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To. aU whom, it may concei'n:
method descrihccl below. These relays actuHe it known that I. }VrLLTAM F. Fnmn- ate magnets which set np combinations of
31AN, citizen
of _the United States of selecting discs in a printing mechanism, and
America, residing at 3220 17th Street N\;V., each character of the message is determined
5 in the city of Washington and District of by a different combination or arrangement
Columbi-a, have invented certain new and of these selecting discs. Usually there are
nsdul _Im-provements in Printingc Telegraph g2 snch combinations, 26 for the ordinary
Systems, of which the following is a speci- letters and G others concerned in certain
fkation.
functions of the printer, such as carriage reThis invention relates to imp1·ovements in tum, figure shift, and so on. The signals
10
electrical ~ignnling systems, more pai:ticu- for .message characters as commonly used
larly to prmting telegraph systems, and has in these systems, constitute what is usually
fo;· its object the simultaneous transmission termed a five-unit code, that is, it consists
and reception of a plurality of code signal of permut.d.ions of two elements taken five
Jii imp11lses representing the ii1dividual elc- at a tirne. In one system of operation these.
rnents of the messa!!c eharacters that arc two elements may be positive and negative
tra.nsrnitted.
~
potentials, in which case the code signal fot·
:\ fnr·t!Jcr objt!c:t is to 1~ecluce very mate- n c!Jnmctm· consists of the distribution
ri:dly the length of time necessary in the t-hrough time of five elements composed of
"U heretofore prevalent printing telegraph sys.- positive a.nd ne.gati ve impulses. In another
tems to tl'ansmit the code signals_ represent- s_ystem of operation the ·two elements mny
ing the message charncters and thus increase consist of a time-intcn'al when an impulse
the ea.pacity -of the line or· channel· em- is se~t., and a time-intm'vaJ when no impulse
ployed.
is sent, this being the method of closed and
?ii
A fnrthee objeet is to inct·ease the nnm- open eircnit opemtion. The code signal for
her of separate messages which can be trans- th~ letter "A:', for example, is"++---",
mitted ·and received simultaneously, thus. which in the positive and negative system
also incr.easing the capacity OT the line Ol' of operation means that the first n.ncl second
channel employed.
.·
11nits of the signal are positive impulses, the
30
A further. object is to eliminate the ne- third, fourth, and fifth, are negative imcessity for the employment of synchronizing pulses. l;n the open a1i.d closed circuit sysmechanisms such as are required in the here- tcm of operation, this code signal means that
toJore prevalent systems.
only the 5rst two time units n.re occupied
.Tl:e invention will here be illnstratcd as by the passage of cunent, the lnst three, un:1;:; :tpplied to <t well known form of printing occ11picd. · The per·m11tn.tions rrl' tmnsmitte;l
t.degrapl1 systt·rns, b11t, as will be n~allily nn- imp11lscs :ue gtwerned by :t set of 111akc aml
derst.ood. ·is applicable to mauy other t~lec- break keys operated at the tmnsrnitting end
trical systen1s ancl devit.:es which aL present mam1ally, by nw::_.ns of a sending ke,iboa.rd
neecssital:es the nse o-f more or les:'l eompli- simihlr .in J'on11 to the ordinary typewrite1·
,l:l eatt~il syndii·oniz.ing devices.
.
keybm_u:d, or a11tomatically Ly means of a_
'The fnnclarnental principle of my invcn- transmitter t.;ontrol1ec1 by a perforated tape.
tion is tlJC substitution of a plurality of
In order that a. plurality of relays shall
moclulaterl high frequency oscillations of be controlled by nnpulses of equal potendilferent frequencies nll transmitted simul- t.inl, an4 all coming over the same line, or
4.J taneously and instantaneously for a plu- through the same channel, and that the pei·ra1it_v of similar, equal potential, direct cur- mutation of relays actuated at the distant
rent impulses distributed through time.
end shall correspond to the permutation of
In the heretofore 'prevalent forms of dep1'essed keys at the sending end, in the
printing telegraph systems, the automatic heretofore preya}ent systems, connection is
GO operations conc:cmed in causin,g a printing momentarily estnbl ished between each key
rucchanism to function n.t a distance are con- at the sending end and its COJTcsponding retrolled by groups ol' equal potenti:11, direct·- lay at the receiving end and the five temelliTCllt electrical impulses which pass over pora.ry eonnections between the five pairs of
one and the same line, and actuate tt set of. keys a_ncl relays are established in a fixed
55 relays, each impulse ii1 the group affecting seqltence, one aftc1· the other.
Thns, fol'
the operatio11 of a particular. relay, by .·a exa'n1ple, in. the case of five. relays respec-
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tively eontrolled by five make and break the det<l.ilccl foHowing description based
keys, the_ time necessary to se'nd the signals thereon, set forth an embodiment of the
for one message character or letter is eli- . same.
vided up into five equal intervals; dur·ing
Figure 1 is :t diagrammatic sketd1 of one
5 the first interval key 1 at the sending erHl form o:E a"tT<tnge!llent of circ·uits whereby 70
is connected with its corresponding rcl:ty 1 each of a plumlity of high fr~quency alterat the 1·eceiving end; during the second in- nating currents may be modnlatcd or n~n
terval, key 2 at the sending end is con- modulated in permntations corresponciing
nected with its corresponding relay 2 at the to code signals for message characters, the
10 receiving end, and so on. The method of modulated currents impressed upon a line, 7J
effecting such a correspondence in action by and the modulations isolated at the receivtransmiti11g similar impulses through one ing end by a plurality of selectively tuned
and the smnc ·channel imrolves the use of a circuits.
·
distribnto'l: and vario'us other apparatus inFigure 2 is a diagramm:1tic sketch o:f one
15 eluded nnclcr the general term "synchroniz.. form of arrangement of circuits whereby a [W
ing mechanism."
plutality of complete sets of modulated alThe principle of the synchronizing dis- ternating currents n're simultaneously imtributor is this: Two similar rings, one 011 pressed upon a line, the members of each set
the sencling fucc of a distributor at the being i"sohtted at the receiving end by a
20 transmitting station, the other -on the recciv- plurality of selectively tuned circuits, thus s.;
ing face of an identical clistribt'itor at the effecting multiplex op-eration.
