondary by the primary A--and [
have thus reached nctivities or rates of tlow of
electrical energy in tlhre system E' C ¥, meas-
ured by many tens of thousands of horse-
power. Such immense movements of elec-
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. tricity give rise to a variety of novel nnd
strllunor phienoniena, amony which are those
nlrvuh described.  The pmwrtul electrical
oscillations in the system E' C E bLeing com-
umnu.\twl to the ground cause (.orrc\lmml-
ing vibrations to Te propagated to distant
parts of the globe, whence they are reflected
and by interference with the outrroing vibia-
tions produce stationary waves the erests
and hollows of which lie in parallel circles
relatively to which the ground-plate E' may
be considered to be the pole. - Stated other-

‘wise, the terrestrial conductor is thrown into
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resonance -with the oscillations impressed
upon it just like a wire. More than this, a
nunmber of facts ascertained by me clearly
show that the movement of electricity throygh
it follows certain laws with nearly mathemat-
ical rigor. For the present it will be sufti-
cient to state that the planet behaves like o
pertfectly smooth or polished conductor of .in-
appreciable resistance with capacity and self
induction unifornily distributed along :ghe
axis of symmetry of wave propagation and
transmitting slow clectrieal oscillations with-
out sensible distortion and attenuation.
Besides the above three requirements seem
to be essential to the c-tnhl|~.hment of tlm
resonating condition. i
First. Thecarth adl.mu.torp.mm"t.hrou«'h
the pole should be an odd multiple of the
quarter wave length- -that is, of the ratio he-
tween they elocm' of light - -and fourtmws Llu..
frequeney of tlu. currents. 4
Second. It is necessary to employ ()NLI":I.-
tions in which the rate of radiation of energy
into space in the form of hertzian ov electro-
magnetic waves is very small.  To give an
iddea, 1 would say that the frequency ahnuk{lm
siitller than twenty thousand per secopd,
though shorter waves might be pr u.txcn.blo
The lowest frequency wo ulLl appear to he six
per second, in which ease there will be thut
one nodve, ator near the ground-plate, and, par-
adoxical as it may seenr, the effect will inerease
with the distance and will be greatest ina
region dimmetrically opposite the transmitter.
Withoscillationsstill slower the enrth, strictly
speaking, will not resonate, but simply nct as
a capacity, and the variation of potentinl will
be more or lessuniformoveritsentin a,surfm.o.
Third. The most essential requirement is,
however, that lrrcspu-twc of frequency the
wave or wive-truin should continue for n cer-
tain interval of time, which 1 have estimated
to be not less than one-twelfth or prolmlll)
0.08454 of a second and which is taken ‘in
passing to and returning from the region t)m-
metrically opposite the |mle over the earth's
surface with a mean velocity of about four
hundred and seventy-one thousand two hun-
dred and forty kilometers per second. 74
The presence of the stationary waves mny
be detected in many ways.  For instance, o
cireuit may be connected direetly or induct-

LAl 4 _d=h DN

ively to the ground and to an elevated termi-
nal and tuned to respond more effectively to
the oscillations.  Aoother way is tef conneet
a tuncd cireuit to the ground at two points
lying more or less in a meridian  passing
through the pok IV or. generally stated. 1o
any two points of a ditferent pot.cntl il

In Fie. 2 1 have snown a deviee for detect-
ing the presence of the waves such as I have
used in n novel method of magnitying feehle
etfncl\ which 1 have deseribed in my Patents
Nux, 685,953 and 685.955. It consists of a
exlinder D, of insulating material, which is
moved at a uniform rate of speed by clock-
work or other suitable motive power and’is
provided with two nietal unn'x F I, upon
which bear brushes « and &', connected, re-
spectively, to the terminal pl.l[(\.\ I and 1™,
From the rings F F extend narrow metallie
segments ¢ and &, which by the votation of
the cylinder D are brought alternately into
contact with double brushes 4 and &', carried
by and in contact with conducting-hiolders A
and A°, supported in metallic hearings Goand
G’, as shown. The latter are connected to
the terminals T and ‘1Y of a condenser H, and
it should be understood that they are capable
of angular displicement as ordinary brush-
supports.  The object of using twa brushes,
as & and &', in each of the holders 4 and 4° i
to vary at will the duration of the electric con-
tact of the plates L and I with the terminals
T and ‘1%, to which is connected o receiving-
circuit including a receiver Rand a deviee o,
performing the duty of closing the receiving-
eircuit at predetermined intervals of time aml
discharging the stored energy through the re-
coiver.  In the present ease this device con-
sists of n eylinder miade partly of conducting
and partly of insulating material ¢ and & re-
spectively. which is rotated at the desived rate
of speed by any suitable means. The con-
ducting part « is in gomd electrieal conneetion
with the shaft S and is provided with taper-
ing segments 7, upon which slides a hensh
k, supported on a conducting-rad /7, eapable
of longitudinal .ulJusLuwnL o met: xllu sup-
port m. Another brush, 2, is arranged to bear
upon the shatt S, and it will he seen that when-
ever one of the segments £ coes in contact
with the brush Z the circuit including the re-
ceiver R is completed s the condenser dis-
chargeddhrough the same. By anadjusunent
of the speed or votation of the exlinder o
a displacement of the brush 4 along the eyl-
inder the cirenit may be nuude to open and
close in as rapid succession and remain open
or closed during such intervals ol tine as may
be desired.  ‘'hé plates P oand 17, through
which the cectrical enerey is conveyed to the
brushes a2 and @', may beat a considerabile dis-
tance from each other in the gronnd or one in
the ground and the other in the aiv, prefer-
ably at some height, I bat one phate is con-
nected to earth and the other maintained at an

So

-

00

3

1o

w

I/ (ra

A A A AN N N N




N N =11

7/

10
15

20

3o

40

wn
wu

6o

- 3

elevation, the loration of the apparatus must
be determined witi, seference to the position
of the stationary waves established by the
generator, the effect ev ulentl\' heine greatest
in a maximum and zero in a nodal region.
On the other hand, if both plates be connect-
cd to carth the points of connection must be
selected with reference to the ditference of
potential which it is desired to secure, the
stronwuesteffect being of course obtained when
the plates are at o distance erqual to half the
wave length.

In illustration of the opcr'\txon of the sys-
tem let it be assumed that alternating elee-
trical impulses from the generator are caused
to produce stationary waves in the earth, as
abovedescribed, and that the receiving appa-
ratus is properly located with reference to the
position of the nodal and ventral regions of
the waves. Thespeed of rotation of the cyl-
inder D) is varied until it is made to turn in
synchronism with the alternate impulses of
the wenerator. and the position of the brushes

band /' is adjusted by angular displacement

or otherwise, so that they are in contact with
thesegments S and S during the periods when
the impulses are at or near the maximum of
their intensity. These requirements bcln«r
fullilled, electrical charues of the same sign
will be conveyed to ench of the terminals of

the condenser, and with each fresh impulse it.

will be charged to a higher potential.  The
speed of rotation of the cylinder o Leing wl-
justable at will, the energy of any number of
separate impulses may thus be accumulated
in putential form and discharged through the
recciver R upon the brush kcomins.r in con-
tact with one of the segments /. It will be
understood that the capacity of the condenser
should be such as to allow the storing of a
much greater amount of energy than is re-
quxrcd for the ordinary operation of the re-
ceiver.  Since by this method a relatively
great amount of energy and in a suitable form
may be made available for the operation of a
recetver, the latter necd not be very sensitive;
but when the impulsesare very weak or “hux
it is desired to operate a recciver very rap-
idly any of the well-known sensitive devices
capuble of responding to very feebleinfluences
may be used in the manner indicated or in
other ways.  Under the conditions deseribed
it is evident that during the continuanee of
the stationary waves the receiver will he netesd
upen by current impulses more or less intense,
nccordmtr toits location with reference to tlw
maxima and minima of said waves: but upon
interrupting or reducing the flow of the cur-
rént the stationary waves will disappear or
diminish in intensity. chcc l"l(.\L\'ll'lLt.\
of effects myay Le produced in a receiver, nc-
cordini to the mode in which the waves are
controlled. It is practicable, however, to
shift the nodal and ventral regsions of the
waves at will from the sending-station, as by
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varying the length of the waves under ohsery-
ance of the above requiremients. o thisman-
ner the regions of mx\'mmn amd miningnm
vlfc('t may be made to coincide with any re-
ceiving station or stations, By iipressing
upon, the earth two or more. ascillations of
differcut jdvave length a resultant stationary
wave may he made to travel slowly.over the
globe, and thus : agreat variety of useful of-
fects may be pr oduced.  Evidently the course
of a vessel may be easily determined without
the use of a compass, as by a circuit connect-
ed to the eavth at two points, for the effect
excrted upon the circuit will be greatest when
the plates P 1 are lying on a meridian pass-
ing thl'uugh drround-plate B and will be /7
wheit the phu‘\ are Iuc'ltc-l at’ a parallel cir-
cle. 1 the nodal and ventral fegions are main-

tainéd] in fixed positions, the spcul of a vessel

mrrymo‘ ftreceiv ing apparatus may be exactly
c0mimtcd from Olhcl‘\'lltl(mb of the maxima
and fiidiiifa regions successiv ely traversed.

I‘lmf‘(\nll B understood when it is stated that
the [ﬁdjc@hniwnhll thenodes and loops on the
earth'sdidlunctor passing through the pole or
n‘(m"i tCiiietey of the wave movement are
all cifuals $1lence in any region at the surface
the wive eiverth can e ascertained from sim-
ple rlﬂu‘wf geometry.  Conversely, knowing
the wiivé:langth, the distance from tlm souree
can bE fiidlily caleulated. In like ways the
distanite of one point from another, the lati-
tude find longitude, the hour, &e., may be de-
termiined - from the observation of such sta-
tionaky waves.  [f several such generators of
statiohavy waves, vreferably  of ditferent
length, were installed in ||u||uon-l\-w]m steel
loc.llm(-\, the entire globe could be subulivided
in definite zones of clectric activity. amd such
and other important data could beat onee ob-
tainod by simple caleulation or readings from
suttably-graduated instruments.  Mauy other
useful applications of my discovery will sug-
gest themselves, and in this respect 1 do not
wish to limit myself. Thus the specilic plan
herein described of producineg the stationary
waves might be departed from. For exam-
ple, the circuit which impresses the powerful
oscillations upon the earth might e connected
to the latter at two points.  Tn this applica-
tion [ have advanced varions improvements
in meins and methods of |no<|ucin,«_r and util-
izing cleetrieal effgets which either in connec-
tion with my present discovery or independ-

ently of the same may be usefully applicd.

I desire it to he understond that cuch novel
features as ars not herein specilieally claimed
will form the subjects of subsequent applica-
tiorts,

What I now claim is—

1. The improvement in the art of transmit-
ting electrienl energy to a distance which con-
sistsinestablishing stationary electrical waves
in the eartl, as set rorth.

2. The improvement in the art of rr:‘msmit-
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ting electrical energy to a distance which con-
sists in impressing upon the carth electrical
oscillations of such character as to produce
stationary clecmc.d waves t.herem. as‘set
forth. :

3. The improvement in the art of transuut-

ting and utilizing electrical energy wlm.l) gon-

sistsin establishing stationary clectrical waves

~ in the natural conducting mmlm, and operat-

ln" thcrelw one or more l'(‘(.LlVln" (]0\'](?0»\ rc-

“mote from the source of energy, s’ \pt fq; th.”
* 4, The improvement in the art of tmusgut.-_.
tingand utilizing clectrical energy which.  Gon-,

sists in catubhslun«r in the natura] conducting
media, stationary “electrical waves of m'ede-
termined length und operating thereby ope or
more receiy mtrdu ices remote from t.hesot}rcc
of encrgy and properly located withy’ T )cct

AP S NN NN
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to the position of such waves, as herein set
forth. -

5. The improvementin the art of transmu-
ting and utilizing electrical energy,which con-
sists in establishing in the natural conducting
media, stationary electrical waves, and vary-
ing the length of such waves, as herein set
forth.

6. The improvement in the art of transmit-

ting and utilizing electrical energy, which con-

sists in establishing in the natural conducting
media stationary electrical waves and shifting
the nodal and ventral regions ot these w aves,

asdescnbed
NIKOLA TESLA.
\thnossea.
“ M, LawsoN Dywan,
BengasmiN MiLLek.
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Tooall whovn 38 gy coneirn:

Wit koo that 1, Joseen Meweas, o eitizen of the
Unitend Statew, residitge ot Wilkes-Burre, in the comny
ol Lzerne nned Stde of Pennaylvania,

5 vertrin new and nsetl binprovementsin Construeting

Motenme of Wircless Telegraphy, of which the follow.

g is a specitiention,

Thiz invention relares to the wireless lr.umnlwun of
intelligenee,

1o The whject ol llw invention s o provide meins
whereby the oscillitory impulses ure more vigorousdy
propagated and more distinetly received tan hereto-
fove sl wherehy earth earrents, unless distinetly of
at eseillitory chaneter, have no influenee upon the

1o reeeiving apparitas,

Other ohjects witl appear hereinafter,

I hax herctedore been the practice (o conneet the

apgaratus ot o wireless station to the earth upon one
~ o side andd upon theother side (o an aerial antenma or

S0 anlennee. .

Nevording o the present investion, the station ap-
pavatus is ot conueeted to the groand at ol At that
point on one mide of e apparatus ot which the varth
connection is usmadly made, T eonnect an antenna of
w-dength caguad to that of the aerisl antenna heretifore
usead, the Jength of which is found by well known rules,
On the othier piske of e station appaetus | eonnect a
capaeity ut e point where the aerial antenm is usi.
wlly conneetd,

S0 1owill now be obiserved that my invention involves
an inversion of the usnal construction, Tostend of be.

S aerial, iy antennge extends into the earth while

the enpaeity connected apon the other side of the sta.
tion appaetis carrespotds o the capaeity usually ob-

B0 ained by an earth conneetion,

Any transmitting or reeviving appaemtus which can

Lo equployed in conneetion with the usual werial an-
teanma eats be nasde use of in eonnection with the present
invention bat 1 prefer to employ ecrtain forms as will

A0 bee hereinafter met forth,

Ioam awiee that s ealled “artificial grounds" have
heen employed in which the station appamtus has
heen eonnected with w plte which was insulated from
the wrth bt these plates were in no gense anfenne
ad therefore differ from the present appurioas in
which the member which extends into the earth ol
i inmulated therefrom s an antenna, heing annlogons
to the gsual werial untenmo,

In the .n-mmpnw g dewings whieh illusteate the
OO invention Figore 1isoa dingram showing o system hav-

ime receiving and transmitting sations embod ying
the invention: Fig, 2 i diagm showing a transmit-
ting apparntus with w meditied constraetion of the
ground antennn and alm madified  construetionn of
OO other parteg - Fig, 3 e diagmun showing o transmitting

e
-

£
o

wlution bnving o wismilar armngement of cireuita 1o that

have invented i

rhown in Fig, 2, but with an aerial antenme subeti.
tatead Sar the coneenteted capaeity shiow i in the pre-
vions figures s conneeted g the opposite side of
eache stution apprsitins frone the gronod antens; and
1,80 S Gadifferent arvangements ol reeeiving ap-
pariing,

Rederring to the drawings, eaele system ol trnsmis-
Kot comprises a trmsmitting station A aoreceiving
station B The appamitns at cach station, vither trans.
mitting vr receiving,
tenin Cand upon the other sidea capaeity D,

T the apparatucc ol the ransmitting station of 1§ .

o tube of insubating material, it nay e l.nnmmm-d
liber conduit, laving its lower eml elosel is sunk in
the varth, Within this tabee extends the groaml an-
tenm C of suitable length, "The capacity D consists
of two teleseoping exlinders 2 and 3 whereby the ea-
pacity i rendered adjustable so that the vertieal ele-
ment may he attuned axs iz well understond. A ok
gap 4 s interposed between the eapaeity D oamd the
antenna Co N well known foesn of oscillitor is oome-
nected across the spark gap and eomprrizes the tans-
former & having its secondary connected across the
spark gap and it primary conneeted incirenit with o
rending key 6o sonree of eleetrieity asa battery 7, amd
an interrupter 8. To reduce sparking o condenser 8
iy be connected acros the interrapier,

The construetion of the ground untenna C2of the re
ceivime station in the same e that deseribed witly rer-
erence o the Trnemitting station and i< contetel
upon ane side of the receivimg appamtus, the capaeity
1 being connected oa the other side, Between the
antenmm wtnl capacity is econieeted nosuitble wave
deteeting means comprising a suitable imperfeer eon-
et 10 about whieh are conneeted s battery 11 amd o
telephone receiver 1200 The capacity i uot in this

s, khown ax adjustaple and to provide nuans for
attuning the vertieal clement, an adjustable indoet-
ance I3 may be connectod between the capacity aml
antenna, The operttion of the detecting peans will
hes unederstond without further explamation,

The mnnner of transmitting intellivenee bheing analo-
goun to that of the well known aerdal transnission, it
need not he deseribed (urther,

In B, 2, the eapacity for the vertieal element is
wdjustuble being a siitably supported shect of con.
dueting material, the capacity heing varied by vlling
up ur uneolling the <heet, The construetion in rela-
tion o the antenm is also varied somewhat, Tostend
aof an insalating tabe being sunk in the carth and the
wntenna extended therein, a metal tabe T s plieed
in the enrth and the anten is supported therein by
means of insduting sapports B, 16, 17 und 1S aed e
maisture in exceluded and the insalation vendsred more
kevitre by Gilling the tube about the antenm with oil,
Between the enpueity amd aplenm s conpctial

comprises upon ot side an ane.
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Aitabbeoseillator whieh is shown as comprisinga trans-
former 19 having s secnmbary conneetsd in the vere
viend element and i< prinary connected i evireait with
vt benser 220 g spard o 2ol thee soaconedary of g
fran=iormer 22, thee prinry of the transformer 22 being
el i cirenit with o sending k
ferfiting enurrent
iiedeer=tonnl,
entetrded s shown do form e induetanes more or less
of which may beineluded o the vertieal element by
thee sl contaer 20,

ot s anoal-
This oseillator is well

Tliee seeondary of the transformer 19 s

Sepree 2

Foo ahiis vareee e vertiond ele-
ent iy b atbiend by sarying it indietanes or
";l|b;0¢'il_\‘.

In Fi
station in which the arrangeinent and constenetion ix
thee samne as in Fiv, 2 exeept that an insulated aerial
antenna FLoin this ease shown as mndiiple, is substi-
tatedl Tor the eoncemivbed |';|||;u'i|_\' ol the \‘}'l’lit':ll

3 is <hewn the apparatis foea tmnsitting

elenpent bl previons fizsres and the antenma s
constrneted a<in Fieo 1,

T Fiee bare 2hown aeriad and cronmd antennee
in the st precading e, exeept that the aerial
stode, an imperieet contiet heing conected fothe

vertical element, and about the imperieet coniacet a
Battery 27 and telephone recviver 25 are conpectid,
Anadjustable inductanees 29 s connectnd hetween
e antentge for purposes as desevibed in conneetion
with the peeciving apparats of Fie |

I i 50 the vertieal clement b= as in the Tast pre-
ceding fignre exeepr that e period of the cirenit of
the detecting means ean be varied independently of

et of the vertieal element, The imperieet eontaet
30 0= eonnected aeress o variable llul'lil'll of the in-
dactanee ol the vertieal element i series with a eon-
deeer B30 by e b =liding eontael 52, Neporen
thee mperieet eontacet o batters 358 and telephione re-
cebver S are eonmectes] in series,

b Fis, i 2how e what ey be tertned an " apeen
cireoit " yeceiving apparatus. The vertieal element
P the s s i thee Bt fienre bt instead ol e deteet-
it g s heine cotneeted aeposs the indaetines of

the vertienl clement, one terminal of the inper
eottaet 50 0s conmected with the vertieal element and
e other perminal i< connected with o eapaeity 356
which 1 e conteeiol,
Nerss 1l illl!!"!'l"'l'l contael o barttery 07 el tele-
A wdjustable in-
My be connected in the detecting cirenit

otherwise eonduetively

plione peceiver 38 are connected,

euetine:

to prosidee pens for adjusting the period of that i
enit,

Whitee thee invention has heen ilonstrated in what
are believed 1o be s best embeodiments, it may bee-
Boalied ine other strenetires than those shown and s
tiod theretore Yoo theereto,

Withow
aned aeveerent <hown, wle Debaio oy new s e

Titnitine

HI‘\'.""” 1o the |||'l't'i.~‘v con=lrneiean

siree boy seeg e h.\' Fatters Patent, i~

1o wireless teleceaph sElion comprising o0 wiave ap
parrai s, amed an oantenng conneebed fo Phe wave apparatas
Tty Che appareains and the st extending into the
carth and insalated from the Bither,

20 Wireleas stalion apparatas conprising an o antenna
Hpeon one side of the apparates exteding into the varth
aud fusatated From the Bitter, and g eapaelty upons the
other shde of e appeentas,

S0 Wirelesss station apparatus comprising an anteunn

NN

°2 860,061
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npen one sile of the apparatus extending ihte the earth
aned insnlated from the Lunter aml an aeelal antem upon
thee other side of the apparatns,

1, Wireless station apeiratas comprisine o antenng
et ot shile of the apparttas extemding into the earth
and Tusulated from the Btter, @ oapelty apon the other
shles of e stpparatns sl oan Induetaner eonnected e
tavets sibd antenna and eapacity,

5. Wirelexs statlon apperratus comprising an anfenm ex
tesling Into the earth el insulated therefrom, an aerinl
nnten upen the other slde of the appaeatns and oo in
dnetanee connecteld et ween said antetnne,

15, Wireless otatfon apparatus comprising an anteuna
pon one shde of the apparatus extending into the earth
el fnsubted frome e Bnver, o eapaeity vpon the other
siche of the apperatas asd s mdj e nduetanee con.
nected] Letween sald antenna and weity,

. Wireless station appareatus eompreising an antenna
extending nto the earth and insalated therefrom, an aerial
antentir upon the other side of the apparatas and an adl
Justable lnduetanee contectd latween saild antennoe,

N Wireless station appaeatus eomprisi an anfenna
upon one side of the apparatus extending inte the earth
aned fusabated From the atter, o oeageteity wpen the other
sisle o 1h wureatus, deteeting means having one termingl
cotnected with said antenpa amd o eapaecity connected with
the osther terminal of said Jdetecting means,

9. Wireless station apparatus eomprising an antenn
inta the earth
and insnlated From the Iatter, an aerial anmtennn wpon the
other side of the apparatus, detecting means iaving one
terminal connected with said antenne and a capaeity eon.
nectel with the other terminal of said detecting means,

10, Wireless station apparatus eomprising an antenna
wpon one side of the apparatus oxtending info the earth
and insulated from the’ latter, a eapaeity upom the other
sidde of the apparatus, deteeting means having ome terminal
connected with said antennn, a capacity conneeted with the
other terminal of said detecting means, awd an induetanee
contected Ietween said antenna and the first mentioned
eapaeity.

upon one shde of the apparatus extending

L, Wireless setion apparatu comprislng an antenng
e one shibee of the apparaiu< estending nto the earth
and Insabated from the Ianrer, an aerial anteonna upon the
ather shide of the pppaentux, detecting means having one
poertnbng] connectod with spld sutenme, g eapeeity eon-
vected whilie the other termlnal of sabil detecthine means,
woed o induetnee connected between sl antenne,

20 Wireless station apparatus comprising an antenna
e o <hle of the npparvatus extendine Into the cronnd
el dsaglatesd from the Litter, o enpereity apon the other
shde o the apparatus, detecting nuasins avine one terminal
contterted with sabd antenna, o seeond eaguieity conpected
with the ather terminal of sald deteeting mesns and an in
duetanee conneeted Dhetween said deteeting means and sabd
el eapueity.

Wireless stiation appestus comprising an antenna
wpon one silde of the apparatus estemding into the cronnd
awed insulated from the latter, a0 enpaelty upeon the other
~idhe of the apparatus, detecting means having one terminal
connected with sabil antennn, a seeond eapacity conneetsld
with the ather terminal of said deteeting mesins aned an ad.
nstable fnduetanee  connected hetween saild o deteeting
menns amd said secomd capaeity,

T Wireless statlan apparatus compelsing an antenna
upon ane sdde of the apparsitns extendingg indo the earth
amed fnsalnted Trome e fatter, an o werial sntennn upon e
othuer stde of The apparatus, detecting menos havipe one
termbmtl entineeted with sald gantense, o se
cottieeted witle the other teemibnal of said detecting means
snd an baduetanee connected between sidd detecthng menns
and sl second eapactty,

15, Wireless <tation apparatns cotmprising an antenn
upon one shle of the apparatus extending inte fhe earth
ated fusulated frome the Butter, an aerial antenna apon the
other side of the apparatns, deteeting means having one
fermdnal connected with sald antenne, o second capaelty
cunitecterd th the aother terminal of said deteeting means
and an adjnstable inductanee couneeted hetween sihd e
teethneg means sl skl secomd enpoeity,

danl eagaieliy |
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16, Wireless statlon apparntug comprising an antenna
upenn one shle of the apparntas extending into the enrth
and bsnbnted from the atter, @ eapaelly apon the other
xide of the apparatus, deteeting means having one terminal
connected whth sald antenpa, o second eapacity conneeted
with the wther terminnt of sihd deteeting means, an e
duetnnee connected begween sald antenna aml the fiest
mentloned eapacity sl o zecod Inductanee conpeeted e
Cween wifed ofeteoeting mesns and sald second eapaeity,

17, Wireless ststion apparstus comprdsing an antenna
upon one shile of the appaeatus esteding nto the earth
amd Insnlated from the atter, o eapaelty apon the other
siehe of the apparatus, detecting means having one terminal
connected whth sald antennn, o secomd capaeity connected
with the other terminal of said defecting means, and ol
Justable inditetanes contected between safil antenna and
the tiest mentioned eapactty and a0 seeond adjostable in-
duetanee connected between said detecting menns and said
secoml eaputetty.

IS, Wireless station apparatns comprising an antenna
upon one slde of the apparatus extending into the carth
anmnd insulated from the Latter, an aerial antenna upon the
othier side of the apparatus, detecting means having one
terminal connectd with sald antem A enptety 1
nected with the other terminal of sabd defeeting means, an
Inductanes connectel botween said anteunas and a second
indietanee connected between said enpacity and detecting

means,

19, Wireless station apparatus comprising an antenn:a
upen one side of the apparatus extending inte the eanth
and insalated from the latter, an aerial antenna apon the
other side af the appariaius, veting means having one
terminal eonnected with sabil antennie, & eapaeity conneeted
with the other terminal of said detecting means, an ul-
Justable Inductanes conneeted etween said antenne and o
secotd mdjustable fnduetaner connectidd betweetr sild ea-
parelty aml detecting means,

20, Inoa system for the wireless transimibssion of fntetll
sonere, the combluntion with sending apparatus, of g wave
reeelving appmrntoas, nad i antenng eongteetod Go The wirve

NN =
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apparatug between the apparstus aml the earth, extending

Into the earth and Insabated frons the bntter,

21, In o xystem for the wireless transmisston of ingelli.
venee, the combination with sendine apparatns of peeejy.
Ine apparatus, each of said apparatus comprising an an
tenns upeen one shide of the apparatas extending inte the
ground and fnsulated from the Btter and o eapaeity npon
the other slile of the appsiratgs,

I o system for the wireless teansimission of fneelli
wenee, the combimstion with sendine appsieatus of reeeiy
Ine apparatins, each of sabd appavatos comprisingg an an
tenna ipon one sithe of the apparitus extemding into the
srotsne] ] Insulated from the Botter, o capaclty apon the
othier shde of the appaeatus, and an fnduetanes conneeisl
Bt woen sabd antennn aned sald eapaeity,

In o system for the wireless transmission of intelli
wenee, the combination with semding apperatns of peeciv
ing apparatns, each of said apparatoas comprising an an
tentn upon one side of the apparatos estemlding into the
wround and insalated frome the Tntler, o capaeiny upron the
other shide of the apparstus, el an @ stahie inductanes
conuneeted etween said antenna and o capaeiny,

24, Inoa system for the wireless transmission of iutelli
Whination with sending appariatns of receiy
rinld

wener, e o
ing apparatus, el of said appaeatus comprisine an
antenna on one side of the apparttas ated antenna on the
other side of the apparatus extending into and insalated
from (e ground,

25, In g system for the wireless transmission of intedli
genee, the combitation with seding apy
in apperratas, eneh of sid appaeatos compreisine an s
Inxulitted antentn on one shide of the apparatus combinesd
with antenna on the other shile of the apparitns extending
into il insolated from the gronnd,

In testimony whereot §aflis my siznature in prosenes of
two witiesses,

JONSEIT MU RGAN,
Wi nessex ;
Wl B,
IS, 1 1eny,
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No. 915,993,

Specification of Letters Patent.

UNITED STATES PATENT OFFICE.
' JOSEPH ;NIURGAS, OF WILKES-BARRE, PENNSYLVANi._&. '

‘WIRELESS TELEGRAPHY.

. Patented March 23, 1909.

Application filed May 17, 1907, -Serial No. 374,2'31.‘

To .all whom it may concern: - :
Be it known that I, JosepH MURG4s, a

citizen of the United States, and resident of '

Wilkes- Bazre, Luzerne, county, State of

5 Pennsylvania, have invented certain new

and useful Improvements in Wireless Teleg-
‘raphy, of which the following is a specifica-

tion. g - R
This invention relates to improvements in

10 wireless telegraphy, the object of the inven-

tion being to provide means whereby oscilla-

. tory impulses are more vigorously propa-

ated and more - distinctly received than
‘heretofore, and whereby earth currents, un-

:15 less distifictly of an oscillatory character,

':20 trate

‘95 Fi

. invention.

have no influence upolh the receiving appa-
ratus. B : - :

" The invention relates more ’pa‘rticu.larly'

to improvements upon the apparatus illus-
dp P PP

860,051, granted July 16, 1907.

The invention will be described in connec-
tion wjth the aecompanying drawing, in
which, , ) '
re 1 is a diagrammatic view of a trans-
mitting station; and Fig. 2 is a similar view
of a receiving station §o

In the appfication referred to the station

.30 apparatus 1s not connected to the ground.

At the point in the apparatus at which the
earth connection is usually made an antenna
is connected, which antenna extends into
the earth in a straight line, being however
insulated from the earth. On the other side
of each station apparatus a capacity is con-
nected at the point where the aerial antenna
is usually connected.- In said application
several forms of apparatus for transmitting
and receiving are showil. Likewise, in the

;. present case, any transmitting or receiving

apparatus which can be employed in connec-

. tion with the usual aerial antenna can be

used. I have therefore illustrated but one

g:.s fOliIII; of each-apparatus in the present case.

experimenting with the apparatus illus-
trated in the patent mentioned, I observed
- that the earth is more susceptible of receiv-
¢ 1ng and transmitting magnetic waves of low

g0 frequency than waves of high frequency.

. My present iinprovement is directed to ren-

- dering the apparatus equally sensitive to

waves of any length and any frequency and
also to reducing the length or depth of the
$ well or hole for the antenna and therefore
- 1ts cost. I accomplish these objects by coil-

and described in my Patent No..

th embodying the

‘insulation of the antenna.

. A A A A=DCIN NN -

ing the antenna into a helix having an axis

much shorter than the straight antenna of

the application mentioned. .
Referring to the accompanying drawing,

T indicates the transmitting g,lpparatus‘and

R the receiving apparatus..

ting apparatus, as

60

he transmit-
ustrated, comprises an -

alternating current dynimo 1, and a key --

or circuit closer 2 in the dynamo circuit 3.

65

A transformer 4 induces a current in an .
oscillator cireuit 5 having an air gap 6 and a .-

condenser 7. The oscillator cireuit is closed
through an inductanee 8 which is connected
at one end with 'a balancing-inductance 9
and a capacity 10, and at the other end with

70

a conductor 11 connecting it with an antenna )

12 in the form of a helix. The antenna is

suitably _insulated from the earth E. As -

shown 1t is wound upon a rod 13 of insulating

75

material which is held centrally in a tube 14°
inserted in the ground. The tube is closed -

at its lower end and filled with oil 15 to pre-
vent dampness from: interfering with the
Spacing insulat-
ing devices 16, 17, ma.K be used to hold the
antenna centrally in the tube 14. - 3

As illustrated, the receiving apparatus
comprises a capacity 18 connected by a con-
ductor 19 with an inductance 20. The an-

tenna of thereceiving station may be identical -

80

£5

with the antenna of the transmitting station-

and I have therefore applied the same refer-
ence figures both to the antenna and its sup-
porting and insulating means. Between the
antenna and the capacity is connected a suit-
able wave conducting means comprising an
imperfect contact 21 around which is a cir-
cuit including a telephone receiver 22 and a
battery 23. S :

90

©
cr

The tube 14 may be of metal or other suit-.

able material and the helix may be insulated
therein in any suitable manner. . The induct-
ances 8,9, and 20, are adjustable, as described
in the patent above referred to.

Witf:out limiting myself to the precise con-
struction and arrangement illustrated and
described, what I claim ag new and desire to
secure by Letters Patent is: . .

1. Wireless station apparatus comprising
an antenna upon one side of the apparatus
extending into the earth and insuleted from
the fatter,-and a capacity upon the other side
of the apparatus, the antenna being arranged
in a curved line, for the purpose get forth.

2. Wireless station apparatus comprising
an’ antenna upon one sxtf

100
195

1~

e of the apparatus

(A




~

"15 otherside of the appamtus and a tube or'well
sunk in the earth, the said antenna_consist- 1
. ing in a helix arranved within said tub«, and

‘ msulated therefrom.

2

: extendmg mto the caith and mmlated from |

~

~

8

16

_of recelvmv _apparatus, each of sai
tus compnsmo an antenna suitably curved,

form of a

the latter, and a capacity upon the other side

of the apparatus, the antenna heing in the
lp elix, for the purpose set forth.

3. Wireless ~’mtlon apparatus comprising

an antenna upon one-sideof the apparatus

extending into the earth and insulated from

the latter, and a capacity upon the other side”

of, the apparatus, the antenna being in the
form of a helix, and means for suitablv insu-
lating tfxe antenna-from the corth. .

4. Wireless station a;()_fmratus comprlsmg
an antenna upon one side of the-apparatus
extending into the earth, u capacity upon the

‘5. In a system for w1reless transmlsqon
the combmatlon with transmittinga é)pm atus
appma—

AAMN G ddd e

915,993 T

ottohdmv into the earth and insulated from

the lat tel whmob_y its direct length from end

to end is much less than its actual length.

6. In a system for wireless trananusqmn
the combination with transmitting a paxa-
tus, of receiving apparatus; eachof said appa-
ratus comprising :in antenna in the form of a

helix e\tcndmo into the. ground and insu- :

lated from the fatter.

- Wireless station ap dpmatus compnsmg
an antenna uporn one side of the apparatus
extending into the earth and insulated from

the latter, and a capacity upon the other side 13

of the a}z)pnmtus the antenna having a
tength su
ance between its ends.

__In testimony whereof I aﬁit my swnature _

;n presence of two witnessés. -
o : J OSEPH \IURG ~\S
“ 1tnesses
© - JoBN P POLLOCK, .
GFo W ‘LEUR§

stantially greater than the dis- -
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UNITED STATES PATENT OFFICE.

GEORG GRATF von ARCO,

OF BERLIN, GERMANY.

RADIOTELEGRAPHIC STATION.

1,082,221.

Specification of Lettei‘s Patent.

Application filed Februa;’y 7,1912. Serial No. 676,132.

To all whom it may concern:

Be it known that I, Georec Grar vox
Arco, a subject of the German Emperor,
and residing at Berlin, Germany, have in-
vented certain new and useful Improve-
ments in Radiotelegraphic Stations, of
which the following is a specification.

My invention relates to aeridls for radio-
telegraphic stationms, .

In radiotelegraphy the dimension and
shape of the aeriafs are of the greatest im-

-portance for the range of the stations. The

selection’ of an antenna is connected with
certain difficulties, however, because differ-
ent points of view come into question for
transmitting, from those for receiving elec-

-tric oscillations. :

‘When transmitting, the antenna should
take up a predetermined, supplied quantity
of energy and emit it with a sufficiently high
cficiency. When receiving, on the contrary,
as much energy as possible is to be taken up
from as large a space as possible. IVhile
the first requirement is best fulfilled by a
relatively small aerial-capacity of large ver-
tical extent, for receiving; a large aerial-
capacity of as large superficial area as pos-
sible is desired, A large vertical extent
of aerial when receiving is objectionable,
when atmospheric and other disturbances
should be carefully avoided.

