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COMMENTS ON PROPOSED RULEMAKING RM-9404: ~ SR VAL L

1) You would have little or no concern about PLC ini@rfereq?e
i iif /
with one watt experimenters on 160-190kHz. Thg proposal here is

to eliminate the antenna and ground lead length (15 ﬁ;tef) -~ i

restriction entirely (sec 15.217); no antenna length limit on

the 160-190 kHz band for Part 15 devices. This would foster

;increased and more efficient experimentation on this band with
%the existing low power restriction of one watt input, without

Eturning it into an amateur radio band as yet. Perhaps a modest
iincrease in wattage input can also be made. The writer of this

'comment is in favor of this band in becoming a ham band, but

‘realizes that there may be problems at this time.

52) This addresses interference to PLC's and RFID's as a

catagory of concern: In March and April of year 1903, there were
2 patents (#723,188 "Method of Signaling™ 3/17/1903, and

| #725,605 "System of Signaling" 4/14/1903). 1If PLC's and RFID's
were developed along these expired patent guidelines by the
brilliant engineers and with the resources of our big companies,

interference would not be an issue here. Single frequency

signaling is inherently flawed. These 99 year old "AND Logic
iGate" patents appear not to have been regarded by the power
;industry or private firms in setting up their signaling.
iComplex and digital modulation schemes on single frequencies are
not a full substitute fo; using two or more frequencies
conjointly. This is the key to reliability and security of
transmission. A simple and relatively low-cost retrofitting and

upgrading of the PLC method of power grid signaling would elimin-

ate interference from most any source as an issu€.py .pae , Vi
v e 10 OF Lomes rec’d

| A ]




The irony of these o0ld paténts and the solution they afford is
that they were filed by the inventor of alternating current

electric transmission, N. Tesla, and at that time used high

voltages such as are found today in high 'tension lines. It is
proposed that the F.C.C. consider a declaration that current

PLC technology is obsolete based on N. Tesla's 1903 patents, and
that the power companies be asked to upgrade their systems in
their own interests. The upgrade would not be hard or costly

to do. A similar declaration is proposed for RFID's: no
antenna restrictions or technical limitations warrented on

proposed amateur radio services for 135.7-137.8 kHz.

***Copies of these two patents are attached as an exhibit to this

paper filing.

In addition, this writer wishes to voice concern, both as a

citizen radio listener and as a licensed radio operator (amateur
and commercial) that little or nothing is done to clean up the
din of radio frequency interference plaguing the power grid and !
distribution lines. In particular, the standard broadcast band
below about 700 kHz, which has some longwave characteristics, is
so heavily laced with hash interference from the power distribu- %
tion, that even a blowtorch of a licensed commercial broadcast
station has a hard time cutting through the noise radiated in
some areas. You talk about PLC interference; but one hears a
licensed 500 watt station carrier at the low end of the broadcast
band that cannot push the modulation through. A suggestion is
that the F.C.C. pursue an amending of the "National Electric Code
(National Fire Protection Association, Quincy, MA 02269) and ;

consider radio frequency noise filters to be placed at end-user




(3)

electric service entrances and other locations as appropriate.
=There would be a lot less to interfere with PLC's and the radio
spectrum in general. These things should be obvious: an
environmental conservation program for the electromagnetic

spectrum. If one has a big generator of radio frequency inter-

.ference going back into the power grid, a "smart filter" could
collect and briefly store the energy and push it back into the
'grid at 60 Hz with a slight phase angle lead (about 30 degrees).

éSuch is currently done today by garbage recycling plants that

co-generate electricity.

t
€3) An amateur radio band is favored on 135.7-137.8 kHz. For the

sake of keeping the numbers whole and simple, would you consider
‘a Region 2 allocation of 135 to 138 kHz? There is so little

ispace here--would it make a world of difference?
|
ESubmitted by: Ronald Young WB2JJX

t

i 36 Brompton Road, Garden City, N.Y. 11530

6/19/2002 /“Wcat%r«d/
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APPENDIX D

PATENT OFrFICE,

NIKOLA TESLA, OF

METHOD OF

NEW YORK, N. Y.

SIGNALING.

SPECIFICATION forming part of Latters Patent No. 723,188, dated March 17, 1903

Origiai] application f1ed Tuly 18, 1900, Serinl No, 22,647,
Ko, 64,522,

Divided xod this application fled June 14,1901, Seriat
(Mo model.)

To all whom it may concern:

Be it knowy that I, NikoLa TESLA, & citi-
zok of the United States, residivg in the bor-
ough of Maobattan, in Lhe city, county, wad
State of New York, have invented certain
new and useful Improvements iy Mothods of
Sigoaling, of which the following is a speci-
fication, reference being had o thedrawinas
accompanying and forming a part of the
sSame.