r~cei,·ing stat.ioH, .ne c:reh "clivi"decl into at
Figll're 3 is a cliagt·amnwtic sketch of an
least five e<111al segments. A pair of rotat- · a.rtangement of circuits for the simultaneing brnshes ·on these distributors a·re eon- 011s orier;'t:tion of transmitting and recei,•ing
25 neded to the line, and \\'lten these brushes sets :Lt the sanm end of the Iinc so that nr 1
revolve they sweep ovm· and make contact stations may tr-ans1u!t and receive messages
with the segments of their respecti,~e l"ings. at the sante tim~ at both ends of the line.
Tire 'lwuslres at the two ends of the line start
Figute '4 is sir11i,lar to Figtn·e 1, except
froln the same relative position and sweep Llhlt the arrangements in the former are
:Ju over the contact !::cgments with the same adapted for communication by riHlio.
unifol·m nngnlae velocity, thus cohJ1ecting
Having mOTe particular reference to the
the fit'st segment of the ·ri:n~g of the sendihg dt·itwings nnd in connection with \\ hich like
"distributor with the fiTsp segmc·nt of the characters of reference designate similar
ring of the receivi11g clis'tribntQr once per pal'ts tln·oughout, in Figmc 1, A, B, C, D,
35 re\cohrtion of the bl'nslres:
Like\v}se, the an·d E, arc sources of high frcqumley alter- ll)O
second, third, fourth and fifth segments of nating cui'rent of cliffcr:-ent fi'eqncncies.
the sending distributor are connected once ct'Lllecl hereafter "carr-ier waves" each of
per re\70lut"ion 'of the h'rushes with the cor- which is moduh1tcd telegi'aphically, by
responding- segments o£ the receivi·ng dis- me·ans now wellcknown in the art th'rough
40 trilmtor, the i11tcrval of each connection t.he ·in_1positi'On of modulating__ frequency by 105
being the time of one-fifth of n. rcvo'lntion mod·11lators F, G, H, I, nml·,J, 'respectively,
of the rotating brushes. Th11s, each ·1nes- when keys K, L, :M. N, and 0 are opemtcd.
sage cha·rader is transmitted as a combina- Q is :t sending keyboard of well known
tion of five sepahlte or discrete impulses fm'niJ., or nn au"tol1~atie "ttLpe-eor'Jtmlled trans,15 distrih11ted equally imcl in a d~lfini'te se- nritter, also o"l' weH known furn1, which go,·- llU
<JIICnee tlli"OIIgh an inten-al of tirne, ai1d for e.rns the adion of the keys K to 0 in :1 percad• revolution of the l.1rnslws, the code im- mntati,·e manner :H.:corcling- the the comhinap:dse <.:ornbinatim1s for one and only one tim'ls of the eode s·igna1s repr·esenting mesehar-::tcte·r o1· letter a1'c transmitted and re- sa!.!,"c cha.racters.
50 cei,'ed.
Th.e synchronizitt:.ion !of the two
·Let us stippose, for pui.·poses of illustm- lliJ
distributors so that the respective bl·ushes tion, that A is a source o'f: carrier wave cl'lrrcvolvc with ·exactly the same angu.lar ve- rent of :t I_l'cqucncy of 20000 cydcs per
locity is a very complex feature of these second; B is a som·ce of carrier wave curprint~lig te.Iegra ph ·systems, -and ·acts as a rent of a frequency ·of 30000 cycles per
[i:J lir'niting factor upon the speed of opcratiO'I'L
second, and so on, 'trp toE, which is a stit'lrec 120
In my system no such synchroniza.tioi1 is of carrier wave cL1rrent of a frequm1cy of
necessary, for all of the signals comprising GOOOO cycles pcr·second. · F modulates catTier
the combiwttion of impulses fo·r a single wave A 'by 1000 cyclds per second when key
cha meter are transmit ted sim nltaneonsly, K is closed; similarly G, H, I, n.nd .J moch1r.o uncl at the receiving ci1cl are properly iso- late the carrie1· waves B, C, D, and E, re- 12:)
spcctivcly by 1000 cycles per second, when
Jntcd by five selecti\'ely tuned ·circuits.
In ·order that the invention and i·ts moclQ keys- L, M, N, and 0, respectively, are
of appl1catio11 may be readily 1mclerstood dosed. The modulated carrier waves arc
by persons skilled in the art, I have, in the impl't!ssed upon the lines U :md U', which
G;_; accompanying ·iUnstmtiYe <1mwings, and "in at the receivil\g end brru1ch off into the fin 130
7
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bridged across the lines U and U', I do not
wish to restt·ict myself to this method of
connections, for the modulated eanier waves
umy just as fpasibly be insprte1l di1·eetly in
series witlt the line circuit.
Furthernwre, sinee the motlnlating frequency is Llw same for al1 the carriet· waves,
instead of li:tving separate mothtlating elements such as those shown in F, G, H, I,
and .J, it is, of conrse, qt1itc possible to have
a single modulating element suitably conneetell to the keys K, L, )f, N, and 0, so
that the modulation may be imposed upon
any of the carrier waves.
Furthermore: the generators here described have a single period, but multi-period generators may be used, in which case
the individual fl'equencies would be used in
the separate transmitter circuits.
It is to be understood that eitlwr tt twowire complete metallic circuit, or a si·ngle
wire gmnnd return circnit is possible. In
the drawings, the former method is shown.
'Vhile I have. illustrated my invention as
utilizing a COlle consisting of five clements,
it is obvious that a cmle of a greatet· numbet· of dements n1ay j uJ;t as easily Le used,
tlepencliug upon the printing mechanism
that is employed, and I theteforc do not
wish to limit myself to a code consisting of
any particular number of clements.
It is also obvious that instead of using a
line upon which the modulated carrier waves
are impressed, the modulated carrier waves
may Le of radio-frequencies and radiated
intcJ space Ly means of an antenna or any
other suitable radiating device. This is
shown in Figure 4 in which an antenna Q,
with its ground, R, sel'Ves to radiate the
wan•s into space and at the receiving station u corresponding antenna Q', with its
gmmHl, H', serves to lw·.ci,·e the nhliuted
wa 1·cs. In this Hg111'e "' and 'V' represent
all the elements inclntlcd undet· P and P',
re·J]WL'ti1·ely, ill Figut·e 1. The method of
l'!ilploying nlothilatetl <liffenmL freq_nenc):
carrier \\'<1\'l'S to elintinate the neccss1ty ot
srnehroTli:.-:in'!,' lltPdtailiHtils e:m also be. ap1;1 it•d to sysi PillS othm· titan priuti ng telegraphs, and it is iutended that this feature
be indmh•ll among the others of my invention.
In fad, sewral modifications of the system are possible without departing fl'om
the spirit of the invention or the scope of
the cluin1s.
\Vhat I chim ns i.ny i1wention is the followinn·:
1. I~1 a pt'inting telegraph system, the
combination of a set of generators of radiofl'eqneney oscillations of different ~·adio
-l'req ueneics, means for telcgi"aph tenlly
modulating said ost:illatiolls by a single
modulating freqnent:y, a set of maim and
break keys respcd i vely eon trolling the