The principal object of my invention is to
provide antennz of varicus shapes for re-
ce’ving and for transmitting. :

Arrangements have heretoforé been pro-
posed which likewise comprise aerials of
various shapes for transmitting and receiv-
ing. In these known arrangements, how-
ever, the aerials were of a form which led
in practice to new difficulties which con-
sisted in mutual disturbances occurring both

when transmitting and when receiving.

These disturbances could be cbviated only

by separating the two aerials in space some

kilometers apart whereby, of course. in prac-
tice other disadvantages resulted. Now ac-
cording to my invention I obviate these de-
fects by employing separate antennz for
transmitting and for receiving, that for
transmitting being formed as a standard
antenna, while that principally used fer
receiving is formed as a low horizontal
antenna, ¢. e. as an aerial which extends,
principally horizontally, in immediate prox-
imity to the ground. When the antennz

A A A AN N ININ -

used for transmitting and receiving are
formed in this manner it is possible to ar-
range the same directly beside one another
without causing mutual reaction of any
kind. "The directly contiguous arrangement
of the two aerials besides has the advantage
that not only the antenna specially provided
for receiving, but also the vertical antenna
can be simultaneously used for receiving the
electric oscillations. _

One illustrative embodiment of my inven-
tion and some modifications thereof are dia-
grammatically represented in the accom-
panying drawing, wherein:— .

Figures 1 and 2 are elevation and plan
view, respectively, showing an arrangement
in which the low .horizontal antenna is sepa-
rated from the transmitter antenna and lo-
cated symmetrically therewith; Fig. 2*is a
modification of the antennz ¢ shown in Fig.
2. Fig. 8 is a diagram showing an arrange-

ment in which the receiving antenna is com- -

bined with the.transmitting antenna, and
Fig. 4 is a diagram showing an arrangement
in which the low horizontal antenna and

the aerial antenna act on one common re--

ceiving apparatus. . : .
Referring firstly to Figs. 1.and 2, a desig-
nates a standard transmitter antenna, e. g.
an umbrella-shaped antenna energized in
known manner over the transformer 0,
which forms part of the transmitter cir-
cuit ¢ Tt is used for emitting the signals,
while the latter ate received by the low hori-
zontal antenna < which is connected to the
grounded plates d, d, and transmits the en-
ergy by means jof the transformer f in
known manner to the receiving apparatus r.
The transmitter antenna « is arranged lat-
erally of and symunetrically to the receiving
antenna, as elearly shown in Fig. 2. While
the transmitter zcts equally strongly in all

Patented Dec.23,1913.

70

™

83

90

95

directions, the receiver prefers the signals

from that direction in which the low hori-
zontal antenna extends. As Fig. 2 shows,
the low horizontal antenna is arranged lat-
erally of and symmetrically to the antenna ¢
and connected on toth sides by wires &” pro-
ceeding radially from their ends with a plu-
rality of grounded plates ¢. Instead of the
plurality of grounded plates.one single plate
may, of course, be used at each end. Fur-
thermore, the grounded plates may be re-

100

108

placed by the full equivalent of horizontal

nets or wires in the form of counterweights
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arranged close above the ground and insu-
lated therefrom as shown in Fig. 2. The
distance between the grounded plates or the
length of the low horizontal antenna is
preferably approximstely equal to half a
wave-length.

In consequence of the symmetrical ar-
rangement of the low horizontal anienna
relatively to the transmitter antenna no re-
action of the high frequency of the trans-
mitter antenna takes place on the recciver.
The waves proceeding from the transmitter
antenna impact, on the contrary, in Fig. @
for example, both erds 6f the low horizontal
antenna perfectly uniformly, so that dis-
turbing potential differences do nct occur
in the antenna and consequently duplex op-
eration with a second station Is possible.

It is preferable to utilize the means for
grounding or balancing the transmitter an-
tenna for grounding or balancing the low
horizontal antenna. Fig. 3 shows an ar-
rangement for using the same counter-
weight. The conuterweight ¢ which serves
for balancing the untenna e when transmit-
ting can be connected by the switch 2 with
the low horizontal antenna and thus be used
for forming the low horizontal antenna. In-
stead of the counterweight, however, the
equivalent groinding arrangement ¢’ used
.for the transmitter antenna ¢ in Fig. 1 can

likewise be used for the, low horizental an-
tenna in the manner shown in Fig. 3 with-
out departing from the spirit of the inven-
tion. :
While the aerial antenna solely serves for
. transmitting it is preferable to use both an-
tennwe for receiving which is readily possible
in consequence of their being arranged close
together. Fig. 4 shows such an arrange-
ment. The transmitting antenna a besides
being coupled with the transmitter circuit ¢,
is also coupled with an intermediate circuit
¢, and the receiving.antenna ¢ is coupled
with the intermediate circuit #". Both cir-
cuits ¢ and ¢’ are coupled with one common
detector circuit . Antenna e is disconnect-
ed from the receiving system’by means of
double switch s—s, located in circuit <. In
this case the energy taken up by the two an-
tenne is added together by the two interme-
diate circuits {,—:’. in the common detector-
circuit £ and the strengthened signals can
be perceived in the telephone !. The sym-
metrical arrangement of the two antennsz in
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proximity to each cther is advantageous also

1n this case.

I claim:— .

1. In a radiotelegraphic station, the com-
bination with a vertical antenna for trans-
mitting, of a low horizontal antenna for re-
ceiving, said horizental antenna being sym-

metrically disposed adjacent to the vertical

antenna and in operative relation therewith

to avoid mutual disturbance. . .

2. In a radiotelegraphic station, the com-

"bination with a vertical antenna for trans-

mitting, of a low horizontal antenna for re-
ceiving, said horizental antenna heing sym-
metrically disposed adjacent to the vertical
antenna and in operative relation therewith
tc avoid mutual disturbance and means
adapted to ground both the vertical and the
horizontal antenna.

3. Tn a radiotelegraphic station, the com-
binaticn ‘with a vertical antenna normally
for transmitting, ¢f a low horizontal an-
tenna for receiving. said horizontal antenna
being symmetrically disposed adjacent to
the vertical antenna and in operative rela-
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tion therewith to uvoid mutnal disturbance’

and a receiving apparatus operatively con-
nected with the vertical and with the hori-
zontal antenna, for the purpose specified.

4. In a station for wireless telegraphy, a
vertical antenna, a low horizontal antenna,
a transmitting device connected with said
vertical antenna, a receiving device connect-
ed with said horizontal antenna, means for
coupling the receiving device of the hori-
zontal antenna with the vertical antenna
and for uncoupling it ‘therefrom to permit
the receiving device to receive energy from
both antenne at will. |

5. In a station for wireless telegraphy, a
vertical antenna, a low horizontal antenna,
a transmitting device connected with said
vertical antenna, and a;receiving device con-
nected with said horizontal antenna, means
for coupling with the vertical antenna and
for uncoupling therefrom the receiving de-
vice of the horizontal antenna, the horizon-
tal antenna being symmetrically arranged
relatively to the vertical antenna.

In testimony whereof, I affix my signa-
ture in the presence of two witnesses. -

' GEORG GRAF vox ARCO.
Witnesses: -
WorLpeMar Haver,
Hexry Hasper.
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. erating the indicating mechanism when the
. receiver is ruptured, substantially as set
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forth.

16. In a system of signaling by electromay-
netic waves, the combination of a receiving-
circuit, n series of receivers, and means shift-
ing any desired one of said receivers into and
out of operative relation to the receiving-con-
ductor, substantially as set forth.

17. A system for siznaling by electromag-’

netic waves, the combination of a receiver,
rods movable into and out of contact with the
termninals of the receiver, contacts adapted
to be brought into contact by the rods when
shifted out of contact with the receiver-ter-
minals, substautially as set forth.

18. A system for signaling by electromag-
netic waves, in combination therewith, a
tuning device consisting of one or more con-
nected pairs of conductors and one or more
contact- pieces connecting the legs of euch
pair movable along the same, substantially as
set forth. ' '

19. A system of signaling Ly electromag-
netic waves, having in combinatiou one or
more connected pairs of connected conduc-
tors in series in the sending-circuit and con-
tact-fingers adapted to bear against the con-
duectors in succession, thereby shunting dif-
ferent portionsof thesending-conductor,sub-
stantially as set forth.

20. A system of signaling by electromag-
netic waves, havingin combination a sending-
conductor and a keoy provided with fingers
arranged to be brought into contact with the
sending-conductor at different points, sub-
stantially as set forth.

21. A system of signaling by electromag-
netic waves, havingin combination asending-
conductor and a key provided with fingers
adapted to be broucht into contact in succes-
sion with the sending-conductor at different
points, substantially as set forth.

22. A system of signaling by electromac-
netic waves, having in combination therewith
mechauism for the production of the proper
signal of a station at that station, as means
for indicating the busy or free state of that
station, substantially as set forth.

23. A system of signaling by electromag-
neticwaves, having in combination therewith
automatic mechanism for the production of
the proper signal of a station at that station,

NN =P

708,742

as means for indicating the busy or free state
of that station, substantially as set forth.

24. A system of signaling by clectromag-
netic waves, having in combination a sending-,
conductor and a normally ¢! sed shunt, sald
parts being so arranged that the sending-con-
ductor will have the natural period properto
that station, substantially as set forth.

25. A system of signaling by electromag-
petic waves, havingincombination a sending-
conductor, a sending-key forming part of a
shunt for said conductor and provided with a
finger normally in contact with the conduector
s0 that said conductor will normally have the
natural period proper to that station, sub-
stantially as set forth.

26. A system of signaling by electromag-
netic waves having in combination therewith
means for indicating to a third station dur-
ing sending or receiving that such sendingor
receiving station is busy, substantially as set
forth.

27. Inasystem of signaling by electromag-
netic waves, the combination of radiating-
conductor and a gap, one terminal of the gap
Leing connected to ground, with means for
changing the function of the conductor, /. ¢.,
from sending to receiving, without bridging
the gap, substantially as set forth.

23. In asystem of signaling by electromag-
netic waves, asending-conductor, a receiving-
conductor, & transformer connected in oper-
ative relation to the receiving-conductor, in
combination with a current-actnated wave-
responsive device (in the secondary circuit of
the transformer,) the secondary circuit, re-
ceiving-conduetor and sending-conductor all
being tuned to the same periodicity.

29. A system for signaling by electromag-
netic waves having in combination therewith
an aerial conductor, a tuning device for said
system including a pair of conductors con-
steucted and arranged to inductance and ca-
pacity in substantially the same ratio as the
aerial conduetor, and means for varying the
operative length of the pair of conductors,
substantially as set forth.

In testimony whereof I have hereunto set
my hand,

REGINALD A, FESSENDEN.

Witnesses:

Darwin S, WoLrcorr,
I°0 E.Garraen,
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Application filed August 13, 1917. Serial No. 185,908.

Tov wll whom. it may concern.:

Be it known that we, Roraxnp G. Marx
and Lrovarp F. Frurver, citizens of the
United States, and residents, respectively,
of Palo Alto, Santa Clara county, and the
city and county of San Francisco, both in
the State of California, have invented cer-
tain new and useful Improvements in Radio-
telegraphy, of which the following is a
specification. .

The invention relates to a means of signal-
ing and particularly to means of ‘signaling
with-arc radio transmitters.

.n object of the invention is to provide
means for signaling which requires the han-
dling of only relatively small currents.

Another object of the invention is to pro-
vide means for signaling involving extin-
euishing and re-igniting the arc.

The invention possesses other advanta-
ccous features, some of which, with the fore-
coing, will be set forth at length in the fol-
lowing description, where we shall outline in
full that form of the invention which we

5 have sclected for illustration in the draw-

ings accompanying and forming part of the
present specification. It is to be understnod,
however, that the invention as expressed in
the claims is not limited to the specific em-
bodiment shown in the drawings.

Referring to said drawings:

Figure 1 is a diagrammatic representation
of one form of the system of our invention.

Fig. 2 is u diagrammatic representation of
a modified form. -

Fig 3 is a diagrammatic representation of
the potential curve across the arc.

The potential curve 2 taken across the arc
is a very irregular curve having sharp peaks
3 without which the arc cannot oscillate and
we provide means for robbing the potential
curve of its peaks. When the curve is so
robbed of its peaks, the arc is extinguished
and radiant energy is not emitted from the
antenna circuit. Signaling is accomplished
by alternatcly extinguishing and reigniting
the arc at telegraphic speed.

The transmission system comprises an arc
oscillation generator 4. which is grounded
on onc side, preferably the negative. and
connected on the other side to the antenna
5 through the varinble inductance or londing

z)
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coil 6. Direct current is supplied to the arc
oscillation generator by the generator 7 ahd
a choke coil 8 is arranged in the lead 9 con-
nected to the antenna side of the arc. The
arc is subjected to a strong transverse mag-
netic field produced by the magnet coil 12,
which may be separately excited by the gen-
erator 13.

_The potential wave produced by the arc
has a very jagged form, developing sharp
peaks. and the wave may be robbed of these
peaks at the arc or in the loading coil. This
jageed wave form is impressed-upon the first

A\

Specification of Letters Patent.  Patented Sept.16,1919.
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few turns of the antenna loading coil 6. In -

Fig. 1 we have shown the means for robbing
the wave form of its peaks connected across
the lower turns of the loading coil and in
Fig. 2 we have shown this means connected
across the arc. .
Connected across the lower turns of the
loading coil (Fig. 1) is a circuit containin
an clectrolytic lightning arrester 14 whic

acts as a potential valve and a signaling key”

15- The lighting arrester is made up of two
or more aluminum cells. connected in series,
each cell consisting of two aluminum plates
on which has been formed by chemi-
cal or electro-chemical processes, a flm
of hydroxid of aluminum, the plates being
immersed in @ suitable electrolyte. When
the jugged wave form is impressed on the
arrester. the film opens, as it were. and a
‘current limited only by the internal resist-
ance of the cells, which is low, flows through
the arrester. The part of the potential
curve eliminated by the cells is indicated

70
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by the shaded portions 16 of the potential

curve,
the wave form is robbed of its potential
peaks which discharge through the alu-
minum lighting arrester and the arc is ex-
tinguished. In TFig. 2, the circuit containing
the lightning arrvester 14 and the signaling

key 15 is connected across the arc and when

the keyv is closed the arc is likewise extin-
cuished. A

Ordinarily, when the key circuit is again
opened, the arc will not reignite and means
should be provided for reigniting the arc
immediately. so that the koy may be operated
at telegraphic speed. One form of means
which mayv be employed for reigniting the

When the signaling key 15 is closed,.
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arc is shb\Mt héraih; this heads bhidd b 4F-
rangétd thiit the'ard is fgnited «3 8 g iy
‘erester circuit is opened Connecf"a' ACross
the #7¢ ¥ o SpHrk éitciift colitanil The
spark g5p 17 the &cofidary 6f tRE trdns-
former 18 and the capacity 19 éﬁﬁﬁtﬁx?: the
secondary. A stopping re51stan"ed21 ls ar-
ranged between the spark gap an
tenna side of the arc to prevent. dlrect cm‘-
it Sufficiedt to’ Mafntain an aré acioss the
spark gap from followmg the radio fre-
quency current across the spark gap and
- passing, through the secondary.  The pri-
miry of the transformer js in series with. an
alternating current generator 92 and. a
siwitch 93 | in; thé priffiary circuit, is attached
to the I’{e 15by an insulating rod 24 en
the Hghtning arréster clrcult is opéned, the
c1rcu1t th 3§'H the primary is closed, pro-
cTucmg a hl,Eh po'féntnl ifi the spark c1rcu1t
g roducing a spark across the spark gap
égts up radio frequency surgés Which
e.arc.
e claim
L An arcsystém £6r radio swnahng ¢om-
PFISING AT 47¢; o CUrrens supply and ah an:
ténnz ¢ cu'cuit cotinected to the aré, and a dit-
Gliit containing &n aluririim lightping ar-
resfer, arranged to shint a poftion of the 6s-
cillations’ Qroaucea by siid arc,

2. AR aré system for radio signaling, com-
prising a current supply and an 6§ a‘hon
circuit connectecl £ an arc and a ¢ircuit con-
fafmng' & potential valve dfranged t6 shunt
a pornon of the oscillatiof circuit.

& Anar Syster 1 dis signaling: com-
prising & éurrent suppfm afid_an oscillation
circuit, cofine an arc and & ¢ircit con-
fainifig 4 potential valve dnd a signdling key
g%anged ‘In shint on' 4 portion 6f the os-

amon cireit.

4:- A atd system for Tadio signaling’ com-
pmsm a_current supply and an_oscillation
cll‘CUI nne to an arc.and & circuit

‘.-.

conn
contaimng an’ aluminutn lightning arrester
and_a signaling key. armnged in shunt on a
pottion of the oscillation arcuif, -

3. An"arc m fot radio signaling.com-
prising an arc which produces an oscillating

NN N N
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cafrent Maving a peaked potential wave
fOrm, ndans for 10)b1n«v fhe wive of its

pedks whereby the arc is extinguished and

nigahs for réigniting the arc.

6. An 4rc system Tor radio sighaling com-
prisifig & ctr rent supply and an oscxlhtlon
cir cmt connected to an arc, a circeuit contain- -
g & potential valve adapted to be shunts,
&d across a portion of the oscillation circuit, .
whéreby the arc is extinguishedy and xne'ms'.
for.reigniting the arc.

T. AR arc system for radio 51muhn<r cotri-
prising a current supply and an oscxllatlon B
circuit connected to an are, a circuit con-
taining a. potential. valve and a. signaling
kcv shuntmo- Q portlon of the asclllatxon cir-
cuit, the closmg of suid key scrving to es-
tmgulsh the arc; and means operatwe in-
time with the opening of said key for reig-
niting the a are.

8. Z_n arc system for radlo signaling com-
pmsmo' a current supply and .an oscillation
ing: an aluminim 1 htning arrester, and &
dignaling key shunting a pmtlon of the os-
cillation circuit, the closing of said key serv-
ing to extinguish the arc, and means opera-
tive in tnne Wq;h the opening of said key
for, reig 1 m t e arc.

9.1 ¢ méthod of producmo radio signals
with af are, wh1ch pro&uces an oscillatory
current havmg 4. peaksd %otentml wave

m, whlch consists” in robbing the wave

0: xts N
1i’he method of producmg radio sig-
als “which consists in produéing an oscil-
[(Ltory currenﬁ having a’ pes kéd potential
wave form in an OSClﬁa. ng circuit and in-
termittently removmg th8 pedks by shunt-
ingt the c1rcu1
. In festimony whereof I haye héreunto set
1y hand at Honoluli, 'I‘ermtory of Hawali,

th:s 19th day of July 1917 “?'D & {P\
. 4 \ <

fn testlmony Whereo Ihave hereunto set
my, ‘,}}a'nd‘ gt the city and’ county of San
Francisco, State of Califortid, this 31st day

of July, 1917. o
7 LEONARD' F. FULLER.

mﬁ" of Uidy pﬁeﬁ nﬁ bT o%ﬁfned' for ave centa exdh! b‘f M?ﬂiiné’ the «Comintssfoner of I’atentx
Wumm
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RADIOSIGNALING SYSTEM.

1,316,188.

To ol whom it may concern:

"Be it known that I, Jaxes H. Rocezs, a
citizen of the United States, residing at
Hyattsville, in the county of Prince Georges
and State of Maryland, bave invented new
and useful Improvements in Radiosignaling
Systems, of w?\ich the following is a speci-

fication.

My invention relates to radio signaling
systems, and particularly to that type of
svstems in which the antenna or radio con-
ductor or conductor for radiating electro-
magnetic oscillations or receiving the sime,
is Jocated cither partly or entirely beneath
the surface of the earth. '

One object of the invention is to utilize

more effectively the so-called *“surface
waves ™ traversing the earth’s crust, and the
so-called ¢ space waves ” propagated throuﬁh
the air or ether above the surface of the
earth. L.

Another object is to eliminate morv effec-
tively the “strays™ or static interfercnces
which bave proved so detrimental in wire-
less signaling. L.

In carrying the invention into effect I
provide what is commonly called a loop, and
this is arranged to extend substantially
horizontally or parallel to the surface of the
earth, one side of the loop being buried
beneath the surface of the earth and the
other side being disposed above the surface
of the earth. : . .

The invention consists in the novel combi-
nation and arrangement of apparatus and
circuits constituting a wireless signaling sys-
tem hereinafter described and claimed and
illustrated in the accompanying drawings,
all for the purpose of transmitting and re-
ceiving signals through space. )

The invention is diagrammatically illos-
trated in the accompanying drawings, in
which: .

Figure 1 shows the looped conductor con-
sisting of uninsulated wire, receiving lustru-
ments being associated with the conductor;

Fig. 1* shows a conventional arrangement
of sending instruments, which may be sub-
stituted for the receimiex.nstruments for
transmitting signals, it being understood
eitber the sending or receiving instruments
shown in Figs. 1 and 1* are to be used in
connection with the arrangement shown in

the remaiaing figures; - .
Fig. 2 sho%vs an embodiment of the in-

UNITED STATES PATENT OFFICE.

JAMES 11 ROGERS, OF HYATTSVILLE, XARYLAND.

Specification of Letiers Patent:  Patented Sept. 16, 1919,
Application flled March 28, 1919, Serial No. 285,749.

vention in which the portion of the rudio
conductor buried beneath the surface of the
earth is insulated therefrom and inclosed
within a metallic casing;

Fig. 38 shows an einbodiment of the in-
vention in which both the portion of the
radio conductor below the surface of the
earth and the portion above the surface of
the earth are inclosed by a metallic casing;

Figs. 4 and 5 illustrate modifications in
which a portion or portions of the radio con-
ductor is or are inclosed within another por-
tion or portions of the same. :

Referring to the drawings, 10 indicates the
signal instruments, which 1 Fig. I are those
for receiving signals, while in Fig. 1* the in-
struments for sending signals are shown. In
Fig. 1, 11 is a detector of any type, prefer-
ably an audion, 12 a telephone, and 13 and
14 the usual condensers. . Any desired type
of instruments and arrangement of connect-
ing circuits may be employed.

n Fig. 1* suitable sending instruments are
conventionally shown. These comprise a
generator 15, transformer 16, spark gap 17,
condenser 18 and key 19. ~

The above-imention=zd instruments are well
known in the art of radio or magnetic wave
signaling, and need not be further described.

eferring first particularly to Fig. 1, the
looped radio conductor is shown as an unin-
sulated wira disposed, one side 20 of the loop,
above the surface of the earth, and the other
side 21, buried beneath the surface of the
ezrth. The surface of the earth is indicated
at 22, '

The signal instruments are shown asso-
ciated with the radio conductor by means of
an inductive coupling, one side 23 of which
constitutes one winding of the transformer,
and 24 the other winding of the transformer,
but may be associated therewith in any other
suitable manner. The winding 24 is in-
cluded in the looped radio conductor.

.One side of the loop 20 is supported above
the surface of the earth in any suitable man-
ner as by posts 25, upon which insulators
26 are provided. The posts 25 are prefer-
ably rather short, say ten to twenty feet,
as 1t is not desiruble to have the elevated
side of the loop too far above the surfacs
of the earth. truss wire 27 may be em-
ployed at one end of the loop for securing
that end, and a second truss wire 28 may be
employed at the other end of thes loop for 11
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the same purpose. It will therefore be seen’

that the side 20 of the loop is supported
above but insulated from the surface of
the earth. .

The other side 21 of the loop may be
buried beneath the surface of the earth in
electrical contact with the earth substan-
tially throughout its length. Tt will be ob-
served that both sides of the loop are dis-
posed substantially horizontally or parallel
to the surface of the earth, and the extent
of the loop may be varied in accordance
with the requirements and special conditions
under which it is desired to work. For in-
stance the loop may be 500 feet, 1000 feet,
or 25000 fcet, or more, in length.

Instead of having the side of the loop
buricd beneath the surface of the earth in
direct contact with the earth, it may be in-
sulated therefrom as shown in Figs. 2 and 3.
In Fig. 2 the side 21 of the loop is shown
inclosed within a metallic casing 29, which
is_preferably an ordinary iron pipe, from
which the radio conductor is in<ulated by
insulation 30. In this instance all of the
advantages of the action of the metallic cas-
ing inclosing the side of the lnop may be
obtained. the said casing being itself in in-
timate contact with the earth substantially
throughout its length.

In Fig. 3, a plurality of coils of the looped
conductor are shown, the signaling instru-
ment being associated with one of these coils
and the side 21 of the loop buried beneath
the surface of the earth is inclosed within
a metallic casing 29 from which the radio
conductors are insulated, as shown in Fig.
2. In the system here shown, also. the side
20 of the Joop above the surface of the earth
is inclosed within & metallic casing 31 from
which the radio conductor is insulated, as
already described in connection with the side
of the loop below the surface. Thc metal-
lic casing 31 is supporied by posts 25, from
which it is insulated by means cf insula-
tmis 8% 4 the lo h posed

n Fig. 4 the loop is shown as compos
of vario%s parts inclnding both metallic cas-
ings and ordinary wire conductors. Here
the circuit is from coil 24 of the inductive
coupling, condenser 33, the metallic easing
31 insnlated above the surface of the ground,
wire 34 connecting the other end of said
metallic easing with the adjacent end of
the metallic cusing 29 buried beneath the
surface of the
with substantially throughout its length,
and wire 35 which extends through metallic
casing 31 but insulated therefrom and then
through metallic casing 29 and return to
coil 24. Tn this instance the entire stric-
tare will oscillate in accordance with the
oscillations employed in sending or receiv-

ing signals,

In the modification shown in Fig. k, the

NN N =

nnd and in contact there- .

1,316,188

Joup is somewhat similar to that shown in
Fig. 4, the circnit being from coil 24, con-
denser 33, conductor 36 passing through
metallic easing 31 and insulated therefrom

‘and coanected to the adjacent end 37 of

metallic casing 29, wire 38 connecting the
opposite end of said casing 29 with the ad-

70

jacent end of casing 31, the opposite end of

casing 31 and through wire 39 to coil 24.
It will be understood that it is an inten-

tion in the above cmbodiments of the inven-

tion shown in Figs. 2, 3, 4 and 5, that the

entirely insulated from the earth, and others
that it should include one cenductor within
another.

A looped radio conductor arranged as

7%

side of the loop buried beneath the surface .
of the earth should .in some instances he

above described. decreases the distnrbances

-to which radio signals are more of less sub-

ject, and this decrease is more or less ncenrd-
mg to the combination of wires and metallic
casings _employed, and the circnits, capaci-
ties, and inductances used at the poinf. of re-
ceiving. The “strays” may be almost en-
tirely “balanced”, out by the proper ar-
rangements of values of the above men-
tioned circuits. capacities and inductances.
. In accordance with the patent statutes T
have described what I now believe to be the
bust embodiment. of the inventicn, but I do
not wish to be nnderstood thereby as limit-
ing myself or the scope of the invention, as
many changes and medifications may be
mnde withont departing from the spirit of
the invention and all such T aim to include
in_the scope of the appended claims.

What T claim as new, and desire to secure
by Letters Patent of the TTnited States, is:—

1. A radio signaling system comprising a
looped radio conductor containing a plu-
rality of turns of radin condnetor extending
substantially parallel to and having one side
of the loop buried beneath the surface of the
carth, and radio signal instruments associ-
ated with said conductor.

2. A radio signaling system comprising
an elongated Jooped radio conductor, the
sides of the loop extending substantially
paralle] to the snrface of the earth, one side
of the loop being buried beneath the surface
of the earth but insulated from ‘the earth
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substantially throughout its length, the other

side of the Joop being supported above the
surface of the earth, and sigmal instruments
assueiated with said conductor.

3. A radio signaling system comprising
an e]on;;ated looped radio conductor; the
sides of the loop extending substantially
parallel to the surface of the earth, one
side of the Joop being buried beneath
the surface of the earth, 2 metallic covering
inclosing said buried side of the loop

from, the other side of said loop being sup-
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- throughout its length but insulated there- .
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ported above the surfuce of the earth but
insulated therefrom, and signal instruments
associated with said conductor.

4. A radio signaling system comprising
an clongated looped radio conductor, the
sides of the Joop extending substantially
parallel to the surfuce of the carth, one side
of the loop being Luried beneath the sur-
face of the earth, a metallic covering inclos-
ing said buried side of the loop throughout
its length but insulated therefrom,the other
side of said Joop being supported above the
surface of the earth, and a metallic casing
inclosing said Inst mentionad side of the loop
throughout its length but insulated there-
{from and from the earth, und signal instru-
ments associated with said conductors.

5. A radio signaling system comprising
un clongated looped radio conductor, the
sides of the loop extending substantially
parallel to the surface of the earth, one side
of the loop being buried beneath the sur-
face of the earth. but insulated therefrom,
the other side of said loop being supported
above the surface of the earth, aud a metal-

A A A 4

lic casing inclosing said last mentioned side
of the loop throughout its length but jnsu-
lated therefrom snd from the earth, ard sig-
nal instruments associated with said conduc-
tors. .
- 6. A radio signaling system comprising an
elongated looped conductor which includes
within the loop ome conductor passi
through and inclosed within but insula
from the other conductor, and signal instru-
mglnts assocadinted witlh said conductor. .

. A radio signaling system comprisic
an elongated looped udx’;) conductor con‘E
taining a pluralit{st‘)i tursis, one side of the
loop extending substantially gamllel to and
having one side of the loop buried beneath
the surface of the earth, the other sgide of the
loop being supported above the surface of
the earth, each side of the loop consisting of
a metallic casing and a length of the radio
conductor disposed therein but insulated
therefrom. :

In testimony whereof I have hereunto set

my hand.
JAMES H. ROGERS.
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Application filed April 19, 1919, .Serial No. 291,310.

To allwhom it muy concern:

Be it known that I, WiLLiam E. Beaxes.
a citizen of the the United States, residing
at New Orleans, parish of Orleans, State of
Louisiana, have invented certain new and
useful Improvements in an Apparatus for
Wireless Telegraphy and Telephony. of
which the following 1s a specification.

The chief purpose of my invention is to
rovide means for eliminating or reducing
o0 2 minimum the effect of static or other ob-

jectionable disturbances which often seri-
ously interfere with the reception of radio
signals. Heretofore it has been common
practice to use vertically or horizontally ex-
tending antennx supported in the air.
More recently, however, it has been found
possible to receive radio signals with an an-
tenna embedded in the earth. My inven-
tion relates to systems in which the antenna
is embedded in the earth, and broadly speak-
ing, consists in using in such a system an an-
tenna consisting of a coil of wire. This wire
shonld be insulated. and preferably should
be inductively wound. I find that by means
of using such 2 coil it is possible largely to
eliminate the effect of static and other dis-
turbances. Such an antenna is, moreover,
very much easier and cheaper to install and
i-o maintain than an antenna consisting of an

e
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285

extended wire.

I also preferably protect the leads and in-
struments connected with the antenna by
surroundihg them with a metallic shield.

I have illustrated one form of my inven-
tion in the accompanying drawing, in which
1 represents the earth and 2 an inductively
wound coil of insulated wire embedded in
the earth. This coil terminates at one end
in an insulated dead end 3. The other end
of the coil ferminates in a lead 4 which is
connected into any usual receiving circuit.
Since the particular nature of the circuit
used forms no part of my invention, it is
not necessary to illustrate the receiving sys-
tem. The antenna circuit, after passing
through the receiving system, is preferably
grounded in the usual manner.

5 represents a shield or screen of metal
which rests upon the ground and within
which are placed the receiving instruments
and the portions of the circuit external to
the ground. This shield has the function
and effect of protecting the receiving instru-

Specification of Letters Patent.

“nal to the ground from the effect of static

* to be received emanate.

ments and the portions of the circuit exter-
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Patented Dece. 14, 1920,

or other disturbing electrical influences. It
is important to avoid, so far as possible, any
extended lead from the coil to the receiving
instruments, and therefore I preferably

lace the shield and the instruments within
it directly above the embedded coil, in this
manner reducing to a minimum the extent
of the lead from the coil to the instruments.

I may if desired use more than one such
coil.

My invention is of chief value in a receiv-
ing system, but it may also be used as the an-
tenna in a sending system, in such case the
embedded coil being connected to any ordi-
nary sending circuit.

The coil 2 may be wound in any desired
manner, but preferably it should be induc-
tively wound,—that is to say, the several
turns should be in inductive relation to each
other, and I have found that a coil in sub-
stantially the form illustrated in the draw-
ing gives the best results.

The amount of wire used in the coil ma
be varied, but I prefer to use about as muc
wire as would ordinarily be used in the or-
dinary form of antenna.

Instead of embedding the coil 3 in the
earth, I may embed it in a body of water,
such as a river or a well; and embedding the
coil in water has the advantage that the coil
may be turned into different planes, accord-
ing to the direction from which the signals
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The term “embedded in the earth” as 90
used in the appended claims will be under-
stood as including such embedment of the
coils in water as above described.

What I claim and desire to secure by Let-
ters Patent is:—

1. In an apparatus of the character de-
scribed, an antenna consisting of a coil of
insulated wire embedded in the earth, one
end of said coil being a dead end and the
other leading to detecting instruments, and
thence to ground. '

2. In an apparatus of the character de-
scribed. an antenna consisting of a coil of
inductively wound insulated wire embedded
in the earth, the several turns of the wire
lving in substantially vertical planes, spid
coil terminating at one end in a dead end
and at the other in a lead to receiving in-
Z@mments and thence to a ground connec-

on.
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3. In an apparatus of the characier de- instrumentsand external portions of the cir-
scribed, an antenna consisting of a coil of cuit from external electrical disturbances.
inductively round insulated wirc embtedded  In witness whereof, I have hereunto set
in the earth, the several turns of the wire my name in the presence of two witnesses
lying in sulstantirlly vertical planes, suid this 10 day of April, 1919.
coil terminating at one end in a dead end WILLIAM E. BEAKES.

and at the other in a lead to receiving in- Witnesses:
struments and thence to a ground connec- Hecror M. HoLmes,
tion, and a metallic shield protecting said H. F. Lyman.
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Toall whomit may concern:

Be it known that 1. Lee ui Fognsr, a
citizen of the United Siates, residing at
New York. in the county and State of New

5 York, have made a certain new and useful
- Invention in Subterranean Signaling Sys-
tems. of which the following is a speeifi-
cation, .

This invention relates to signaling sys-
tems and more particularly to electrical sub-
terranean signaling systemis,

Tle object of the invention is to provide
an electrical subterrnnean signaling system
which is simple in arrangement and efficient
in operation,

Further objects of the invention will ap-
pear more fully hereinafter,

“The invention consists substantially in the
construction, combination, location and rela-
tive arrangement of parts. and the system
employed. all as will he more fully herein-
ufter set forth, as shown by the accompany-
ing drawing and finally pointed ont in the
appended claims. :

Referring to the drawing:

Fig. 1 is n dingrammatic view of the sub-
terranean transmission system embodying
my invention, .

Fig 2 is a similar view of a receiving sys-
tem embodying my invention. ‘The same
part is designated by the same reference
numeral wherever it occurs throughout the
several views,

" Referring to the drawing:

I designate at 7 the upper stratum of the
carth’s surface and at 8§ a lower stratum
of different. conductivity  from the sur-
—face_stratum, and a considerable distanee

below the surface of the earth, At | and

40 2 [ «show borings from the surface down

to the stratim S throueh which the lines

20, 21 extend. which lines ave provided at

their ends with metallic plates or bodies

3 and 4 respectively which are lowered

10

15

20

25

30

45 through the wells 1 and 2 und make contact
with the conducting layer 8. The lines 20
.and 21 extend up through wells 1 and 2
and are in the form of insulated wire or
cable, 4

50  ILarth plates 3 and 4 are separated by

a considerable distunce which may be several
miles. or even several hundreds of miles, and
are connected to ench other through the

. rated by suitable insulated poles 24,

Specification of Letters Patent.