In certain systems for trinswmittiog intelli-
gible messages or governing the wovements
aod operations of distant automata electrical
impulses or disturbances produced by suit-
Able apparatusare couveyed-through the nat-
ural media to a receiving-circuit capable of
responding to the itmpulses, and thereby ef-
fecting the coutrvl of other appliances. Gen.
erally a specia) device, highty sensitiva, iy
connected to the receiving-circunit, which in
order to render it still raore susceplible and
to reduce the linbility of its being alfected
Ly extraneous disturbances iy carefully ncl-
justed 50 as to Le iy tupe with the tranamit-
ter. DBy a scientific dosign of the sending
aod receiving circuits and other apparatus
and skilfu! adjustinont of the same Lhese
objects may be in a measire atiained; but
in long experienco I have found that not-
wilhsmndingullcoust.rucli\'emlv.'l.nmgesand
expoerimental resources this method is in
loany cases inadequate. Thns while | have
suncended in so operuting selectively under
certiin favorable conditions more than oue
huodred reesivers in most cases it is prac-
ticable to work successfully but a few, the
number rapidly dimivishing as, sither owing
to great distance or othor eauses, the euergy
available in the tunod circnits becomes
sinatler and the receivers necessarily more
delicate, Evidently a circuit however well
constructed and adjusted to respond exclu-
sively to vibrations of one poriod is apt to
bo affected by higher harmonics ang still
more s0 by lower ones. When the oseilla-
tions are of a very bigh frequency, the num-
ber of the effective hinrmonics may be large
and the receiver consequently oasily dis-
turbed by extriueous tufluances. to such an
extent that when very short waves, such ns

those produced by [Tertzinn spark apparatus,

are used littlo advautage in this respect is to
be derived from wning the eircoits. It Le-
ing an imperntive requirement in inost prae-
tieal applieations of such avstems ol signal-
ing or intelligence transimission that the sig-
nals or messages should be exclusive or pri-
vale, it is highly desirable to do away wirh
the abuve limitations, especially.in view of
the fuct which [ have observed that the in-
fluence of puwerful electrieal disturbances
Upon sensitive receivers extends even on
land to distances of many hundreds of miles,
and eonsequently, in accordance with theory,
ktill farther on sea. Toovercome these draw-
hicks and Lo enablo a great nnmberof trans-
mitting and receiving stations to be operated
selectively and exclusively and without any
danger of the siznals or messagey baing dis-
turbed, intercepted, or intertered with inany
way i3 Lthe object of my present iuvention.

Broadly stated, this invention eonsists in
generating two or mare kinds or classes of
disturbances or impulses of distinctive char.
acter with respect to their effect upou a re-
ceiving-cireuit and operiting thereby au dis.
taul receiver whichk comprises twe or more
circuils, each of which is tuned to respond
excluyively to the disturbances or impulses
of ove kind or class and so arranged that the
operation of the receiver is dependent ujron
their eonjoint or resultaut action,

By employiug only two kinds of disturh-
ances or series of inpualses instend of one, as
has heretofore Leen done, to operato i re-
ceiver of this kind I have found that salety
against tho disturbing inflnences of other
sources is increased to such nw extent thag I
believe this number to be amply suilicient iu
most cases for rendering the exchango of gig-
nals or messages relinbie and exclusive; but
in exceptioual instances n greater number
may be used and a degree of safety against
wuiupl and extraneous iuterference altained,
sucii as is comparable to that aiforded by a
coinbination-lock. The linbility of aroceiver
being affected by disturbances emanatiog
from other sources, ns well s that of the sig-
nals or messapes boing recsived by insten-
wents for whicli they are not intended, iy,
bowaver, be roduced not only Ly av increased
number of the coiperative disturbances or
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seriesof impulses, butalse by judicious choice
of the same and vrder in which they are mado
to act upon Lthe reveiver.

Evidently there are a great many wiys of
generating impulses or disturbunces at any
wave lengil, wave form, number or ordor of
succession, or of any specinl charncter, sueh
ag will be capable of fulfilling the require-
ments nbove stated, amd there are nlso muny
ways in whick such impulses or disturbances
may be made to coipernte nnd to cause the
receiver to bo nctuated, and inasmuch as the
skill and praetieal knowledge in these novel
fields ean only beaeqnired by louy experienco
the degres of aafety and perfection attained
will necessarily depend upon the ability and
resource of the expert who applies my inven-
tion; bLnt in evder to epable the same tn he
sunccessfully practiced Ly any persou pos-
sessed only of the move genoeral knowledye
aud expericnee in these branches I shall do-
scribe the simplest plan of carrying it out
which is at present known (o me.

FFor a better understanding of the subject
reference is now made to the accompanying
drawings, in which—

Figures 1 and 2 represent diagenmmatic-
ally an apparatusnnd eirenit connectiony em-
ployed atthe sending and receiving stations,
respectively, forthe practice of my invention;
and Figs. 3, 4, and 5, modified means which
mAy be employed in the practieal application
of the invention. '

In Fig. 1, 5 S*are two spivally-wound eoils

j or conductors connected with theirinnerends

to preferably elevated terminuls D' and D3,
respectively, and with their outer ends Lo nn
earth-plute E.  Theso two eoils, conductors,
or systethy D' 8" Eand D? §7 E have differcnt
and suitably-chosen perinds of vibration,aund,
as pointed out in other patents relating to my
system of eneryy nud intellizence transmis-
sion, their lengths should be such that the
poinisol maximum pressure developed there-
in coincide with Lhe elevated terminals I’
D% By saitably-chosen periods of vibration
such periods are meant ns will secure the
ureintest salety against interference, both mu-
tual and extraneous, The Lwo systons may
have electrical oscillations impresswl upon
them in any desired manner conveniently by
energizing them through primarvies 1* and 12,
placed in proximity Lo thew.  Adjustable
inductances L and L are prefernlily included
in the primary cirenits chiefly for the pur-
pose of vegulating the rates of the primary
oscillations. Inthedrawings these primariey
" aud P surronnd thoe coils ¥ 5 and are
joined in series through the inductinces I’
Le, conduetor 1) condensers C and C4, brush-
holders B’ wndd B and a toothed disk 1),
which isconnected Lo the conductor I' and, if
desired, also to the ground-plate I2, as shown,
two independont primury cireuits being thus
formed. The condensers C' and ¥ aro of
such capaeity and the induetunces L' 1.2 avy
s0 adjuated that onch prinury is in eloso reso-