modulation or non-modulation of said set
of oseillat ions by said modulating frequency, llil'ttns for operating said set of keys
sinn!ltancously :tnd pemmtatiwly to ~.:on·e
spond to the permnt:t!ions of a plural-unit
signaling code l"B]JI'esenting message eltaral'tt•rs, means for radiating said pern1ut:tl iolls
of modulatcll and non-modulatPd oseillations simnltnneonsly into spacP, means for
recei1·ing and detecting said radiated oseillations, sai<l last. Hnmecl means being associah•ll \Yith a set of recei \'ing instruments
suitably arranged to isolate thc respective
said oscillations, means for detecting the
presence or absence of modulation in each
of said isolated oscillations, each of saill
last-named means being associated with aihl
controlling a relay which is energized w·hen
said modulation is present, but is unenergized ''hen said modulation is absent, aml
a printing or recording mechanism controlled by the pemmtative operation of sai~l
encqrized and 1menergized relays.
2. In a multiplex print-ing telegraph sy+
tcm, the combination of n phmdity of gencmtors of radio-freqnency oscilla!'ions of
different radio frequencies, means for telcgmphically modulating said oscillations in
each set by a single modulating frequency,
a. plurality of sets of mnke and break key,;
respectively controlling the modulation or
non-modulation oscillations by said modnlating frequency, means for operating said
sets of keys simultaneously and permutatively, to con'esponcl to the permutations of
a plural-unit signaling code representing
message characters, means for radinting said
sets of permutations of modulated and nonmodulated oscillations into space simult<lncously, a plurality of s~ts of reccivi!1g instruments tuned to reeeiYe and to 1solnte
said radiated sPts of oscillations, lll<'a ns for
lh·teding the prcscncr or absener of modnIation in radt of said isoL\tt>tl oseilla1ions
in ral'h of said sets of usl'i !lations, each of
said lnst-nallled uwans hrin~ a!lsneiated 'rith
and controlli11g a I'el:ty 1\'flich is Pnergiz(•tl
wlten said modulati<•ll is PI'l'!'l'nt, bnt is
llnPnergized when said 11\odnlation is nuPl'tlt,
and a plurality of printing or rPconling
mechanisms indi,·idnally controlkll by tlte
permutative operntio11 of suitaLlc groupings of said relays into operative sets.
3. In a system of' multiplex printing
ielegrnphy, the combi11ntion of nn ant01ma,
a set of transmitters and a set of rccein•t·s
electrically associated 'vith said antenna,
said transmitters generating r:lllio-freqnency oscillations of different frequencies,
nnd said set of recci,·pt·s being ndjnstecl to
Le separately in rPsmtnnce for frequencies
corresponding to thosP generated by the
transmitters at some other stnlion from
'"ltich signals are received, means for tl'lcgt·nphic:tlly ntotlnlating said oscillations in
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sei\!ctively tuned circuits A' to E', each of transmitting end. It is thus seen that Hlwhich is r~sponsive only to a certain pre- thongh the five relays J(' to 0' are a II opdetermined frcqttfmt:y. For example, in nty erated hy Cli!Tents simultaneollsly traversing
illttstr:ttion, A' is a, eircnit responsive to ·a the line U-U', Lllll operation of a1ly one of
t:arrier wave current of a. frequency of 20000 the five relays is independent of :HHI will 70
cycles· per second, anll no other; 13' is re- not be inl.edered with by the operation of
sponsive only to a carrier wave current of a any other of the Jive relays. Tlte heterogfrequency of 30000 t:ycles pet· second, and onous· combination of modnlnted . carrier
so on, ll]; to E', whieh is responsive only to w;tves is broken up into the homogenous elea carrier wave ClllTellt of a frequency of ments of individual impulses in a pernnd;~t- 75
tion corresponding to the ·proper code signal
GOOOO cycles per second. .
F' is a circuit :for rectifying the high fre- for the character transmitted. It is apparent,
quency current received by. A', and thus furthermore, that in this system not only is
converts the high frequency current into a the time necessary to transmit a single charlow frequency .cnrrcnt which is the modu- acter reduced to one-fifth of the time re- so
lating frequency, and then this cmrent quired· in the heretofore prevalent systems~
passes on to i·el;~y K', tuned to respond to but also the speed of the transmission and
the modulating frequency imposed on the reception can be materially increased becarrier wave A by modulator F. Current cause no limiting speed of operation is inwill flow through F', for example, only troduced in this method by any synchroniz- s:;
·
· ·
when key K i·s closed, or, in other words,. ing devices.
It i_s obvious' that the system here prowhen carrier wave A has been modulated by
F. 1;Vhen this key is· open, n.o current will posed permits of multiplex operation of a