Application filed June 16, 1917,

-overhend lines or group of wires 20, 21, sepa-

o ' : SUBTERRANEAN SIGNALING SYSTEM.

atented Aug. 8, 1922,
Serial No, 175,119,

Fig. 1 represents the transmitting sta-
tion, as atove ontlined and in the form
shown is a telegraph transmitting station
wherein any suitable source of current may
be employed. such for example, as the alter-
nating current dynamo 9. ‘This generates
ulternating curvent preferably of sustained
waves and of frequency low as compared
with those now used in radio telegruphy,
that is, from 500 to 25,000 per second. The
current thus generated] may be controlled
in any desived manner, for example, by the
Morse key 1o, loented in the field civeuit
11, of the dynamo,

While T have shown the system as a tele-
graph system it is obvious that with but
slight maoditication the system may be em-
ployed for telephone signals, and ‘many of
the improved apparatus well known in the
art for nse in connection with either of the
telegraph or telephone systems, might be
readily employed without departing from
the scope of my invention as defined in the
claims,

The earthed ecircuit is preferably attuned
to the generator frequencey by suitable means
for example, the varinble inductances 22, 23,
I hive discoverad that for the frequencies
above deseribed the earth offers compara-
tively little impedance so that relatively
Livge amonnts of energy are radiated or
sent out in the form of conduction currents
so that great distances can he covered by
this means of signaling. compnrable even
with those attained in radio commmication
with smaller amounts of energy at the trans-
mitter. Dy this svatem 1o enabled (o
avoill the nterferenees cansed by atines-
phervie disturbanees which so frequently in-
terrupt acrinl eadinl communieation,

The problems of interlforences hetween
several stations arve similar to those in the
present radio et amd are overcome in the
same nanner s in the present art for ex-
ample, by tuning to resonunee hetween sta-
tions. .\t the receiving station shown in
Fig. 2 the sonvee of alternating enrrent 9
is replaced by o deteetor and telephone re-
ceiver for example, by the awdion detector
12 ascocinted with the overhead line 20, 21
by the transformer 14, 16 as shown, The
receiver 13 s ineluded in the usunl audion
receiving system well known in the art, In
the receiving station the overhend line and

-enrth retnrn.system should be tuned to the
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“frequency of the generator at the transmit-
- ting station in any desirable manner either
"by means of variable inductances_ns_shown
“in Fig. 1. or by means of variable con-

densers 27, as shown in Fig. 2 or by both.
It will be apparent, as shown, that it is

- preferable to have the earth plates 3 and 4
- of the receiving system in the same stratum
. 8 as that in which the earth plates ) and 4

of the transmitting system are buried,

" Having now set forth the objects and na-
ture of my invention and having shown and
described a construction, embodying the
principles thereof, what I claim as new and
useful and of my own invention and desire
to secure by Letters Patent is:

1. A system of electrical signalling com-

rising a pair of overhead base lines each
ormed between plates buried in the earth
in substantially the same stratum of differ-
ent conductivity from that of the earth’s
surface, and a signalling circuit asso-iated
with each of said base lines.

2, A system of electrical sigmalling com-
prising a pair of overhead base lines each
formed between plates buried in the earth
in substantially the same stratum of greater
conductivity than that of the earth’s surface,

. and a signalling circuit associated with each

of said base lines.

3. A system of electrical signalling com-
prising i« pair of overhend base lines cach
formed between plates buried in the earth
in substantially the same stratum of ditfer-
ent conductivity from that of the carth’s
surface, and a signal transmitting and =«
signal receiving system respectively asso-
ciated with said base lines.

4, A system of electrical signalling com-
prising a pair of overhead base lines ench
formed between plates buried in the earth
in substantially the same stratum of greater
conductivity than that of the eavth's surface,
and a signal transmitting and a signal re-

NN NN
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ceiving system respertively negsocinted with
snid base lines.

5. A system of eleetrienl signalling com-
prising & pair of overhead base lines sub-
stantially parallel to exch other. and widely
separated, each of said base lines formed he-
tween plates widely separated and buried
in the earth in substantially the same stra-
tum and of different conductivity from that
of the earth’s surface, and a signalling cir-
cuit associated with each of ¢aid base lines.
" 6. A system of electrical signalling vom-
prising a pair of overhead base lines sub-
stantinlly parallel to each other, and widely
separated, each of said buse lines formed
between plates widely separated and buried
in the earth in substantially the same stra-
tum and of greater conductivity than that
of the earth’s surface, and a siznmling civ-
cuit associated with each of said base lines.

7. A system of electrical signallinz com-
prising a pair of overlead lase lilns sub-

stantially parallel to each other, and widely

separated, each of said hase lines formel
between plates widely separated and burie:d
in the earth in substantially the same stra-
tum and of different conductivity from that
of the earth’s surface, and a sygmal trans-
mitting and a signal receiving svstewn re-
spectively associated with said base lines.
8. A system of electrical signalling com-
prising a pair of overhewd base lines sub-
stantially parallel to each other, and widely
separated. each of said base lines formed
between plates widely separated and buried
in the enrth in substantially the =ame stra-
tum and of greater conductivity than that
of the earth’s surface, and a sienal trans-
mitting and a signal receiving system re-
spectively associated with said base lines,
In testimony whereof 1 have herennto set
my hand on this 31st day of May. \. D.
1917. ,
LEE pe FORENT,
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NITED STATES

- ‘Application filed May 86,

Foall whom it may concern:

¢it known that I, Joszrnr BerHENOD, 2
“tizen of the Republic of France, and a resi-
Bjent of Paris, France, have invented cer-
ain new and useful Improvements in High-
frequency Signaling Systems, of which the
ollowing is a specification, accompanied by
drawings. ) o

The object of the present invention is to
cprovide arrangements for increasing and
oulating the synchronizing connection of
h g}lx frequency alternators connected in par-
el.

The new circuit arrangement to be here-
after deseril:ed has two important advan-
ages:

. The condensers are only traversed by
he synchronizing current, whereby their
work is materially reduced.

)5~ 2. The adjustment of the synchronizing

connection may be effected independently of
the adjustment of the useful individual load
of the alternators. As a result of this, the
Zadjustment is easily accomplished because it

W~

12l 2l 2l 2

#28 becomes independent of the usual placing in

33
\
43
ST

resonance of the charging circuit comprising
the connected alternators and the external
apparatus (antennwe, etc.)
&n- In the single ficure of the drawing a cir-
) cuit arrangement is shown in accordance
gwith the above. The high frequency alter-
B¢k nators 1 and 2 are assumed directly to feed
.the antenna 3. One of the poles of each of
i:the alternators is connected to the ground 4

Py

¥;and the two alternalors are interconnected
‘through the agency of an inductance coil 3,
the central point of which is connected with

Bitheantenna 3. The terminals of this coil are
g2z short-cirenited through the coupling con-
Az denser 6. the latter being preferably con-
ffev Nected in series with a tuning coil 7.

Tt will be therefore readily seen that the
ondenser is traversed only by the synchon-
izing current, and this current may be tuned

0 the most suitable value by means of the
coil 7. On the other hand. if the magnetic
zleakage between the two sections of the coil
Is materially reduced. the ensemble com-
rising 5 and 6 has practically no apprecia-
dle influence on the tuning of the useful cur-
.rent supplied to the antenna 3, the ampere

rDs corresponding to this current being
gl‘actlcally zero. However, the coil 5 may
be replaced by a system of two inductances
40T two capacities connected in series,” the

JOSEPH BETHENOD,

A A A AN N NI -

PATENT OFFICE.

OF PARIS, FRANCE.

HIGH-FREQUENCY SIGNALING SYSTEM.

1922, Serial No. §59,009.

junction point being ir turn connecied to
the antenna 3. But in this case, the system
has a certain function in the tuning of the
useful output current. However. the tuning
of the svnchronizing current mav be inde-
per:_dentl;,- effected by means of the ensemble.
6. 7.

Obriously, the above described circuit ar-
rangements may be variously modified and
more particularly. may be adapted for sys-
tems in which the alternator is not connected
directly to the antenna as shown in the gys-
tem herein described. but through a trans-
former. The arrancement may also be ap-
plied to systems in which a plurality of al-
ternators are used.

Having described my invention, what I
claim is:

1. The combination of a radiating unit, a
plurality of parallel high frequency genera-
tors for sunplying said radiating unit and
a synchronizing connection between said
generators comprising a pair of impedances
in series shunted by a condenser.said radiat-
ing unit beine connected to the junction
point of said imnedances. :

2. The combination of a radiating unit, a
pluralitv of parallel hich frequency gener-
ators for sunnlving said radiating unit and
a synchronizine connection between said
renerators comprising a pair of-impedances
in series shunted by a condenser. and an in-
ductance 1n series. zaid radiating unit beine
connected to the junction point of said im-
pedances.

3. The combination of a radiating unit, a
plurality of paralle! high frequency genera-
tors for supplvine said radiating unit and a
synchronizing connection between said gen-
erators comprisine a pair of impedances in
series shunted bv a condenser, and a vari-
able inductance in series. said radiatine unit
being connected to the junction point of said
impedances. ' }

4. The combination of a radiating unit. a
plurality of parallel hich frequency genera-
tors for supplyine said radiating unit and a
synchronizing connection between said gen-
erators comprising an inductance shunted by
a condencser. said radiating unit being con-
nected to an intermediate point on said in-
ductance.

5. The combination of a radiating unit, a
pluralit~ of parallel high frequency genera-
tors for supplying said radiating unit and a
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synchronizing connection between said gen-
erators comprising an inductance shunted by
a condenser between said generators, said
radiating unit being connected to the middle

8 of said inductance. v .
6. The combination of a radiating unit, a
plurality of parallel high frequency genera-
tors for supplying said radiating unit and a
- synchronizing connection between said. gen-
10 erators comprising an inductance shunted by
. a condenser and an inductance in series be-
tween said generators, said radiating unit

"N N N N~V VP P Pt

-and a synchromizing connection between the

» A A A A= DN IN DN
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being connected to the middle of said indu
anece. - B X
7. The combination of a radiating unit

plurality of parallel high frequency genera ¥
tors. for supplying.said radiating unit, saiq’§§
eeneratéi being erounded at one termina) &8

other terminals comvrising an inductancg
shunted by .a. capacity, said radiating uni
being connected to a2 middle point of said in

ductance. : ~
JOSEPH BETHENOD,
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Application filed: September 3, 1921.
(GRANTED UNDER THE PROVISIONS OF THE ACT OF MARCH 3; 1821, 41 STAT. L,

76 all «whor it may concern:

Be it known that I, ArexaNper MESSNER,
citizeit of the German Reépublic. residing af
Berlin, Gerinany, have inv ented certain new
and useful Improxements in Sending Ar-
rangements (for which I have filed applicd-
tions as follows: Germany, Pat. No. 317,541,
filed Oct. 24, 1918; 'errentlm Register No.
21 333/236, Afiled July 90, 1920; Brazil, Reg-
ister' Xo. 172 38, filed July 10, 1990; Chﬂe
filed Sept. 23, 1920: Deénmark, Remctel No.
3428/19, filed Dec. 18. 1919; Netherlands,
Register No. 14287, filed Maich 13, 1920;
Tapfm Repister No. 58307, filed July 1.1920:
Norway, Register No. 18896/1‘) filed Dec.
31, 1919; Austrla, Register No. A3370/19,
filed Dec. 23, 1919; Perd; filed Oct. 29, 1920
Sweden. Remster "No. 50290/19; filed Nov.
25, 1919; Spam Patent No. 72216. Czecho-
slovakia, Remeter No. P.4766/20, filed June
25, 1920), of which the following is a speci-
fication.

German Patent No. 304361, and addi-
tion Patent, No. 310,731, describe circuit ar-
rangements which prevent the intrusion into
the antenna of the harmonics generated by
the high frequency generator. It has been
found that ﬁw object cannot be fully at-
tained by the means disclosed in these pat-
ents, but that. on the contrary, a certain
portion of the harmonics still reaches the
antenna circuit and is then radiated there-
from. In order to avoid under all circum-
stances the resulting disturbances in the
neighboring receiving stations, the present
invention prov1des an 1mprovement of the
circuit arrangements disclosed in the above-
mentioned pqtents in which one or a plu-
rality of oscillating circuits tuned to the
tundamental frequency of the arrangement
are hranched from parts of the antenna in-
ductance.

The single figure of the drawing shows a
cirenit arrangement adapted for this pur-
pose.

As shown, the antenna A is grounded and
contains the secondary coil T of a trans-
former, the primary ‘winding of which is
connected with the high faequenf‘\ gener-
ator. Obviously, if a cathode tube gener-
ator is employed. the cathode tube with its
associated coupling elements may be con-
nected into the antenna circuit in place of
the secondary goil T, A closed or loop cir-

Seiial ‘No: 498;421.

1313.)
cuit S is ‘connected to the antenna and
ground in parallel with the sécondary wind-
ing T, aiid this cireuit is taned to the fun-
damental ﬁeqvency mdxated by the antenna
A. The circuit S precents an infinite re-
sistance to current of the fundamental fre-
quency, but short circnits the harmcnics.
The present invention provides for improve-
ments in this circuit which forms the sub-
ject of the older patents, and, in accordance
with the invention; one ot f1 plnrflht\ of
tuned loop circhits K are provided in the
form of chain connections branched off from
differént points in the antehna self-indnet-
ance L. In other words, an inductance is
provided between the poiiits of connection
with the dnténna of the circiit S and the
first circuit K, and inductances are also pro-
vided between the points of connection with
the antenna of the circuits K, when a plu-
rality of circuits K are employed. The cir-
cuits K are also tuned to the fundamental
frequency and present an infinite resistance
against the latter. On the other hand, the
harmonics that reach the antenna notwith-
standing the circuit S, find in the circuits K
a path of slight 1e51=tance, and are, there-
fore, conducted through circuit K to ground
and are not radiated from the antenna.
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Obviously, the above described circuit ar- -

rangement can also be used in case, instead
of a cathode tube generator, high frequencx
generators of other types, such as are lamps,
hlrrh frequency machines or similar devices
are emploved for producing the high fre-
quency oscillations.

Having described my invention, what I
claim is:

1. A sending arrangement for wireless
telegraphy and telephony comprising a
grounded antenna, a grounded loop cirenit
connected fo the antenna in parallel with it=
grounded portion and tuned to the funda:
men‘a] frequency of the arrangement. a seq-
ond grounded loop cirenit connecterd to tre
'mtenun in paralle]l with said first-mentione:]
circuit and also tuned to said fundanental
frequeney. and an inductance in the antenna
between the points of connection of said loop
cnunts therewith.

2. A sending arrangement for wireless
televuph\ and telephony comprising a
grounded antenna. a plurality of loop cir-
cults connected with the antenna in parallel
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'With each other and with the grounded por-
tion of the antenna and tuned to the funda-

mental frequency of the arrangement, and-

inductances in the antenna between the
6 points of connection of said circuits thereto.
3. A sending arrangement for wireless

S g gl 2

telegraphy and telepiony comprising a
grounded antenna having a source of energy
connected therein, a grounded loop circuit
10 connected with the antenna in parallel to
said source and tuned to the fundamental
frequency of the arrangement, and indue-
tances in the antenna on opposite sides of the
point of connection of said circuit thereto.
15~ 4. A sending arrangement for wireless
tlegraphy and telephony comprising a
grounded antenna and means for preventing
radiation of harmonics from the antenna,
said means comprising a plurality of loop
20 circuits connected with the antenna in par-
allel with each other and each comprising a
capacity and an inductance, and inductances
in the antenna between the points of connec-
tion of said circuits thereto.
2 5 A sending arrangement for wireless

grounded antenna having a source of energy
connected therein, a grounded loop circuit
connected to the antenna in parallel with

telegraphy and telephony comprising, a_

said source and tuned to the fundamental
frequency of the arrangement, a second
grounded loop circuit connected to the an-
tenna in parallel with said first mentioned

circuit and also tuned to said fundamental

frequency and a reactance in the antenna
between the points of cannection of said leop
circuits thereto.

6. A sending arrangement for wireless
telegraphy and telephony comprising, a
grounded antenna having a source of energy
connected therein, a grounded loop circuit
connected with the antenna in parallel to
said source and tuned to the fundamental
frequency of the arrangement and reactances

in the antenna on opposite sides of the point.

of connection of said loop circuit thereto.
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7. A sending arrangement for wireless-

telegraphy and telephony comprising. a
grounded antenna having a source of en-
ergy connected therein, a grounded loop cir-
cuit connected to the antenna in parallel to
said source and tuned to the fundamental
frequency of the arrangeinent, and a react-
ance in the antenna between the point of

connection of said eircuit thercto and said

source.
In testimony whereof I affix the signature.
‘ ALEXANDER MEISSNER.
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'UNITED STATES

"FRANK SPENCER CHAPMAN, OF MAYWOOD, ILLINOIS

METHOD OF DETECTING PRESENCE AND APPROXIMATE LOCATION OF METALLIC
MASSES '

oOriginal No. 1,564,940, dated December 8, 1925, Serial No. 337,481, filed November 12, 1919. Application
for reissue filed December 5, 1927. Serial No. 237,961.

My invention relates to wireless electric
communication systems generally, and the ob-
ject of my invention is— :

First, to provide an improved means for
receiving wireless impulses from beneath the
ground or water-body surfaces;

Second. to provide an improved means
whereby wireless electric impulses may be
received at the same time wireless electric
impulses are being sent; ‘

Third, to provide an .improved means
whereby the direction of travel of wireless

" electric impulses may be determined, thus

.15
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providing means which may be used in the
art for other purposes; and

Fourth, to provide an improved method of
detecting the presence and approximate lo-
cation of metallic masses or other electrical
conducting or wireless-wave reflecting masses.

By the terms “wireless” or “radio” as used
herein, I mean to cover waves of any fre-
quency. whether it be in the magnetic field
produced by a low frequency source, a fre-
quency in the audio range, or up to the high-
est radio wave that may be produced.

I attain these objects by the apparatus
shown in the accompanying drawings in
which: _

Fig. 1 shows a portion of a sending-receiv-
ing wireless station having a ground-wireless
antenna and an aerial antenna ; Fig. 2 is mere-
ly another view of that portion of Fig. 1
comprising the antenne f7, the function of
Fig. 2 being to indicate that the antennz ff
of Fig. 1 comprise two sets at right angles
to each other; Fig. 3 shows two large loop
antennze for receiving purposes, part of -the
wire thereof being shielded with iron or other
suitable metal tubes. This loop system is in

2 balanced position with regard to L, a wire--

less-wave-source Trepresenting the central
part of the field surrounding A, Fig. 1; Fig.
4 is an enlarged detail of part of H, Fig. 3.

Fig. 1 is a drawing showing the aerial
antenna A, the wireless electric sending set B,
and a ground wire C leading from B. C is
divided at D as shown. EE are variable re-
sistances. ff aretwo branches of C. ff com-
prise what I term the “ground antennz™ and

are to be connected to earth or, if used on the -

A A A A

sea, are to be “grounded” by being attached
to suitable electrodes submerged in the water.
G is a detector and M the receiver located in
the receiving circuit passing through de-
tector G and receiver M and energized by
the battery S associated therewith. G should
be placed in the central or balanced position
so that when current is flowing to ground
from 77 no current will flow through G.
This may be done by well known methods.
TUnder such conditions, impulses may be sent
from the system and will not be heard in
receiver M. Wireless electric impulses, com-
ing from beneath the ground and traveling
parallel with 77 will cause a current to flow
in f7, the resistance EE forcing the said cur-
rent to fiow through G and thus operate M.

But if the wireless impulses travel in a
direction parallel with the sea surface and
at right angles with f7 no current will flow in
77. And by having the “ground” antenna
movable this arrangement will provide
means whereby the line of direction of the
wireless impulses may be determined.

f’'f’ is a second “ground” antenna only. It
is used for receiving purposes only and in
that respect it will function same as f7.
Placed closely parallel with f7 it will be
easier to balance against outgoing impulses
from this station, as it will not act as a
conductor of outgoing current.

Fig. 2 shows two “ground” antenne: ar-
ranged at right angles to and crossing each
other at tiie common central peint, as shown,
and joined at D to which is connected the
wireless sending set B and aerial antenna A
as in Fig. 1. With this, two messages may
be received at the same time, if the direc-
tion from which they are coming be at right

angles, or approximately so, with each other.

Or the whole apparatus may be moved on the
position of D as a pivot until, for a given set
of impulses being received, no noise is heard
in one receiver and the heaviest noise in the
other. Thus the line of direction of the im-
pulses under cbszervation may be determined.

Fig. 3 shows two “looped” antennze lo-
cated some distance apart with -a pair of
wires connecting them through the line-
reversing switehh J. I, I are exposed wires
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forming part of the “loop”, the continuation
of which wires enter H, H, which are iron

tubes enclosing the continuation of I, I and .

insulated from the latter to all points. The
s purpose of H. H is to intercept the radio
waves so that they will not cut through the
tube-enclosed parts of I, I, so that no current
will be induced in such enclosed part of I, I.

TWere all of the wire of the loop exposed, the -

wireless.waves would induce current in both
sides of the loop. of approximately equal
strength. but the current from one side of
the loop would be in a direction to oppose
that from the other, and both would be some-
what neutralized. and hence would be socme-
what inoperative as regards the receiver.
But by enclosing part of I, I in the tubes as
shown. a louder noise will be heard in the
receiver and thus messages may be better re-
ceived. By adding large numbers of turns
to the loop, this may be greatly increased.
This action of the system as shown depends,
howerver. on the position of J. If it be closed
in one position, the output from cne of the
“looped” antenna will coincide in direction
with that from the other. and the effect be
to “boost™ the voltage and rhus increase the
receiving efiiciency. Bnut, if .J be thrown to
the other closed position, the two looned
antennae will “buck™ each other, and if both
are at an equal distance from the wireless
source, silence in the receiver will result.

Therefore, if “L” be a wireless wave
source. (such as A and B, Fig. 1). separat-
5 ed from and at an approximately equal dis-
tance from both of the “looped” antenne,
it mayv be worked and not heard in the re-
ceiver, if J be .in the “bucking” position.
1t may be difficult to get absolute silencs, but
at least the sound will be greatly resuced.
But another set of wireless impulses. their
source being further from one of the lcoped
antennae than the other and not in a direc-
tion parallel to IT may be heard in the ve-
ceiver and not interfered with by “L".

Impulses coming from “L” may cause in-
duced impulses or reflected waves to come
from a nearby metal mass and these inluced
impulses, cutting through the looped an-
tennee may cause a ncise in the receiver,
and thus indicate the presence of an other-
wise hidden metal mass. In this case. all
the apparatus shown in Figz. 3 should be
mounted on the same movable base. so that
5 in action “L” will always be at an equal dis-
tance from both “looped™ antennae. By
proper maneuvering, the metal mass may be
located. And substantially this same ac-
tion and result mav be had with Fig. 1.

The apparatus shown herein iz also de-
scribed. and eclaimed in m» application fer
patent dated as filed May 7. 1921. Serial No.
467,782, “wireless communication systemn®,
the method of operating only being claimed
herein.
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Fig. 4 shows an enlarged detail of H wit
its insulating part K separating I from H, 3
The method of operation is as follows:
The system is first balanced in a location
where it cannot be affected by the presence™
of any metal. care being taken fo ‘sée tha
-no.such mass exists within its range, ex:;
_cept that of the ship or mounting on which
it -is "located, - (the balancing takes care of
such mounting). Then, assuming that the %%
meétal mass which it is desired to locate isg
beneath the sea surface, the apparatus bein
mounted on a ship. the said ship is moveg e
continuously in any direstion. the sending °
set B being worked at short intervais. Ang %
when at the time of such working. a noise %%
corresponding in time and duratio: therasto :
is heard in any of the receivers M, it indi: -
cates the presence ef & metal mase. - . 3
This noise may be first heard in any of the :
antennce, and if not in the apparatus covered
by Fig. 3. there should be a change of direc- "
tion of the ship until it is heard in M Fig,. 3.
The ship is then maneuvered in all possible }
directions and preferably over as small an ;
area as possible until the noise in M, Fig, 3, -2
ceases or diminishes with comparative sud- .2
denness.  The ship is then in the same man- 38
ner as hetore placed at right angles to the
just-Tound silent position. and if the silence 4
in M. Fig. 3 is still maintained. the ship is
over the searched-for metal mass. If not, fur-
ther maneuvering of the ship must be car-
ried on until the suddenlv-arrived-at silence
or diminished reception is maintained in M,
Fig. 3 in all positions of the ship. Thus the
general line of direction between the ship and 33
the metal mass may be determined as also the ™
approximate location thereof.
When the metal mass to be located is be- §
neath the ground. instead of beneath the sur-
face of the sea, the apparatus may be trans-
perted from place to place on the earth’s
surface in the same manner that the ship was
maneuvered in the above described opera-
tion. P ﬁ‘?
By the expression “balancing out™ or “bal- =
ancing’ as used herein in connection with the
turning or moving of a receiving loop anten- 3
na so that the direction of wave travel may
be found. I mean the ceasing or diminishing 58
of reception, caused by two electric currents &
set up in the said loop antenna in such a way A
that they oppose each other, and if they are
of equal strength they completely neutralize I
or balance each other. The said turning of ;
moving usually brings about such a condition ;
gradually, causing the said diminishing, and _
in a perfect operation of this sort final ceéas-
ing of reception. But such perfect operation
may be rare. and instead of compiete silence
being attained there may be only a pointof %
minimum reception. which will be adequate %
for the purposes of this method. In practical 3
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_ anténna of a receiving setis tisually turned

on -its vertical axis guring Teception until
reception céases, or a point of minimum re-
ception isreached. := - : - o

There are two distinct forms of balanc-
ing simultaneously utilized in this method.
First, in each loop the current induced in one
side of the loop is opposed to the current in-
duced in the opposite side by positioning the
plane of the loop at right angles to the direc-
‘tion of reception of the waves. Secondly,
the two loops are balanced against one an-
other by opposing the currents induced in
each loop, or the manifestations thereof,
ngainst one another. In the apparatus here
disclosed by way of example, this is accom-
plished by the reversing switch J.

Iclaim: -

1. The method of determining the gen-
eral line of direction between a given posi-
tion and a metal or other mass capable of re-
turning radio waves which consists in propa-
gating radic waves, intercepting and trans-
lating reflex radio waves, and then balancing
sut the said reflex radio waves or waves re-
sulting therefrom.

2. The methed of determining the location
of a metal or other mass capuble of returning
radio waves which consists in propagating
radio waves, intercepting and translating re-
flex radio waves, determining the gen-
eral line of direction between a given posi-
tion and the said mass by balancing out reflex
raelio waves or’ waves resulting .therefrom,
‘hen following the szid line of direction.

3. The method of decreasing undesirable
reception of radio waves in an antenna hav-
ing a loop circuit, which consists in substan-
tlally balancing the said circuit against the
<aid reception, and shielding the said circuit
vy a radio-reflecting member.

4. The herein described method consisting
©of moving a radio wave propagating device
in a determined direction, propagating radio
waves therefrom at intervals, intercepting
and translating reflex radio waves and in-
creasing the manifestations of said waves by
means of additional currents until said in-
terception and translation ceases or reaches
the minimum obtainable for that location,
changing the direction of movement of the
radio propagating device and again inter-
cepting and translating reflex radio waves
:ntil said interception or translation ceases or
reaches a minimum for that location.

_ 5. The herein described method consisting
of electrically balancing a radio wave propa-
gating and receiving device in a location
where the presence of a radio wave reflector
is suspected, moving said device along a de-
termined path in respect to said suspected
reflector, propagating radio waves at inter-
vals, intercepting and translating radio
waves reflecting from said suspected reflector

and increasing the ‘manifestations of said -
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waves by méans of additional eurrents until
said interception and translation stops due to
balancing action or reaches a minimum for
that location, and then moving said device in
a plurality of directions until said intercep-
tion and translation again stops due to bal-
ancing action or reaches a minimum for that
location thereby indicating the approximate
location of the reflector. PR S

6. In the operation of a looped antenna
radio receiving system, the method of reduc-
ing reception of radio waves coming from a
given source which consists in transposing
the connection with each other of two looped
antennée located at equal distances from the
source so that the induced currents are
thrown into opposition with each other, and
reducing reception of waves coming from a
direction af Tight angles to the direction of
the first waves by simultaneously rotating
the looped antenne as a unit about the source
of the first waves as a center.

7. The method of determining the location
of a metal or other mass capable of return-
ing radio waves, which consists in propagat-
ing radio waves, substantially balancing two
wave-receiving devices at opposite sides of
the source of the propagated waves, reducing
direct reception from this source by opposing
the currents directly induced in the wave-
receiving devices. and rotating the wave-re-
ceiving devices as a unit about the source as
a center to determine the position of mini-
mum reception of waves returned from the
mass.

8. In the operation of a looped antenna

radio receiving system, the method of reduc-

ing the manifestations of radio waves re-
ceived from a known source which consists
in opposing the energies developed by the
currents induced in each of two looped anten-
ne located at substantially equal distances
from this source, and reducing the manifes-
tations of waves received from a direction
at an angle to the direction of the first waves
by rotating the lodped antennz as a unit
about the source of the first waves as a center.

9. The herein described method of locating
masses capable of returning wireless waves
consisting in propagating wireless waves
from a source positioned in a location where
the presence of the massis suspected, and elec-
trically balancing a wireless wave receiving
device with respect to direct waves from the
source, intercepting and translating reflex
wiraless waves returned from said mass, until
said interception and translation stops or
reaches a minimum for that spot due to bal-
.ancing action, and then successively moving
said receiving device in a plurality of direc-
tions and repeating the balancing operations
in each successive position until said inter-
ception and translation again stops or reaches
a minimum for that spot.

10. The herein described method of locat-
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ing masses capable of returning wireless
waves .consisting in propagating wireless
waves from a source positioned in a location
where the presence of the mass is suspected,
.5 and electrically balancing a wireless wave re-
ceiving device with respect to direct waves
from the source, increasing the manifesta-
tions of received waves by means of addi-
tional current, intercepting and translating
reflex wireless waves returned from said mass,
until said interception and translation stops
or reaches a minimum for that particular
location due to balancing action, moving the
receiving device to a new position in the

15 approximate direction of the mass as thus de-
termined, and repeating the balancing opera-
tions in the new position.

11. The herein described methed of locat-
ing masses capable of returning wireless

on waves consisting in propagating wireless
waves from a source positioned in a location
where the presence of the mass is suspected,
and electrically balancing a wireless wave re-
ceiving device with respect to direct waves

2> from the source, increasing the manifesta-
tions of received waves by means of addi-
tional current, intercepting and translating
reflex wireless waves returned from said
mass, balancing the receiving device with

s respect to these intercepted waves to deter-
mine the approximate direction from which
the reflex waves are received, moving the re-
ceiving device in this determined direction to
a new position, and repeating the balancing

r: operations in the new position.

12. The herein described method of locat-
ing masses capable of returning wireless

" waves consisting in moving a wireless wave
receiving circuit having balancing properties

;7 in the presence of an operating wireless wave

propagating circuit, increasing the manifes-

tations of received waves by means of addi-
tional current, balancing out direct propa-
gated waves or waves resulting therefrom,
5> and receiving and translating wireless waves
or manifestations thereof sent out from the
mass as a result of the propagated waves.
13. In methods of finding masses by means
of wireless waves, the steps of intercepting

» and balancing out interfering waves or mani-

festations thereof, and then intercepting and
balancing out waves or manifestations there-
of coming from the mass, so as to determine
the approximate direction of the mass.

53 14, In methods of inding masses by means
of wireless waves propagated from a known
source, the steps of intercepiing wireless
waves and successively suppressing by balane-
ing action the manifestations of waves from

t1 the known source, and then of reflex waves
returned {rom the mass.

15. In metheds of finding masses by means
of wireless waves, operating a wireless wave
propagating circuit, cperating a wireless

67 wave receiving circuit that is exposed to the

it
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~ing device being in a position in which, if no 3
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ropagated waves or waves returned from g
own mass under conditions in which these
waves are eliminated or their manifestations
suppressed, increasing the manifestations of
received waves by means of additional eur-
rent, then intercepting and translating reflex
waves from an unknown mass and bafanciﬁé
the receiving circuit in partially suppress*
manifestations of these latter waves. oy
16. In methods of finding masses by means yy
of wireless waves, operating a wireless wave: " 3
propagating circuit, operating a wireless
wave receiving circuit that is exposed to the
ropagated waves or waves returned from a
tnown mass, positioning said receiving cir-
cuit so that these waves are eliminated or
their manifestations suppressed, and then
making observations by means of said receiv-

TR el

ing circuit to determine if reflex waves from %
an unknown mass are being received. 855

17. In methods of finding masses by means -4
of wireless waves, operating a wireless wave §
piopaguting circuit, operating a wireless %
wave receiving circuit that is exposed to the 3
propagated waves or waves returned from a gg §
knowa mass, positioning said receiving cir- 72

#o that theze waves are eliminated or their
wnifestations suppresszed. making observa-
5 by mean s of said receiving circuit to de-
mine if peflex waves from an unknown gs
sz ave being received, and determining by
ing action the approximate direction
ich these latter waves are received.
1+ methods of Ainding masses by means
e~y waves, operating a wireless wave i
propagating circuit. intercepting and trans- <
Iating veflex waves returned from the mass :
and received in a circuit having balancing £
charneteristics, increasing the manifestations
cf received waves by means of additional cur- o5
renf, and moving the receiving portion of this
Intter circuit go that the waves are inter-
cepted at an angle ditfering from the original
angle of reception, and noting any changes

in intensity of reception resulting from this 339
change in angle.

19. In methods of finding masses by means
of wireless waves. operating a wireless wave
propagating circuit, balancing a receiving cir-
cuit so that there are substantially no mani- 115
festations therein of direct waves from the
propagating circuit. and then manipulating
the receiving circuit to alter the manifesta-
tions therein of reflex waves and thus deter-
niné tie direction of the source of these re- 120
flex warves. .

20. In methods of finding a mass by means
of wireless waves, operating a wireless wave -
propagating circuit, operating a wireless . =
wave receiving device that increases manifes- 125
tations of received waves by means of addi-
tional current and Is exposed to waves propa-
gated from the said cireuit or radiated from
an object whose location is known, said receiv-
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2 said mass is present, manifestation of said

waves is at a minimum for that particular
'spot; there observing reception above the said
minimum, and moving or rotating the said
receiving device until manifestation of waves

- 21. In methods of finding masses, inter-

“ cepting - interfering waves, increasing the

manifestations of received waves by means
of additional current, balancing out the said
waves or waves resulting therefrom and then
in the same circuit intercepting and translat-

ing waves coming from the mass being

searched for. then suppressing their manifes-
tation by a balancing method whereby the
line of direction of wave travel is indicated.
thus indicating the general direction of the
said mass.

22. The method consisting in propagating
warves, balancing out these waves or waves re-
sulting therefrom, so that they are not mani-
fest or are at least below the maximum for
that spot, in a receiving apparatus capable of
increasing the manifestations of these waves.
and then in the same receiving apparatus re-
ceiving and translating reflex warves.

23. In searching methods. operating an
electric circuit, intercepting two sets of waves
having their primary power source in the said
circuit. suppressing manifestation of one of
the said sets of waves by a balancing methed.
translating. and manifesting the other said
set of waves or waves resulting therefrom,
thereby indicating the presence of an object.

24. In methods of locating a mass. oper-
ating a wave-propagating device whose loca-
tion is known, thereby causing the said mass
to radiate waves which commingle with waves
from the said propagating device, intercent-
ing the thus commingled waves, translating
and manifesting them or waves resulting
therefrom, maneuvering or rotating the inter-
cepting device until. due to direction-finding
action, whereby the general direction of wave
travel is indicated, manifestation of waves
reaches a minimum for that particular spot.
thereby finding an indicated general line of
wave travel under conditions caused by or
as may be changed from the normal by the
presence of the said mass, thereby indicating
the general direction of the latter.

25. In a method of finding an object by
means of waves, the steps of intercepting and
balancing out interfering waves or manifesta-
tions thereof, and then intercepting waves
coming from, or reaction waves caused by
the presence of, the said object, translating
them and utilizing additional current to in-
crease the manifestations of these waves or
waves resulting therefrom. thereby locating
the said object.

26. In a finding method, operating an elec-
tric circuit intercepting certain waves there-
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® is at a minimum for that particular spot,
. thereby finding the said mass. - S

from, balancing out these waves or waves re-- -

sulting therefrom, so that they are not mani-
fest, or are at least below the minimum for
that spot, intercepting reaction waves coming
from or caused by the presence of, an object,
translating them, and by utilizing additional
current manifesting said waves, or waves re-
sulting therefrom, thereby indicating the
presence of an object.

27. In methods of searching for masses by
means of wireless waves, operating a wireless
wave propagating circuit, operating a wire-
less wave receiving circuit capable of increas-
ing the manifestations of received waves by
means of additional current, and balancing
said receiving circuit in positions in which
direct propagated wave reception from a
known source is eliminated or their mani-
festations suppressed, and then making ob-
servations by means of said receiving circuit
to determine if waves from an unknown
source are being received. '

28. In methods of searching for masses by
means of wireless waves, operating a warve-
propagating circuit whose location 1s known,
operating a wave receiving circuit capable of
increasing manifestations of received waves
by nieans of additional current and making
obzervations by means of said receiving cir-
cuit to determine if waves from a mass whose
leeation it is desired to determine are being
veceived. said waves being caused automati-
cally by the said operation of the propagating
circuit. and if so, determining by balancing
or radio direction finding methods, the ap-
proximate direction from which the said
waves fom a mass are being received, thereby
locating the mass.