723,168

nance with its secondary system, as I have
explained in other patents granted Lo me.
Tho brush-holders I3 and I3 are capabie in-
dependently of nugular and, if neeessary,
also of lateral nd justiment, sothat any desired
order of anccession or uny difference of timo
interval between the discharges oceurring in
the two primary circuits may be obtained.
The condensars Lieing energized from u suit-
able source 5, preferably of high poteatial,
and the disk D being rotated, its projections
or teeth p p cominyg at periodically-recurring
iutervals in very closo proximity to or,us the
case way be, in contact with conducting rods
or Lbrushes 1 2 eanse the condensers to La
dischinred in rapid succession through their
respective circuits, In this manner the two
secondary systems D'S" Kand D* S*E areset
in vibration and oscillate freely each at its
proper rate for a certain period of time at
every discharge. 'The two vibrations are im-
pressad upon the ground through the plate
E and spread to a distance reaching the re-
ceiving-station, which has two siwilar eir.
cuits or systems e ' ' and e s* }, arrnoged
and connected in the same manner pud tuoed
to Lthe aystoms at the sending-station, so that
ench responds exclusively to oue of the two
vibrations nroduced Ly the transmitting ap-
paratus. The same rulas of adjustment are
obgerved with respect to the receiving-cir-
cuity, ¢are being furthermore taken that the
tuning is effected when all the apparatus is
connected to the virenits and placed in posi-
tion, as any change tnay inore or less modify
the vilirntion. Each of the receiving-coils s’
and ¥¥is sbunted by n tocal eircuit contuinings,
respectively, sensitive devices ' a?, batteries
b' b?, ndjustable resistances »° r? and sensi-
tive relnya ' R all joined in series, as
shown, The precise connections and ar-
rangements of thé varfons receiving instru-
ments are largely immaterinl and ay be
varied in many waya. ‘The sensitive de-
vices o’ g? may be any of the well-knowu
devices of this kind—as, for example, two
conducting-terminals separated by a minute
aiv-gap or o thin film of dielectric which is
strained or weakened by a battery or other
means to the point of breaking down ancd
gives way Lo Ltho slightest disturbing influ.
ence. Its return to the normal sensitivestate
may bo secured by momentarily interrupting
the Lattery-circuits alter ench operantion or
otherwise, The relays ' R?have armatures
I B, which are connected by a wire w and
when attrncted establish eleetrical contacts
at #' and ¢?, thus ctosing a cirenit eontaining
i battery H? and adjustablo resistanco r* and
a rolay I3 Ifrom the above descriptioa it
will Lo readily seen that the relay 13 will be
oporated only when both contacts ¢’ and ¢Paro
closed.

The apparatus at the sending-station may
he controllied in any suitablo manner-—as, for
instanee, by momentarily closing tho cireuit
of the source 8, two differont clectrieal vi-
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brations Leing emitted simultaneously or in
rapid succession, as may be desired, at each
closurs of the circuit. The two receiving-
circuits at the distant station, each tuned to
respond to the vibentions produced by one of
the elements of the transmitter, affect the
seusitive devices a’ and a* and cause the re-
lays R’ and R?to be operated and contacts
¢’ and ¢? to be closed, thus actuating the re-
ceiver or relay R which 1o turn establishes
a coutact ¢* and brings into action a device
a’ by means of a battery d', included ina
loeal ecircuit, as shown. Dut evideutly if
through any extraneous disturbance anly one
of the circuits at the receivioy-station is af-
tected the relay R* will fail to respond. In
this way A communication may be ¢arried on
with greatly-increased safety against inter-
ference and privacy of the messages may be
secured. Thereceiviog-station shown in Fig.
2 is supposed to be ocve requiring no return
message; but if the use of the system iasnch
that this is necessary then the two stations
will be similarly equipped, and any well-
koown means, which it is not thouzht neces-
sary to illustrate here, may be resorted to for
enabling the apparatus at each stalion to
be used in turn us transwmitter and receiver.
Ia like manner the operation of a receiver,
as RY, may be made dependent instead of
upon two upon wore than two such trana-
mitling systems or circunits, agd thus any de-
sired degree of exclusiveness or privacy and
salely agninst extraneons disturbances may
be attained. The apparatusas illustrated in
Fiza. 1 and 2 permits, however, apecinl re-
sults to be secured Ly the adjustment of the
order of succession of the discharges of the
primary circaits P' and P? or of the time in-
tervals between such discharges. To illus-
trate: The action of the relays R’ R? may be
regulated either by adjusting the weights
of Lhe levers ' P, or the strength of the bat-
teries ' 1, or the resistances #' 73, or in other
well-known ways, so that when a certain order
of succession or time interval between the dis-
charges of the primary circuits P’ and Plex-
futa at the sending-station tho levers " and 2
will ciose the contacts ¢’ and ¢? at the same
instant, and thus operate tho relay 132, but
will fail to produce this result whon the order
of succeasion of or the time interval between
the discharges in the primary eircuits is an-
other one. By these or similir means addi-
ticoal safety nzainst disturbances from other
sources may be altained and, on the othor
band, the possibility afforded of effecting the
oporation of signaling Ly varying the order
of succession of the discharges of the two cir-
cuits. Instead of clnsing and opening thocir-
cuit of the sourco §', as before indicated, for
the purpose of sending distinct signals it may
be convenient to imeraly alter the period of
eitherof the transmitting-cireuitsarbitrarily,
a3 by varyiogtheinduetance of the primaries.