flow tlmmgh F', t:hns leaving relay K' in- single pair of lines, since a wide mnge of
operative. G', I-1', I', and .T' arc sirnila1· cir- non-interfering frequent:y bands arc avail- uo
cuits, adjusted in the same W<t.Y as F' for alJle for nse and .since a plurality of high
rectifying the high frequency cntTents rc- frequency wa.ves of different frequencies
cei ved by B', C', D', and E' respectively, and may be impressed upon the same line a11<l.
tltus keys L to 0 and circuits G' to .T' con- selectively sepa.ratecl ;tt the receiving end
trol the operation of relays L' to 0', re- by extending the system described . . This is !I.)
spectively in the same manner as key K and shown ·in Figure 2 in which W and X are
circuit F' contl'ol relay K'. Relays K' to transmitting sets, each of which is similar
0' are operatively connected toR, which is in constnrction and opera,tion to the single
a printing mechanism of well known form: transrnitting set P, of Figmc 1, and \V' rind
and is controlJecl by the permutati~'ely ener- X' are their corresponding receiving sets, L:J
gized andtmenergized conditi'ons of these re- each o:f which is similar in construction ancl
lays so that it prints or records the message operation to the single receiving set, P' of
characters, transmitted from the sending sta- Figure 1. It is to be understood that \V
tion .
and
of Figure 2 comprise all the cleLet us suppose that it is desired to trans- m~nts included in P and P', respectively of JC)
mit the signals for the letter "Z ", the code F1,gure 1. It is of course nnnecessary that
combimttion for whieh is rept·esentecl by the all of the transmitting sets be located at one
symbols
This means that end of the line, and all of the recei\'ing sets
l'l)bys K' and 0' are to be m1Crgizec1, the at the otlH!l' end of the line, and in fact this.
others am to rem:t.in 11nenergized. Tlte key would not be the prac:.:tiual method of oper- 11.1
"Z ': on the IIJallWlll.Y operated l;:cyho<lnl: ation. A .plurality t.rf transmitting sets and
Q, is dcq.n·esSl~d, or an alltontatie tape-eon- a plurality of receiving sets Ir~<t.Y en-exist
trolled tra nsn1 il:tcr :fnnetions, to causf: ke_ys. at both ends of the line with no intederence
K anc1 0 to be closed simultaneously, thus whatever, so long as proper frequenc:.:ies are
causing the modulntors F and J, respecti vc- selected :for the operation of ·each con·e- 11.)
ly to modulate the carrier waves from A and sponding transmitting and receiving set.
E, respectively, but leaving the ca.rrier waves This is shown in Figure 3 where A ~nd B
:from B, C, and D, unmodnlated. In my il- represen.t complete transmitting sets comlnstration, lines ·u and U' will be simulttt- lH'ising all the elements indudecl by transneously traversed by waves of the following mitting set P of Figure 1, B and B' repre- 1 ~o
frequencies: 19000-21000, 30000, 40000, sent complete receivin,g sets comprising all
150000, and 59000~61000 cycles per second. the elements incl.uded by receiving. set P' of·
At the receiving end circuits F' and J' will Figure 1. Transmitting set A controls rebe the only ones that will a.llow current to ceiving set A' and transmitting set B conreach the relays, for cireuits G', I-I' and I' trols receiving set B', but transmitting set 1~:)
will just neutralize the unmodulnted carrier A and recei,,ing set B' are located at one
>raves hom G, H, and I, respectively, and ,end of the line, while transmitting set B
tl1erefore only relays TC' and 0' will be and rccci\·ing set A' are located at the other
energized. This action eorresponds therr~- Pnd of the line.
:l'ore·-l.o the permtlfiltion of elnsecl keys nt the
\Vhile l have shown the tr·m1smitting sets Iao
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eac.ll of ~airl tr:lllsmitters· by a single llloclulating frequency, a set o-f make and break
keys nssociated with ench of said sets of
transmitters, each of said set of keys rer; spectively controlling the modulation or
non-modnlation of the oscillations of the
set of transmitters with which set of keys
is assoeiated, means for operating each of
said set of keys simultaneously and per1:1 mutativcly to correspond to the permutations of a plmal-unit signaling code representing message characters, means, associated with each of said receivers, for detecting the presence or absence of modulaJ .; tion in the oscillations received by each of
said receivers, each of said last-named
means being associated with and controlling
a relay which is energized when said modulation is present, but is unenergized when
:n said modulation is absent, and a printing
c,r recording mechanism, said mechanism being controlled by the pennutative operation
of said energized and unenergized relays.
'1:. The method of radio-telegraphically