FRANK SPENCER CHAPMAN.
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The invention patented under the name of “Under-
ground Wireless” or “Buried Antenna” was, what may be

the sending and the other at the receiving end. Father Mur-
gas’ patent was granted on the basis of his workable model in

4 about one hundred feet. Signals were really transmitted by
this method but only with great difficulty, and as far as Mur-
i gas was concerned, it was but an idea which he promptly
" abandoned because he considered it unfeasible due to met-
allic absorption of electrical waves when projected into
the earth. Newspapers and scientific journals of the
world however, “played up” the idea in broad sensation
as an item of human interest without consideration for
Father Murgas’ feelings.

&

The largest and most fantastic account of the experi-
ment to appear in newspapers was that published by the
“Chicago Sunday Record-Herald” for March 4, 1906. In
the manner of a “special feature,” it appeared as follows;

~
.

AN UNDERGROUND WIRELESS
(By Special Correspondent)

“In a few months, residents of New York City may
be able to drop a message in a deep hole and have it
arrive in London a few seconds later. They may re-
ceive a response by the same method just as quickly.
Briefly, the underground wireless system has been in-
vented by Father Joseph Murgas, Pastor of the Slovak
Catholic Church of Wilkes-Barre who is a trained electri-
cal expert, and it is considered that the underground
wireless will be the cheapest and most productive sys-

- tem of telegraphy in existence.

ANE

b

4 called an inversion of the usual antenna towers, namely, in- !
#£3 stead of an ordinary “aerial,” the new antenna was extended :
into the earth by boring a hole deep in the ground, one at !

4 the form of two 50 foot holes in the ground separated by |

N

| REV.
-JOSEPH MURGAS /

PRIEST- SCIENTIST

The Umversal Aether Teleorraph Company, back-
ers of Father Murgas’ work, promised to start work im-
mediately by drilling a hole two miles deep in New York
and London simultaneously. The holes will be con-
creted to prevent moisture effecting the copper wires
which, of necessity, will be a very heavy type. The
wires will connect the discharging and receiving appara-
tus at the bottom of the hole with a sending and receiv-

ing station on the surface.

An official of the company said that a hole 5,000 feet
deep was recently drilled in Germany by a company
prospecting for gold, and no difficulty was encountered.
So confident is the Universal Aether Telegraph Com-
pany of the underground success that all other develop-
ments it has sponsored with Aerial telegraphy has been
suspended ... ”

The story, given here in condensed form, occupies two
| full columns of the rlewspaper without troubling to seek
88 Murgas’ confirmation or denial, and his patent papers for
"/‘_’ the invention in question do not claim what the news
dispatch tended to indicate. The entire matter was .no
doubt exaggerated by members of the Syndicate for
2% reasons of their own.

The seventh invention by Father Murgas filed for patent
on March 17, 1906 and granted April 2, 1907 under No. 848,
676 was known as “Electric Transformer,” and as the name
implies, was used in the adjustment of wireless means and
. improving the general function of the apparatus over that
gr-<4» ¢ of any other systems.

Jhe eighth patent filed May 17, 1907 and granted March
23, 1909 under No. 915,993 was simply called \\ ircless Tele-
graphy in as much that it represented an improvement on
a prevxous patent No. 860,051 and was a means by which
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“&i wlthln the tube, with the resul. that a certaln qunn.-.
- Uty of the mercury. varylng according to the intensity
md of the current, exudes from the tube in cell, ¢, and

. ' ' . v
. A NEW SYSTEM OF WIRELESS TELEGRAPHY.
.\' THE ENULISH mnxumnnlﬂ OF THEX lcuxﬂnc Al!lu‘l}(
. An tnterosunﬁ new system of telegraphlng without
‘lres has been nvented by Mr. Axel Orling, a young
\ Swedish electriclan, and Mr. J. Tarbotto Armstron.
» & well-known engineer of London, which s dlasimndr
from either the Marconi, Tesla, or other
-in usé. The invention was patented
that of Marcon& but the lnveutors refraf
bringing It betore the public until it Had
¥ veloped and brodght to a satisfactory state of¥p rteC-
tion to render it avallable for commercial ex!gencies
The advantages claimed for the Armorl instru-
ment are its simplicity. portability, the low cost
of lnstnllauon. and facility of manipu ation. The
Marconl nud other systems -at prese t practised,
broadly speak!ng. consist of discharging {nduced high
. potential currents from a transmitter in
nphere. finally arresting them at their déstination by
means 01 a sensitive receiver. In.the Arnmor] system
the earth is utilized.as the conductor. and|the currents
dlxchalrged are of very low. potential. he efliciency
of thq conductlvlty of the earth may . .be adequately
renlize‘d from the fact that in order to transmit; a
! message twenty miles, a current wlth a pressure ol
only elght volta s -utilized, while even a pressure ot

ey, four volts has been found sufficient’ to travel the same

R are entirely dlsp}nsed with.

istance with complete sntlsfncuon i
in the Armorl {nvention lnducth{n colls, cohercrs.
high masta and ynrlous other impediments incidental
g to the prevalent
The Armorl apparatus
{s so small and pompact that it can be compressed
within the compuss of & small box measuring seven
flinches In length-: ‘by four inches tn width, and eight

\‘*luches In depth, and weighs from five to six pounds.

These lnterestlng results have been:achieved by ‘the
" fnvention of & new recelver and transmitter, the former
of which supplants the coherer. Hitherto the tete-
| phone receiver has been constderéd’ the most sus-
ceptible to electric currents, but this receliver has
proven far more highly sensitive. 1t 't described as
the electro-capillary relay, and I8 an entirely new
method of recefving electric currents. Through the
{ courtesy of the Inventor we are enabled to publish a
! sectional diagram of the device, and to describe {ts
fundamenial principles of working.
1t ls based upon the capilliary attraction of mercury
due to the electric currents. - A i8 a small glass tube
with one leg terminating in a finely-drawn point, while
each is open at the end. At the top of the head
of the tube {8 a small neck, a, fitted ?\'nh a stopper,
and to which the positive wirc Is attached. ‘This
Instrument, which 18 only about four inches In
1 total height, works og the princlple of & siphon.
{One leg I inserted Io the cell, B, Which is filled
with mercury., while the other polm terminates
in anolher cell, C. filled “with a solution of acid
:and water. Upon the outer edge or this cell (,.

‘-n.l oo —mmb- e
3.

- of the Instrument.

the atmo- ‘

stems of telegraphing without wires '

_ case with the'existing type of relay.

drops on to the end of the balance. Tﬁls immediately
depresses this end of the beam and caukes the opposite
end to rise until it touches the contact pfolnt, F, and the
current {s conducted along the wire, G,;to its requisite
destination, As the balance, E, I'alls'by the weight B
of the mercury, the latter is deposited’ upon the floor
of the cell. ‘
The balance of the beam, E. upon the agate plvot
D, 18 so‘delicate that the smallest quantity of mercury
falling from the tube sets it In motian; and as the >
‘capillary attraction of the mercury wlnhln the tube |
fs set up by even tha faintest current of electricity,
an adequate idea of the sensitiveness allml delka(y of
the devlca may be giathered. Electric currentq which
the most sensitive galvanometers fail to rec?rd or
L4 i > .
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THE ARMORL BYSTEXM OF WIRELESS TELEGRAPHY.

which will not affect the recelver of the telephone,
will actuate this receiver, so that there iy ho possibility
of a current entering, the apparatus without movlng !
the balance, E. For instance, if a cent plece Is wetted, g
a-dime placed upon it, and a wire from the coins is
conveyed to the point, 2, the falnt and almost Im-
perceptible current that is thus generated will be
recorded. An¢ther prominent feature of the apparatus
also Is that no seif-Induction is set up, which {s the
It may be con-
tended that the eprDodiment of such a dellcate mechan-
ism within a portable box, which might be subjected
to rough !handling., would render it liable to be de-
ranged, especifally In fleld work, but the device is
carefully and securely packed to obviate any such §

.mlshap.

‘The complete apparatus comprises thls receiver and .
a small battery of eight volts packed In a case, which
iy prowided upon the outside with two contact screws,
Two pointed iron stakes are driven into the ground
to a depth of approximately eighteen Inches. and ahout
twelve feet apart. To each of these a wire Is attached !
connecting the negat{ve and positive poles respectively

atly employed‘ for dispatching Morse code sigrals ls?‘;

~———— D
B P
iy

A small key similar to that usu- 3\



sttache’(i. together with a
curren §thua set up flows {through these wires and
stakes [Into the ground, 'I'fw operator holds a tele
phone 'r_&celvér to his ear with one hand while he trans-
mits the: message with the dther in ‘the ordinary rhan.
ner. 'At the opposite station, where simllar iron
stakes :la.?re placed to receive the fmpulses, {f necessary,
. the recelver can be connectefl to a Morse tape printing
" machind, an'&he messages printed as they are received.
. The anentors have rendered” the efnployment of

telephone receiver. The

lereles'f." telegraphic comm
tory, hlqwever, by the disco
of tele{rllxoning through the,
of thls;gyste{m. however, I8 q
. of t.he-x‘i experiments have
'aupplyia sufficiently practic
clal pult:‘poses. Although th
recelved; with perfect clear
somewli&u faint, and the in
edlall d"ﬂ:vlce for intensifying
by the:frecelver.

The h‘remost distance ov
bave endeavored to transm
has beeij 20 miles with an 8

of the pxperiments up to th

nication somewhat nuga-
very of a similar method
ground. The adaptation
iite recent and ‘the results
not yet enabled them to
able system for commer-
e sounds transmitted are
ness at present. they are
ventors are completing a
the sounds when: recetved

pr which these inventors
t these electric impulses
voit hattery. ‘T'he success
Is distance, however, has

¢ convlncje;d them that this is by no means the maximum !
distance;, but at present they intend to establish this
aslthpi‘ﬁ_ »llmlt. For long distance telegraphing: they

v have k:ox‘xcelved an ingeniouq ldea. At lnter?als of 20

i miles tHey sink into the ground out of sight a small
device %nclbsed fn an fron dox, consisting 'mainly of ;
the caxi_,lllnry relay. The ghessage when dispatched
from the first station is arrested In Its passage at the
termination of the first 20 miles by this small appa-
ratus, and then instantly. ns recelved. dispatched on @
a new lease ot life over the intervening 20 miles to
the second relay. Thus. for instance, if it Is desired |
to send a message 100 miles,|in addition to the terminal
stations{at either end. there| would be four {ntermedi-
ate reln)'(s. ~ As each of these|relays costs only approxi-
ma'tely lihree dollars, the economy of the system is a
strong recommendation. :

It onq is traveling in a conveyance., howaver, such
a3 a carringe with metal flanges round the wheels,
the person riding can establish and maintain’ tele-
graphic :or telephonlic commuinlm:lon. without descend-
Ing {roq\ or stopping the Tnhmp' In this tnstance,
the wheels take the place qf the iron stakes to con-
duct thd electric impulses friom the instrument to the
earth. A metal roller suspeaded from a metal bracket
rests lmén the wheel of the carriage. and to this bracket
18 connq'cted the apparatus py means of a thin wire, &
The welght of the carriage{upon the wneels ensures
constant; cuntact of the lattef with the earth.

/
L}




In Fig. 5 is shown an instrument devised by

S the writer, in which a coreless induction coil of pecu-

’ liar construction is used in connection with the tele-
phone for indicating the presence of metals. The g
induction coil consists of a primary coil, preferably of
rectangular form, made of coarse wire, No. 18, and _ -
connected with a rapid automatic circuit breaker and o, ] .
battery. The secondary coil is made of fine wire, LS

- | No. 86, and is arranged exactly at right angles to the

-+ coarse wire coil. A telephone is connected with thel , .
! secondary coil. If the primary circuit is continuously ’
'}' and rapidly interrupted while the coil is not in the
J{ vicinity of any metal or magnetic material, no sound, .
‘ will be heard in the telephone, as all the inductive .- "
Ly influences are equal and opposite ; but when the coil -
% is held in proximity to a body of metal or magnetic” . - - ’
 ore, this equilibrium is disturbed and the sound is % -
heard in the telephone. ' /

The distance through which this instrument is ope-
f rative depends upon the diameters of the coils and the
§ strength of the current used in the primary coil. The
A, § larger the coil and the larger the current, the greater
will be the penetration of the induective effect. As the ~/
.~ induction is effective for only a_few inches in an ordi-
\  nary coil of 6 or 8 inches in length, the instrument is
useful for mineralslying &
near the surface. It 3
may be used to advan-
tage on the sea bottom, -
along cliffs, in wells and
borings, and upon .
ground abounding in
metals lying near the s
surface, by simmply caus- -~
ing it to pass over or :
near such surfaces. -
When it is to be used
under water, it must of
course be inclosed in a
waterproof casing of
non-metallic material,

This instrument,
which is an induction
coil pure and simple, B
should not be confound-
" ed with the induection
balance described be-
low. i

I
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«a portable case containing the adjustable coils, P 8,
“and the interrupter, I; B is a voltaic battery of two
cells, which may be replaced by a small magneto-
electrie machine giving alternating currents; T is the
telephone in the secondary eircuit ; C is an insulated
\ ° cable conveying the wires connecting up the two pairs
\  of coils ; and D is the detecting or exploring case con-
y "taining the two secondary coils, 8! P.. Thecoils, P 8,
\inside the box, A, are separated by a layer of soft In-
<} dia rubber, and an ivory screw passes through both
coils and the¢ rubber washer between. An ebonite
head to the serew is adjusted by hand so as to press
" the coils together or let them further apart by regu-
" lating the pressure between them and the India rub-
ber. The simple device adjusts the balance of indue- |
tion and reduces the telephone to silence.
The interrupter is a special device which consists of
“a small iron reed or tongue kept in vibration by a

» small double-poled electro-magnet, thereby interrupt-
ing the current a certain number of times per second, ,
0 as to give out a definite note which is easily recog- ’

4, nizable in the telephone. . !

© A switeh. E, at the box turns the current from the!
. battery on and off the interrupter at a moment’s no-
_tice. The telephone is the ‘ i

|

ordinary speaking receiver
. of Bell.

Fig. 7,—INSTRUMENT FOR DETECTING THE PBESENGE OF METALS UNDER WATER.

~~ A EAN
| \\ [ f‘Fig.'l,vﬁxereAis-

Iy - - -. . .

~B is a voltaic battery
cells, which may be replaced by a small w:
electric machine giving alternating currents: 'l

telephone in the secondary circuit ; Cisan in-

cable conveying the wires connecting up the tw
of coils ; and D is the detecting or exploring c¢a
taining the two secondary coils, 8' P!, The coi
inside the box, A, are separated by a layer of -
dia rubber, ang an ivory screw passes throuw
coils and the rubber washer between. An
head to the serew is adjusted by hand so ax
the coils together or let them farther apart :
lating the pressure between them and the 1
ber. The simple device adjusts the balance ¢
tion and reduces the telephone to silence.

The interrupter is a special device which co.
a small iron reed or tongue kept iu vibrar
small double-poled electro-magnet. thereby i’
* r the current a certain nuiber of times per
:+. as to give out a definite note which is easily
nizable in the telephone. .

A switeh, E, at the box turns the current
hattery on and off the interrupter at a mouie

.ce. The telephone is the | NIBEER

ordinary speaking receiver "% '
of Bell.
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The cable, C.
. lated with India rubber
having its pores filled up
with ozokerit or black
earth wax forced in under
pressure and when in a
hot fluid state. It is fur-
ther protected with an
a outer braided sheathing.
and is fitted to the box. A,
by an ingenious socket,
which in an instant estab-
} lishes connection between
the corresponding prima-
ries and secondaries. and
f locks them together. The
detecting case, D, i~ made
j of wood soaked with par-
afin wax. It is water-
§ tight, and econtaiux two
exploring coilsy’ S

is insu-

ayv .



The induction bal-
- ance invented by Pro- !

, fessor D. E. Hughes has
‘ had a number of useful
_ applications, one of
' : which is the electric
submarine detecter of
Captain McEvoy. Pro-

fessor Hughes demon- - “ . -
W strated the extraordmary sensitiveness of the ap- Lo ) . { :
' W paratus to the presence of small pieces of metal : . R o >
when brought near ‘to one or other pair of coils, : coe T .= ’
% k.- \\ 7 ’ '?7 . ) ._?-v' ) o : )
The arrangement of -the bal o ~ . ’ :
ance will be understood from ? N )
Fig. 6, where P Sand P! S'are |, - * N -
< K~ 4 ) . -

the four coils of the balance, ar-
;ranged in pairs separated from
each other and conuected by . ’ . . e’ .
yinsulated wires. The coils, P » ™, s *
and P!, are joined together ! . '
through a battery, B, and a key , 4 4
or interrupter, I, thus constitat- < - . .
ing the *‘ primary” circuit of the . : o . 2
balance. The coils, S S!, arecon- - v r . -

LY nected through a telephone, T, N
~land constitute the ** secondary » ' '
- circuit of the balance. Thein- [~
terrupter, I, may be either mani-
pulated by hand or automati-
cally, so as to give a continuous
action. Whenever the primary @
circuit is closed by its means, |
acurrent traverses the primary
eoils, P P!, and induces a ¢orre-
" sponding current in the second-,/}
“ ary coils, 8 8!, This current is
N\ of course audible in the tele-
i phone, T, but by reversing one §
of the secondary ecoils, say S'
the current induced by the i}
primary coil, P!, in the coil, 8!,
is made to oppose the current)g8
induced by the other primaryQy
coil, P, in the other secondary
coil, 8. so that it is possible to
cause these two induced cur-

s
T
ra
Y
7
.

’ . =z
| - Fig. 6.—INDUCTION - {‘ ; ' ;
) BAI-ANCE A telephone is connected mth the

‘

1s held in proximity to a body of meta.l or magnet a

ﬂtw ‘gj the mductlve "

dlaturbance which its presence creates will upset the ?f’

existing balance, and the telephone, before silent or %

nearly so, will give out distinetly audible sounds, owing :

rents to annul one another and *: to the predominance of the induced currents in the A ~ __5%

produce silence in the telephone. . . Q‘ secondary, $%, over those in the secondary, 8. /‘
This is done by making the} “ . M ~ The idea of applvmg the balance to the detection of 7

two primary coils and also the® metals has been worked out by Captain McEvoy, who §§ ;

.two secondary coils alike in all bas reduced it to a'thorouo-hly practm form R/ Sy

© respects. and placing the second- % 2 . f,_ ML ’pﬁ |y o

ary, 8, at the same distance from SN =

P that S'is from P!. The final ‘?"}‘

adjustment to produce silence

. in the telephone can be madek ’ 4
by altering the distance between FJil8 f’

a secondary coil and its primary, Jid

- say the distance of S from P, or “\\
it can be made by means of a.

4k

.«

small piece of metal adjusted,
near one pair of coils, as was} .
originally shown bv Professor



HEN trench warfare first became
an accepted fact it became of
vital importance that the front
trenches should be in permanent
communication at all times with
the supporting trenches, as well as the gen-
eral rommand behind the lines. At first

AN "?' i
und Telegraphy i

| By H. GERNSBACK

it becomes more or less an easy matter to
shell these, and for that reason during the
past year or so, the French have found it
advantageous to do away entirely with
metallic ;lines, running from the front to
the supporting trenches, and thence rear-
ward. ‘ i

e

1%

»

n VVar‘

Ground telegraphy as its name implies,
means sending  impulses thru the earth
without the use of intervening wires. The
simplest system of this kind is shown in
the annexed sketch where A and B are
two metallic spikes driven into the ground,
these spikes being connected with a bat-

BATTERY X
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pUSS——— 1 ey
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dew “Wireless” Communication Schems |3

vy boat reaular telearaph ines were
1oerthior ot the bottom ot the cammunicu-
ot bes, ur otherwise the wires were
cordod By e form ot asulator
Bodites were not moall cases peiinanent,

soraed the purpiose, ws nene ulthe
Lo oveete sntetedod to o stay oup turever uut
BEREY X.xu.ui wivtined nore ur teas ~{l:c Y
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stoumt Teloyraphy’’ In a New Dress. By Using 3peclally Tu

This iwgluit) aives a Cledr fdea o "

Now Betna Used In ths

Ellminated.

It has been the writer’'s good fortune
recently to interview a French "T. S0 K
“licgraphie Nuns MY otficer (\Vireless

Tetewraph Corpssy und  the  oricer  in
questiont has been kind enough to give us
miteresting  particulars us to the new

graumd telegrapn system as is now used on
sractvallv all the fronts thruout uarope,
Thrs iy nothing more or less thun the
crouid conductive svstem, and it is not by

o

L
-+ .

Sodung Teieqravhy.’’
sent Sut Thru Blectrsdes A ang 3 Wi de Heard
phione Cunneguled 1o 3pihes C anyg O, Sue o Current Leaxaye.

iy hcelis tutiietis iew, huaving been
descrihed abmost badt @ ocentury Lack, The
rendin uweser, o awlded consuderable
cew fealures too e wvostetin o.aowtll Le
Sogenced LJnothis il .

French Front Line Trenches,
ned Transmitters and Screens, Interferencs By the Enemy I3 Practlcallly.

n Tele-

This Is Nothing More Nor Less Than

I
tery and a buzzer. 1 we now drive two
further spikes C and D, say fifty or one
hundred yards (or more) away Irom the
first spikes, paraileling the laster, and if
we connect spikes C and D by means of.a
telephone receiver T, then when we operate
the buzzer by means of a telegraph key the
sotnds wiil be clearly received in the far
olf telephone T,

The explanation is that 3 cerzain amount

i current Gs orecaived by the
spikes 7 and D, and the sound

i while weak is readiiv heard in
the  telephone  receiver. f
course, this is the crudest sys-
tem, but it works surprisingly
weil over equally surorsing Jdis-
Not 3o it possible

warapii v such

i ur

i3

e thy substiu micro-
siene ior the L nro-
vnded e carrent,

trans-
Looround 3vse

Currs . o
LdIrEnt o pient as the
diotduone syvs

aditary

A system ol this I works aiwavs at
s best when the spikes A sad B oare
separated Wws o far as it s sossitle. The

further the spihes yre ceparaied, tie turther
(Continued on puge 344,
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GROUND TELEGRAPHY IN WAR.
(Continued from page 592)

the system will operate. The writer in
1903 by! a system of this type was able to
telephone over a distance of three miles,
using an arrangement of buried plates
whcrcb; a zinc plate was buried in the
ground,| while a copper plate was buried
three or four times the depth of ‘the zinc
plate.  The plates in this case having the
same  function  as  the spikes  deseribed
above.* | )

In the French system mentioned, the
trunsmission of the intelligence is accom-
plished by meuns of a low power high
frequency buzzer of a certain periodicity, ™
and the signals are received at the other
end by specislly attuned wircless telecraph  of ~
feceiving  apparstus, making use of  a BN
detector, tuning inductances, etc.

There are several reasons for this. In
the first place if a very powerful buzzer
were used in the front trenches, it will be
understood that while the signals would be
received in the rear without much trouble,
using highly sensitive wireless receiving
apparatus, the enemy as well would have
but little trouble in receiving the same
messages thru “No Man's Land.”

While! such messages could be sent in
code, nevertheless, as has been pointed out
frequently by us, codes are of very little
us¢ in this war, for given time, the enemy
will decipher any code no matter how in-
geiously  contrived  within a few hours.
For that reason. even today at all fronts,

 codes are changed almost with every other
message! It is merely the time element that
i» requited to get the message thru, and
even if the enemy does decipher the mes-
sage, it ‘will take him a few hours, His
purpose 'will be defeated, however, as the
order will probably have been executed
long befure the cnemy found time to
decipher’ the message. '

Just the same, the French have taken
precautions to see that whatever messages
they do send by means of their new ground
telecraph, these shall not full into the hands
of the coemy., c-
complished this
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. '¥HE OOLLINS sYSTEX Or LoNa.DIst)cx WINELESS causes the potential differemce of thii
‘ R ‘ ' | reixegowy, . be greatest on either side of the coll.

The longest diptance wireless teishbhoae tests yet : 8nd ground wires are placed on

made on this sidd of the Atlantic bay. Jyst been com- 0ol at the point where resonance is

Los . pleted between Npwark, N. J., and pwu.;pm., Pa,, Auto-transformer in the uch.lm
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The following day khe dlstance was increased to thirty., -
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poratidn. This way Imcreas- R ".., i

od to 6,000 volts by a dlrect-  ° i Yoo =

R ETLA]
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| %1lations, of 3/8000°
cted motor- " - ; DTN ywy FFY a
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et they are excellent, and satisfac-

.I.\'CE the publication of the original
article on the Rogers Underground
Wireless System, published in the

March, 1919, issue of the ELectmicaL .

ExPERIMENTER, the Editors have been
literally besieged by hundreds and thou-
sands of letters from radio experimenters
in all parts of the world, asking for data
on the construction of Rogers underground
aérials suited to the requirements of the
Wireless Amateur. The original article
contained a great deal of valuable data,
which should be carefully read and

The Roge

Specially Prepared

withh the Collabora-
.- tiom of Mr.

James Harris Rogers

sisted in burying wires in the earth; the
wires radiated from the station as the
spokes of a wheel,—some wire barc and
some insulated; their lengths varied from
200 to 1,000 feet. (See Fig. 1).

| rs Underground
- Aerial for Amateurs -

L ity

to each other, signals are heurd irom any
direction.  (Fig. 4).

“The system seorks best in Jresh woater
or tvery et carth,  The primary aircuit
should have a variable condenser (.00 m.i.
or higher capacity) in series, When ineu-
lated wires are covered with inetal, lead,
iron, eic, some remarkable results are ob-
1ained. These wires may be entirely en-
closed in an iron gas pipe, for instance,
(Fig. 5), or the joints may be connccted
by rubber hose. (Fig. 6).

“Here are some measurements

digested by every radio man,
whether he be a student or a pro-
fessional. .In the present articlean
effort has been made to answer
some of the questions which have
seemed-to annoy the average radio
“bug” considerably, — especiall
those residing in cities where it is
difficult and %requr.mly impossible
to bury an aérial longer than a
few feet, ‘We may say right here,
that for those experimenters so
situated, there is a solution, or in
fact, two solutions, namely—to use
a gpiral antenna, such as has been
tried out successfully in U. S.
Naval tests on the Rogers System,
and which spirals may be buried
in the ground a few feet, or placed
in a well or other body of water;
and secondly, for the experimenter
who is not allowed to disfigure an
apartment house or other preten-
tious dwelling with an ugly look-
ing aérial, there is the newly
developed.loop antenna, which can
be used right in the radio room.
Indoor aénals have been greatly
gerfcctcd during the war, and now
y means of greatly improved’and

Selaclor swilch c(annecled ro primory rsc. se?
wih which any wiré may be put o derth thru
rec. o ony tie wires moyse vied.

200 fee!

. Doutve poke oeriol smirn

i

Y o .00s mf

rig. 1

taken with thislast formof acrial:

Audibilities with one bulb only,
on “Nauen” station, Germany:
Length When signals When When

Autenna areweak  better best
* 2,000 feet.. 15 23 30
2500 - .. 30 30 100
3000 "t .. W 100 200
3500 % .. 120 200 400
4000 ¢ L. 240 o 800

“Repurding the tests with loops
1 will state brietly that T have suc-
cessfully tried diferent forins and
sizes.

-1 first had a well bailed outand
lowered a loop antenna into it; the
well was 50 feet deep. 1 See Fig.
7). The signals were as loud at
the Lottomn as when above the
carth. I next had the well filled
with water and the results were
the same, excepting that the note
of the sending station became
higher and higher as it was
lowered. Upon revolving it I
found the directional characteris-
tics were the same in the water as
when out. These tests were made
u_lI alout two years ago, and | atonce

highly sensitive wireless receiving
instruments and amplifiers avail-
able, particularly those using au-
dions as detectors and amplifiers,

tory results are obtainable by means of a
concentrated loop or spiral antenna, small
enough to be placed in the radio laboratory.
For the present, we will listen to the
sound advice given by our mutual friend,
Mr. James Harris Rogers, on some of the
practical outstanding features of his under-
ground system, used in -conjunction with
straight-away single wire underground
mérials, as ‘well as loop aerials. Among
other things, Mr. Rogers has the following
to say regarding the installation of siinple
underground aerials: .

Myr. Rogers Talks to the Amateurs.

“The first installation of my under-
ground antenna was made in the woods
about a mile from my laboratory and con-

brec
Lstr

c¥ fig.2

Rogers Underground Adérial
Showing Bipolar Selector Switch Connected to Primary Circuit of
Recelving Set. Any Aérial Wire May Be Grounded Thru the “Set,"

Vsimg One Buried Aidrial and Earth Gives
Same *“Directivity’” as When Two Wires Are

System for General

or Any Two Wires May Be Used as Desired.

“It is obvious that a number of ‘persons
can receive at the same time, one operator
to cach wire. There is no interierence,
one with another. Figure 1 shows eight
(8) wires and a bipolar selector swiich

i
Al

fig 3

Using Two Ground Aérials for Receiving. The
Acriais Should Lis in the Plane of the Station
Being Received.

connected to the primary receiving circuit.
With this switch any individual wire may
be grounded, or any tuo wircs may be
used. Bare wires give the loudest signals
but static is more pronounced. The deeper
the wires are buried, the better the sig-
nals, with a corresponding reduction of
static. Short -vires show a remark. hle de-
gree of directivity; long ones to a less de-
gree and in proportion to their length, (See
Tigs. 2 and 3). o SRR
“\When using two wires at right angles

L

gl

Requirements,

realized that fvops or cuyes could
Le used in the dugouts ot France,
or on submarineswhen submerged.

Regarding the dimensions of
loop antennae used on submarines,
these coils measure about 3 feet square in
some instances. The wires are very heavily
insulated and placed in a Lox filed with
pitch, the connections are lead Lelow and
the coil can be revolved for directional ovb-
servations,”

Kind of Wire Used for Underground Aerials.

Most of the imqyuiries from Radio Ex-
perimenters and those intending to install
experimental stations, and wishing 10 make
use of the “static-prooi” Ropers under-
ground autenna. on which signals may be
received cen thru a thunderstorm, indicate
that the greatest problem 10 solve seems
10 be the size and the kmd of wire 10 be
used. and how it shall be buried. Some
very excellent results have been olnained n

Srations come i1 23ually
well from ary Jirection
with this orrargement

—

”

Fig‘ 4

o«

with This Arrangement the Signais Came in
Ecually Weil from Any Direction. A Good
“Stand.by’ Hook-up.
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Ground Aérial Buried in a Continuous Sec-
tlon of iron Plpe. Excellent Resuits Have
Been Obtained with This Scheme.

experimental work carried on at one of the
leading American universities with aérial
conductors laid on the ground. and where
the experimenter has the time and space to
try this out, he may gain some useful and
valuable knowledge by experimenting in
this direction. Ordinarily the wire, of
whatever kind it may be, as used when in-
stalling the Rogers underground aerial, is
buricd about three feet deep in the earth.
For most Amateur requircments, the wire
only need be about 100 to 200 feet long, and
so the digging of the ditch is not such a
great problem; in fact, it can be plowed
open, at least part of the depth. and where
rivers, brooks or ponds arec available the
insulated wire can be placed in them
directly and allowed to rest on the bed.

Regarding the choice of wire to be used,
it becomes evident that even bare copper
or other wire may be utilized when desired,
as Mr. Rogers has pointed out in the above
contribution. The size of this wire should
be about No. 12 or 14 B. & S. gage, the
heavier the bhetter,

The official U. S. Navy reports of tests
on the Rogers Underground System men-
tion that no increased ethciency is obtained
by using more than onc wire, and that this
may be a No. 12 or 14 B. & S. gare,

conductor. In any case, the free end of
the wire should be well taped, and prefer-

{’hone:

l‘
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weather-proof or rubber-covered copper-

Some Very Surprising Results Were Obtained

tn Receilving with a Spiral Antenna Lowered

Into a Dry Well, Slightly Different Results
Were Noticed with Water In the Well,

ably covered with some rubber cement, so
*As to keep it insulated. Exﬁcrimems have
been tried both by Mr. Rogers at his
Hyattsville, Md., laboratory, and also by
the Navy Department, with underground
aérials placed in terra cotta pipes, but this
currtruction .3 rather erpensive, and the
rcsults obtained do not justify its use.

Other forms of wire used both by Mr.
Rogers and the Navy Department experts
include lead-covered telephone cable, which
is, of course, thoroly damp-proof, while a
conductor holding considerable favor with
the inventor is 5:: heavy rubber-covered,

igh-tension, auto ignition cable. This is
highly efficient for aérial requirements, as
it is stranded and therefore of low high
frequency resistance.

In any case, a little common sense and
logic will give the answer to many of the
simple proglems arising in connection with
the installation of these aérials, such as,
for instance, the length of aérial to be used

AUDIONS ON ALTERNATING CURRENT

Well, “Radio-Bugs,” the very latest
thing fn Audion circults is to cut out
the expensive high voltage batteries,
which are forever deteriorating Im‘
necessitating the purchase of new ones,
or else the use of messy miniature stor-
age batteries, and to operate your
Audions, both filament and piate cir-
cuits, with ALTERNATING CURRENT.
Sounds impossible, doesn’t jt? But jt is
a fact, nevertheless. Don’t miss this im-
portant article, which will be worth many
dollars to you, to appear in the next issue
of the ELECTRICAL EXPERIMENTER.
Read this special article entitlied “Operate
Your Audion Receiving Set on A.C.” by
Elliott A. Whits, formerly instructor in
Radio at the Carnegie Institute of Tech-
nology, with diagrams and complete data
on the building of the transformer, and
other details. This is but one of the big
feature Experimental Radio Engineering
articles we have in preparation for the
July number. It is the greatast revela-
tion you ever read in Radio literature.
Don’t miss it, “Radio-Bugs”!

~ of insulated wire, such as high tension cable

March issue, very promising results have

- be mounted so as to be revolvable on its

for a certain range of wave lengths. It is
manifest that the longer the antenna, the
longer the wave length to which it will
properly respond.
Considering that an an-
tenna is used having a

Key,
length of, say, 150 to

Tronst

Here the Iron Plpe Jacket Surrounding the

Buried Afrial is Divided up Into 20-Foot Sec-

tions by Means of Rubber-Hose Connectors;
a Later Development.

. Spiral or Loop Aserials.
As shown in the diagram, Fig. 7, inter-
esting results were obtained with a spiral
antenna, composed of a dozen or so turns

or No. 14 R. C. sotid conductor lowered
into a well, both with and without waterin it.

As pointed out in the original article on
the Rogers underground system in the

been obtained in transmitting with the un-
derground antenna, and Fig. 8 shows how
2 small transmitting set was operated with
such an aérial, coupling the exciting or
spark gap circuit with the antenna oscilla-
tory circuit by means of a_two-coil oscilla-
tion transformer, L, C. In this case two {
metal plates, about one yard square, are
placed in the earth adjacent to the well,
one of which connects with the secondary,
S, of the oscillation transformer, while the
other plate connects with the free end of
the spiral antenna. -

If the spiral antenna is used, it should

vertical axis, and it should be placed in
the vertical plane as shown in Figs. 7 and 8.
Excellent results have been and should be
obtained in transrqitting with the under-
ground antenna, with the usual insulation |
incident to the form of conductor above
(Continued on page 187)

Cond

200 feet, then practical-
ly all the shorter wave
lengths up to 600 me-
ters and more should

X /
Gen. g% T’"ﬁ‘j}’

-

be readily picked up on
this antenna, especially
with the variahle con-
denser hooked up in
series with the primary
of the loose coupler, as
shown in the accom-
panying diagrams. Nat-
urally the wire buried
in the ground has a
higher electrostatic ca-
pacity than the ald-
styvle antenna wires, ele-
vated 40 to 50 feet
ahove the ground, and
we can reduce this ca-
pacity as desired, so as
to tune any certain
wave lengths, by con-
necting another capac-
ity in series with it:
in exactly the same
manner as short wave

lengths are tuned in iR wel s
on the rezular elevated

acrials, by connecting a

variable capacity in se- .

rics with the antenna ria.8

circuit, and the primary

Spiret cerial

14

of the loose coupler.