Obviously thore is no necossity for using
transmitters with two or more distinet ole-

ments or circuits, as $' and S* since a sue-
cession of waves or impulses of diferent char-
acteristics may be produced by an igstrument
baving Lut one such circuit. A few of the
many ways which will readily sugzest them-
selves to the expert who applies wy invention
are illustrated in Figs. 3,4, aud 5. Ino Fig. 3
4 trapsmittiog system e s* d° is partly shunt-
od by a rotating whee!l or disk D?, which may
be similar to that illustrated in Fig, 1 and
which cuts out periodically A portion of the
coilorconductors?, or, if desired, bridges it by
an adjustable coudenser C?, thus altering the
vibration of the system e s d? at soitable in-
tervals and causing two distinct kinds or
classes of impulses to beewitted in rapid sne-
cession by the sender. In Fig. ¢ a similarre-
sult iy produced in the system e s* d! by pe-
riodically short-circuiting, through an indue-
tion-coil L and a rotating disk D¥ with insu-
lating and conducting segments, a circait p*
in indunetive relation tosaid systemn. Again,
in Fig. 5 three distinet vibrations are cansed
to be emitted by n systemm e s* @5, this resnlt
being produced by iwserting periodically a
number of turus of an induction-coil L' in se-
ries with the oscillating system by means of
a rotuting disk B® with two projections p* p*
and three rods or brushes n%, placed at an an-
gle of one hnudred and twenty degrees reia-
tively to each other. The three transinitting
systomns or eircuits thus produced may ba ea-
ergized in the sams mnapnerasthoseof Fig. 1
orinanyotherconysnient way. Correspond-
ing to each of thase cases the receiviug-sta-
tion may be provided with two or three cir-
cuits in an aualogous manner to that illus-
trated in Fig. 2,it beingunderstood, of courss,
that the different vibrations or disturbances
smitted by the sender {ollow in such rapid
succession upon each other that they are prac-
tieally simultaneous 80 faras the operation of
such relays as ' and R!is concerned. Evi-
dently, however, it is not necessary to em ploy
two or more receiving-cireuils, but a single
circuit may be nsed alsoat the receiving-sta-
tion constructed and arrnoged like the trans-
mitting-circvitsorsystemsillustrated in Figs.
3, 4, and 5, in which ease tho corresponding
disks, as D? D' D* at the sendiug will be
driven in synchonisin witlithose at tho receiv-
ing stations ns far a8 may be necessary to se-
cure the desired rosult; but whatever the na-
ture of the apecific devices employed it will
he seen that the fundamental idea in my in-
vention is the oporation of a recciver by the
conjoint or resultant effeet of two or more
circuits each tuned to respond exclusively to
waves, imnpulses, or vibrations of a certain
kind or class produced either siimultaneonsly
or succesaiveiy by a suitable transmitter.

It will be seen from a consideration of the
nature of the method hersinbefore described
that the iuvention is applicable not only in
the special manner described, in which tho
transmission of tho impulses is eflected
through aatural media, but for tho transmis-
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.sion of euorgy for any purposeand whatever

the medium through which the impulses are
conveyed,

What I elaim is—

1. The method of operating distant re-
ceivers which consistsin preducing and truns-
witting a plurality of kinds or classes of elee-
trieal impulses or disturbnoces, actuntiog Ly
the impulses or disturbances of each kind or
class one of u plurality of cireuits tuned to
respood to impulises of such kind or classand
operatiog or controlling the operation of a
receiver by the conjoint action of two or more
of said cirenits, as set forth,

2. The method of signaling, which conaists
i producing and tranamitting a plurility of
kinds or classes of electrical impulses ordis-
turbances, developing by the impulses of each
class a currentin oneof uplurality of receiv-
ing-cireuits tuned to respond exelusively
thereto and coontrolling by means of the con-
joiut action of such circuits a loeal circuit,
#8 set forth,

3. The method of signaling which consists
in producing a plurality of seriesof impulses
or disturbances differing from each other in
character and order of succession, exciting
by the impulses of each series ons of a plu-
rality of receiving-circoits tuned to respond
exclusively thereto and controlling by the
comjoint action of such ecireunits a loeal cir-
cuit, as set forth.

4. The method of signaling which consiats
inproducing a plurality of series of electrical
impulses of different character, varying the
time interval between the ewission of such
finpulses, excitiog by the impulses of enchse-
ries one of a plurality of receiving-circuits
tunad 1o respond exclusively thereto und con-

troiling by the conjoint action ot such cir-.

enils a local circuit, as set forth.

5. Themethodof transmittingslectrical an-
ergy for conveying intelligibla signals which
consistain producing a plurality of electrical
impulsesofdifferent character, daveloping Ly
the impulses of ench kind a current in one
of a plurality of receiving-circuits tuned to
respond exclusively thereto, controlling the
action or effect of the transmitied imnpulyes
upon the receiving-circuits by varying the
character of said impulses, and operating or
controlling the operation of a receiver by the
conjoint action of two or more of said receiv-
ing-circnits, as set forth.