e11'ecting a. currcsponden~.:e and simultaneity 25
of action between the clements o:f a. set of
controlling electrical instruments and the
corresponding elements of one or more sets
of controlled electrical instruments, by
means of a plurality of carrier waves of 30
different frequencies, said carrier waves being permutatively modulated or non-modulated by a modulating frequency according
as the respective elements of said set of controlling instruments are operated permub- 35
tively, the several carrier waves being isolated individuallv at the controlled stations
by selectively tm1ecl circuits associated with
said sets o:f controlled instruments, the presence or absence of said modulating fre- 40
quency in said isolated canier waves respectively causing the clements of said set
of controlled instruments to be actuated or
non-actuated as the case may be.
In testimony whereof I affix my sigw1- 45
ture.

WILLIAM F. FRIEDMAN.

•

REF ID:A416157B

1,6·94,874

Patented Dec. 11, 1928.

'U-NITED s·TATES .PATENT OFFlCE.
WILLIAM F. l!'RiEDM'AN, OF

W.b..SHINGTON,'.DISTRICT ·OF COL'UMBrA.

METHOD OF ELECTRICAL SIGNALING.
Applicatibu filed July 10, 1922.

Serial No. 573,981.

(GRA:N''I'ED UNDER THE ACT OF MARCH 3, 1883, AS AMENll'tD APRIL 30, :iS28;