Long wave lengths are
tunable by using large
condensers and loose
couplers preferably,

W P A R T

Distances up to Fifty Miles Have Been Covered Very Successfully

In Transmitting with the Rogers Underground Adrial.

“Transmitter,” the Spiral Antenna Is Placed Down in a Well, Metal
Ground Plates Being Connected as Shown,

In This ’l;



The Rogers’
Underground Aér-
ial for Amateurs
(Continued from page 137)

specified, where the transmitting set is one
employing an audion oscillation generator.
' The voltage in this case will not be ex-
tremely high, and special precautions need
not be taken to provide extra heavy in-
sulation on the buried antenna. Official
. tests by the U. S. Navy have shown trans-
mission by radio over 50 miles with the
Rogers underground antenna. The wire in
such a case, however, should be especially
. well insulated to stand the higher voltage.
Regarding loop aérials in general, it would
appear that we can expect a great deal
from them, as some of the really remark-
able results achieved during the war would
secem to point out. The number of turns
and the amount of wire to be used in a
spiral antenna, such as shown at Figs. 7 and
8, "will vary of course for different wave
lengths, etc,, and here is where the Radio
Amateur will have a chance to carry out
some original experiments, which may net
him some real knowledge, fame and money.
kE Another form of ¢ antenna, so-called,
and which has been tried out several years
ago with such success that European sta-
tions could be copied in a laboratory located
in Florida, is one composing a square form,
several feet in height. This was used, as
just mentioned, to receive stations using
fairly long wave lengths, say from 8,000
. to 12,000 meters, W. L. Here the insulating
form was wound with a layer comprising
. several hundred turns of insulated wire,
such as ordinary annunciator wire. This
antenna was successfully used in some testy
made by the Marconi radio engineers at a
laboratory in Florida several years ago.
‘Trans-Atlantic radio reception was effected
at the radio laboratory of Union College,
Schenectady, N. Y., just prior to America's
entrance into the world war. This aérial

fl comprised about two dozen turns of No. 14

or 12 bare or R.C. wire, mounted on por-
.celain knob insulators screwed on the in-
side wall of the laboratory. The turns
were spaced about 3 inches apart. The
inside turn was 3 feet square. Flexible
leads, fitted with clips, serve to connect
as many turns as desired.




gers¥

v

Antennae ,
By LIEUT. COM. A: HOYT TAYLOR, U.S.N. R. F.
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ANY of the propertics of ground
wires with respect to long wave
reception have been touched upon
in a previous paper which dealt
mainly with short wave work

(PROCEEDINGS OF THE INSTITUTE oF Ranio

Rectangle
30277 Ft
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"
% 1t Having Been Determined That the “Sea’
‘ Wires Had Twice as Good a Ratio for Slqnals
It Seemed L
« That One Ought to Be Able to Balance the
;! Strays from a Rectangie, Those from the

. “Sea' Wlres and Strays Having Some Signal
\’i Strength Left. The Differentia
L)

and Strays as Rectangles. kely

Transformer
|l Used in this Experiment Is Here Shown,
Two Prlmz\rys Colls, One for the

; Loop and One for the ‘'Sea” Wire Circult,

ENGINEERs, volume 7, number 4, 1919).
{i**The purpose of this paper is to take up
"' some of the special problems of long wave

‘}( reception with ground wires, with special
1 teference to the work done by the writer
1 on. the elimination of strays,” Commander
B -Taylor continues in the December, 1919 is-
i sue of the Institute of Radio Engincers'
. Proceedings.

’l
OPTIMUM WIRE LENGTH FOR LONG WAVES.
. Number 12 rubber covered wire was
‘used for all of the carlier experiments on
g ioptimum wire length becausc it was found
to hold its insulation for several wecks
and was cheap and casy to handle. It is not
recommended for permanent installations.
flt has already been shown that for 600
meters the optimum length for this wire
vwas 125 feet (381 meters) each way, and

AL ‘hat up to 1,125 meters this length seemed

R ts be proportional to the wave length. It
@Y was therefore expected that a  similar
Jrelation would -hold for waves hetween 4,000
ind 13,000 meters. For 12000 meters the
‘ength was therefore expected to he 2,500
'fect (763 meters). Since there was com-
varatively little arc work heing done by
statlons south of Great Lakes, and since
there were no arc stations north of Great
takes, it was necessary in the work done
‘here, to attempt optimum  length experi-
nents on stations cither east or west of
freat Lakes. At the laloratory on the blutf,
%y was not possible to lay wires in trenches
for so great a distance, while at the sta-
plioit on_the heach, it was only possibile to
lay a wire in one direction, using it asainst
ia ground.  An attempt was maude in o two
g\va_vs to determine whether ar st optinnam
length existed for these lone waves,  Firs
the signals from [vons, Franee, on 1300

g meters were observed an oa wire 3000 fie
(915 m.) long, running straivht east into
(the lake, the outer end of the wire Lot
ssixty feet (183 ny vnder water, T his wire
LWas gradually pulled in and oliserviations
ctaken. Tt was a laborious and ditdienlt mat-
ter to - oltain  satisfactury ohserva-
,tions in this way, hut thuse that were taken
“».".dlcalcd that 2,630 feet (303 m.) gave the

best signal for Lyons. The signals were
too weak to get, with the amplification at
that time available, any adequate measurc
which would indicate whegher the ratio of
signal to stray was better ‘at ‘tlns length
than at others, About this time Doctor
L. W. Austin reported that, as far as he
could determine from the cexperiments
made in the slightly brackish water of the
Potomac at Anacostia, District of Co-
lumbia, there was no optimum wirce length
for long waves and that no proportionate
increase in signal was observed after 2,000
fect (610 m.). In the Great Lakes ex-
periments, all signals were compared with
those reccived on a standard wire, 2,000
fect (610 m.) in length. In order to avoid
the laborious process of hauling in the long
wire, which occupied considerable time, the
problemn was attacked at Great Lakes on
a different basis. Two wires, separated 30
or 60 fect (15 or 18 m.), running in the
same dircction were compared. They were
both fixt in length, one being 2,000 fect
(610 m.) and the other 1,750 feet (534 m.)
long. For various wave lengths between
5,000 and 14,000 meters, the ratio of sig-
nals on the 2,000 foot- (610 m.) wire to
signals on the 1,750 foot (534 m.) wire
was determined. These observations were
insufficient in number to be at all con-
clusive, but the best ratio was obtained
at 12,600 meters, Nauen's wave,” indicat-
ing that 2,000 feet (610 m.) was not far

. 7o Recerver 3
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Another Attempt Made at Balancing Out the

Signals and Strays Was Made, as Here

Shown, by Placing a “Land" Wire Against a
*Sea’ Wire, but with Indifferent Results.

from the optimum length for this wave,
It is, of course, possible that the relation
hetween optimum wire length and  wave
leneth is not exactly linear, and it s
deemed that the data herein reported §s not
entirely satisfactory. The experiments on
optitnum Jength were continued later at the
UL S0 Naval Radio Station, Delmar, New
Jersey, which was then the principal station
and contral center of the trans-Atlantic
systeme and - where the writer was sta-
toned  as teans-Atlantic Connmunication
Onicer. “The Belmar experiments on wites
Lud i the inlet (salt water) in front of
the rlio: station, showad that up 1o the
leneth of LS00 feet (458 1) signals from
Nanen on 2000 meters continmed 1o in
crease, leowas dmpossible o oltain a
vreater dhisrnce than TN feet (138
without Jdovating too far from the Presgnt
ducrtens boanme the menth of Loy,
we tenmed on the dndet amd a piece ol
Tpachand GBS number TE Ligh tonsien,
woas Lanl o the surbace of the e for the
purpose ol determamng the aptinminn heneth
uf Nauen's <bort wave, 6,300 meterd, Fhe
spnal strength rose rather rapidly until a

thousand feet (305 m.) were used, after
which it rose very slowly so that it was
diflicult to determine exactly where the
optimum length lay. It was estimated to
be 1,600 feet (488 m.). Similar experi-
ments with a wire on the ice, using Lyons’
spark wave of 5,300 mecters, indicated an
optimum length of 1,200 fect (366 m.) and
showed also that the rise of signal strength
was very gradual and that there was no
practical advantage in using over 800 feet
(3H4 m.) of wire for 5000 meters and not
over 1,000 feet (305 m.) for 6,000 meters.
About this same time, January, 1918, lead-
covered cable on the surface of the ground »
was tested at Belmar. The sheath of the
cable was grounded at a number of points,
special care heing taken to get a good
rround at the receiving end. The core
of the cable contained two number 18 cop-
per wires, which were connected to the re- 3
ceiving set_and used against a ground con- |
nection.  The  behavior of lead-covered
cable showed at oiice that the most suitable
length for long waves was decidedly dif-
ferent from that proper for ground wires ]
or submerged wires. For instance, while
2,000 feet (610 m.) of underground wire
was found very suitable for waves of 10,000
meters and upwards, it was found that a
lead-covered cable 3,000 feet (915 m.) in
length showed up best on wave lengths be-
tween 5,000 and 6,000 meters. A lead-
covered cable 7,000 feet (2,135 m.) inf§
length was then opened at a series of
points 500 fect (153 m.) apart and ob-
servations were tahen on Nauen’s 6,300 ¢
mcter wave, comparison being made in
cach case with the signals obtained on a
fixt 2,000-foot (610 m.) ground wire. A
curve was plotted from this data which
showed a maximum at 3,000 fect (915 m.);
the curve was, however, very flat. A little
later experiments were undertaken with
a ground wire buricd seven feet (2.1 m.)
dcep, a number of pits having been dug
for the installation of disconnecting
switches, Observations were taken on sig-
nals on 9,500 meters from Stavanger, Nor- »
way, and on Nauen's 6,300 mcter wave.
The total length of ground wire available
was 2,000 fect (610 m.). The observa-
tions were inconclusive, the Stavanger sig-
nals at 9,500 nicters indicating a maxi-

mum when the full length of the wire was s’

uscd, whereas measurements on Nauen in-
dicated a lincar rise proportionate to the
length of the wire, that is to say, the Nauen
ohservations indicated no optimum fength

. inside of 2,000 fect (610 m.).
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The Thitd Attempt Made 1n an Effort to Bal.
ance tha .‘an.nu and Strays Is Here Shown.
A Smail atentiometer, 1, Parmite the
“Land”’ Wire To He Dalanced Against the
“8ea’ Wirs. This Arranyament Olg not Give
thy Hosults That Had Boeon Expectoed.
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. RATIO OF SICNALS TO STRAYS.
In order (ur the ground wire ‘system to
he of practical value it must he able to
show advantage. in readability of signals
not only aver an ordinary aerial but over
a properly designed receiving frame or

cloved loop, since the latter is more compact

amd easter of installation.  The elimina-
non of actual statie is, of course, fairly
completa "on the ground wires, but the
relative advantage of ground wires ‘over
rectangles, as far as the elimination of all
strayy way concerned, had to be made the

subject of exhuustive teats,  Early in i
January, 1918 the writer requested Licut,

A. Crosley at Great lakes, to construct
a rectangle 11, feet (336 m,) square,
wound with 80 turns of number 13 double
cottonscovered wire spaced 0.5 inch (1.27
em.) apart, This rectangle was compared
for a considerabile period of time with the

7, G

Collector ol

oA

.y ! s the Clircults Used In the Final Arrangement for';the Balancing of the “Land*
. 1,200 foot (360 m.) “packard cable” at the . the "Sea’ Wire, Where a Phase-Adjusting Davice, LiCy, Is Put In Series with.
RS s\ Gireat Lakes fabaratory station on the bluf, - ) :oF “'Sea’t. Wire. :The Signals Were Amplified by Shveral Audions in the Man
- l"\ the cable being buried four feet (122 m) - - 77 L VLo TEORTE L ek
SN under the surface of the earth. The - of the “signals received on the sea wires :tipon the constants of the primary and pot
A ground wires gave signals averaging three -wag twice that reccived on the rectangles. upon the-length of the ground wire, the
5 timea as atrong as thuse on the rectangle.  On the other hand, the ground wires, aitho -only. - exéeption -being = when .‘exteedingz
V. The ground at that time was partly frozen, yriving signals four to five times as strong - short -ground . |wiréd. are- used, ~There
CThe average (\'M’i-\bﬂﬂ)‘ of signals at a9 the rectangle, showed .no  advantage. “also probably ome .slight de
:I.mn rl:xkx;! \\;:" (!I:?n pz:" c'tl?ct _?:::;:":,):l ‘whatever in readability,. o so ot sy the h‘,ilc t}\:rhen working wit.hl
1w keound  wirg gle, . ‘e PR LAND - around -the optimum wire len
oV About the time the froat penetrated well -mg ,5‘-;:'”'{?&,3%"3%‘,’\ sm FRO M placing ‘of: the; shunt around th‘:m.rlma

arder to wet further covidence, wires were p— " ‘readability except in special.cases. - It hays
laid at Hebmar on top of the lce and di- e JOMH. o pooon LTk ing been%eterxx‘}x?ned tlfat the sea wires’ y
rectly over the sea wires and the ratios of B S0 - twice'as good'a ratio of signal to stray as
stgnaly to strays ot many trans-Atlantic T etsmacos — - . ylwaifgna| . the rectangles,!it seemed likely that ong
sations were obtained In comparison with  [JSrmyieely, .~ » - 0, 3 ermiral . | - ought to be able to balance the strays fram
the wgnaly on the sca wires frozen in the hlonge’ T '!'7 ff R ahe b a rectangie agdinst those from a s¢a wirq |
ice,  The readability of siknals, defining  Awkmgle 92 B3¢ 2e-86round 4 244 still have some signal left over. Thig
rradahi)‘ity av the ‘mio (;{ nixn.'lh‘ to atnz‘n. — ST T‘. ool -was-irst attempted by - coupling - magnetls -
was twice av goad on the sea wires under R Py’ oy - . U4d o cally the primary of- the! receiving”set by
the ice, altho not as good as on the same ) . QR BO00H TS . '-‘mca%zs ofpa i d%cremial ~"radio‘~¥¥equ B

S wiren without any ice over them. :In.the ‘°'”P’M(‘!Jf‘;}’&‘?"ﬁf’.”‘f"f”’@”’v, transformer to both sea wire and. rectangle/
meantime hundreds of observations had - R he differential transformer had. one sece

at Great Lakes, it had

heen notedd that the sirays became distinetly -

into the urmmd}

warve, The samd thing wax noticed on the
sea wires at Belinar when the shallow inlet

froze up s that the wires were paﬂlly'
n’

covered with a threesineh sheet of e,

been aceumulated at Belmar comparing the
ratio of signals to strays received on focte
angles 77 feet (233 m.) long by 30 {eet
(9.2 n.) high, with 12 tuens of number 10
copper wire spaced 6 inches (132 cm.)
apart, with thase oltainad on 1.0, 1,400,
and 1,700-foot (3o, 427, and §19 m.) sca
wires and with those obtained on 212,000
foat (010 m.) land wire buried 2 feet 861
em) deep.  Manv observations were alw
made un a 2000-foot (610 m.) land wire
mered 7 feet (214 1m) deep,  This latter
wite gave louder aignaly than the one
bueted & fret (6] cmy). but the same ratio
nf aignaly to strave, The weneral average
dinwed that the vignale obtained on rect.
agles and sra wires weee of approtximately

3rthe samoe intenuty, hut that the readability

M 7 2und Yery tmperiant.

It was finally decided that the only way"

to do anything towards the. further sup-

. pression of strays over and aboveithat al- !
the ‘use of a good sea
the method of elimina- -

. ready obtained. ‘y
{vire, was to apply

Design of Panel To Be Placed to the Laft of

a Standard Navy Long.-Wave Radlo Recaiver;

This Panal Provided the Neceasary Tarminals -,

for “8ea” Wire and *“Land’” Wirs, or Rect.
angles. it Also Contains the Phase-Adjusting
Device in - Series - with - the
vLand’ Wire, the ‘Balance Resistance, and
the shunt-to-!anhmolt:, tlha “Sea’” Wire Tare

: ale

tion ahead of the pfimary»gf ‘the. r'ccgiver.' -
Caonsiderable improvement”in the ratio of .
g!acmg a .

signal to stray was obtained by
low resistance of value between 1 and 25
ohms across the primary of the receiving
sct. It will be remembered that the re-
ceiving sets were standard Navy long wave

tuners and, therefore, had a series con- °

denser, and that in ground wire work the

tuning ,of the primary is dependent only’

I

Rectangle or -

therefore |did_hot. ‘in"any, way .affect -

ning of it.. hcvu:é)rovemcntin.ji
-to-stray ratio- pbtained by the use o%
shant is'at the-cost of considerable diminu-
ition in signal strength and is not therefore; g
iof .very .great], value--in improvement.: :

""ondary coil which .was in séries with the
- primary of a receiving:set and it had.two- o
‘primary coils, éne’ of which by .means of . y o
‘a series condenser wag tuned to a rectangle 4.{' S
and .the other tfuned by means of another <
series condenser and suitable loading coily .
i to one of the sea wires, ; See F;gun'i—'ﬁs. K—
‘a baf\lanlcm arrgln ent %e'dcvice_,v;orked PSP B g
perfectly, "but o signals even of “very ‘p.
‘great . itensity | could ;,,»ber‘accur:tclyl_’.h? ;‘\Wy
-\
C

anced out,~it was not possible.to. balance:
‘out strays. It;should.be noted-that the:
planes o the rectangle pointed in the nn&;
‘direction as the sea wire, that is’towards .
the European stations.” The failure of .th('

experiment was, at the time, laid to"a"1ack
of exact similarity in directive propertia;:
of the two component parts of the bal: "
‘anced system, but it is the present opmnieri =
of the writer that the failure was due 3¢ i

".f"

waves, aperiodic. A similar attempt, showr,
in Figure 2, was made to balance a lan¢
wire against a sea wire and with the same
results as far as this circuit is concerned.’
This is probabiy due to the fact that 2

f "M".]‘I Y : = the faclt t}fxatb'xthe dar:ctanglc constittes’ 7.
RN g / , ’ relatively fesbly dampt receiving -system Y.,
:i("',::)",rii"/';(:?)"f NERRTPYEVEL ‘e ,eff&‘ r/',"o./ while the sea wire is, especially for: I

“ i eale - .

— 2w
<;(‘ 1 land wire in dry soil is not so nearly’ .3
A 3 | aperiodic as a sea-wire. If the land wirs: _ (| ~~ \
: —_ were laid in wer soil the experiment' would ‘a1
NP Gl Fie | also fail, because the ratio of signal to . N
_— L stray would be tco nearly the .'.alx‘negf‘oa'._< _ X
vy - ‘both sides of the system. The next.at-i.g ' ~°(
= — tempt, shown in Figure 3, was to balames ‘P aie [
; _."‘.;J = by means of a small potentiometer ar. {ﬂ“’g

Thie Clrvuit Showe an Arrengement far Jatancing the Loan, Cailtector No. 2, Which Jarves 19
8 Bunettute fer the ! ang™ Wire Belandtd Againal the “Asa’ Wire, as Shown In the Provi.
aus

Clreuita,

fautive That the “%ee** Wire ls Jhunted Thru & Reefstancs R
The Mesistance il 1a Jurficiently High 19 Give the Loop

which Was

i

& Very Hign -

rangement, a land wire against a sea wire,;
The resistance R was 3 slide wire rheo-’
stat, various values being tried from'50 ts
2,00 chms. The idea'in.the arrangement,
ot Figure 3 wasithat the current from.sez:
wire to ground would pe;p’ggpsed_‘xg.?i%qﬁ
: (Canlin:lted" "age100) T,

A]

L2
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"Long Waves and
“Strays’” on Rogers

Antennae
By LT.COM. A, HOYT TAYLOR, U.S.N.R.F.
(Continued from page 59) |

-

and by suitably proportioning the two parts
of th{ resistance R, the sgrays could. be
balanced out. Such, however, did not
prove to be the case and it was recognized
that the difficulty was due to the fact that
the phase relationship of the current in the
sea wire was not the same as for the cur-
rent in the land wire. .The final arrange-
ment for the balance of the land wire
against the sea wire is shown in Figure 4,
where a phase-adjusting device, L, G,/ is
put in series with either land wire or sca
wire. It is not necessary to have this de-

vice in series with each collector. It was
\ usually used in series with the land wire.
2 It will be noted that the ratio of signal
to stray on collector number 1, that is, the
{ sca wire, has been further improved by
the use of the resistance K,, which shuhts
the end of that wire directly to ground.
This circuit at once gave very satisfactory

continued to dctermine whether the bal-
ance of strays was dependent upon the
length and nature of the land and sea
wires. It was found that within the limits
whercin observations were taken on sca
vl wires, namcly from 1,000 to 2,000 feet (305
| to 610 m.), the length of the sea wire had
but little influence, best results being ob-
tained from 1,500 fect (458 m.) of sea
| wirc. The length of the land wire was
general, shorter lengths working better
when shorter waves were to be gal
The lead-corvered cable was used as a land
wire very successfully when the strays
were made as bad as possible on the cable
by intcrsecting the sheath, every two hun-
dred feet (61 m.). It is desirable, of
course, that the land wire have as bad a
ratio as possible,
balances were obtained thruout the -sum-
mer of 1918 on all wave lengths between
6000 and 15000 meters. No work was
done on shorter wave lengths than 6,000
meters.  The device was put into the hands
of the operators on April 7, 1918 and
cither this circuit or the following circuit
was uscd at Belmar from that time on for
copying all trans-Atlantic signals. Encour-
aged by the success of this method of bal-
ancing two wires, attention was again given
to the rectangle, since the rectangle showed
just as had a ratio of signal to stray as the
land wire and should have sufficiently simi-
- lar directivity,  The rectangle was there-
fore substituted for the land wire, The
resistance K is sotliciently high to give the
rectangle a very hich decrement. The tun.
g is exceedingly flat. No marked succepn
was obtained until the circnit shown in
C Figure S was adopted, that is, unul the sea
wire way shunted to earth thra o anall
resistance i, The exact functioning ot
this resistance is not understood, but s

rectangle against a sea wire, iy of the wt
mest importance,  Figare 6 shows the ale
sign of apanel to he placed 1o the befe ot
aostundand Navy long wave recenver, ths
panel providing the necessary
for sexw o wire andd either Tand wire or 1ol
amde T also contams the pliase adynsg

Taned wire, the balanee resistance, ared the
shunt to earth an the s wires ternnnal
This civouir, Forure S, s dependont ala b
s success upon the proper chone o the
dimensiony of the rectanple, siee
necessary o have g ocompatatively bahoae
sistihers oseries with it at all tone s
rectanple must, therefure, lae destened 10
have adequate collecting power.  Naturally

7 : '.7 ' » i

from the current from land wire to ground

results and experiments were immediately )

Excecedingly satisfactory §

" Yoy

presence, especially in the balancing of a

iy device an aertes with the gevtangle e

found to depend upon the wave length, in i

’

anced. i
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- 53 wire. As-the tide camé

o Btrays. .

this dcpends upon the wave length. For
€,000 meters a rectangle 30 feet (9.2 m.)
1 by 77 feet (23.5 m.) with 12 turns of num-

¥ Ler 10 wire spaced 6 inches (152 e¢m.),

was found satisfactory. For waves from
10,000 to 15,000 meters, a rectangle of the
same dimensions but with double the num-
ber of turns was found best. The setting
of the phase-adjusting condenser depends
slightly on the depth of the water over a
in it was found

necessary to advance the phase slightly in
4 the ground wire or rectangle, as the case

might be,

METHODS OF . ADJUSTING BALANCED
SYSTEMS.

The method of adjusti
§ system is described as fo
igures 4 or S? .

a) :The slider of the
pushed to the right until
no resistance between the
lector number 1. The pri
ceiver is adjusted by vari
ductance L and the capaci
tuned to the incoming sign
ance R, is adjusted:to t
which is consistent with Zc
signal. The secondary L4
the usual manner as are alg

(b) The slider of the
pushed to the left so that
sistance lies between the ca
primary, Without changi
. adjustment, the loading coil L, and the ca- }
pacity C, arc adjusted so| that the same
signal is received from collector number 2.

(¢) . The slider of the
then moved back and fortl
rcadability of signals is
normal position being nea
collector number 1 than to fthe capacity Ci. j
In other words, the larger |part of the re-
sistance R will normally be in series with
that collector which -prodaces. the worst

g the balanced
lows (reference
resistance R is
here is little or
slider and col-
mary of the re-
ation of the in--
ty C until it is
al. The resist-
e lowest value
od audibility of
is adjusted in |
0 the amplifiers.
resistance R is |
little or no re-
pacity C and the |
hg the primary

h unti] the best §
obtained, the
rer the end of

now varied so
tly in collector
is fairly broad,
nce R, the tun-
collector num-
n fact the cir-
pegiodic. After

(d) The condenser C, is
as to shift the phase sligh
number 2. This adjustment
as on account of the resista
ing in the circuit involving
ber 2 is extremely broad, i
| cuit is almost, if not quite, a
a few adjustments have bren made, the
balance of the circuit is extremely simple,
reminding one forcibly of the method of
bhalancing employed in the pridge method
for comparison of inductance at audio fre-

- Y quencies, where variable resiftances and one’

variable inductance are used| and the other

unknown inductance is fixt, | The difficulty

of balance is of exactly the same order,

which means that after a very little experi-

ence, it is not difficult at all. [ In fact, after
i

one or two days’ training, this system was

. rm into/the-hands of operdtors who had

2|

who had been thru the Naval Radio School

at Harvard University and whose only

ractical experience was that which had

wen acquired in the course ﬁf duty at the
t

ad comparatively little ex{)cricnce. men

Belmar station.  From time to time slight
corrections in the balance may be advisable,
av the character of the strays changes,
Ihese corrections are, howeyer, mostly in
the phase adjusting mmlcmc% i, and were
thought to be due largely to] the influence
of the thle in shifting the phase of the sig-
nal in the sca wire,

CHARACTER OF STR:AYS{

‘The hehavior of the balunced system s
vach ay 1o lead to the conclusipn that strays
are very vomplex. Certain vdry sharp and
vilent strayy were soon rrcxmnind, after
expostence with this aet, toj he of cum-
patatinely local origin, tracedble to some
sorm within a radius of abput one hun-
dred unles (10 hm). 3 woylid frequently
happen that 1t was possible talubtain trans-
Atlanti «opy when there were  violent
storms in the immediate viciuily of the sta-
tion.

resistance R is




down,

almost entirely now.

f HE greatest invention in the
" . ficld of wircless telegraphy

RN since Marconi first placed
w N ) commercial radio-communi-
.. cation on a firm basis by his
vut’- < historic experiments in Italy, and
later in England, is without a shade

((\ _ of doubt this latest triumph of
v~y radio research—the *“Underground

" - " and Sub-sca Wireless”, conccived
XL "5 and developed to a working stage
W\ by an Amecrican scientist and inven-
tor, James Harris Rogers. Mr.
« Rogers is known as a second Edi-
‘ , % vson, among his towns-people in
- \_"M Hyattsville, Maryland, where he has
\ lived for many vears, and now the
whole world acclaims him.

‘ J
‘ { ﬂ; el o

A It 1s Revealed Now That the
B Navy Department Had Been
f Using a Powerful Undersea
4 Wireless During the War. The
R Instruments and System Were
‘% Invented by James H. Rogers,
Jq of Hyattsville, Md., and were
Adopted by the Navy Depart.
- ment as an Invaluable Addition
to the Wireless System of the
Navy, The Two Lower Photos
Show the Inventor, Mr. Rogers,
in His Laboratory at Hyatts-
ville.

e e et vl r
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Who is Mr, Rogers?

¥ James Harris Rogers,
| practically unknown a few
years ago in radio circles,
except by a few sclect radio
.men who were investigat-
“ing his invention for the
o) Navy  Department,  has
Pl practically hecomne over-
= I nigire the center of all at-
Y tractions in the ficld  of
science.  Mr. Rogers is a
son of the confederacy and
. a veteran of the wreat Civil
¢ .. \War. He has follawed clec-
U trical experimenting  ever
. j ‘W since and has heen a stropy
2,‘-",'%' G - devotee of ralio telezraphy
H &J since Muarconi performceld
5 : his first experiments i this
& new  hranch  of applhied
4 :cience. e is a retined,
“-'J,.', cultured southern gentic-
man whn makes vou feel at
hinme at once: an mvariable
attrrhute of all of the truly
wreat. Mr.Rogerswasoneni
the first inventors of the
“printing telecraph™ and his
full-cized woarking modeis
saw actual commercial ser-
a circuit between
- 5
A~ Y

S

The Rogers Underéroun& Wireless

(Special Interview to the ELECTRICAL EXPERIMENTER.)

«

' By H. Winfield Secor

(Associate Member Institute Radio Engineers.)

An invention which has been termed the greatest American war achievement Is the Rogers undetrground and sub-sea radic system. The Rogers
system does away entirely with aerial wires, and it is only a mnatter of months now before all aerial wire systems the world aver will be pulled
Wonderful things have been accomplisht by the new Rogers underground system, chief of which is the total elimination of static and
the increase of the loudness of received signals, which is often as high as 5000 times the usual strength.

The Rogers invention is of tremendous importance and revolutionizes our previous ideas on wireless to am extent
never dreamt of before, We urge every one interested in radio to read the accompanying authoritative article which discl the full tech 1

data on the new system for the first ’thne in any periodical.

Y.y
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nvention

Interference, too, is done away with

Baltimore and Washington, also in Y-~ A

New York, back in 1880. ‘These - :
were seen by the writer and are ’

.wonderful pieces of mechanism.
The Rogers laboratory, which
comprises several large teooms, is
lined on all sides with glass cabinets
containing electrical apparatus
- which he has invented from time to
time thru his studious career. A
novel and original high frequency
gencrator was another of the de-
vices that greatly interested the
writer, It employed a jet of water
shunted by a large capacity, the
stream of water being connected to
a high potential source of direct
current. High frequency curreats

e

LS UM R btk i b i
Top ' Photo Shows -Antenna
Wires Being Placed in River by
Mr. Rogers’ Assistants, - The
Inventor Has Found that His
Works Just "as  Well
Under Water as Thru the Earth,
All of the High Power Stations
In the World, from Nauen and
Lyons to Honolulu,” Are Heard
In Mr, Rogers’ Laboratory at
Hyattsville, Md.,, Shown In the
Center and Lower Views Here.
with. The Author of This Art|-
cle Aiso Heard the Transatlantic
g%atlom Coming In Loud and

ear,

System

Mr. Rogers’ Invention is

the Greatest In the War and Is
. so Recognized by the Govern.
ment,

Lt

i iy et |

of any rance up to the limit
of audibility, or about 30.000
cycles per second, could be
L readily obtained with this
apparatus.  The writer

merely cites these facts to 8
suhstantiate the standing of
Mr. Rogers in the scien-
tific ficld. Hundreds of
other clectrical inventions
have becn made by this
modest genius of the quiet
fittle Maryvland town of
Hyattsville, and the princi-
pal outstanding fact of all
of his work is that he can
show you a working model §
of each of these inventions,
unlike many other inventors )
whose idcas exist only on
paper, and which often fall
down, miserably, when ac-
tually huilt and tested.

In this conncction it is in-
teresting to consider for a
moment that not onc of the
new wireless “static and in-
terierence preventers” pro-
posed to the government
radin experts during the "4
war, proved practicable in @
the least.




R

Official recognition of Mr. Rogers as
the one and only original inventor of “Un-
der-ground and Sub-sea Wireless Commun-
- ication,” was soon forthcominy, and here it
‘is in brief. These two official letters of

revolutionizing invention represent lbut a
s

Hyattsville, Md.,
January 13, 1919,

Dr. Nikola Tc:la,
New York City, N. V.

Dcar Dr. Tesly:— .

1 have just read with great in-
terest your article in the Electrical
Experunenter.  For years I hove
been a firm belicver i the theory
that far distant acrials were actu-
ated thrie the medinm of the Earth
and not thru the cther above, and 1t
is a suurce of great satisfaction that
su tlustrious a personage as your-
self has held to the same belief. 1
have never met a scicntist who would . E
entertain such a proposition until [
demonstrated to them results de-
seribed in the enclosed paper, 1llus-
trating one of the ways I have
found for wtilizing the encrgy so
clearly and  forcibly described by
you, [ am, nevertheless, confronted
by some who will not gioe up old
thearies, [f you would do wme the
great hanor of writing a few lines
upon the scientiic feature [ would
decms it a great fuvor,

Showld yow chance to be in Wash-
fngton at any time [ will be highly
yratified to huve yuw visit my lab-
wratory and withess the resulls ob-

tained.

Very sincercly,
(Siyned) J. Harris Rogers.

very small fraction of those he has reccived

, parts of the world, congratulating him on
s his masterly work., The Navy Department
has  just permitted information on the
Rocers system to Le given out, and how
o well they kept their secret during the Waorld
% War, during which time this system has

- | RECEIVING APBARATUS
. ..., INSIDE OF BOAT »

ECEIVING ' SUB-SEA

recognition of Mr. Rogers’ wonderful and -

g
=
g .
=
=
E

frum radio engineers of high repute in all

14
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The Rogers Undersea Wireless Opens Up an Entirely New Fleld to Submarines and Ship Communlicatian.
that Submarines Had to Come to the Surface to Intercept Radio Messages, but the Rogers Invention Has Upset All This.
Test a U.S. Subsea Boat Submerged Off the American Coast to a Depth of 8 Feet and Picked Up Nauen, the German Station. At Depths
of 21 Feet Stations with Wave Lefgths over 12,000 Meters Were Easlly Picked Up. i

Accomplisht.
been in use by the Navy Department, may

‘be judged by the fact that radio men every-

where are amazed at this feat. The dis-
tinguished radio savant Prof. George W.
Pierce of Harvard University, congratu-
lated Mr, Rogers heartily wKen he first
tested and heard the new system work
thru salt water, which he at first thought

_-absolutely" impossible.

Below we give the two letters of official
recognition by the Navy Departiment of
Mr. Rogers’ accomplishments, which are all
that we have space for. -

In response to an inquiry from Clarence

J. Owens, director general of the Southern -

Commercial Congress, Admiral Griffin, U.
S. N., chief of the burcau of stcam en-
gineering, wrote under date of December

27, 1918, as follows: | .

“In reply to your question regarding the origin-
ator of the underground radio system, .{ou are
advised that Mr. J. H, Rogers of Hyausvifle, Md.,
was the originator of this system. There have been
ather cluimants 10 methods of underground radio
signalling, but none were useful, within the Navy
Lepartment’s knowledge to the extent of being a
valuable asset to the general scheme of radio com-
munications. The introduction of Mr. Rogers’ re.
ceiving system marked the beginning of the use of
underground aerials for receiving, to great ad-

_vantage over raised aérials, and has been valuable

to the Navy during the war.” .

Rear Admiral Strother Smith, then Capt.
Smith, wrote Mr. Rogers on December 7,
1917 .

. “It is a great pleasure to me to feel that I have
been instrumental in bringing the result of your
work bLefore the Navy Department aund assisting

. somewhat in putting it into actual practise. Qut
of the many thousand ideas presented you can *

realize that a very, very small percentage are vatu-
able and it is worth at least a year's work to get
one that T fecl will give lasting benefit 10 the scr-
vice that I take pleasurc in scrving.”

The Navy Department Intereated.

Thru Dr. George H. Lamar and Senator
Blair Lee the discovery and the status of
the patents were brought to the attention
of Secretary Daniels of the Navy., Secre-
tary Daniels ordered inquiry into Mr.
Rogers’ claims, which showed that his in-
vention worked, and requested Secrctary
Lane to give special consideration to pend-
ing patent applications, .

Secretary Daniels then submitted the
Rogers system to Rear Admiral (then Cap-
tain) Strother Smith, who called into con-
sultation Capt. Hooper. These otticers
made a thoro study of the system and found
it practicable. Capt. Hooper ordercd it in-
stalled at New Orleans Nirst and since then
it has been employed at Belmar, N, J.,* and
other stations. : .

\

* At the tine of writing this article the Beimar
Trans-Atlantic Receiving Statiun is soil employing
the Ragers underground antenna,

Transmission to Submarines Has Also Been

ing radio subjects, and long before the
United States entered the war he had ex-
perimented with the problem of ridding
aérial communication of this static’atmos-
pheric electricity.
authorities who believed that the air, and

2y
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Copyrigtat, 1919, by E. . Co.