723,188

6. Themethod of transmitting electrical en-
ergy which cousists in producing » plarality
of electrical waves or impulses of different
periodicities, varying the order of traoswmis-
asion of the waves or impulses furming ele-
ments of the gignal sent, according as one or
another receiving-station is to he communi-
cated witb where (proper vircuit-closivg meck-
anism being providod at each recsiving-sta-
tion) the transmitted signul will be inteltizi-
ble at and only at tLe intended receiving-
station.

7. The method of transmitting intellizence,
which consists in selecting and associating to-
goether in predeterinined order of succession
two or more electricially-generated impulses
of different periodicity, forming elements of
signals to be sent, nnd transmitting such se-
lected impulses with reference to the conjoint
action of both or all in the production of a
signal nt a distant point, substantially as set
forth.

8. Tnnsystem of telegraphy, wherein sigoaly
or messages aresent by the use of a plurality
of electrical impulsesof different periodicities
aod in a predetermined order of succession,
the wethod of ascertaining at any particular
station the purticular signal seut to that sta-
tion, whiceh consists in the selection, o form
a signal, of certain transmitted impulses of
different periodicities and of a predetermined
order of suecession to the exclusion of all oth-
ers, as set forth,

9. Theisnprovementio the art of transmit-
ting electrieal enerxy which consists in oper-
atioyg or controlling a receiving mechanism
by n series or group of electrical impulses of
different periodicities and of a predetecmined
order of sucessiou.

10. 1un a system for the transwission of elec-
trical energy, for sending signals or messngcs
to any oue of two or more receiving.stations,
the method of tranamitting the messaro with
refereuce to the intelligible reccipt thereo!
At the desired station, whieh ecunsists ia the
transmission of electrical wives or impulses
of different periodicities in varying order of
tragsinittal by a separate order or grou ping
of transmittal for each recolviog-station.

NIKOLA TESLA.

Witnosses:
M. LawsoN DyER,
BENJAMIN MILLER.
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UNITED STATES PATENT OFFICE.

NIKOLA TESLA, OF NEW YORK, N.Y.

SYSTEM OF SIGNALING.

SPECIFICATION forming part of Letters Patent No. 725,605, dated April 14, 1903.
Application filed July 16, 1900. Serial No. 23.847. (No model.}

To all whom it may concern:

Be it known that I, NIKOLA TESLA, a citizen of
the United States, residing in the borough of
Manhattan, in the city, county, and State of
New York, have invented certain new and
useful Improvements in Systems of Signaling,
of which the following is a specification, refer-
ence being had to the drawings accompanying
and forming a part of the same.

In certain systems for transmitting intelligi-
ble messages or governing the movements
and operations of distant automata electrical
impulses or disturbances produced by suitable
apparatus are conveyed through the natural
media to a distant receiving-circuit capable of
responding to the impulses, and thereby
effecting the control of other appliances.
Generally a special device highly sensitive is
connected to the receiving-circuit, which in
order to render it still more susceptible and
to reduce the liability of its being affected by
extraneous disturbances is carefully adjusted
S0 as to be in tune with the transmitter. By
a scientific design of the sending and receiving
circuits and other apparatus and skilful adjust-
ment of the same these objects may be in a
measure attained; but in long experience |
have found that notwithstanding all construc-
tive advantages and experimental resources
this method is in many cases inadequate. Thus
while | have succeeded in 50 operating selec-
tively under certain favorable conditions more
than one hundred receivers in most cases it
is practicable to work successfuily but a few,
the number rapidly diminishing as, either
owing to great distance or other causes, the
energy available in the tune circuits becomes
smaller and the receivers necessarily more
delicate. Evidently a circuit however well
constructed and adjusted to respond exclusive-
ly to vibrations of one period is apt to be
affected by higher harmonics and still more
s0 by lower ones. When the osciliations are
of a very high frequency, the number of the
effective harmonics may be large, and the
receiver consequently easily disturbed by
extraneous influences to such an extent that
when very short waves, such as those pro-
duced by Hertzian spark apparatus, are used

little advantage in this respect is derived from
tuning the circuits. It being an imperative
requirement in most practical applications of
such systems of signaling or intelligence
transmission that the signals or messages
should be exclusive or private, it is highly
desirable to do away with the above limita-
tions, especiaily in view of the fact, which [
have observed, that the influence of powerful
electrical disturbances upon sensitive receiv-
ers extends, even on land, to distances of
many hundreds of miles, and consequently in
accordance with theory still farther on sea. To
overcome these drawbacks and to enable a
great number of transmitting and receiving
stations to be operated selectively and exclu-
sively and without any danger of the signais
or messages being disturbed, intercepted, or
interfered with in any way is the object of my
present invention,

Broadly stated. this invention consists in the
combination of means for generating and
transmitting two or more kinds or classes of
disturbances or impuises of distinctive char-
acter with respect to their effect upon a re-
ceiving.circuit and a distant receiver which
comprises two or more circuits of different
electrical character or severally tuned, so as
to be responsive to the different kinds or
classes of impulses and which is dependent for
operation upon the conjoint or resultant action
of the two or more circuits or the several
instrumentalities controlled or operated there-
by. By employing only two kinds of distur-
bances or series of impulses instead of one,
as has heretofore been done to operate a
receiver of this kind. [ have found that safety
against the disturbing influences of other
sources is increased to such an extent that |
believe this number 1o be amply sufficient in
most cases for rendering the exchange of
signals or messages reliable and exclusive; but
in exceptional instances a greater number
may be used and a degree of safety against
mutua} extraneous interference attained, such
as is comparable to that afforded by a com-
bination-lock. The liability of a receiver being
affected by disturbances amanating from other
sources, as well as that of the signals or mes-
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sages being received by instruments for which
they are not intended, may, however, be
reduced not only by an increased number of
the coorperative disturbances or series of
impulses, but also by a judicious choice of the
same and the order in which they are made
to act upon the receiver.