5

10

15

20

25

::o

•Ji.l

•10

•

4:~

:;o

'this. invention rel:ttes in general to 01ectrictal signaling systrms :1lld more pnrtintlrrdy to systems f01: the simnltaneons transmission of a plurality -of messages through
one and the same channel, and has for its
objrct the proYision of a new nnrl more
simple syst<:>m of circuits for achicl'ing this
encl.
A further object of the inY<:>ntion is to
effect a recluction of the length of time necrssary to twnsmit aml r<:>ccive each of a
plurality of messn.ges by the heretofore preYalent sy:-<tems of multiplex printing telegraphy, :mel thns increase the capacity of a
single channel.
A further object is to effect an increas? in
the nnmbel' of telegraph mcssnges which
can be tL·nnsmii:tPd owr a single channel by
the l1eretofore prevalent systems of multiple·x telegraphy.
A 'fHrther objret is to nehieve a ~ystcm of
nl1lltiplex radio telcgn11Jhy hy i lw usc of a
siHgle wtwe instead of a pl nrality of \Ya \'f'S
of ·different freqflencies.
The fundamental .Principle of my im·en·tion is the clifferentinlmodnbtion of a siHgle
i!atTier wa;·e and the !-::elective i"olation of
the sc\·eral m0clulatiug {reqnencies at the
l't'C'ciYing enll, ~nch so isolated mmlnlating
wa \'e affecting a different independent circuit.
·
In order that the invention an<l its mode
of 'applica'tioi1 may be renJily understood
b~· pei·~nns skillPd ii1 the art, I havP, in the
'llCCOBlpanying ilJustratiYC clra'\Yi.ng~;: a-:1d in
the ·detaile1 1 foll O\\' ing desct·illtion ha-s:'cl
thereon, set forth an embodiment of the
same.
F4\·ti.re 1 is n cliagnnnmntic shteh o [' one
form of :urang~ment of circuits when'by a
hit._rh frcqnem:y curr~nt. carrier wnw is
1nolin'aird by <;eveml motlulators of di:trcr·elit dntracte·r, the modulat{!d ca tTicr wave
impressed npon a line and the se\-eral modulating ftequencies seledively separated at the
other encl of the line .
Figure 2 is t1. diagrammatic sketch of <;me
form of ~lrrang~ment of circuits whereby
n plurality of high frequency canier wa"l"'es
-al'e ~ach nrocluktecl bv several modulators
of ·different characte1:s, and at the other
end of the line these lll{)dnlated carrier
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"waves ·arc iirst separated by tu·nino- to the
frequencies of the carrier waves n~d then
tuni_ng again to the modulating frequencies.
F1gures 3 :mel 4 are the same as .Fi·gures
1 anrl 2, respect.iYely, except. that the arrangements in Figtires 3 and 4 at'e nclaptecl
for radio transmission instend of line transmission.
Ha\:ing mdre partict1lat reference to the
(]rawings, ancl i"n connection with which
Iifce charactel's ·of refel'etlcc designnte similar pat·ts throughout, in Figm•e 1, A is a
santee· of high frcqmncy oscillntion:o of constunt freqncncy, desigrfated here:rfter as the
carrier \\ave·; B nnd C are aJTimgements
for modulating the cahier wave, each differently ·modula tirrg the canier wave A;
D and E are key·s which respectively control the modulation clements B and C.
These lreys may be opei'ateLl man nall y by
inqivi~1nrd operators 'employin~~ the l';forsc
enLte SJg'n:1 ts bnt i.ls shown in the figure they
are here illi1stratecl as operatively connected
to I, which is a sending keyboard or an antolil<ltil' La po-controlled transmitter, both of
well known form. F imcl F' constitntc the
line which the carrier wave tmverse". B'
nnd C' nrc selectively tullecl circuits responsin~ to the carrier wave A; D' and E' repre::;ent circuits selecti vcly tuned to respond
individually to t1Je respective modulating
frequeneies; G and H are rela:ys ''hich may
be of iYell known forms, and are operable
by the CUlTl'nts .passed by D' and E' respectiwly, hut they may be auy other form of
device suitable f01; making the currents of
the isolated frequencies perceptible to the
eye or ear, or for recording these currents
in a suitable manner. The figure, howeYer,
shows G and H to be relays opei·atiYely connected to J, a printing or recording device
of am; of the well known forms .
. Let·' us ~uppose t!utt A impr~E~es upon the
lme F -11 ' a earner wave of ::>0000 cycles
per second, that B modulates the ct1rrier
wave by 1000 cycles per second and that C
modulates the carrier wave by 2000 cycles
p2r !:'econcl. Therefore a carrier wa,Te modulated in one instance to a 49000-51000 cycle
wa Ye. nnd in the other instance to ·a. 4800052000 cycle wave is impr~ssed tl"p(n1 tlie .liiie.
At the receiving end of the lirie k and C'
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are circuits tuned to the carrier frequency ing telegraph systems \vhich employ code
of 50,000 cycles, and the carrier wave cur- signals consisting of a plurality of elements
rent will divide, part, passing to one cir- or units affecting a plmality of relays assocuit, B', and a. part passing to the other cir- cia ted with a printing or a. recording .mech5 cuit, C'. But D' and E' arc arranged to nnism. It may be desirable to discuss brief- 70
respond to different modulating frequencies, ly this aspect ·of the invention ..
that is, one will be acted upon only by the
In the heretofoi'e prevalent forms of print1000 cycle modulating. frequency, a.ncl the ing telegraph systems, the automatic operaother will be acted upon only by the 2000 tions concerned in ca.using a printing mech10 cycle modulating frequency. In that way anism to function at a distance are con- 75
the different modulating frequencies are trolled by groups of equal potential, direct
separated. Hence relays G and H will re- cunent clectricn.l impulses ·which pass over
sponcl selectively to the modula.t.ing. frc- one and t.hc same line, and adnn tc a set of
qnenc.ies o.f B and C. ·
rela.ys, each impulse
the group effecting
15
The tuning of the receivers B' and C' to the operation of a.. particular relay, by a 80
:o modulated wave which covers a narrow metbocl described below. These relays acband of freq·uencies as in the preceding ex- tunte magnets which set up combinations ofample, 49000 to 51000 cycles or 48000 to. selecting discs in a pTinting mechanism, and
50000 cycles, may be accomplished by the each character of the message is determined
'.!0 well known methods in the art, which may by a different combinatio11 or arrangement 815
be by the use of band iilters, or :iny other of these selecting discs. Usually there are
:m1tuble circuit arrangements.
•
32 such combinations, 26 for the ordinary
In the same way a plurality of c<tuier letters and 6 others concemecl in certain
w:rves of different· frequencies may be em- functions of tlte printer, such as carriage