Marconl Recently Stated
On a Recent

For a decade Mr. Rogers has been study-

He disagreed with all

R

To the American Radio
Amateur:

V ITHIN the next few months

peace will be declared and the
-amatcur will be allowed to operate
his station as before. Thanks to
Mr. James H, Rogers, it.will not,
however, be necesary for you to
put up an aerial again—at least not
for recciving. Elevated aerials will
be a thing. of the past, and well
they . may. .

But ordinarily the amateur would

nct be permitted to use the under-
ground aerial system on account of
Mr. Rogers’ fundameuntal patents.
The writer, however, in conversa-
tion with Mr. Rogers, prevailed
upon him to allow amateurs the
frec use of his revolutionary, as
well as epoch-making invention.
- Mr. Rogers thru the Evecrricar
ExperIMENTER thercfore wishes to
amounce that he personally has no
olijection if amateurs use his sys-
tem privately. It should be under-
stood that the inventor only gives
this permission to amatecurs as such,
and that this permission, of course,
does not extend to firims or corpo-
rations or to individuals engaged in
commercial Radio work. .

We wish to congratulate our
readers upon this hmportant deci-
sion of Mr. Rogers, who certainly
deserves the everlasting gratitude
of all American Radiv Amateurs.

H. GurNsB.aCK.

=

not the earth and water, was best ~uited
for wireless conmmunication. G ;

for sending messages 1o amateurs stationed
near hy.
buricd a wire fram his laboratory and heard
Philadelphia and other stations.
experiments were conducted at a laboratary

SN EG T o Y

At first Mr. Rogers used the earth alone
Using an audion bulb, he then

Further



y near Bladcnsburg.
L which he calls
3" Mount Hooper,” in
> \/-- honor of Commander
‘/"m Hooper of the Navy,
> ~- s who rendered excel-
: flcut scrvice in adapt-
Bing the invention to
the necds of the
Navy Department,
When Mr. Rogers
first stated that mes-
f sages could DLe re-
¥ ceived and seyt from

he has proved it. ¥
Another early idea ¢
of his in the theo.
retical aspect of
radio - communication \
was as follows, and
very logical it was,
too, as you will agree:
He held that if the
outer crust of the X
earth is a conductor,
and the surrounding
atmospheric envelope
is an insulator, then

% submarines’ when how infinitely better } -
submerged it was must the former be "i
unanimously declared for the transmission ° } .

to be impossible and of any form of elec-

N the officials of the tric_current. i N
Burcau of Standards To Mr. Rogers' *:
were not alone in this mind it was more .,

Bl belief, as no less a
personace than Mar-
R coni declared at a
banquet given in his
# honor in \Washington,
g that when 1wireless
was used on sub-
marines, “it was
necessary for the
submarine to come
to the top in order

reasonable to suppose |
that the energy liber-
ated at the base of an
aérial was propa-
gated thru the earth
as well as thru the
ether above, and that
an elevated aérial, at 2%
great distance, would N7

be actuated by them
as effectually as if

££

Another View of Mr. Rogers In His Laboratory., Note the Glass Instrument Cases, ard
In the Background May Be Seen His Early Printing Telegraph Model.

to catch the ether waves.” wround?” He became so obscest with this the waves reached the same point thru
. To demonstrate more clearly the under- conundrum that he finally asked scveral the ether above; when the waves thru

eround system and to show how it could prominent radio savants this question. the earth reached the base of the aérial A
fibe used in trench warfare, Mr. Rogers \What do you suppose the answer was?— the potential of the plate would be raised s

constructed an underground station, wholly
-inclosed beneath the surface of the carth,
. there being no visual existence of it out-

“It is dissipated in the form of heat in the
ground,” they answered. But still Mr.
Rogers thought they were wrong and now

and lowercd and the aérial would accord- 3¥
ingly be energized. Thus was his basic
and original idea conceived and settled upon.

side. This place Mr. Rogers' first
in Prince Georges S trial with the un- Xz
Acounty was visited ;Lﬂ-x;of,m:r/c for/.’;3 [,dz;;;;oct_ !.:2%»7’2.2- S derground wire-
ome very o Ofﬁ, ryss 4CT. Kooy 6,500 VD
gg’tedsmcneinclf:d'- (rscieiny / Concueing) 7 front of station™ """ less to nearby

radio amateurs ¥
began about seven
years ago, but his j
theory of the rea-

son why it must
work was formu-
lated over ten

ing Dr. Abraham,

Aeriof wirg insuliad.
the head of the

Stronged ccble Frrelli
typa. " rvdbar insd,
(#2 12 mecther preof hos
been vsed).

To one steo. ow Mo/d
Aud:on Lec. coreid

Lu03er 3
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than to propacate
it thry the insulat-
ing atmospheric .
cnvelope alone,
See Fig, I
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XRCAIOH

pleasure
‘ ‘%md amazement,
T o 8O How He Con-

B ceived the Under-
e “ 'ground System. The Theory of
“*i !‘ﬁ‘, The writer Operation.
NI asked Mr. Rogers | o T I (R A number of
. 1 - - g et 1S ..
. . just how he came 55;2’_*;{_’; - N o The trovting subm other radical ideas \
R P Yo form the idea | = SN : Ra o) were entertained
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THE ROGERS UNDERGROUND
'WIRELESS.,

(Continued from page 789)

mained enthusiastic and sincere in all m
the tests and installations made of my ;3

under-ground radio system thru all the i}
trials and disappointments of its devel-
opment, even when the system scemed{
to prove unworkable, Their perseverance
and high skill in the radio art has hastened
the official endorsement and the installa-
tion of the buried and submerged antenna.”
Commander A. Hoyt Taylor, D.Sc.,, U. S.
N.; Dr. L. W. Austin, of the Bureau of
Standards; Admiral Strother Sinith,"U. S.
N.; Commander Hooper, U. S. N.; G. H.
Clark, Expert Radio Aid, U, S. N.; Dr.
George \W. Pierce, of Harvard University;
and Ensign A. Crossley, U. S. N., who has
been actively engaged on the installation of
the Rogers system at the Great Lakes
Naval Radio Siation, besides New Orleans, ;
New London, Conn, (test station, now
abandoned), and Norfolk, Va.

Like many other great inventions the ex- !
act mode ot operation is hard to ascertain
and define. The views of Mr. Rogers on
the operation of this wireless system are
briefly defined as follows:—First, that the
clectric energy liberated at the base of an
antenna will be propagated thru the carth
even in the absence of etheric space waves
above, if such a condition were possible, and
which in reality does occur when great dis-
tances are signalled over, so hc believes.
Second, that the propagation of earth waves
no more depend upon the ether waves above
the surface of the carth than these etheric
space waves depend upon the earth waves.
Further, that both waves are propagated si-
multancously, one albove and the other be- |
low the surface of the carth, and that at
the initial start each is dependent upon the
other, altho thereafter neither is dependent
upon the other. Furthermore, Mr. Rogers
Lelieves that the ether waves gradually die
out in intensity in proportion to the carth's
curvature, and the distance over which they
are propagated, and that at great distances
the ether space waves do not have any ap-
preciable cffect upon receiving appliances,
and that these are encrgized solely by the

- what an
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x speed of light and are picked up at the re-

ceiving station.  The space waves persist
{ for an appreciable distance, which accommts
for air-planc to air-plane and air-plane-to-

7 earth radio-communciation, but it is the

belief of Mr. Rogers that in such long dis-
tance radio transmission as half-way around
the globe (12,000 miles) that it is the ground

¥ wave currcent that does the work, and that

the free space wave above the surface of
the earth never reaches the station, due to

. the high resistance of the atmospheric ca-

velope.

One of the Naval experts present men-
tioned that it has been found, that the
penctration of the ground wave component
increases with an increase in wave length.
This is an important fact and helps to ex-
plain the operation-of this new radio sys-
tem, with its aérials buried in the ground.
He also mentioned that “Radio to Mars”
or other planets would be impossikle, if we
are to believe in the well-known “Heavi-
side” fonizagion layer, surrounding the carth
at a height computed at from 30 to 30 milcs,
for no etheric wave can pass this layer
without being retlected back to the earth,
or at least restrained within this passage-
way.

Rogers System Eliminates “Static” and “Inter-
ference”,

Mr. Rogers stated that his underzround
antenng, in itself, did not solve entirely the
static or interference problem, but it made
the nearest approach to this ideal condition
—the goal of all radio engineers—than had
ever been accomplisht before. This prob-
lem has, thanks to a new arrangement
perfected by Commander A. Hoyt Taylor,
D.Sc., been solved and static and interfer-
ence have been practically totally eliminated,
for all-year-around radio service.  Think
advance this means!  Further,
there s no rise and fall in the signal
strength during the aight or day, at any
time of the year, due to the suw's sonization
effect, as is the case where elevated antennae
are employed. The U. S. Naval reports
and tests made with the Rogers’ ground
acrial in comparison with the usual form
of elevated aérial, several of which are ap-
pended herewith, "show the incomparable
efficiency of this new radio system.

What the Facts Show, -
First we will mention the test which Mr,

- Rogers and a naval officer conducted for

the writer. . The apparatus used in these
tests are shown in the accompanying photo-
graphs. They included several large tuning
inductances, variable condensers, a oune-
step audion -amplifier (single Audiotron
bulb only!) and two pairs of DBaldwin
‘phones (telephone rcceivers).  This ap-
paratus was connected up to one of Mr.
Rowgers’ latest buricd antennas—a  singic
rubber covered, stranded cupper cable, about
the size of a small ignition cable, extending
westward for a distance of 4,000 feer, so
as to be in a plane with the high power
European radio stations.  This cable is
encased inodron pipe (gas pipe), cach 20
fuat section of which is insulated from the
abutting sections by means of a ruliber
house (garden hose) slipt over the pipe ends
for a few inches. This is buried in a dirt
trench about 3 fect deep, filled in with soil
The callle is insulated ar the free end and
is connected up as in Yig. 2. The rulier
covered wire alune has bLeen used in all
sub-agueous tests, and  gives fine resoits
when simply buried in the ground, the de-
cay not being so ranid as probably wouid
be imuyined.  This Latest aeral in the iron
pipe is a-new development and experiments
are stll vomg on with i, 1t works wonders
fully welll The 4200 {oot acrinl here de-
scribed is best suwited to receiving wave
lengths of 600 to 1684 meters.  For
shorter wave lenwths acrials of smaller Ji-
mensions are employed,
Ul 5 W A%
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“Here's the ‘Lyons’ station in France,”
said Mr. Rogers. A .turn of the knob
on the specially calibrated condenser,
and there was “Lyons” (France)—sure
enough. Static and interference were un-
heard., Next the great stations across the
broad Atlantic, at Nauen, Germany; Car-
. narvon, Wales (England); and Rome,
Italy, were heard with equal loudness and
clarity. This laboratory station, which has
been used by the Navy Department during
the war, has picked up practically all the
high power stations on the globe. - American
stations were then picked up by changing
the wave length, and finally a test was
made on a short (250 feet in length)
buried ground autenna, adapted to recceiv-
ing wave lengths of 200 to 800 meters.
Wireless telephone messages were picked
up from Washington, a distance of about
seven miles. It is most interesting to note
at this juncture, as the Naval tests at Nor-
folk, Va., on a similar acrial have shown,
that a radio message from an airplane can-
not be picked up on the underground
aérial, until the ’plane is directly over the
station. This would seem .to prove two
things—first, that the short waves sent out

* by the airplane radio set do not penetrate

into the ground very far, if at all,—and
second, that airplane radio transmission and
reception are eftected solely by ethericwaves.

Referring to Figures 3 and 4, we find
several interesting points. Fig. 3-A, shows

how a double ground aérial is sometimes

connected. Also, as in the case of Mr.
Rogcrs' test station, several sets of these
buried antennae are best employed, dis-

tributedabout thestationas shown in Fig.3-B.

The Rogers underground antenna system
has been used at the Beimar, N. J,, station
during the war with most gratfying re-
sults, as reported by the Navy Depariment,
and its successful and unfailing operation
during the twenty-four hours of the day,
resulted in trebling and quadrupling the ca-
pacity of this great trans-Atlantic highway

x of intelligence communication. The official

reports in connection with the work ac-
¢omplished with the underground Rogers
system at Belmar state that not a single
word of communication was lost during the
reception of thousands of important othicial
messages from Europe. The station at
Tuckerton, N. J., has also been equipt with
the Rogers underground aérial system and
all of the larger stations of the Allied
Powers in Europe have been copied success-
fully thru the 24 hours, at this point also.
Submarine Wireless.

Perhaps the most interesting tests of all
are those which were made on submerged
submarines s salt water! The acrial in
this case was of heavily insulated stranded
cable, stretched from stem to stern as Fig.
4-A illustrates. The two acrials were
brought down thru the conning tower and
joined to the receiving apparatus. A sec-
ond form of aérial is illustrated at Fig. 4-B,
where the insulated aérial wires are placed
in iron pipes within the submarine. Here
are the results of some of these tests, which
do not include the transmitting tests to
the submarine, from a ground antenna on
shore. \When submerged 8 feet, the Ger-
man station at Nauen was picked up by
the submarine while lying off the American
coast! Submarincs have, in other oficial
tests, picked up distant stations when sub-
merged 21 feet, on @ wave length of 12,000
meters or greater wave lengths.

One of the naval officers, who has had
much to do with the testing of the Rogers’
system, stated that experience had demon-
strated that in fresh water the submerged
antenna may be placed at any depth. Salt
water acts differently, but the aérial may be
submerged any desired depth for wave
fengths above 10.000 meters.

he same officer, who has made a close
study of all American and European work
in radio, explained how the best work ever
done in radio was accomplisht at the Great
Lakes Naval Station, on the shore of Lake
Michigan. Fig. S gives the general arrange-
ment of this station. The test station was

on the beach and acted as a “remote con-
trol” station for the standard staton at A.
The shortest distance between a “receiving
and control station™ in the naval radio
service heretofore has been 36 miles. Here
a distance of OUV fcet only, separate the
elevated acrial of the main station from |
the submerged Rogers antenna terminating
at the test station, B.* Said he, “Now let
the inventurs of ‘static and interference’
preventers trot out their little pets, and
show what they can DO!  Here's what
this station actually did on schedule service:
Wik 48 amperes, at 4000 meters wave
length, being radiated in the elevated main
antenna—the  beach  station, ONLY 6w
FEET AWAY, was picking up Nuucn on
12,000 meters, and New Orleans on 5000
meters, withont any interference or static
—ail on the Rogers sub-aqucous acrials.
These were rubber-covered cables spread-
ing in different directions, any one of which
could be used, and laying 50 {eet deep in
the water at their outer extremities.

Linagine such a wonderful performance!
But this is not all.  The ofncial tests show
that the station at Cavite, P. [, 8,100 miles
away, was rcceived regularly on the Rogers
sub-aquecous aérials at the Lake Miclugan
Station, on schedule service, at 11 AL M.
and 5:30 P. M. daily, the working periuds
oi that station.

Tranamitting On Underground Aerials.

Tests were made by the naval experts,
as well as by Mr. Rogers in his very first
experiments in transmission from a ground
or under-water amntenna. These were all
successfid. It is only a matter of prorerly
insulating the antenna so that it will not
break down under the high potential ap-
plied to it hy the transmitter. The early
tests by the inventor were made with a cue
inch spark coil to the Bureau of Standards
Radio Laboratory, a distance of seven miles,
the received signals having an audibiity of =
2,000, i.e., 2000 times the strength of a
clear, recaduble signal. The audibility of
the signals at the Washington Navy Yar

N




was 1,000. The transmitting tests at the
Great Lakes Naval Station ;\:vcrc made at
first with a low power Oscillion bull) trans-
mitter and later with a Clapp-Eastham hy-
tone set. An clevated amatcur style antenna
of two wires was strung up between two
hous:cs 38 miles away. Clear signals were
received with an audibility strength of
2000. The ignition calle used for the
aérial finally punctured, but even then the
simnals reccived were four times louder

than the best amateur transmitter could *

send on a regular aérial, as tests proved.

‘Official U. 8. Naval Tests of Under-
ground Reception, at Naval Station,
New Orleans, La., During 1917.

Excerpts.

tem) the point of interest lies in the usc of
wires buried in the ground, for both the
transmitting and the receiving antenna.
For instance, in receiving, a wire buried
one foot below the surface of the earth
extends for several hundred feet south of
the receiving station, and a similar wire

tions werc received,

Tests at New Orleans Station.

Federal receiver used on main antenna,
Western Electric receiver used on under-

s & nA AT N\Y
E ROGERS UNDERGROUND
WIRELESS.
(Continued from page 835)
thusa” .at sea about 150 miles from New
rleans.
- Main Antenna
Si
g
The “Arethusa” had been trying-to get
thru a naval despatch which could not be
copied on elevated antenna on account of

scrious static interference. The despatch
was taken on the underground antenna, and

Underground Antenna
(S0U* composite)
Static Sig. Static

5000 300 15

! every word copied correctly.

north, the recciver being located betwecn )
the pairs of wires. - The ordinary receiver @

was used,  With this arrangement, signals
from Darien, Nauen, and all Atlantic sta- &

Apr. 2 Point Isabel
S Apr.2 T

ground antenna, 1,400 feet buried wire. of

(The figures refer to audibility.)

Main Antenna
Wave Sig.
Length and.

9RuQ 1200
7500 2000

Station Static
aud.
1000

3000

aud,
750

San Diego .
1500

Arlington

Underground Antenna |
Sig. Static -

Impossible to read Arlington on the ele- !

vated antenna on account of static inter-
ference. United Fruit Company station of
New Orleans interfered with signals {rom
Arlington on main antenna, but offcred no
interfercyce on underground antenna.
Test on message from

D -

“Are-

!

. " i to copy ‘signals
In general, (relating to the Rogers’ sys- 4 P

AL 9 P. M., April 7, 1917, it was possible
rom Tuckerton with ease,
while static on the elevated antenna made

it impossible to read any arc signals.

The following results were obtained with . W8

spark signals: .

Three hundred foot wires in parallel, ten
feet apart, a .002 m.f. condenser in series
with primary coil of a Telefunken recciver

to obtain 600 meters. \
Sig. Static Sig Static
W. L Aud Aud Aud Aud
Ground Main

Date Station’

Antenna Antenna
—t——

15
200
150

20
150

600
600
600
1200

0
1}
0

3000
3000
100 150

ampa
Apr. 2 Port Arthur
Apr. 2 Pensacola

Apr. 2 Ft. Sam Houston

Of particular interest is the fact that
when static prevents reception on the main
antenna, reception can be continued on the
underground antenna. This has even been
done during o scvere lightning storm, when

aud. =< the main antenna would have been danger-
50 "W ous without grounding. Reccppon is also
.\ directional and permits of avoiding inter-

ference to some extent by using wire “off
direction” of an interfering station.

Strays: Strays are as a rule practically
absent. Occasional loud cracks widely sep-
arated are received. (Ed. note. This has
since been overcome.) These isolated

p strays, altho frequently loud, do not inter-
i fere in the least with the reception of

-«
¥ signals.

On two occasions, strays have
risen to an audibility in excess of 5,000
on these separate cracks, but even in this
case, reception of signals, altho a little dif-
ficult, was not interrupted. On these two
occasions it was necessary to ground both

. of the (elevated) aérials at the main sta-

tion.

Considering the matter of strays, it can
be said that on four or five occasions dur-
ing one weck, which was one marked by
tremendous storms in the Great Lakes re-
gion, that strays rosc to an audibility in
excess of 10,000 at the beach station. Even
in this case, however, signals from boats
within 100 miles and frum shore stations,

N such as Ludington, Milwankee and Mani-

towoe, were usually readalle, because the
strays while very loud, were nowhere near
as numerous as on the clevated aérial. Dur-

¢ these periods a messenger was kept at the

beach station to carry up messages to the
main station, which could not reccive these

. signals on account of the strays,

‘There seems to be no appreciable advan-
tage in using more than onc wirc—No. 12
weather proof insulated.

The experiments at Great Lakes confirm
the work of the Bureau of Standards on
the importance of adequate insulation of
the wire. 1f the wires are grounded at the

N\ ends, it does not nccessarily make much

ditfcrence unless they are adjusted to the
optimum wire length: hut if properly ad-
justed to this length, crounding of the

wires, cither mtentionally or accidemtally, §
produces a dinnnuation of the signals,
which, however, even with the intentional
grounding of the two ends, still leaves them
50%% of their maximum value. Therefore, 7

" while the quesuon of insulation is impor-

1ant, it does not mean that the system will *
fail entirely if the insulation becomes faulty.
- N . — -
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NTIL quite recently the sub-
marine vessel if fitted with
a radio installation at all has
only been able to communicate
with the shore or with other

vessels when upon the surface. Before
! submergence the aerial system required to
be dismantled or at least lowered from its
usual position, Fig. 1. In addition to these
* arrangements, others are now possible which
greatly augment the utility of these vessels.
In an earlier article dealing with Hertz’s
arly experiments with electric waves®
reference was made to some of the * optical ”
experiments that may be performed with
them which emphasise the similar nature

* s« The Discovery of Electromagnotic Waves."
Wireless World, 8, pp. 73-75, May 1st, 1920,

~4 ) ‘ . é ".fw—

Fig. 1.

NOVEMBER 27TH, A1.920

THE SUBMARINE’S WIRELESS

By Purre R. Coursey, B.Sc.,

General view of Submarine, showing Wireless Aerials of the ordinary type.

4
FORTN]GHTLY

AM.LEE.

ot light and the longer hertzian waves, .
Using apparatus of the type there described

or of 2 any similar form, it is quite easy to show |}
the opacity of all elecmcally conducting %
materials to the passage of the waves. The BEE(N
interposition of a sheet of metal between the JHAW

transmitter and receiver serves to screen the §
latter almost completely from the effects of |
the emitted radiation. The reason for this J§
effect is most simply seen by considering the ¥
electrical forces impressed upon the metal by §
the waves impinging upon it. The wave
consists both of electrostatic and magnetic -
fields acting at right angles to one another. °
The action of both of these on a conducting
body assists in the establishment in it of
electrical potential differences and currents.
By one of the most universally true of electri-
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4 \ i\ cal laws, the direction of flow of these currents

' M, Vis such that the magnetic (and electric)
i ~ . .o

B\ fields set up by them act in opposition to the

M\fields causing their establishment. These

M currents absorb the energy from the wave,

"«{ev with the result that to all intents and purposes

RN the wave is stopped by the metal and pre-
\ \ vented from travelling further in its original

ydirection. The currents in the surface layers
of the metal, however, set up magnetic and
electric fields which give rise to waves which
.are propaged off in a direction perpendicular
v+to the surface of the metal sheet. It is this
secondary radiation that may be said to con-
MW\ stitute the reflected wave sent back by the
D sheet.

As aresult of these and similar experiments
it has customarily been assumed that all
conducting objects are completely opaque to
electromagnetic waves. A consideration of
! the more accurate mathematical theory of
wave propagation, however, shows that the
whole of the erergy of the incident waves
is not absorbed by the surface layers of the
metal, but that the absorption is gradual
and follows an exponential law—that is to
say as an approximate generalisation, the

e

"~

not only rendered possible the successful

: > . !

The higher the frequency of the oscilla-3
tions—i.e. the shorter the wavelength-—'—fé
the less does the effect penetrate into the
conductor. Hence, long wavelength signals ’ i
penetrate to 2 greater cxtent so that the?
waves used in ordinary commercial wireless
signalling will penetrate to a much greater |
depth into conducting materials than will the : °
very short waves set up by a Hertz oscillator. §*

Seawater being an electrical conductor will ;
not allow the penetration into it to any great /
extent of the waves falling upon its surface, |
The development of the extremely sensitive *
receiving and amplifying apparatus using
electronic tubes has rendered possible the °
detection and reception of wave energies
very much more minute than could pre-
viously be effected. This development has

-

transmission of radio signals over greater o5
distances with a less expenditure of power Yo%
at the transmitter, but has also enabled the
submarine which when submerged has always-
in the past been completely cut off from the
outside world, to receive messages and
instructions from ships and from other high- .

power wireless stations. ’

a

Fig

quantity of wave energy that exists at
\ various depths in the meuml or conductor
decreases as the thickness of the metal
is increased. The better the electrical con-
ductivity of the metal the  more rapidly
does the effect disappear, and conversely
with poorly conducting materials the wave
penetrates to greater depths,

Arrangement of fized-frame Aerials on Submarine. . kR
(The frames containing the windings are mounted on each side of the conning tower. The position of one :
of them is indicated by the black square in this skeich.)

The arrangement adopted depends upon
the properties of the loop aerial, as this
proves much better suited to the problem ;
than ‘the conventional pattern of ship aerial.
In some cases well insulated and surtably %
protected loop aerials have been mounted g
outside the hull of the vessel and connected
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radio instruments inside, while in others—
particularly in the American vessels—only a
single turn loop has been employed stretched
out for the whole length of the hull.

Y

of the upper (wire) side of the loop by
two leading-in wires brought down and
into the conning tower. This second type
of aerial has been used not only for the

The general arrangement of the former
of these two types may be seen. from Fig. 2,
which depicts the arrangement of installation
on a French submarine. The loop aerial is
tuned to the wavelength to be received,
* by means of a variable condenser of appro-
priate value inserted between its ends. The
condenser is joined to the terminals of an
ordinary pattern of receiving amplifier and
detector. A multi-stage  high-frequency
amplifier is practically essential for this
purpose. This type of equipment is usually
employed exclusively for reception.

The most important features of the
American type of fitting are shown in Fig. 3.
In this case the aerial consists of two wires
which are led out from the radio apparatus
and supported horizontally above the hull,
one running forward and the other aft. At
K their extremities these wires are led down

" to the hull and connected to it, so that the
recurn half of the loop is formed by the

. . + metallic shell of the submarine. Both wires
' should be most carefully insulated for their

; - entire length from the leading-in glands

" L w and insulators to the points of connection to

the hull) in order to preserve the proper
loop character of the aerial. This type
. also is tuned and joined up to the radio
. . apparatus in the same manner as the smaller
‘ multi-turn loop arrangement, the connections
: in this case being made from the centre

b . .
. . . . z&
M . c. ~,

Fig. 3. Arrangement of single-turn loop Acrial on a Submnarine.
(The insulated wire is connected to thé hull at both ends.)

-mission of the same signals to a submarine

reception of wireless messages, but also for
transmission between the submarines. The
range obtainable (about 10 miles when
only just submerged), although short is at
least a step in the right direction to increase
the safety of their craft. Since the energy [
penetration of the waves falls off with in- [
creasing depth, it is not practicable to carry
on communication at great depths. The
strength of the received signals also falls
off rapidly as the ship is submerged.
Asanillustration of this drop in transmitting -
range with increased depth of submergence,

the following figures may be quoted :
: ) Aerial

Range Current

Submaurine running full speed

on surface in heavy sea. .. 50 miles 12 amps.

Submarine submerged, with

top of loop near surface, and

running at full speed .. 12miles 6amps. °
Submarine submerged with

top of loop nine feet below,

surface 3 miles 8 amps.

By means of relations established hetween
the received signal strength and the depth
of submersion, a comparison can be worked
out between the transmission of radio
signaly entirely over séa and the trans-

vessel at various depths, and in this way it g
is possible to ascertain at what depth signals
can be received at various distances from a
given transmitting station by using the ordinary
type of wave transmission formula.

-
-
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Radio Waves Penetrate 125 Feet of Rock
RaApI0O messages were received recently
) \
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© Kadel & Herbert

A FIRST-AID RADIOPHONE

This portable inductive radio set, designed
for rescue work in mines, caissons and sub-
marines, requires no ground or acrial, and the
entire electrical power 1s furnished by small
dry batterics. The snventor, Bernaye Johnson,
reports that he has taken his apparatus 200
feet doun into a coal mine and was heard
clearly on the surface of the earth,

st
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A Radlo Method' for
Geologists

RPEF I~  AMONG possible applications of radio
‘. // 4” to the study of rocks and ore deposits, a
-1 subject which PopurLarR Rapio has al-
ii-e a4 ready discussed on several occasions,*
R <2 is a simple method described in a recent
Sedl® -« article by Professor Courant, of the
;;'f"“""f University of Gottingen, Germany.']'
e & During the war Professor Courant was
. engaged in some studies of the ground-
J¥ conduction telephone system—the so-
. tL called T. P. S. system—for the German
BT Army.§ His present paper is a belated
u @ result.

The method which he suggests con-
o Sists in determining the paths of flow
M of the alternating, ground-conducted
# field which goes out from a doubly-
grounded transmitter. The transmitter
s may be merely a buzzer circuit, with
® both cnds grounded. The dcte(,tor isa
combination of two coils, one oriented
in & north-south plane, the other in an
east-west plane. The coils are on

*3¢¢, for example, “*Finding Mines by Radio,”
I)’nprl..m Rabio, for September, 1924, pages 288
245.
-
t"On Variable Low-Frequency Clurrents in the
Farth and Some Questions of Geophysies” (in
. / German), by R. Courant. Die Naturwissenschaflen
4 (Berlin), volume 14, pages 61-6% (January 22,
| 1024).

§On the T. P. S. system, as used by the U nmd
Qtatm Army, see “U nderground Radio Telegraph,'” -
I'v 8. R. Winters. Porurar Rabpio for May, 1924,
pagw 490-492.

wooden frames about one yard squarf’
Both ends of each coil are grounded.
The north-south coil has one. ent
grounded to the north the other to the
south. The east-west coil is similarly
grounded; one end to the east, the othe!
to the west. Mounded on the bamt'
axis as these two coils is a third coil.
which can be rotated, like the coil of 3
radio-compay. In the circuit of this
coil is a telephone. When thus dT'
ranged, the posmon of this inner coil
which gives the minimum sound i
the telephone indicates the direction
of the audio-frequency field nxo\ul"K
through the ground.

Professor Courant moves this rceeiver
and the transmitter from place to plact
in the area to be examined, or, nmlt}
conveniently, he uses a numbc- ol
transmitters and a number of receivers:
Thus he plots the paths of the lines of
force through the surface soil of tht
arca. These paths are not affected, |

“reports, by-the superficial conduutnlb\

of the ground (as altered, for examplts
by rain). On the other h.md, they are
controlled largely by the geolu;:,l}'ﬂI
nature of the country, the underlying
rocks, the presence of faults and folds,
and the like. He believes that methods

along this line might be of service 1!
geological surveys. Service in agriculs
: t\ura] sml surveys is equally In\\l}llt
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This possible application of radio is still in*i’hg
stage of discussion and hopes. The difiGike:
- appears to be that much fundamental scientjfn
work must first be done merely for its own-sa}g

and without hope of immediate reward, “Nq

~one has been found to do this. It is eagign.-
and more profitable—to construct some con.
plicated and impressive modification of the glg.
fashioned' diviming rod. =~ "7 ...
However, there” does appear to be importa;
- progress in the use of another method of under. -
ground exploration, that by gravity. Geologistg
.» ,have known for many years that the force of N\
~ gravity at the earth’s surface is not everywherpe 0
ol "fae th% salme. b Sgrne parts ?\f thehea.rth ap%ea.r to
e : A underlain by heavier rocks, other parts by ligh
AR W PR < rocks. The differences are slight, far tgo sghgtﬁ:
Mine Finding by Science to be detected by ordinary scales. Neverthelesg't

3 ) they can be detected by delicate instruments. *
THE hope that racio waves might be put to especially by a device known as the Ebtvas /4

. practical use in exploring the rocks of the earth balance. The use of this balance is slow ang'.
5% and in finding valuable minerals or veins of preci- laborious but it is possible by its aid to map the P
Faae® ousore has been disappointingly slow of fruition.*  intensity of gravity over any desired part of the
@ T #For an account of some possibilities, see: “Finding Mines  €arth’s crust. et
¢ by Radio,” PopuLar RaDIO for September, 1924, pages It has been found that such a gravity map.:
238-245. supplies a certain amount of data of valugs‘jn:
e 5 infering the existence of underground minega}:
‘ W deposits.] For example, salt has a lower dm&f)

than most rocks. Above a salt deposit there wil}:
*® be a slight decrease of gravity. And, since*gpg;?
1 ' is sometimes associated with a certain kind ofiil:
deposi®, this fact may be useful in prospecting for’
oil. The method is now in use and has proyen
4 of some value although in this case, as with the -
#9 radio methods, the need is for much additiopal -
i scientific information before practical application .
can be direct and perfect.
- Itisa pity that among the hundreds of orgagj:"
zations and individuals who annually spend:’
millions in searching for new mines none can'ba:"
found to undertake the scientific study of the
radio possibilities. . There could be no guaranteg: -
of financial profits. Profits often dodge .the’
scientific pioneers and find a lodging elsewhers, 3.
But there would be, at least, the consciousnegg::
of having done a worth-while job for radio scienge,%:
3$The E5tvés balance and other modern devic.;t:f‘”v :
scientific prospecting are described briefly in a _recent:
article entitled ‘*‘Buried Treasure,” by Albert G. I
‘ The Scientific American (New York), vol. 133, pages 39
393 (December, 1925) . :
? ",r/ s & . LA N T
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investigating rock structures and:”

™, of
ey

radio methods.
that the prospector,

mer, will give place in a year or two;
to a radio engmcer riding on a wagon-’

R ‘o":‘ o

Science is developmg some new methods

other underground conditions that prom-,»._.
ise much help in this adventure of mine,
finding. The most promising ones are;
It is distinctly probable:
wandering around;
with his burro and his pick-pointed h'nm-,-

and condensers.
thing is" ever to improve
the stumble-over-it meth-
: od of King Solomon it

“is probable that radio will be that thmgr

This would be an extraordinarily im-
- portant benefit to civilization,

ot
P~

" Prom a drowing made for PoruLar RapIO by Arthur Merrlck

HOW RADIO CAN HELP US TO SEE UNDERGROUND

Radio waves sent out from a transmitter in one ‘part of an existing

mine can be received in other parts of the mine or by parties on the.

surface of the ground, and awill furnish much information about
intervening ore bndws, the existence of which is unknown.

: N
Why is this? Have all the great
mines been discovered? -

No one believes it. There are prob-
ably a hundred honanza ore bodies wait-
ing to be discovered for every one that
has been found. But they are not, per-
haps, quite so evident on the surface of _
the ground.  These unfound bonanzas

¥~ are buried under barren rocks

L TR

load of coils
and batteries
1f any-
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. Mine through open shafts and over the wiring and piping systems.

I rescue work.

{ obtained have an arid or semiarid climate. This, of course, means a
- dry overburden and a considerable increase in radio penetration. It

AR v
CONCLUSIONS AS TO VALUE OF RADIO COMMUNICATION

. . UAVUNU-UVUNDUUTLUN EXPERIMENTS m
B R R e Tt SR RSP — : - 4
. ° —‘“v

In summing up the status of radio as a means of underground
communication in times of disaster one can only repeat what has been
said at the beginning of the chapter. Radio does not solve the
underground communication problem, primarily not because the
radio waves will not penetrate the earth (which they do to a consid-
erable extent, depending inversely on the conductivity of the over-
burden), but becausein the present state of development the apparatus
is much too bulky for use under mine rescue conditions.

Although signals have been received in mines at some depth in the
eastern part of the United States where these experiments were made,
the reception was strongly suspected to have been carried into the

Any actual penetration of strata was thus drowned out by that
received from the shafts and metallic conductors. In some of the
Western States, however, there is considerable evidence of actual
penetration of overburden. It should be noted, however, in this
connection that the States in which this penetration was apparently

is not believed, however, that this penetration is strong enough to

permit the use of sufficiently simple and light receiving sets to allow
even one-way communication under conditions required in mine

Line radio offers no advantage for mine communication over the
regularly installed mine telephones now in use. For both systems a,
break in the line destroys communication. Moreover, the line radio
requires much more intricate and bulky apparatus. Therefore, line
radio is evidently a much poorer method for mine communication
than the ordinary telephone system after mine disasters.

Ground-conduction experiments deal with a signal system variously
known as “ground conduction,” “ground telegraphy,” and, in mili-
tary parlance, “T. P. S.”” The latter term, which, for brevity, will
be used in this paper, comes from the French phrase ‘‘ telegraphie par
sol” (telegraphy through the ground).

The T. P. S. system was used widely by the Allies in the World
War, and the apparatus used in the ground-conduction tests was
largely that obtained from the United States Army Signal Corps.
This apparatus consists primarily of induction-coil and ground con-
nections operated by a battery as the transmitter, and head phones
with similar ground connections as the receiver.

The T. P.S. system requires no metallic connection between the
transmitting and receiving stations but differs from radio telegraphy
in that the electrical energy is conducted through the ground at low
frequency instead of through the air at high frequency. The fre-
quency used in T. P. S. is 500 to 1,800 cycles per second, while that for
radio telegraphy is 100 to 3,000 kilocycles.