Evidently there are a great many ways of
generating impulses or disturbances of any
wave length, wave form, number or order of
succession, or of any special character such
as will be capable of fulfilling the requirements
above stated, and there are also many ways
in which such impulses or disturbances may
be made to cooperate and to cause the re-
ceiver to be actuated, and inasmuch as the
skill and practical knowledge in these novel
fields can only be acquired by long experience
the degree of safety and perfection attained
will necessarily depend upon the ability and
resource of the expert who applies my inven-
tion; but in order to enable the same to be
successfully practiced by any person possessed
only of the more general knowledge and
experience in these branches | shall describe
the simplest plan of carrying it out which is
at present known to me.

For a better understanding of the subject
reference is now made to the accompanying
drawings, in which —

Figures 1 and 2 represent diagrammatically
the apparatus and circuil connections em-
ployed at the sending and receiving stations,
respectively; and Figs. 3, 4, and 5 modified
means which may be employed in the prac-
tical application of the invention.

In Fig. 1, 5' and $? are two spirally*wound
coils or conductors connected with their inner
ends to elevated terminals D' and D?, respec-
tively, and with their outer ends to an earth-
plate E. These two coils, conductors, or sys-
tems D' S’ E and D? §2 E have different and
suitably-chosen periods of vibration, and, as
peinted out in other patents relating to my
system of energy and intelligence transmis-
sion, their lengths should be such that the
points of maximum pressure developed there-
in coincide with the elevated terminals D' D2.
The two systems may have electrical oscilla-
tions impressed upon them in any desired
manner, conveniently by energizing them
through primaries P’ and P?, placed in prox-
imity to them. Adjustable inductances L’ and
L? are preferably included in the primary cir-
cuits chiefly for the purpose of regulating the
rates of the primary oscillations. In the draw-
ings these primaries P’ and P? surround the
coils 3' 52 and are joined in series through the
inductances L’ L2, conductor F, condensers C’
and C2, brush-holders B’ and B?, and a toothed
disk D, which is connected to the conductor
F and, if desired, also to the ground-plate E,
as shown, two independent primary circuits
being thus formed. The condensers C' and C?
are of such capacity and the inductances L.’
and L? are so adjusted that each primary is in
close resonance with its secondary system, as

| have explained in other patents granted to
me. The brush holders B’ and B? are capable
independently of angular and. if necessary,
also of lateral adjustment. so that any €. -ixg
order of succession or any difference of time
interval between the discharges occurring in
the two primary circuits may be obtained. The
condensers being energized from a suitable
source S, preferably of high potential. and the
disk D being rotated, its projections or teeth
p p, coming at periodically-recurring intervals
in very close proximity to or, as the case may
be, in contact with conducting rods or brushes
n n, cause the condensers 10 be discharged in
rapid succession through their respective cir-
cuits, In this matter the two secondary systems
D' §' E and D? 52 E are set in vibration and
oscillate freely, each at its proper rate, for a
certain period of time at every discharge. The
two vibrations are impressed upon the ground
through the plate E and spread to a distance
reaching the receiving station, which has two
similar circuits or systems e s’ d’ and e s d?
arranged and connected in the same manner
and tuned to the systems at the sending-sta-
tion, so that each responds exclusively lo one
of the two vibrations produced by the trans-
mitting apparatus. The same rules of adjust-
ment are observed with respect to the receiv-
ing-circuits, care being, furthermore. taken
that the tuning is eftected when all the appar-
atus is connected to the circuits and placed in
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position, as any change may more or less100

modify the vibration. Each of the receiving
coils s’ and s? is shunted by a local circuit
containing, respectively, sensitive devices a’
a?, batteries b' b?, adjustable resistances r’ r?,

and sensitive relays R’ R?, all joined in series, 105

as shown. The precise connections and ar-
rangements of the various receiving instru-
ments are largely immaterial and may be
varied in many ways. The sengitive devices

a’ a® may be any of the well-known devices 110

of this kind — as, for example, two conducting-
terminals separated by a minute air-gap or a
thin film of dielectric which is strained or
weakened by a battery or other means to the

point of breaking down and gives way to the 15

slightest disturbing influence. Its return to the
norma! sensitive state may be secured by
momentarily interrupting the battery-circuit
after each operation or otherwise. The relays

R' R2 have armatures [’ L?, which are con-120

nected by a wire w and when attracted esta-
blish electrical contacts ¢’ and c2, thus closing
a circuit containing a battery b?, and adjust-
able resistance r3, and a relay R,