:LG ployed, each carrier wave separately modn- return, figme shift, and so on. The signals IJO
lated by several modulations of different for message characters as commonly used
c:haracters, and a.t the receiving end the clif- in these systems constitute what is usually
ferent frequency carrier waves are fit·st scpa- termed a five-unit. code, that is, it consists
rated by suitable tuning and by further tun- of permutations of two elements t:tken five
30 ing. the individual modulating frequencies at a time .. In one system of operation these IJG
on each carrier wave may be isolated. Thus two elements may be positive and negative
a plllltiplcx system of extremely wide rano·e potentials, in which case the code signal for
is made possible. This is shown diagra1~1- a character consists . of the . distribution
matically in Figure 2, where A represents through time of five elements composed o·f
;:5 one unit of carrier wave current of one fre- positive and negative impnlses. In another 100
quency from source C, with its associated system of operation the two elements ma.y
modulating frequencies D and E, and B consist of a time-interval when an impulse
represents another unit of carrier wa.ve cur- is sent, and a. time-inter1al when no impulse
rent of another frequency from source F, is sent, this being_ the method of closed and
40 ·with its associated modulating frequencies, open circuit operation. The code signal for 105
G and I-I. A' represents a system of circuits the letter "A" for example, i s " - - - - - , "
comp1·ising. circuits C' :mel C" selectively which in the positive and negative system
tuned to the frequency of the carrier wa.Ye . of operation means that the first and second
C, and circuits D' and E', selectively tuned units of the signal nrc positive impulses,
45 to the modulating frcqucllCies- D and E, the third, fourth, and firth, arc negative 110
\Yhich are produced at A, and I, J', arc re- impulses. In the open and closed circuit
lays actuated by circuits D', E', respectively. system of operation, this code signal mca.ns
B' represents n, system o.f circuits comprisin~r that on] v the first two time 1mits arc occn- ·
circuits F' n.nd F", selecti vcly tuned to th~ pied by" the passage of currerit, the last
50 :freqi.wncy o-f the carrier wave, F, and cir- three, unoccupied. The permutations of 115
cnits G' and I-I', selectively tuned to the trnnsm.itted impulses are governed by a· set
modulating frequencies, G and H, which of make and brenk keys operated at the
arc produced at B. and IC, L ai·e relays ac- tmnsmittin.o- end manually; by means of a.
tnatcd by circuits G', I-I", rcspect.iv_ely. M, sending l;:eyboard simi1ar in form to tl~e
55 N, 0, and P are the keys controlling the ordinary typewriter keyboard, or automatl- 120
modulating c-ircuits at A and B, and Q, Q' cally by meai1s of a transmitter controlled
is the line.
by a. perforated tape.
_· ·
It is ob\~ious also that transmitting sets
In order that a plurality of relays shall·
can be placed at both ends of the line, ahcl be cm~trolled b;y impulses of equal poten60 their corresponding receiving sets at both tial, and all coming over the same line, or 125
ends of the line; so that multiplex operation · through the same channel, and that the peris possible. For such operation a plurality rimtation of relavs actuated at the distant
of single period generators or a single multi- end shall conesp-~ncl to the. permntation of
period generator can be employed. This depressed keys at the sending end, in the
05 arrangement is ·especially adapted for print- heretofore p1:evalent systems, connection is 130
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established between· each key at the sending
end--and its cori:esportding relay at the re· 10ei ving en~l a.t a- different instant, and .the
several connections necessary· to transmit the
5 code signal for each message character are
made in ti·clefinite, fixed sequence. Thus, for
examl)le, in the case of five :relays respec·t.:i:vely .controlled by five make and· break
keys, the time necessary to send the signals
10 for· one character is di-vided. up, into five
equal intei'vals; ·· during the- first interval
-conn·ection is estaolished between· key 1 at
the sending end -and its corresponding relay
1 at ·the rcc~iving end; during- -the second
15 interval: connec~ion is established between
key. -2 at the sending end a-nd it:s· corresponding rcln.y 2 at the t·eceiviilg -end; and so .on.
.The method- of effecting- such it cori·espondence -in a-Ction by -transmitting siri1ilar im2u pulses through one and the same channel
'involves the ·use· of a di'stTibut.o·r ·and· \'arjous other ariparatus-included tincler the general tenn "S}'nchron izing- incchili1lSlli:"
The princip1il of -the synchronizing dis25 tributor is this:- two :sim:iJin· rings, one, on
the- sen~ling face· of a· distributor at· the
transmitting station, "the ·ot.hcr on the 'receiving· face of an identical distl'ibntor at
the·1·ecciving station, are each dividecl into
30- five. equal segmerits: A pair of rotating
brushes on'- these distributors are ·connected
. to the line, hnd when these brushes revolve
they sweep over and make contact with the
segments . of their respective rings:· The
35. brushes at- the two ends of the line start from
the same relative position and sweep over
. the cont.act segl'nents with ·the same uniform
nngular velocity, thus connecting the. first
segment of the ring of the sending djstribu40 tor with the first scg1~'1ent -~f the ·ring of the
receiving distributor ·once per revo1nt.ion of
the brushes. Likewise 'the scc<;md, third,
fomth, and .fifth segments of the ·sending
clistribntor·are.connectecl once per revolution
45 of the bn1shes with the corresponding segments of the rccei:ving · distt·ibutor, i;hc interval of each connection being the time .of
one-fifth of a ·revolution of the. rotating
brushes. Thus, each message character is
50 transmitted as a combination of five separate or discrete impulses.clistributed equally
and inn definite sequence through an interntl of time, and for each revolution of the
brushes, the code impulse combinations for
55 one and only one character or letter are
transmitted and received. The synchronization of the two distributors so that the respcctive brushes revolve with exactly the
same angular velocity is a very complex
oo feature of these printing telegral)h systems,
and acts as a limiting factor upon the speed
of operation. In my system no _such synchronization is necessary, for all of the signals comprising the combination of impulses
65 for a single chamcter are transmitted si-