METHOD OF OPERATION

In signaling on the surface by the T. P. S. method the terminals of
the induction coil are grounded by iron pegs driven into the earth
50 to 1,000 feet apart, depending upon the distance that it is desirable
to send messages. The maximum distance given would easily permit
sending signals 1 mile under favorable conditions. When the trans-
mitter is sending electrical current through the earth between two
points the current is distributed somewhat like magnetic lines of force
between the poles of a horseshoe magnet. The receiver may be con-
sidered a voltmeter having two grounded terminals approximately
parallel to those of the transmitter. If the receiver is set up within
the range of the conducting area, it will rogistet the drop along the

lines of current flow between its two terminals. A
o { V - ..__,.—-‘v' "':Qy L S ’-’J :
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Inside the mine the grounds were plates laid on the solid floor,
and wet floor dirt was placed on them to afford good conduction for & .
the signal currents. One of these grounds was at the face of room 4 m
and the other in the airway about 650 feet from the entrance. The T
inside grounds were thus the same distance apart as the outside and &f
parallel to them. The inside grounds were connected in series with ¥
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FiGUrE 16.—Etlect of distance between grounds i

the transmitting apparatus by a suitable length of fixture wire by
way of one of the butts. :

The procedure was as follows: For transmission, it was only
necessary to operate the transmitter as in previous tests. For
reception, first the grounds were placed and connected to the line
taps at the first station near the airway entrance and reception was
carried out in the boiler house. After each test it was necessary to
rhange the receiving grounds for the next test and repeat as before.

r -




* . Figures 20 and 21 show the results of the tests using mine track

third series.

. WA Y ? \+ R
The test consisted in taking relative audibility readings and recording
them. Both stages of the amplifier were used.

TEST RESULTS
SURFACE TESTS

Figure 16 shows the results of the first series of tests, Figures 17
and 18 the results of the second series, and Figure 19 the results of the
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FI1GUrRE 17.—Eflect of distance between stations

UNDERGROUND TESTS

: and Figure 22 the results of the modified track experiments.
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Tiguro 23 shows the results of the tests transmitting through the
overburden nt tho experimental mine. The tests with both the
service buzzer and the 10-watt amphf ier were successful in going
through the strata at the experimental mine, but the signals were not
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as strong as with the B.C.—21 T. . S. set. The peg ground in tlie

coal seemed to give particularly poor transmission,

The results of the tests transmitting in the Terminal No. 3 mine ¥

to the surface were successful under the conditions of the test.

resistance between one and three pegs is not noticeable.

B 7 lerag
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Flgure 24 shows the results of the specml tests at the expenmental \ \
mine and Figures 25 and 26 the results of the special tests at Terminal -
No. 3 mine.
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Fiaure 19.—Effect of angle between stations

DISCUSSION OF RESULTS

SURFACE TESTS

In some of the tests only one peg was used for each ground con-
nection in receiving, because there did not seem to be any difference
in the reception whether one peg or three were used. This can be
readily understood when it is remembered that the currents which
actuate a telephone receiver are very small; thus the change in
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It is interesting to note from Figure 18 that the 100-watt transmitter
gave approximately twice the signal strength of the B. C.-21
T. P. S. set ot a given distance. This ratio was maintained fairly
consistently throughout the tests.

The curves indicate that the surface range of the T. P. S. method of
transmission varies almost directly with the distance between the

UNDERGROUN

The tests using track transmission showed that with bonded track
reception’ was possible over considerable distances. Strangely, cross
bonding did not seem to cause any difficulty. Cars on the track
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Fluure 20.--Trunsinission along car rails

DISTANCE FROM MINE ENTRY, FEET

F1aure 21.—Eflect of mine cars on transmission along car rails

Tigure 19 indieatos that the strongest signals are received when
the lines of the transmitter and receiver grounds are parallel.- As the
angle between these lines approaches a right angle the signal strength
or audibility decreases abruptly, although the audibility varies widely
with surface conditions.

during the tests did not have very much effect until they were close
to either transmitter or receiver. _
In the tosts with modified track conduction the curve shows that
water connecting the track and the ground in the mine decreases the ————_
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strongth of signals appreciably. The tests involving transmission
through the overburden at first appeared to be successful; those at the
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FIGURE 22,—Decrease in audibility with increase in distance from recelving sta-
tion. (Modified track transmission, see fig, 14, B)

experimental mine especially seemed to show the actual penetration
of overburden. The fact that this mine is shallow and contains
considerable piping and two boreholes lent some doubt to the sup-
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RELATIVE AUDIBILITY
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Fiaure 23.—Decrease in audibility with distance from transmitter

position that transmission was wholly through the strata. The fact
that signuls were received at Terminal No. 3 mine only when the

N N , i Fid

%\ i S RN
[ apparatus was close to the shaft confirmed this doubt. Therefore,
it was decided to make some special tests at these two mines to find
to what extent signals were carried by pipes, rails, rail return cables,
up shafts, and shallow parts of the mine.

SPECIAL TESTS

. The special tests at Terminal No. 3 mine seemed to show that the
¥ signals came up the shaft by way of a circuit, probably composed of
" the rail return cable and the shaft walls, instead of through the
overburden. Tests made with both transmitter and receiver a rela-

800,
\ NL' Tl'l;lll!“w _l tation: I —
lote: Tr F system § ary.
600 / \ those in the mine m‘m.iy“ * A
/ 100 foot Incrementa (wurf \

measurements) and readings
\ obtained at the various pointa.

7 ) . N\

g

RELATIVE AUDIBILITY
g
I~

g o

/ g
/
E. ////;
Z - "Approximate location of
=] room 4 and station A-650
B
<
E wr zﬂ"/ Mrea‘um _/
il Losdd LLsd bl l/:;,,f. YT I TT P IITI s vy s Ivess
L bbbk fkird FrATIT T TTTATT7 T 777 77 77 oL
% 200 400 600 800 1000
DISTANCE FROM AIRWAY ENTRANCE. FEET

FIGURE 24.—Tr itting T. P. B. signals from inside experimental mine through overburden

E tively short distance away from the shaft resulted in no signal, and
. moving either the transmitter grounds (in mine) or one receiving
ground away from the shaft opening made the signals decrease
rapidly. )
] Tests at the experimental mine showed that the strongest signals
£ wero received near the mine entrance and at the end of the entries.
b At the latter place the mine is approximately half as deep as over the
g transmitting set. It is probable that a considerable part of the signal
i current came out at these points, and being concentrated it showed
% relatively high audibility. .The currents would however spread out
over the surface from these points and would therefore be relatively
‘Y weak between them.




CONCLUSIONS AS TO VALUE OF GROUND CONDUCTION FOR
COMMUNICATION

The ground-conduction or T. P. 8. method is primarily for surface
b communication. The transmitted currents flow from one terminal
| to the other of the trans-
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. too great and the range is . o , B
. . FIGURE 26.—Relation between audibility and distance
L still too limited and too between roceiving grounds ‘

 veriable to be practical.
EXPERIMENTS WITH TELEPHONES
HYPOTHESIS
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' During certain experimental work with the T. P. S. apparatus the
'E possibility of obtaining signals by connecting a source of electrical

potential vertically across the coal bed suggested itself. As coal has
f & comparatively high resistance, it would offer considerable oppo- »NYR
E sition to a flow of electrical current. It was therefore believed that. |
 if one terminal were connected to a point above the coal bed, such as
 the rock roof or that part of the bed adjacent to the roof, and the

E other to a point between the coal bed and the mine floor, such as the
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RELATIVE AUDIBILITY
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NN "\" ¥ rock bottom, mine rail, or sump, the paths of current flow might
B O O :\__ EE spread out to such an extent that some of them might reach the sur-
20 -1- - \:f E face, where they might be picked up by a telephone receiver connected
HEREEREN  tosuitably placed grounds. Accordingly, experiments in transmitting
- - - f with a Signal Corps service buzzer were made and proved so success-
10 - S o T o Il R T ful that it was decided to try voice-modulated currents instead of
BN * § buzzer-modulated currents.

ﬂ(' - ' NATURE OF TESTS
) Avﬁlgn AGE DI]S(')I(‘)ANCE OI-I‘STORANSMIgl?’gER 2\50 8 The tests are described under two heads—preliminary tests at the
GROUNDS FROM SHAFT BOTTOM, FEET. g experimental mine and tests at the Indianola mine. The preliminary
Fraune 25.—Effect on sudibility of increasing distance between transmitting and 3 work involved ﬁnding the most efficient ])OSitiOII for the ground con-

nection in the minoe above the coal, so as to take full advantage of the
& drop in voltage vertically across the coal—that is, between the mine
& roof and the mine floor (or rails or piping). In addition, it was
¥ necessary to discover the best apparatus and the best combination of

o)

 apparatus for transmission and reception.

recelving stations
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The Burial of the Loop Antenna
CIENTISTS have been telling us that
the familiar aerial, rising like a mast

above the home of the radio fan, is

doomed. Now they are burying the more
modern loop antenna also—not, however,
because it is obsolete, but because placing
it underground increases its efficiency, as
Mr. Dodge points out:

During the World War the United States
Signal Corps and the Bureau of Standards
made an exhaustive study of the properties
of the loop aerial, and it is chiefly due to
their development work that the loop aerial
is used so much today. In their research
work . the Bureau of Standards discovered
that the loop antenna was the best kind of
aerial for 'diminishing atmospheric disturb-
ances, or static, which sometimes renders a
receiving station almost useless.

;" One successful method of eliminating
these -strays is the use of buried loops. In

-~ this method of lessening static a movable

loop aerial is-suspended i an underground
room. When this is done the receiving set

must also be placed in the underground
room, ol ’

A regular aerial may be used with the
underground loop and this is connected to
the primary of the receiving transformer

EARTH CONDUCTIO

which is connected to the .earth. The sec-
ondary of the instrument is connected to the
rest of the apparatus with the underground
loop hooked up in series with one side of
this circuit. It is interesting to note that the
Joops may be under water as well as under
land, the liquid acting as a shield and having
the same effect as the earth,

Not only may messages be received by

-means of the loops, but signals have been

transmitted up to certain distances. With
an ordinary antenna the transmitted waves
are materially affected by surrounding ob-
jects, such as trees, mountains, buildings.
This distorts the static or magnetic field, or
both, and causes a variation of the deter-
mined direction from the true direction. The
shielded underground loop greatly reduces
the error resulting from this cause.

There is a great field for amateur experi-
mentation in the use of buried aerials.
Without _going to the trouble of erecting a
loop aerial, the interested amateur may sim-
ply 'dig a trench about a foot deep and

.lay some number fourteen insulated copper

wire in the excavation and lead one end of
the wire to the receiver, Signals with great
directional effect can be heard with an an-
tenna of this sort. Of course, in preparing
for reception frqm a certain station, the
underground wire should be pointed in that
direction, that is, it should be laid out in a
straight line with the lead-in wird at the
end pointing to the station to be received.

Not only may messages be copied with in-
sulated wire, but experiments prove that
bare wire can be used. This seems astound-
ing because in this case the wire is grounded,
but still radio waves can be detected; and
little difficulty should be experienced in pick-
ing up signals up to one hundred miles, em-
ploying one audion tube.

In the summer time when the static is
bad, excellent results may be obtained in re-
ceiving the long-distance, high-powered land
stations by making use of the directional
property of the underground aerial or loop
with a two- or three-step amplifier. It is
much simpler to operate the underground
loop than the buried aerial, as it is easily
rotated on a pivot to the proper direction
for maximum reception; in the case of the
buried aerial the amateur has to ewnstantly
change the direction of the wire to secure
the proper intensity of the signal.

Ot all the different types of aerials used,
the loop offers the greatest field for amateur
research work. In time to come, when radio
will possibly be developed so that two per-
sons may converse by voice and not be over-
heard by anyone, the loop aerial will un-
douhtedly play an impertant part.” The loops
are being used more and more every day,
especially by persons living in apartments in
the city where overhead wires are “taboo.”
There may come a time when all amateur
and commercial aerials will be constructed
beneath the earth, with no exposcd wires at
all. ’

Hereert WarreN DobGe
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NE of the essential
parts of the long
distance stations is
an effective ground-
ing system. An idea
of the importance
of athorough
ground connection
may be had by not-
ing the extent of

the system adopted by the Marconi

Company and the precautions taken to

get the best possible earth connection.
In selecting the sites for the erec-

tion of the stations a number of ele-
ments had to be considered care-
fully. The location required for the
transmitting site and receiving site
had to be more than twenty miles
apart and co-related in such a man-
ner that a line connecting them
would be at right angles to the direc-
tion of desired transmission. The
sites had to be chosen on low, marshy
land on the coast, or near some water-
way that would afford a direct elec-
trical connection with the ocean.
These two essentials to location
were difficult to find in the sites avail-
able, so where it was not possible to
get the whole property in a marshy
location it was necessary to have the
land around the power house at least

damp and moist. Then, by burying a

network of copper wires and zinc

ground plates a good electrical earth
ccnnection was possible.

With the middle of the oscillating
circuit as a center, wires radiate to

a circle of zinc plates at a radius of

100 feet. This circle is continuous,
all the plates being bolted together,
and buried verticallv in a trench so

‘that the radiating wires can be led

down to the ground and soldered to
the upper edge of the zinc ring. From
the center of the system about two.
hundred and twenty-four copper .
cables, made up of stranded coppeér -
wire, are led from two sides of the:
building through insulators to the top -
of eight poles set on a circle of eighty.
feet radius. From the insulators on :
the top of these poles the cables are -
separated and led down to the earth”
and soldered to points along the cir--
cle of zinc plates. The location of
the eight poles and the separation of
the cables is so arranged that the
length of each cable from the center
of the system to the point it enters
the ground is approximately the
same.

Radiating from the ring of zinc
plates there are about one hundred
and twelve copper cables soldered
to the ring at equal distances. Each
of these cablesextends about three
hundred feet beyond the zinc ring and
terminates in a zinc plate thirty inches
by eighty-four inches, buried vertic-
ally. From these outer plates, on the
side of the circle under the aerial
wires, extends a further grounding
system parallel to the aerial and ex-
tending under its full length and a
little beyond.

The foregoing description applies
to the transmission stations in gen-
eral, but in each particular case local
conditions usually make it necessary
to alter the arrangement slightly to
obtain a grounding system equally ef-
fective. Thus the location of the ]
power station at New Brunswick,
New Jersey, is situated in a swampy
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meadow and bounded by the Dela-
ware and Raritan canal on the north-
east side. Running beside the canal
.is a stream connected to the Raritan
river by culverts under the canal. In
view of this condition it was deemed
advantageous at this station to
straighten out one side of the circle

of zinc plates and bury a large num- -

ber of plates in the bed of the stream,
by this means assuring a good elec-
trical connection through the Raritan
river with the ocean.

At the receiving stations the
grounding system follows the same
general arrangement as at the trans-
mitting stations, but its scope is not
.nearly so extensive. The circle of
ground plates is made with a fifty
- foot radius, with the receiving room
of the operating house as the center.
The only wires extending beyond the
circle of zinc plates are a number of

~ cables radiating from the center and

extending in a marsh or waterway
near which the operating house is
situated. These lines each terminate
in a zinc plate as at the transmitting
site.

A precaution which is essential in
the construction of the power house
and the running of all power and
lighting circuits, is to run all lines in
iron conduit and thoroughly grouna
the conduit at frequent intervals. If
this precaution is not taken consider-
able difficulty might be caused by the
current induced from the high fre-
quency oscillating circuits. Wher-
ever possible all circuits are carried
underground, and especially the main
power supply in stations where the
power is supplied by a commercial
power company. The supply is run
in conduit underground for about half
a mile and approaches the power
plant in a direction at right angles to
the direction of the aerials.

Weman Operator Marries

Miss Nellie O’Farrell, of San Fran-
cisco, who has gained considerable no-
tice as one of the first women wireless
operators in the world, has retired
from the operator’s field. She was mar-
ried recently. '
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caves,

LL.

Ve
ered favorable for reception. are in-
’nted to send an account of their ex-
iences to Poptrrar Rapio. One of
e.most interesting of such experiments
m recently made in Oregon; a report
#@f the experiment follows:

On Sunday evening., May the 4th. a group
radio experts” expenmented with tuning in
‘the Oregon Caves, situated fifty-one miles
om Grants Pass and on the highway from
#Crescent City to Grants Pass. In the inner-
kmost recesses of these caves is a large room
called the Ghost Chamber. This room is 40
: feet high, 50 feet wide and 520 feer long. At
"#the base of this chammber the altitude from the
sea level is 4,055 feet. The radiv set used
-was the most sensitive 8-tube super-hetero-
“dyoe available, using the modulation system.
“The caves at this point are 1600 feet straight
wn from the surface of the earth and 3.300
back from the entrance. The caves are
~wtnated in a solid ledge of limestone which s
'zt this time of the year saturated with water.

.The first experiments were tried with an
‘aerial but no results were secured as there was
‘o opportunity for proper grounding within
she caves. At 7:25 p.m. a Mun-rad loop acrial
‘was connected: within three minutes, at 7:28,
'KGW at Portland was picked up; the hall
' score was heard and music by an orchestra,

-Signals were weak on the speaker with gaod

solume on the headphanes. At R:11 por, sta-

gion CFCN' of l"dl--ar\ Camivla, was picked

~ap, it signed off at £:17. On the londspeaker

/

-
e —————

Radxo RCCCpthﬂ in the
‘Oregon Caves

EADERS who have experimented ;
with radio reception in mines,
tunnels and other underground
,. chambers which are not ordinarily con-

e 7 /AN

there was better volume from C(algary than
from Portland. At 8:37 we picked up an or-
chestra which proved to be at KPO, San Fran-
cisco: was very weak on the loudspeaker At
9:22 we picked up KGG at Portland, Oregon,
playing Victor records; this came i1 with more
volume than anything previously received. At
9:25 we picked up a station with a woman an-
nouncing : judging by the position on the dials M3
we concluded that it was KLX at Oakland, *
California. At 9:35 we disconnected the set.

No static could be detected within the caves
but fading was quite noticeable. The experi- Wal
ment was witnessed by the entire party of
twenty-eight people. composed of the senior
class of the high schoonl of Yreka, California,
and Mr. W, J. Virgin of Medford, Oregon. &
The party, under the leadership of Principal g
E. C. Browne of Yreka High School, made an /3% 4
extensive exploration of the caves and the -~
radio experts, Mr. Brice Rohrer, Edson Foulke,
Jr., and Mr. Virgin succeeded in tuning in for
the first time under these apparently 1mpossi-
ble conditions. .

Considering the depth of the caves at the 4
point of (xperimemtation, the results undoubt-
edly stand out as a wonderful accomplishment, »

The trail into the part of the caves is very
irregular, turning at sharp angles and varying
m altitude many tithes before the Ghost Cham-
ber is reached.  Water is dripping down in the §
caves constantly and iron ladders are placed &
at different points in the trail. These condi-
tions plus the nature of limestone would tend
to make reception very ditheult.

—E. C. Browse
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.Ra(?io Waves 2,200 Feet Below
S the Earth

) ANY question remaining that radio waves
- . penetrate to great depths into the earth seems
/ to be pretty well answered by the success of
/ ~ Meade W. Powel, an amateur of Warren,
¥ Ariz.,, in-picking up a distant naval station
while 2,200 feet below the earth’s surface. He
44 had no success with bare copper wire nor
‘XM with a loop, but when he tiied 100 feet of [\
£ lead-covered No. 14 copper wire cable strung f3
Y, along the mine gallery midway between the
% roof and the floor, NPL, 400 miles distant,
# came in on a three-tube regenerative outlit, al-
though a five-tube radio frequency set wouldn’t
percolate at all. Maybe it was freak recep-
.tion, but the experiment is interesting because
no means has yet been devised for two-way
communication of a continuous order in the
interest of saving lives and keeping in touch
with entombed miners when a disaster takes
place. The main problem, of course, is to
overcome the rapid deterioration due to damp-
‘'ness, which breaks down insulation.




. ‘v“ Dureau OI WMINES OimcClals 1m 1ne €x-
« perimental mine operated by the Government
, - near Pittsburgh. The new use of radio is ex-

~#& ¢ Jpected to effect a revolution in the methods
L of rescuing entombed miners.

¥&. 7 “We are trying,” said James W, Paul of the
;t:.%-f_,:; Bureau, “to find out if communication can be

o e f#lestablished with miners who are a mile or
o~ 8 more under ground, through the covering of
girock, usually at least several hunc}red feet
M thick. Fire and other accidents easily put a
f telephone line out of service, but if radio com-
S munication can be maintained we will always
Pahave a way of reaching men quickly.”

OO T
2 T a3 oA brief Visit' to Oudte-
shoorn, and had brought with me
i« from Cape Town a Marconiphone
WER six-valve set (five high-frequency),
Mland a Marconiphone two-stage
K amplifier, having set out to
;{f® privately experiment on the train
% journey.  Whilst in Qudtshoorn

/igﬁ suddenly conceived the idea of

g f+ attempting reception in the Cango
8 Caves of wireless teleplhony, broad-
20 cast  from Cape Town, about
g8 four hundred miles away, and *
RPa from Johannesburg, about eight:
FPJhundred miles away. So far -
2/ as the general public and the
| %58 broadcasting  stations were con-
e cerned, ¢ kept my intended visit
AV quiet, feeling sure that I was on a
L/ wild goose chase, having regard to
/' the nature of the country to be
/ negotiated, not to speak of the g
/" ®™afact that T was diving into the
: " “Yheart of a mountain, '
Erecting the Aerial
My little party, in two motor- ™~
cars, arrived at the caves a few
minutesaftereight o’clock at night,
Eachmemberof the party wasgiven
something to carry, and the long
narrow passage, with the steps
down to the floor of Van Zyl’s
Hall, were quickly left bxhind, and
we crossed over to the far side of
the Hall

o

ever done in that line,
being secured to a stalactite on one
side of the chamber, and the other .
to a rope fastened tr, a similar g

readv-made mast on the other side.
A piece of water piping was driven
\ into the ever moist fiwor M

ic. of the NdseA . .
: The erection of the S - "its wonderful acoustic proper- .
aerial was the easiest thing [ have JSetis

one end LZP

-t

¥ too wonderful to be true,

— p I:1 ° station of weaker power than Cape
- UNDERGROUND WIRELESS:
LX)

coniphone  wireless  set . and  its
attendant paraphernalia it would:
Le not Qnly difficult, but dangerous
—for the six'valve set. The footway’
is slippery, Tunnels just admitting
a fairly -stout individual have to
be negotiated on all fours, there
is a slide down a sloping flat
rock .into. the dark unknown,
and also a ‘‘chimney” to be
climbed, _ Tt will therefore be
readily understood why, when I
took a wireless receiving set into
the Cango Caves recently, I called’
a haltin Van Zyl’s Hall, a chamber
about five hundred feet from the

cntrance to the caves. When I %
say that in this chamber 1 erected
a regulation size single-wire aerial,
one hundred feet, across a segment
of the hall, which is almost circular,.
readers will realise its size. The #*
height, I may say, is proportionate

to the width, . : ;

Wondertuj nmp:imﬁf el

Our doubts" were. soonaé&r;c

Strange to say, the first words he

by wireless in the Cango reg
were ‘‘ Cape Town callingg_,t" '?8;;: -
Town has no. abrevi,atedicall'sign) L
There we were, four hundred miles - -
from the broadcasting station, wel]
underground, and yet, on the loud
speaker, we got the most perfect
wireless music I have ‘ever heard,

“Qudtshoorn is known for its supply

of atmospherics, and we heard all
about them "the next day from -

-owners of sets, but, in our weird

surroundings, there was an almost -
complete absence of them. I got
as far from the loud speaker as I
could, that s, just about the length

-of the aerial, and every word of

a talk on ' Angling * could be

i heard distinctly. The old guide

told me that many European-

g singers have tried their voices in

this same hall, and have remarked

ties. Johannesburg, eight hundred

? miles distant,- was next tuned in,

again with unlooked for success.
It was all too wonderful, almost
, I PO
came through with good, healthy, |
loud -speaker strength though a

Town, and there was no mistake &
about it, we could help ourselves
to whichever station we wanted,
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/{enry Miller

RADIO SETS FOR COMMUNICATING UNDERGROUND

2 . A : L osy ap £ PR ’ :
While miners pursue their work far beneatn the earth’s surface, radio apperatus such as
this is emploved to mainlain constant communication with the outside world. The cp-

paratus shown here is employed by the Bureau of Mines in tests wnich aim to perfect thts -
Ivpe of communication.
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Is The Antenna Necessary!

By Frank Reichmann, B.S., EM. :

It is a common occurrence to hear radio fans tell
how they can pick up local or even distant stations
without either aerial or ground wires connected to
their set. This is usually made the subject of a boast,
as if it indicated a very efficient receiving set.

A closer examination of the conditions which exist
when a set is receiving without aerial or ground will
show a serious defect in the receiver. In fact, the
windings, that is to say, the coupler or radio frequency
transformers, or both, are actually picking up ‘enough
energy to give audible signals.

The result of this pick-up effect is to reduce the’
selectivity of the set. The sole purpose of any tuning
device is to pass one definite frequency, or wave
length, through and reject all others. The more thor-
oughly it rejects the undesired- frequencies, the more
selective it is. If the inductance is of such a type or
construction that it picks up signal energy of other
than the desired frequency, it is defeating its own
purpose. : ‘

Any coil of the “open field” type, which includes
solenoids, pancakes, spiderwebs, honeycombs, D.
coil, etc., is capable of picking up signal energy.

The larger the diameter of these windings the great-
er this pick-up, as the coils are approaching nearer to
the dimensions required in an efficient receiving loop..
Imagine a tuned radio frequency type of receiver em-
ploying loops for coupler and radio transformers! It
would be possible to receive several stations at once,
possibly as many as one on each loop. The effect on

8  sclectivity can easily be imagined.

There are two methods of preventing windings
from being influenced by external fields. One is to
completely shield the set in a metal lined cabinet. The
other is to use a coil which will not be influenced by

an external field. Shielding should be avoided, as
metal masses of this kind absorb energy and thus
detract from the efficiency of the set. Any coil of the
“open field” type is influenced by external fields. The
only type of winding which is free from this defect is
one having a closed or self-contained field.

"It has been known for some time that the toridal,
or doughnut, coil has a field completely self-contained
and therefore will neither radiate nor pick up energy.
This form of winding has been in use for some time
in telephone practice, such as in loading coils and
similar devices, but heretofore it has not been applied
to many radio circuits.

In the laboratories of the Reichmann Company, in’
Chicago, we have recently developed a very efficient
doughnut coil for radio purposes. In addition to being
a fieldless coil, it has a true low loss type of winding
which renders it one of the most efficient radio induct- .
ances known. *

Two types of coils have been developed, one for
use as an antenna coupling and the other as a radio
frequency transformer. A receiving set using these
coils will not pick up any signals at all, not even from
nearby powerful broadcasting stations, when the an-
tenna and ground wires are disconnected from the set.
The only signal energy which gets into the set enters
by way of the antenna coupler, thus insuring the max-
imum possible selectivity. R

Another decided advantage of this type of coil,
when used as a radio frequgency transformer, is that
it eliminates inductive coupling between stages, which
is a frequent cause of instability in a radio frequency
amplifier. This is due to the fact that there is no
magnetic field spraying from each coil.
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From a photograph made for POPULAR RadiO

When Ashley Hewiit found that he could
nected, he started experiments that

HE combination of ingenuity and a
bit of luck sometimes leads to in- |
teresting results. Here is a letter from a
fan who is not afraid to experiment:

Like most amateurs, I had been bothered
a great deal by the larger wireless starions,
particularly NAH and WNY, which broke in
on the broadcasting and on the amateur work.
I was unable to tune them out.

However, my problem is now solved. and.
as is often the case with novices. I arrived at
the solution entirely by accident. When I set
up my two stage ampliiying set, I used as a
ground the discontinued city gas line which
was left intact when electricity was put in
the house. This seemed to work perfectly -veil,
but [ was still annoved by NAH and others.

I vas working with another amateur. iryving
to receive his signals, but was unable to gzet
him: he suggested that I would get beter
results in any case if I grounded on the city
water line. Accordingly 1 did this and fcund
the strenzth of the signals vastly improved. as
weil as the clearness. Still T was bothersd v
the same trouble.

it was while listening to the 2XJ-KDOW
that T made my “econcmicai” mistake. I
ced that I could hear NAX with the antenna

zis started me Icoling -with :the antenna and

HE MADE A “MISTAKE” THAT LED TO A DISCOVERY

receive signals with the antenna discon-
b(ought results described below.

ground connections. Trying everything that I
could, just to see what would happen, I put the
wire which I had attached to the gas-pipe on
the antenna terminal while the ground terminal
was connected to the city water line. NAH
was going at the time as well as 2XJ, but as
soon-as | made this accidental connection they
both disappeared. On tuning up a little higher
I heard 2X]J clearly but not NAH. The signal
was a little weaker but it was worth it to have
all the interference out. :
Attaching the gas-pipe to the antenna in this
way seems to have the effect of putting a con-
denser of great capacity in the antenna circuir
There are several other efects that should
be spoken of in case anyone else wishes to
try it.  First, it reverses the tuning of the
Vernier condenser—that s, instead of tuning
around 0 to 20 decrees, I have to start irom the
other end at 100 and tune towards R20. It
also shifis the point of tuning on the regenera-
tive dial: this moves upwards about 20 degrees.
The wavelength is aiso moved up higher about
3 degrees.  Another advantage is that 1t
increases the sharpness of tuning enormousiy;
I find that in the smateur range I can prac-
<ically cut all sigrnals exceot those on identically
the same wavelength.  The adiustment is 30
Ane that I will have to put micrometer adjust-
ing screws on the dial to be able to
sigmals I want,
I am using

yer the

this hock-up zntirely now, 7

ASHLIVY HEwITT
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— hook it to the
walerpipe

_Moon ‘““Satterlee Antennaless” Radio
:will produce wonderful results simply
connected to a waterpipe. No ant-
~enna, loop or indoor wire is necessary.

Stations within a conservative 1000
mile radius are regularly received
with a non-power loud speaker on
' this set.

"It is the ideal set for use in apart-
ments, automobiles, yachts or rail-
iroad trains where an antenna is
not practical. Extremely sensitive,
unusually selective, yet simple to
operate. ‘

Y /4

Write today for our folder
““California or Newark’

MOON RADIO CORPORATION

501 Steinway Ave., Long Island City, N. Y.

In Canada: Continental Equipment Co., Ltd., New
Birka Bldg., Montreal, Quebec

M Satterlee N

antennaless ¢~

—RADIO—"

T ——




THE NEW SUBMARINE RECEIVER
This new set, which uses an underwater antenna for radiophone com-
munication between submerged submarines, has recently “cen dereloped by
scientists in the Naral Research Laboratories at Bellerue, D (.

$ ‘: ‘*,,. “; .




Subterranean and Submarine Antennz.—A paper hy -
Mr. A. H. Taylor published in the Proceedings of the Institute -
.of Radio Engineers, August, 1919, deals mainly with the -
J behaviour of short waves on underground and underwater ‘§A 3
¥ - wires.  Following an historical survey he gives details of tests JR4k

. ca;rl;xletd out since 1917 by Mr. H. H. Lyon for the U.S. Ad- .58
miralty. B

. It has been shown that it is possible to receive eignals very
efficiently from stations emitting any wave length, using
submerged. or subterranean wires, provided that one or two
-, stages of amplification be used. -With underground antenns
consisting of stranded copper, rubber insulated cable buried
one foot below the ground, reception may still be achieved
when- statics are such as to prevent reception on an aerial,
and the buried antenna has directivity. Bare wires give
greater strength of- signal, and the tests indicate that the
optimum length for the wires is about 3 of a wave-length.
The best results are obtained with the wires under water, in
which case the signals are 20 times as strong as with wires |
embedded in dry sand. The optimum length of the wires 15 |
inversely proportional to the capacity per unit length of the
wire, measured against the ground. Thus, it is preferable to
 lay the wires in wet soil, or water, as this gives the loudest
. signals, ﬁre&ter suppression- of strays, and a fixed pptimum
3 - VR : .., length, due to the abeence of variation of the capacity to
o ' earth, which would occur with earth of variable humidity. .
4 : . It is recommended that a pair of wires at right angles bé used. §-

in order to receive from any direction. Experiments with

transmission from buried wires give gOOd results over consgider- * |}

able distances with low power and sustained short waves.

P, Signals were sent 36 miles with 0.8 ampere in theiunderground
W ; . _
- : wx:es.—-Tschmcq;l Revisw. . : .

~
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The noted doctor and X-ray specialist, Dr. F. L. Satterlee
using his circuit that is claimed to work without an antenna.
operation ts based upon a tuned-ground system.

. PR

-

A GLASS-INCLOSED RECEIVER
e, demonstrates o set

The theory of
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NO AERIAL, EARTH

~OR AGCUMULATORS
REQUIRED.

The ** Rolls' ortable

THE SIMPLEST, NEATEST, CLEVEREST,
MOST EFFICIENT AND MOST PORTABLE
2 OR J}-VALVE SET IN THE WORLD.
EXQUISITELY FINISHED AND FITTED IN
A REAL HIDE CASE. 8ixe 15 by 11 by 5 ins.

mee £14° 14 0

COMPLETE. ALL READY FOR USE AND
. MARCONI ROYALTIES PAID.
Demonstrations anywhere at any time.

3-Vaive Model, guaranteed to work a loud-
speaker really well anywhere within 10 miles
of a Broadcast Station. Price £18 18s. 0d.
No Extras.

H. LLOYD MARSHALL & C0.

< WESTMORELAND BUILOINGS,
ALDERSGATE 8T.,. E.C..
GOOD TERMS TQ THE TRADE.
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When an Aerial Wire is “Earthed”

In the case of an @rial wire which is
“earthed,” or connected to the earth at
the lower end, there is in addition to
this space wave or wave in the ether an
“earth” electric wave propagated through
the crust of the earth. This is proved
by the fact that a high collecting zrial
is not absolutely necessary for reception
in wireless telegraphy. The signals
from the Eiffel Tower Wireless Station
in Paris can be detected in London
merely by using as collector any metallic
mass, such as a galvanized iron dustbin,
which is insulated from the earth, the
receiver being connected between this
mass and the earth. '

In the case of long distance wireless
telegraphy we are probably concerned
with electro-magnetic waves of both
types—viz., true electro-magnetic waves
propagated through the ether around the
earth, partly arriving directly and
partly after reflection or refraction by

. masses of conducting air in the upper
atmosphere. Also the effect reaches the
distant station as an electro-magnetic
wave which 1is propagated along the
surface of the earth, in the same man-
ner that it travels along a wire.

The terrestrial atmosphere is there-
fore the seat of waves of many kinds.
We have not only long ®rial waves in the

air itself, produced by winds or explo- #
sions, but the co-existing ether waves of |
short wave length, about one fifty-
o thousandth of an inch in wave length,
.o which constitute light. Then there are
in addition frequent natural but irregu-

T lar vagrant electric waves of great wave
. 2 : . .

length, produced by atmospheric elec-
tric discharges, such as lightning, or cre-
‘ated, it may be, by extra terrestrial
causes, such as explosions in the sun.
Lastly, there are the countless long elec-
: . tric waves now intentionally made in
T B . telegraphic work, which cause a turmoil
s , . ' in the former comparative wetherial calm.
The mysterious ether transmits all
: these waves with the same velocity of
_ - f" 300,000 kilometres per second., In order
‘6\ that it may do this the ratio of its elas-
. . ticity to its density must be a least
3.600 million times greater than that of
. steel. ' .
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Porous Cup Ground Eliminates Crackling Noises,
GALVANIC action between iron rod and ground sometimes
causes ordinary grounded radio sets to emit terrible crack-
ling noises. The difference in potential between rod and ground
may sometimes be as high as 1,000 millivolts, and varies with| -
electrical or magnetic disturbances in the earth. '
A porous cup electrode buried‘in the earth, with no metallic
part of the ground circuit touching the earth at any point, will
entirely eliminate these crackling noises. Fill the cup with a
concentrated solution of copper sulphate, and make contact to
an iron or copper rod inside the cup. The copper sulphate seeps .
slowly through the cup into the ground, making excellent =3I
contact. The cup should be filled occasionally with the same
solution. The resistance of this type of ground is usually around
400 ohms, but varies with the kind and moisture content of the.. =
soil. A ground of this type sets up absolutely no galvanic action.\ -
eliminating the problem of varying potential between rod and
ground, and greatly improving radio reception. '




N artxcle in The Wircless World (September
}' A 14th, page 333) pointed out that the directional
effect of a frame aerial could be considerably
improved by centre-tapping the frame and con-
" . necting this tap to earth and to the valve filaments, as
shown in the figure. The idea underlying this mode of
connection is that the electrostatic pick-up, being more
or less evenly distributed over the frame, should be
balanced out, leaving an approximation to pure electro-
_magnetic pch up. The degree of success attained in
¥ eliminating the static pick-up can be gauged by the ex-
. tent to which the local station can be “eliminated by

* turning the frame into the position of minimum signals.
Those who live in lar“e
towns are very frequently an-
-noyed by finding that all re-
ception, save from the local
station, is impossible, owing
to the noises due to the elec-
- trical machinery which is
now found everywhere. All
moving electrically driven
machinery, from a vacuum
cleaner up to an electric
train, seems to generate dis-
turbances which are carried
= . along the electric light
mains (** wired wireless ’’)
for very considerable dis-
tances from their point of
origin.
which are usually classed to-
gether under the vague lLut inclusive title of ‘‘ earth
f noises,’’ make rhemsehts known tn the user of wireless
_ receivers in the form of a wide variety of scratches, cracks,
~ bangs, buzzings, and indeterminate uproar of all kinds
Tow hene\er he ventures to tune in a station at any distance.
. In bad cases even the local station may have its pro-
T gramme punctuated by the louder of the noises, while
every other station may be completely blotted out by a

K

Frame aerial circuit giving
comparative freedom from
earth noises.