From the above description it will be readily 125

seen that the relay R will be operated only

when both contacts ¢’ and ¢? are closed.
The apparatus at the sending-station may be

controlled in any suitable manner — as, for

instance, by momentarily closing the circuit130

of the source S, two different electric vibra-
tions being emitted simultaneously or in rapid
succession, as may be desired, at each closure
of the circuit. The two receiving-circuits at the
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distant station, each tuned to respond to the
vibrations produced by one of the elements
of the transmitter, affect the sensitive devices
a’ and a? and cause the relays R’ and R? to
be operated and contacts ¢’ and ¢? to be
closed, thus actuating the receiver or relay R3,
which in turn establishes a contact ¢* and
brings into action a device @® by means of a
battery d*, included in a local circuit, as
shown; but evidently if through any extran.
eous disturbance only one of the circuits at the
receiving-station is affected the relay R® will
fail to respond. In this way communication
may be carried on with greatly-increased safe-
ty against interference and privacy of the
messages may be secured. The receiving-sta-
tion (shown in Fig. 2} is supposed to be one
requiring no return message; but if the use of
the system is such that this is necessary then
the two stations will be similarly equipped and
any weil-known means, which it is not thought
necessary to illustrate here, may be resorted
to for enabling the apparatus at each station
to be used in turn as transmitter and receiver.
In like manner the operation of a receiver, as
R3, may be made dependent, instead of upon
two, upon more than two such transmitting
systems or circuits, and thus any desired
degree of exclusiveness or privacy and safety
against extraneous disturbances may be at-
tained. The apparatus as illustrated in Figs. 1
and 2 permits, however, special results to be
secured by the adjustment of the order of
succession of the discharge of the primary
circuits P’ and P? or of the time interval
between such discharges. To illustrated, the
action of the relays R’ R? may be regulated
either by adjusting the weights of the levers
{' B, or the strength of the batteries &' #2, or
in other well-known ways, so that when a
certain order of succession or timeinterval

between the discharges of the primary circuits

P’ and P? exists at the sending-station the
levers {' and 2 will close the contacts ¢’ and
¢? at the same instant, and thus operate the
relay R¥; but it will fail to produce this result
when the order of succession of or the time
interval between the discharges in the primary
circuits is another one. By these or similar
rmeans additional safety against disturbances
rom other sources may be attained and, on
the other hand. the possibility affiorded of
effecting the operation of signaling by varying
the order of succession of the discharges of the
two circuits. Instead of closing and opening the
circuit of the source §, as before indicated, for
the purpose of sending distinct signals it may
be convenient to merely alter the period of
either of the transmitting-circuits arbitrarily,
as by varying the inductance of the primaries.

Obvicusly there is no necessity for using
transmitters with two or more distinct ele-
ments or circuits, as S’ and S?, since a succes-
sion of waves or impulses of different char-
acteristics may be produced by an instrument
having but one such circuit. A few of the many
ways which will readily suggest themselves to

the expert who applies my invention are iltus-
trated in Figs. 3, 4, and 5. In Fig. 3 a transmit-
ting system e 5* d * is partly shunted by a rotat- 79
ing wheel or disk D? which may be similar

to that illustrated in Fig. 1 and which cuts out
periodically a portion of the coil or conductor

s* or, if desired, bridges it by an adjustable
condenser 3, thus altering the vibration of the 75
system e 5* &® at suitable intervals and causing
two distinct kinds or classes of impuises to be
emitted in rapid succession by the sender. In
Fig. 4 a similar result is produced in the system

e s* d* by periodically shortcircuiting, through 80
an induction-coil L* and a rotating disk D* with
insulating and conducting segments, a circuit

p* in inductive relation to said system. Again,

in Fig. 5 three distinct vibrations are caused

to be emitted by a system e 55 ¢, this resuit 85
being produced by inserting periodically a
suitable number of turns of an induction-coil

L* in series with the oscillating system by
means of a rotating disk B* with two projec-
tions p* p* and three rods or brushes n®, placed 99
at an angle of one hundred and twenty de-
grees relatively to each other. The three trans-
mitting systems or circuits thus produced may

be energized in the same manner as those of
Fig. 1 or in any other convenient way. Cor- 95
responding to each of these cases the receijv-
ing-station may be provided with two or three
circuits in an analogous manner to that illus-
trated in Fig. 2, it being understood, of course,
that the different vibrations or disturbances 100
emitied by the sender follow in such rapid
succession upon each other that they are prac-
tically simultaneous. so far as the operation

of such relays as R’ and R? is concerned.
Evidently, however, il is not necessary to1g5
employ two or more receiving-circuits; but a
single circuit may be used also at the receiv-
tng-station constructed and arranged like the
transmitting circuits or systems illustrated in
Figs. 3, 4, and 5, in which case the correspond- 110
ing disks, as D® D* D%, at the sending will be
driven in synchronism with those at the re-
ceiving stations as far as may be necessary to
secure the desired result; but whatever the
nature of the specific devices employed it will115
be seen that the fundamental idea in my in-
vention is the operation of a receiver by the
conjoint or resultant effect of two or more cir-
cuits each tuned to respond exclusively to
waves, impulses, or vibrations of a certain )29
kind or class produced either simultaneously

or successively by a suitable transmitter.

It will be seen from a consideration of the
nature of the method hereinbefore described
that the invention is applicable not only in the 125
special manner described, in which the trans-
mission of the impulses is effected through
natural media. but for the transmission of
energy for any purpose and whatever the
medjum through which the impulses are con-130
veyed.

What 1 claim.is —

1. In a system for the transmission of elec-
trical energy, the combination with means for

217




218

20

25

30

35

40

45

50

55

65

APPENDIX D

725,805

preducing two or more distinctive kinds of
disturbances or impuises. of receiving-circuits,
each tuned to respond to the waves or im-
pulses of one kind only. and a receiving device
dependent for operation upon the conjoint
action of the several receiving-circuits, as set
forth.

2. In a system for the transmission of elec-
trical impulses and the operation or control,
of signaling or other apparatus thereby, the
combination with a transmitter adapted to
produce two ar more distinctive kinds or
classes of disturbances or impulses, of sensitive
receiving-circuits, each tuned to respond to
the impulses or disturbances of one kind or
class only, and a receiving device dependent
for operation upon the conjoint action of the
sensitive circuits, as set forth,

3. in a system for the transmission of elec-
trical impulses, and the operation or control
of signaling, or other apparatus thereby, the
combination with a transmitter adapted to
produce two or more distinctive kinds or
classes of disturbances or impulses, of sensitive
circuits at the receiving point or station, each
tuned to respond to the impulses or distur-
bances of one kind or class only, a local circuit
arranged to be completed by the conjoint
action of the sensitive circuits and a receiving
device connected therewith, as set forth,

4. In a system for the transmission of electri-
cal impuises, and the operation or contro! of
signaling or other apparatus thereby, the com-
bination with a transmitting apparatus adapt-
ed to produce two or more distinctive kinds
of disturbances or impulses, of means for vary-
ing the time intervals of the emission of the
impulses of the several kinds, sensitive circuits
each tuned to respond to the impulses or dis-
turbances of one kind only, and a receiving
apparatus dependent for operation upon the
conjoint action of the sensitive circuits, as set
forth.

5. In a system, such as herein described, the
combination with a transmitter adapted to
produce a plurality of distinctive kinds of elec-
trical disturbances or impulses, of a receiving
apparatus comprising a plurality of circuits, a
sensitive device and a relay included in each
circuit, and each said circuit being tuned to
respond to the impulses or disturbances of one
kind only, and & receiving apparatus in a local
circuit controlled by the relays and adapted
to be completed by the conjoint action of all
of said relays, as set forth.

6. In a system of the kind described, the
combination with a transmitter adapted to
produce two or more series of electrical oscil-
lations or impulses of different frquencies, of
a receiving apparatus comprising plurality of
sensitive circuits each tuned to respond to the
impulses of one of the series produced by the
transmitter, and a signaling device dependent
for its operation upon the conjoint action of
said circuits, as set forth,

7. The combination with a piurality of trans-
mitter elements, each adapted to produce a

series impulses or disturbances of a distinctive
character, and means for controlling and ad-
justing the same, of a receiver having a plural-
ity of sensitive circuits each tuned so as to be
affected by one of the series of impulses only,
and dependent for operation upon the conjoint
action of all of said circuits. as set forth.

8. The combination with a transmitter adapt-
ed to produce series of electrical impulses or
disturbances of distinctive character and in a
given order of succession, of a receiving
apparatus comprising tuned circuits respond-
ing to such impulses in a corresponding order,
and dependent for operation upon the conjoint
action of said elements, as set forth.

9. In A receiving apparatus, the combination
with a plurality of sensitive circuits, severaily
tuned to respond to waves or impulses of a
different kind or class a receiving circuit con-
trolled by the sensitive circuits and a device
connected with the receiving-circuits adapied
to be operated when said circuit is completed
by the conjoint action of two or more of the
sensitive circuits, as set forth.

10. A system for the transmission of electri-
cal energy, having in combination means for
producing and transmitting two or more im-
pulses of different periodicities to form a signal
in a predetermined order of succession, as set
forth.

11. In a system for the transmission of elec-
trical energy, the combination with a transmit-
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ting apparatus comprising one or more cir-100

cuits, means for impressing therein oscillations
or impulses of different character and a receiv-
ing apparatus comprising a plurality of circuits
each tuned to respond to the impulses of one

kind produced by the transmitter and a re- 105

ceiver dependent for operation upon the con-

joint action of the receiving-circuits, as set
forth.

12. In a system for the transmission of elec-

trical energy, the combination with a transmit-11¢

ting apparatus comprising a transformer and
means for impressing upon the secondary
element of the same oscillations or impulses
of different character, of a receiving apparatus

comprising a plurality of circuits each tuned1s

to the impulses of one kind emitted by the
secondary of the transitting-transformer, and
a receiver dependent for operation upon the
conjoint action of the receiving-circuits, as set
forth,

13. In a system for the transmission of elec-
trical energy, the combination with a transmit-
ting apparatus comprising a transformer and
means for impressing upon the secondary

120

elements of the same oscillations or impulses |25

of different periodicities and in a given order
of succession, of a receiving apparatus com-
prising a plurality of circuits each tuned to
respond to the transmitted impulses pf one

period, and a receiver dependent for opera-13(

tion upon the conjoint action of the receiving-
circuits, as set forth.

14. In a signaling system, the combination of
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means for generating a series of electrical
impulses of different periodicities, receiving:
circuits of differing electrical periods of vibra-
tion, and an indicating mechanism operated
to give an intefligible indication only when
currents are induced in the receiving-circuits
a predetermined order, as set forth.

15. In a system for the transmission of
energy, the combination of two or more cir-
cuits differing with respect of one of their
electrical constants, means for energizing said
circuits, and an indicating mechanism opera-
tive only by conjoint action of two or more
currents generated by waves from the send-

ing-station, as set forth.

16. In a system for the transmission of elec-
trical energy, the combination with a trans-
mitter adapted to produce electrical waves or
oscillations varying in character in a predeter-
mined order, of a receiving instrurnent respon-
sive to said oscillations and dependent for
operation upon the action thereof in a corres-
ponding order, as set forth.

NIKOLA TESLA.

Witnesses:
John C. Kerr,
Richard S. Donovan.
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