. continuous roar  Since these ncises are completely un-
SFAN tuned, it is not possible to eliminate them by making the
I receiver- ultra-selective.

EARTH NOISES AND THE FRAME AERIAL.
The Importance of Balancing Out 'Electrostatic Pick:up.

" interference.

These disturbances.

than electromagnetic plck up, for 1f the frame - “a
connections shown in the figure are employed, the
of noises to signals can be very considerably reduced“
It is found that a frame, connected in the usual mannexZ
to the receiver, does not offer any very great relief from'
noise, but that if the connections shown in the ﬁgﬁjé'”
are adopted, a very considerable improvement resultsz:
In bad cases it becomes necessary to extend the ;prg‘(,;f
cautions beyond that of the simple centre tap by mal &
the tapping on the frame, which must for this pr

Ve wound with bare wire, by means of a sprmur cﬁp
adjusting its position carefully to give the minimum; %if

Avoid Static Pick-up.

The lead from tuning condenser to grid, having
counterpart at the other end of the tuned circuit, mi
be shielded, which implies, in practice, that the tudin
condenser must be within the set, and the whole enclo
in an earthed metal screen.

It is also essential to look very carefully after tBe <.

-leads connecting the two ends of the frame t5 the tunmg

condenser and to take every precaution to -ensure that "
the static pick-up by them is identical. This could be

achieved by using twin flex for the connections, but the .
high capacity between the wires makes it unsuitable.

A zood methad is to make a kind of rope-ladder, the
two wires forming the uprights, while the rungs consist
of ebonite or wood spacing strips. Alternatively, the
two wires may be sewn into opposite edges of a piece of
webbing, with the connection for the centre tap, if de-
sireil, down the centre.

These precautions may seem very elaborate, but it must
be emphasised that haif measures give but little relief
from the earth noises, while a whole-hearted attack on
them, on the lines laid down in the present ncte, will at
the least make it possible to obtain some sort of enter-
tainment from any station which, on an open aerial, is
not so entirely blotted out by noise thar its transmissions
are unintelligible.

B 40
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Switching device for obtaining either
“All-Round’ reception on the open aerial, [D.F.
on the figure eight diagram or Sense Determination

on the heart-shaped diagram,
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Experiments with Earthing Systems had a bearing on the subject, tests were then

By far the most interesting expériments have made among the amateur ’'phones on 440

" been made in connection with the earthing metres and thereabouts. Here results were

system. - It is dsually thought that if a good = Quite fifty per cent. better'on the buried wires

. connection can be made to a waterpipe at the . €ven with very strong signals from a station
point where it enters the ground, and if the  close at hand. Both weak and strong signals
instruments are quite close to this point, very =~ on this wave-length were much dmproved. ..
sat1sfactory results ‘can be obtained. - .The - - -On 200 metresresults were still better and were -
‘writer was under the impression that very - - almost equal fo another valve. "As previously |
little ‘could be done to improve his earth con- - pomted 0ut,~reachon on the aenal wa.s not
gection, but he decided to try a new scheme. - - used in thetests, . . ,
.In particular he has aimed at keeping the - Combmxng ‘the waterplpe earth and th
|~ ‘merial and earth resistance as low as p0551ble, - wites outside was tiied in each case, but the
j - even for réception. : i :

The ﬁrs’c new, test was to p1erce the window
frame, fit a sécond leading-in insulator for the )
*. earth wire and then to take ‘three long wires - . p
. - (new aerial wire)—one along each side of the :
"-garden and one up the- xmddle of the lawn. " bured- pla.te “been tned Readers ho.h,
These wires were simply laid on the baré ground . buried plate earths may like to _the long
and were connected through“the lead-in in-- = wire method:=*A: companson should prove very o
sulator to the earth terminal. The water- -»-mterestmg &3 :
pipe earth and the wires were then compared - It is probable ‘that - msuﬁictent attentlon -
on received signals of different wave-lengths, has been giveri” by experimenters to-the posi- -
and were found to be as good as one another, tion of the waterpipes relative to the aerial’
no perceptible difference being noticed. The wires. In most cases the aerial is at the

tests were made in pouring rain and also ‘back of the houde while the- water mains run
while the ground was dry. No difference was along the road in front, and the house con-
observed in either case. nection is taken in a direction away from the
The wires were now buried in the ground at a aerial. If the waterpipes run beneatss the
depth of about two inches,two wires in the lawn aerial then better- resuits will probably be
and one in a flower bed. The arrangement obtained.
v - ¢ of the wires is shown in Fig. 3, the drawing The writer does not claim any special im- -
(’ being roughly to scale. Comparisons between portance for all these experiments. They are
the waterpipe earth and the buried wires were put forward merely to suggest to the beginner
1/ then made. It was found that the tuning was that it is just as well to try things for oneself,
not altered, even slightly, by the change. for probably results will wvary at different
Of the Dutch concert on Sunday afternoon , stations. It is not wise to take the “other
there was nothing to choose between the two fellow’s’’ word ‘for too much, and by making
, earths, but on 600 metres there was a very experiments such as these new and improved
’}’./ ‘ marked improvement by using the buried aerial and earth arrangements may easily be
/

wires. As this sug Dested that wave-length  found.
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With such a circuit a most remark-

able piping note i1s heard at tmes. At
the front operators usually refer to
these noises as " flying grenades.” It

s difficult to imitate the sound by a
word but the spoken word “ piou ”
gives a slight idea of what is heard.
Physically the note appears to be that
due to an oscillation of practically con-
stant amplitude but of quickly varying
frequency, the frequency at the begin-
ning of the sound being the highest
audible and dropping  rapidly to  the
deepest audible tones.  On account of
the properties of the amplifier (design
of telephone, ete.), the note is particu-

larly strong when  the  frequency s
‘1,000, ‘T'he whole phenomenon  lasts
about aSecond.
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GROUND-CONDUCTION EXPERIMENTS

_on at the same ume.

-

On many  days these earth sounds
were so strong and numerous that or-
dinary interception could not be carried
“I'he phenomenon
seems to he correlated with atmospheric
conditions and was particularly notice-
able on the mornings of the warmer
days of May and June. It differed
completely from the normal atmos-

pheric  strays  which  produce only
crackling or bubbling noises in  the
telephones.

T'he earth electrodes  which  are
the origin - of occasional  noises  can

scarcely be regarded as the source ot
these sounds; neither is it probable that
the effect is due to some meteorological
influence on the deeply  buried  carth
wires.  Much more likely is the sug-
gestion that the amplifier itself, ener-
gised by a particularly strong atmos-
pheric  generates  these  oscillations.
But all experiments tried in the labor-
atory to imitate this phenomenon have
so far failed. Various types of elec-
trical impulses and spark  flashes have
been tried but with no result.  “T'hus no
complete theory can be advanced for
the cause of these weak alternating cur-
rents which originate so freelv in the
earth,

o
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Yaw GROUND HOG
INCREASES '6‘1’?’%8?&
on your RADIO)

Marvelous newly invented ground gives 1009,
improved reception. Increases power and dis-
tance. users say. Thousands getting results
like D. 8. Friedman, Radio Engineer of Bur-
lington, Iowa, who writes, “*Am very mucbh
pleased with way your Ground Hog operates.
Am now able to tune in any good stations
with little trouble from static. Eviryone
pleased and delighted. Lsers report, *‘Leaks
stopped,’ 'Static reduced.’”” ‘‘end to jangling
evenin midsummer,'’ *‘Results never dreamed
of." Absolute satisfaction guaranteed or
money back at once.

Efficiency Always Insured

Only ground on market that has power to
draw and hold moisture thus assuring maxi-
mum efficiency at all times. Holds moisture
indefinitely.  Highly sensitive to radio
energy. Proven valuable aid to clear, power-
ful distance reception.

SEND NO MONEY

Every radio owner needs a Yale Ground Hog.
To introduce, we offer to those who act at
once, regular $5.00 size for only $2.00. Send
name today and pay postman $2.00 plus 17¢.
postage on delivery, or send only $2.00 with
order and save postage.

Highest Approval

Tested and approved by
Popular Radio Laboratory
and other high scientific radio
authorities. You can order
direct today with absolute
contidence of value and satis-
faction.

FREE—Complete description of Ground
Hog, proof of user satisfaction and full details
of amuzing special offer free on request—Send
name today.

Yale Specialty N\ ///

Supply Co. -
131 W. 5thSt., Kansas City, Mo, '
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Gets Distant Stations Clear and Lo
Summerqn/Winter-Right thru Static

NOW-—you can
get “distance”
in summertime.
Loud, clean,
clear distance,
L sweet and true
in tone—almost like local. The marvelous
_new device illustrated above makes th
possible. STATIC is no longer a nuisance.
Engineers have long known that the ratio
of statie strength to signal strength IN
THE AIR, favored Static, but that in the
GROUND, the ratio of staticstrength to
signal strength favored the musicyou wish
to hear. They knew that if some device
could be perfected whereby broadcast
waves could be taken out of the GROUND
instead of from the air, that all-year-'round
g_le_m_ng recention wouid become a reaiity. SUBAN-
TENNAis the answer, [t completeiy does away with
the old style up-in-the-atr aerai; it picks up ciear,
litered waves from the ground—it deiiversastrong
signal: waves so powertfui that the tiny amount of
Wveakgroundstatic they may rontainis drowned out.
The performance of SUBANTENNA is nothing
snort of marvelous. It %iil amaze vou—justasit has
amazeq laboratories and thousands of criticai fans.
. User Says “Static Is No More”
I have received the Supantenna. My grandson ia-
stailed it. STATIC IS NO MORE. Am weil satistied.

1.can tune in stations I never couid coax out of the
aireventhoughl had alongaerial.”—A. E. F., Kans.

¥ ] €

UBANTENNA

ROUND ANTENNA SYSTEM

User Says “Greater Distance”

““To show you that I received a program from Station
PWX in Havana, Cuba, I enclose herewith a verifi-
cation card from that station. On January 28th, I
received a program on my set broadcasted from Buenos
Aires, South America at 10:15 in the evening. Many
other long-distance stations have been heard on my
set after installing the Subantenna. I never could
receive such distance on my outside antenna.”—
W. C. F., Chicago, Ill.

User Says “Gets More Stations”

I get plenty of stations with my Subantenna, on the
loud speaker that I have never been abie to reach with
my outside aerial. It absolutely cuts down interference
to the minimum, cuts static out too--not just partly
out—but all out.”—H. S. M., N. Car.

User Says “Cats Out Interference”

‘“Have had Subantenna some monthsand it beats any
antenna I have ever had by forty miles. Have a five
tube set and get New York City, Atlantic City,
Atlanta, New Orieans, Fort Worth, Denver perfectly
clear, and next to an elevated train with much inter
ference. Cuts it all out.”—<C. H. Y., Chicago.

User Says “More Yolame”
“‘"We have been receiving stations that formeriy did
not register on the outside antenna. A marked in-
crease 1n volume on Star.io_ns aver :300 Kilocycies has
oeen noted.”—Capt. F. W. F., Md.

Eliminates Lightning Risk
Not only dues SUBANTENNA make possible loud,
ciear DX in summer—nuot only does this remarkanie
invention better the selectivity of any set—outit aigo
completeiv eiiminates the Lightaing nazard. With
SUBANTENNA one can go right on iistening-in dur-

CLOVERLEAF MANUFACTURING CO.

27153: K CANAL STREET
TR IEEENGT N SO T

CHICAGO, ILLINOIS

/
. - /

\\\\‘\\\\

< 2
s 4 ’4% o
Eai o 1 B~ i’?‘

~ay

ing the most severe electrical storm without noise, fear

of attracting lightning or damaging the set.

FREE TRIAL

Make This Convincing Test

Install SUBANTENNA. Leave your cid aerial un.’

Select a bad night when DX is aimost impossible =122
the ordinary aerial. Make a comparison statinn f{or
station, connecting first your aeriai, then SUBAN-
TENNA. If, from stauons that are just 3 mess of
jumbied noise with the old aerial, you decn’t get recen~
tion that rivals local in sweetness ard ciarity the
instant you switch to SUBANTENNA, this test won's
cost you even a singie penny. Obtaina SUBANTENNA
from your dealer or send coupon at once {or scientifc
explanation of SUBANTENNA and for narticuiars of
GUARANTEE and FREE TRIAL CFFER. 3end
COUPON NOW!

=

i CLOVERLEAF MFG. co.. i
a 2713-K Canal Street, Chicago, Iilincis 1
B Tellmeall about SUBANTENNAY, ¢ 1
4 fed. unconditional guarantee and = 1
s TRIAL OFFER. 3
] b ]
1 Name ... 1
1 1
; Address. :
b | - 1
,]- - --x-n_--nn-----—J
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Amazing New

"

UNDERGROUND
' Th )

The ‘!! ANTENNA
c 4 J?:r *
Now : Gets Distance Clearly
Thing }\ 1 Here you are, “‘Dis-
In == tance’’ fans! Install this
Radio P. 4 new type underground

“pick up system.” Get

distant stations loud and clear. SUB-

| ANTENNA so greatly reduces static

) and all other air noises that it lets the
broadcast come thru clean and pure.

Reduces Bothersome
INTERFERENCE
Power line leaks, arc light crackles,
STATIC and other such nuisances as
have made distance reception un-
pleasant, do not bother the ‘‘listener-
in"’ with a SUBANTENNA. And you
forever get rid of the unsightly mess of
wire on your roof. -

Opens Up New, Greater Amplifica-
tion Possibilities

Instead of keeping .your power turned way
down to avoid amplifying foreign noises equally
with the broadcast, you can now use ithe full
power of your set to advantage. No matter how
much amplification you choose to use, broadcast
will so far dominate the air noises that the latter
will be of no consequence.

FREE TRIAL OFFER!
Nothing else is like SUBANTENNA. It is not
“just a wire."” But you must try it to fully
appreciate the wonderful new significance it
gives to Radio. You can try it at our risk. Write
at once for scientific explanation and for
particulurs of our FREE TRIAL OFFER.
Vrite now. No obligation.

CLOVERLEAF MFG. CO.

2716-F So. Canal St. - Chicago




my Aer-O-Liminator.
Takes but a few minutes.

Insta!l an Aur-O-Liminator
(Ground  Antenna).  Leave your
old overivad aerial up.  Trv out
on g night When statie is bad.
If you do not get a wonderful
impeovement  in freedomn from
static, greater  seleetivity  and
clear, sweet tone without inter-
fering noises, i you can’t get
Lol Teception on stations  that
are sdrowned by statie on your ekl
aerial  yuu need not pay us a red cent for
this test. Send coupon teday for scientifie ex-
planatien of Aer-O-Liminater (Ground Anten-
na), proof of performance, and our conclusive
tron bound guarantee and remarkable Free Trial

A Mer. Nend coupon today!

b\ CURTAN MFG. CO.

154 E. Erie St. Dept. 806-T
Chicago, 1ll1.
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Gets Far-away Stations Loud and Clear
Regardless of Static Conditions
Radio Engineers and hundreds of users report

that  Aer-O-Liminator, the sensational ‘new
Ground Antenna, gets better long distance re-
ception, almost unbelievable freedom from

static and outside noises, far greater selectivity
and marvelously clear and sweet tone quality.

Says ¢“‘Cuts Cut Static”

R. Curtis of I, says, *There's no such thing as static trouble since 1 got
I get stations 1 never got befure—so loud and clear
I would almost swear they were in the next r1oom.” it
free irom troublesume overhead aerials that evervone now knows are static-
gatherers. Aer-O-Liminator (Ground Antennar is simple znd easy te install

FREE TRIAL MAKE

In addition »you are

THIS THRILLING TEST
AT OUR RISK!

1

g Curtan Mfg. Co.,

1 154 E. Erie St., Dept. 806T,

! Chicago, Il !

I Pleasa send me at ‘onee complete description of
Aer-O-Liminator  with  details  of  puarantee,

: Seientific I'roof and FREE TRIAL OFFER.

: Naie. oo e cieeeanenn I

| Address . R
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Sub-Aenal
Endorsed by Experts

Mav Sth, 1028
T am very glad to state that aiter
testing many Aerials in mv Laima-
tory I find your Nuh-Aerial Is the
best for clarity of tone and elimira-
tion of statie, also for greater volume
and _selectivity.
our Nub-Aerial will 81! a lanz-
feit want among the Radio Fans.**
A. B. Johnson. Rualin Encineer,
Aug. 31, luzs.
T received my Underzround Aerial
all 0. K. It has_any aerial beat
have ever seen, I have used esery
aerial on the market since l h"e
heen & radts fan  The &
installed it I 20t distant st
my set had never touched b
wasn't good radin weather ef
got stations in the East thar | had
never dreamed af getiing and with
absolute riearness ard wathani statie
or interference. [ heartily recommend
your instrument (o any inver of Swad
Tadio reception.’
N. Whiteau

El Retw, OKly

Box 3%,
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Make Your Radio

Get Amazing Distance—Greater
Volume and Finer Selectivity
Without Distortion

Why go on listening to terrible static and other madden-
ing outside noises) Now you can get the real music your
present Radio is capable of giving, by hooking your set on
to the clear, practically static free ground waves with
Sub-Aerial. The air is always full of static and your over-
head aerial picks it up and brings it to your speaker. So
why stay in the air—when you can use the whole earth
as a static and noise filter with Sub-Aerial?

SUB-AERIAL is a scientific, provea system of taking
the radio waves from the ground, where they are filtered
practically free of static. It brings these filtered waves
to your radio set clear of static and interference common
with overhead aerials. The result is positively clear
recepticn, remarkable selectivity and greatly increased
volume. The overhead aerial is a thing of the past because
it is the weak link in radio. SUB-AERIAL has replaced
overhead aerials because SUB-AERIAL is 100(; efficient.
How can you get good reception without one?

Low Original Cost—No Upkeep Cost

SUB-AERIAL costs no more than an overhead or loop
aerial and less than many. Its first cost is the only one.
SUB-AERIAL is permanent. No trouble—no hard work,
or risking your neck on roofs.

25 Year Guarantee

SUB-AERIAL is guaranteed against any defects in
workmanship or material and against deterioration for
23 years. Any SUB-AERIAL which has been ins:ailed
according to directions and proves defective or deteriorates
within 23 years, will be replaced free of charge: and also
we will pay $1.00 for installing any such new replacement.

TRY IT FREE!

We know so well the surprising results you'll get that we'll let you
put in @ Sub-Aerial entirely at our Risk. You be the Judge. Don't
take down vour overhead Acnial.  Pick 2 summer night when static
and noise interference on your old Aerial are ““Just Termble.” If
Sub-Aerial doesn t Sell Itself 0 You Right Then on Performance--
you needn’t pav us a cent.  Send for “*all the Dope on Sub-Aer:al”
You'll be surprised Dot NOW,

‘Clear as a Bell~

. ~with Marvelous New

< ' GROUND AERIAL/

Can Be Installed
in a Few Minutes

UNDERGROUND AERIAL SYSTEMS

St. Clair Bldg., Dept.402-§

- Corner St. Clair and Erie Sts., Chicago, Il

round Qut Static

i SUBAERIAL

Ci'&E;ea\.

v on Sub-Aerial
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B AR - Beas L AN
EARTH CONDUCTION EXPERIMENTS

“:i-One ‘dramatic expenment is bemg conducted near Edwards '7
«Axr Force Base in an abandoned borax mine hundreds. of feet :
sneath California’s desolate Mojave Desert. Deep in the hole, [
scxentxsts are trans:mttmc electromagnetic waves into the earth §

ES 4

“What does underground radio offer? Security is the main ad-
“vantage, security against ‘destruction and against interception. In
“an enemy attack our surface facilities would not be difficult to ;
knock out but the only way to sever underground wireless con- /g
nections would be to destroy the deeply buned transmitters and
. receivers. This would not beeasy.x T

P A buried receiving an- f
tenna intercepts this underground signal.
Long-wire antennas are used for trans-
mitting, aimed in the direction of the re- -
ceiving station. The waves are nearly non-
j directional but have a slight tendency to
favor the direction the antenna is pomted
several hundred feet beneath the surface.
A second underground radio system uses
. signals propagated entirely within the -
* earth and thus is imgervious to jamming ,
and atmospheric noise. In this appreach,
signals are fed in:o a dry rock suostrawn,
a relatively gocd propagation medium, 4
compared to moistened earth. The wet, g
conductive layers of the earth act as a’
shieid while the drv layer passes the signal
as would a waveguide. '
To attain any d‘.starce in underground i,
communications a greai deal of power 1555

Despx-e these drawcac,ks Spa(cc E;e"- :
tronics Corp., Developr'fent Engineerirg °
-Corp. and others are diligently improvitg
antennas for greater directivity, cocding
messages for more eficient traffic hannl.ug g

ﬂng to solve the noise problem and ex-
perimenting with relay stations.

The work is being carried on because ,f'
yx L:enus‘.s are convirced that earth-curr=nt/

commurication has a place, not only in |

d.utary applications but for civilian use as
well. Storms have no efect on the system. / ’
maxing it useful au“?‘g such severe ac's <1 / ‘
g nature as hurricanes. tornadeces and cv-

c-ones.

A comrany engineering a long pipaiine
in the Middle East s considering an ezrin-

requ;rad so much tl*at any comparison
with the power reguired for overground”

| communrications for the same distaree is "7‘
pretty one-sided. Maximum usable range {

now is thought to be 1C0 miles. Besides in-

hem"* srovagation ciffcuities, the earth

offers ciner communications hal,arcs in the

form of plain noise, made up of its cwm ‘e 7 current system to connect its ﬂo.w'c'“m‘“ oL S
- magnetic fleid curren:s plus all the g‘rour‘c., ? siatons, which are aco ut 50 miies epar. ¢ P
’ S ROy e z ) (= ;mtruments at these stations measure the )
il oL mesroy O— yele AC sower systems. Ths 4+ ste of oil flow and *ransmit the informa-:
;y . Zon to other stations, which adjust vaives
{ o we ) uc"oramgzy Microwave links are now used ~eie
T3 ' 'S out this equipment, being above srouzd &~
’ \ i aad unguarded, is notoriously suscepdble
’ T .. to vandalism. N ;
\ . N Should nuciear war ever come. earth

currents might be the only thing 7o hoid -
tcgether a crumbling worid._s_
- © v . .
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Y%L b T3« - FERDINAND BRrAUN (4B).—In 1898 Braun conducted
5 \ ~ experiments on the transmission of Hertzian waves through -~
L, Water in the disused moats of the old Strasburg fortifications.
;" ‘a .. F. K1e8ITZ (92).—In 1911 F. Kiebitz carried out a series of
d Y b experiments at Belzig -with extremely low aerials, only one
by, metre high, and about 240 metres long. He considered that
they were superior to a vertical aerial forty metres high, Y
y He was able to receive signals on these ““ earth” antennz
) from all European stations, and he transmitted, by their aid,
% to a distance of about 230 kilometres. (Refer also to Hall’s
) ground wire aerial system (983).
. THE BEVERAGE AERIAL* (590), (589), (591), (795), (159).—
This is another aerial of a very low horizontal type. It is
usually erected at a height of about twelve feet from the earth,
and is used by the Radio Corporation of America for trans-
atlantic traffic.

E

-

INSULATORS
&

-

Fic. 184. The * Beverage " aerial is placed in line with direction of
propagation of the waves to be received.

The potentials developed in this aerial are equal to those
I8 developed in a vertical aerial whose height is one-tenth of the
A length of the *“ Beverage  aerial (589). This aerial is shown in
" Fig. 184. It is directional, and is placed in line with the
: direction “ D ” of propagation of the waves. Its length is
M, considerably greater than the wavelength of the received 1
- signals, and is determined by the following governing facts : ¥&
“{¥ When the wave reaches the aerial it creates a current
gl therein which will travel along the wire at a velocity deter-
j mined by the electrical properties of the wire (resistance, |
{ inductance, capacity, etc.). This impulse will travel more)
slowly than the free wave, and the lag between the electricalg
forces in the wave and those in the wire will increase as the g
wave travels further and further along the wire, till at last
point will be reached when there is a maximum phase XR\¥
difference. After this a further increase in length will/}

® U.S.A. patent No. 138108g.

i




A
ﬁ}}/: be of no further help
X'WE.M.F. in the aerial. ,
7~ opposite effect. We have now reached the correct length for , W@
# maximum signal strength for the particular wavelength i
| we are receiving, and any increase in length will only diminish Jig
the loudness of the signals. ‘

When the wave reaches the set end of the aerial, the current "
b . Y is reflected back along the aerial and if allowed to do so would . -
§¢ tend to reduce the E.MLF. therein. A resistance R is therefore Y
“g inserted between the free end of the aerial and the earth, and
.. arrangements_are carefully made that the coupling unit at .
-\ the set end S and the resistance at end R offer the same Ak

.jimpedance to the wave as the aerial itself. The reflection pm /,\-‘»

effect will then be reduced to a minimum. ‘.’23 5

J. MuRraas (158).—In 1907 J. Murgas patented a method of '1 >
signalling with buried antennx. The aerials were well insu- .
lated and inserted vertically into holes in the ground.

-
e,

WY .
‘:% J. Harris RoGERrs (1024).—During the Great War, Rogers " v
’ B showed that it was possible to receive European communica- ¥ 47
gt tions in America by means of horizontal acrials buried below ;9‘:",
s

oy
f) the surface of the ground, and he claims to have employed
§ this type of aerial satisfactorily for transmissions.*

« A A HaLL (985).—In 1918 A. A. Hall patented a method of g N
b thermionic valve radio transmission and reception in which §
the usual elevated aerials are not employed. The trans-
mitting and receiving stations each have two earth connections
about an half-a-mile apart, connected to the sets by insulated
b, - COnductors lying on the ground. For both transmission and "
PO reception va?ve circuits with reaction between grid and plate ¥
g Circuits are employed similar to those commonly used for re-
¢ ception and transmission. The negative side of the filament of A
~the valve is connected to one earth, and instead of connecting C~
Y)§ the negative side of the H.T. supply to the same earth, it is }
'; ‘connected to earth half-a-mile or so distant. q

V' Receprion WitnouT Arriars (S12).—The Author has
b Pointed out that good broadcast reception can be obtained 4
% _"\}’.l_th any good single valve regenerative set with or without Qy
£ o) -Bote magnification, at a distance of from fifteen to twenty
»¢} ‘Miles from a main broadcasting station without the employ- 0l
-~ Ment of any aerial in any of the following ways : b4

(_S-Refere_ncc should be made to P. R. Coursey, paze 228 of this book ; and Ref. B
397) on signalling with submerged aerials from submarines.
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‘ ,.~.~ ?! o ok 7 i /%y : O AR
7\ ';}\ﬂ\"(‘zt (1) By connecting the grid of the detector valve
< ?.% and leaving the usual earth terminal of the set free. |
x

R

(2) By employing the same connections as above but with ki 2
the addition of a variable condenser in the earth circuit, ;'\ ¥
A This arrangement is'not very practicable, as it makes the set »'A -y
- particularly sensitive to capacity effects due to the proximity &3;
e\ of the operator’s hands. This effect can be obviated to a ‘%
B\ (gireat extent by connecting a high resistance across the con- y
enser.

(3) A far better method is to connect two condensers in -
s series across the aerial and earth terminals of the set, as shown
in Fig. 138, page 270.

To~1zenp Beay AERrIaLs AND CONDUCTORS (979).—In 1916 }7,
J. Hettinger suggested the employment of searchlight beams, [,
§ from tungsten arcs, mercury vapour lamps, or other sources
; of powerful ultra-violet radiation, the idea being to ionize the
.Yy air, through which the beam (or plurality of beams) passed,

-0 4\ and so render it electrically conductive. When such a beam
W;‘@\\.?J{\ 1s to be used as a transmitting aerial, electrical connection to
‘ ; ~a i the beam is made from the oscillatory circuits, by means of

- a wire net or metal grid through which the beam passes.*

A similar arrangement is suggested for reception. Thes'v '
ionized beam may be partly or wholly saturated by direct Wi d
current, or low frequency alternating current, and the oscilla-

g tions employed for signalling may be superimposed thereon.

Ion1zED BEAMS As CONDUCTORS (979).—Hettinger has also ‘_’,‘
§ suggested the use of ionized beams as conductors for ordinary /&g
telegraphy or telephony.

THE AtTHOR’S EXPERIMENTS.—-During 1923 and 1924 the X8
Author carried out some experiments with ionized air (810).'%
R&PP)* The air was ionized by means of two small radium-coated
" ) spirals of copper wire. " One of these was well insulated, and}§
: "' attached to the grid of a Marconi QX valve, and the other was’£
4 coil/the other terminal of which was earthed. Signals wereg
transmitted in this way by the passage of ions across the 3N
lecture room ; but it was not found possible to transmit s NS
™\ at a greater speed than twelve words a minute. The Auth'ol'* "f;'
ML suggests that it might be advantageous to substitute radioz, » ARy
<& active grids for those empioyed by Hettinger. NG

* Not only would the ionized beam offer a high resistance, but having an indefinitéed)

conrected to cne pole of the secondary of a small induction§




: Eccles introduced a simple method of making ¥
Q¥ records when listening-in at a telephone receiver. Vertical¥ 2P
o marks are made by hand, the distance between them roughly ?\-,‘; ‘
. representing the time between the disturbances, and the - <« &
Vs length of the vertical lines the loudness of the observed xZgcw
Oy SOunds (see 42, -and Dr. W. H. Eccles’ paper before the NEA '

By "\ British Association at Dundee {43)).

In 1912, in a paper “ On the Diurnal variation of the
electric waves occurring in Nature, and the propagation of N
\y waves round the Bend of the Earth,” Eccles showed that in ¢ N
git), ionized air the velocity of electric waves may be increased, ;
g& and that owing to the increased velocity of electric waves, as !
" they travel through the ionized layer (};r Heaviside layer) of §
the atmosphere, they were bent down or refracted so that they
. were enabled to reach round the earth.

In certain cases the ionic refraction would be so great that
i the wave might be brought right down again to the earth’s
surface and its effective range reduced.

Wi Both Dr. Eccles and Dr. J. A. Fleming (45) have pointed out

Y, ;\“};,r’ that the decreasing densitfy of the atmosphere should produce

-a certain amount of refraction, independent of the ionic
refraction.

In his book, ‘“ The Principles of Electric Wave Tele-
graphy and Telephony,” Fleming states that ordinary ship
transmission and reception has “ two or three times greater
range by night than by day, when using a 6oo-metre wave-
length.’ - :

For longer waves the difference may be all the other way.
Senator Marconi called attention to this in his lecture of
June 2nd, 1911, at the Royal Institution, when he stated that
for waves 4,000 to 5,000 metres long, the transatlantic signals
are sometimes stronger by day than by night. Speaking of
diurnal variations, Marconi also said : * Waves about 4,0co
metres -in ‘length, crossing the Atlantic from West to East, (¥
yield strong and steady signals all day at Clifden, which §4
gradually weaken after sunset, reaching a minimum about |
an hour and a half afterwards. The signals at Clifden
then gradually increase in intensity till after sunset at Cape M¥
Breton, when they attain a maximum which is occasionally /3
very high. During the night they are variable in strength.
Slightly before sunrise at Clifden the signals grow stronger,
and sometimes pass quickly to a high maximum ; they then
TN L X U el lie 4 M 7. ol AN =~
BR8N




‘ Wi % Y . \'! oY 2ot ",I;-m; » .
dwindle to a marked minimum about two hours after sunrise |
at Clifden, and then return to the normal day strength.” :

Similar observations have also been made by Eccles (87)
and Airey, who conducted experiments simultaneously between -
Newcastle and London and published their results in 1911: X

Appleton and Watt gave a very valuable paper on .\
“ Atmospherics ”’ before the Royal Society in 1923 (48); they +
showed that only about half the atmospheric disturbances :,
heard as X’s in a wireless receiving station are oscillatory in
character, and that nearly as many of the disturbances are
aperiodic. In ten days they observed 59o atmospherics. 7 . -%§
The whole of their observations were made by means of a .y "
cathode-ray oscillograph (Fig. 69). This consists of a heated
filament in a partially exhausted bulb. In front of the filament
are two pairs of plates, arranged to be at right angles to one
another, and the cathode stream from the filament passes
between these plates and impinges on a fluorescent screen, or
coating of fluorescent material, on the inside of the glass
of the bulb (opposite to the filament). As the cathode beam
impinges on the screen a bright spot of fluorescent light is
seen, and when one pair of plates is connected to a source of
alternating current it causes the cathode beam to oscillate
to and fro, across the fluorescent screen, so quickly that the
spot of light appears like a straight line running horizontally
across the screen. The aerial of the receiving station is con- !
nected through a suitable amplifier to the other two plates
of the oscillograph. Whenever a disturbance reaches the
aerial the straight line of fluorescence on the screen is deflected
up and down, so that it takes on a wave form and shows the
true characteristics of the disturbance. At present, it has not
been found possible to take photographic records ; but they
can be clearly observed by eye.

On June 27th, 1923, Watt gave a demonstration, and
showed the oscillograph in action, at a lecture he delivered
at the Institution of Electrical Engineers before the Radio
Society of Great Britain. (See also Oscillograph of Wood &
Dufo ef. 1107, 1108). s
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FIF Systemns DX-7 Active Antenna .
& Launched in August 1992, the DX-7 is a budget version |
of the tamous DX-1 active antenna (lested in WRTH [
L 1988 and the 1993 WRTH Equipment Buyers Guide). It §
¥ has slightly reduced performance characteristics, but it is !
also half the price of the DX-1.

@& The antenna is also far more compact, ideal for someone
. with limited space for an external antenna. Since the
antenna is active it should be mounted on a metal pole
outside the interference field of the house (at least 5
metres away from the building). The “coil” design is
unique, enabling 2.3 metres of antenna to be wrapped
round a sealed polyurethane pipe 50 cm long. The unit
requires an indoor power supply. The DX-7 comes with a
standard DC connection for a car battery (for portable
use). An RF isolated power supply is also available as an |
optional extra, this operating on any AC power supply
between 100-250 volts. Power is fed to the antenna !
through the coaxial cable (not supplied) and this may be
anything up to 50 metres in length. The electronics for }
\ the antenna are housed inside the tube which is fully
sealed from the outside elements. In order to avoid static §
build-up during thunderstorms we mounted the DX-7 on &
a grounded metal pipe (up to 40 mm in diameter is-
possible), threading the coaxial through the pipe.

The DX-7 produces noticeably less output tharr the
DX-1 or the Dressler ARA-60. However, in comparison to?
the ARA-60, the intermodulation level is also lowaer..itis a
medium elficiency antenna. The intercept point of our #3
, example was +24 dBm, lower than the ARA-60 and DX- . §
1. However it was a quieter antenna than the ARA-60
resulting in less distortion on very weak signals which in
turn improves the Intelligibility. It is also considerably
more compact. The antenna costs .399 in Holland, halt
the price of the DX-1. More details from: Doeven Elek-
- tronics, Schutstraat 58, 7901 EE Hoogeveen, The Neth-

- erlands. Tel: +31 5280 69679. Fax: + 315280 72221. In
<4 the US, Universal SW in Reynoldsburg, Ohio carries RF
Systems products. Lowe Electronics distributes them in ) i : X

the UK.
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