3

multa.neously;·:and: at- the receiving end· are
-properly isolated. by five selectively tuned
circuits.
c •
. ..
-• There is, of course, nothing novel in modu·lating a carrier "'ave either telephonic!llly iO
or telegraphically.. The novelty of my 'invent ion consists in. modulating a single carriet' wave telegraphically by several dis·tinct modulating· frequencies, and isolating
each modulating freqnency individually: Jn 75
telephonic modulation a relatively wide band
of modulating freq nencies is imposed upon
the carrier· wave,, and this band of heterogeneous side frequencies is fa.ithfully reproduced -by th'e telephone receiver at so
the receiving encl. . The human- eat; hears
nll of· these heterogeneous side freqnencies -simultaneously, but is· able to distinguish t.hem lmd hear them separately if
an effort is made. ·For example,· when oi·- 85
chestral music is being· transmitted -by radio
telephone, the niclio audience hears the ensemble effect but there is absolntel)i flO ·di fficulty in distingui~hing the 11'lusic produced
by a violin-'from tluit produced by a cornet. uo
Both sounds are being transmitted on one
and the same vehicle or. carrier wave, -but
-the modulating-frequency of the sciund.vibrations of the v.iolin'is 'different·from that
of the comet. ''Thile in the illustnitio:ri giv- 1!5
en above the separation of the modulating
frequencies is effected by the car; in the arrangement of this invention the separation
of tHe JlJodulating frequencies is accomplishect by mechanical or electrical tuning Juo
devices:
In Figure 3 the arrangements of circuits
is identical with that shown in Figure 1,
· bu~ instead Of ha;ving a line upon which the
modulated carrier wa\'es are -impressed; a. 10.J
·transmitting a11tenna, F, with its· groimd -I,
serves to radiate the niodulated- waves· into
-space; and a recei,iing antenna. F', with its
gi·ound I', serves to receive the waves racliatecl by·F.
·
llO
· · Iri Figui·e- 4, the :arrangement of circuits
-is identical· with that shown iii Figure 2,
btit instead of having a line upon 'vhich tlie
modulated carrier waves a.re impressed, ·a
transmitting antenna, Q, with its ground R, ~ ll5
serves to tadiate the modulated wa.ves into
space, and a receiving ant.enna.,·Q', with its
ground, R', serves to receive the waves racliated by Q.
It is obvious that the arrangements shown 120
in Figure 1 for controlling the operation of ·
the keys governing the modulating circuits
and for controlling the operation of the
printing or recording mechanism, when a
system of printing telegraph is employed, 125
also apply to Figures 2, 3, an~ 4. But it is
a.lso obvi<?us that the mod~la~n~g keys may
be operated manually by md1vtdual operators, as stated before, and at the receiving
end, instead of having relays, several oper- 13Cl
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"a tors -!!11~Y: Fooeive· .the messages' .tra.~1smibted said· 'resonant ·cirtuits ·beii~g•associwte~lr.with
· -.i:n·-ordinary ·Morse ·cha;r.acters 'by usmg :tele- ..and d.llchvpteEt-to cm1tl'ol. a 1'ela,y '";hioh· ,is' ·o.p- 55
phone receivers.
. . .. . eira.bi;ve -when ,,the -m~ltilat•ing. frequency to
: ,Jit is ohv.i:€>us 1•thn.t ·mdi o-freq neDGy. oscrl- mhich · the: respect.i-ve; •l'esono!nt A~h,cu ft. 'is ·ref> •:lations, tmrist ·be "l:imf>loyed for' mt~lio ·com- -.sponsive -is··present;.a.nd• is· ino})el:~tti-ve ":.hen
. .muni.Gatiowby-·the systems "iUU$Pmlted·in the the cn1odulabing ifrequen~y to i,whioh 'sUJicl
·last -two ·.fig.mes. · ·
·
.
·resonant ·cir.ouits -is ·responsive is !not tpresent, 60
., ·while I ·have not i11t1licatec}. in .t.he figu·res •a .plurality of .J.'elays• acting .as "a~ single' ·unit
any .!particulars reg~~;rEhng· the. means to be associated with a, printing.m1eclian.ism,· said
·Ttl ·()mployecl in,~J·roducing. the carrier W!Lve.·or -·p1tint..Ung mechanism. being• cont1•0lled, as-"ta
the nnanne1: .of modula.tirrg the cmrrier ·wave, :unit by the joint a.nd. parn~utati"e·.u:ction of
·.or, ;the manner. tin which th:e modullated car-· ·s, id set• of relays ri-n such .a manner ·llS to 65
-rier.,,\•a<VCfitllrl'e' in1p"ressed <W!the hne.·m·radi- ··pr.int. t e .message c UJ.ol'ao ers represented -by
a ted intp>fJ:pace, it. ;_is to· .be understood .that r tfie--:': )ei:n:n.J.tati:veX , >mod·ulti.Wd . tran:sm:itted
· hl any· of ·tile meaRs ,n.nd -methods r.tlow ,:well .-.-a.ml q·ecmvec aa7J:.r•Icr wave .
.•2. ·In ·a ,JH'm't:fug, telegraph~systeti1J. cm'l!l.J!>ris. known. in, the ·~rt ..may be en1ployed. Nor
ha,,e,I ind~catecl·any,deta.j-lsiwith ·t·espect to _,i.ng a sourc·e.oLh-igh-:b:equency. eleotl'ical os-_ iO
the exact·· means to ,be 1:1sed in recei:vi.ng-.. the ci1)aLions .constitu,ti•n.g 111-:CM'l'·ier ,~':'fil\<e, a· set
moatula:(ed .:ca.n:ier .\\\av&s, .se.leyti·vely. sepa- o;f n1adH1at0-rs' •of di·ffer,eatl moGlulating · f.re20 rating .the moaulati.ng"irequencies, and c·aus- r-quencies which . can be . imprestmcl . •lll . .a
i~g· them ,to .a.ff.ect se1ectively tuned rela:ys permutative ma,nner -·r~resenti11g. message
or .l"ecoi;di,n:g. ,.de.vuces, for here .a-lso .tthe char:acters .•in !a ))lm.:ail-w.nit ·co<-:le •upon the 75
'lnea.ns and methods no;o,v· well kne>l\vn in the saicl··ca.t-rier ::wave hy:"Dlea,ns Of :a,.]n~y;boarcl
: a1~t a.pply to this inv:ention .. · ·, . . . . :: ". •Itrechan.ism ·COn.·t-I•olliwg ·ta set :0 f-<:k(?,ys, ~·gov:.:!5 • What I,IClaiin as. my inw~nti91?- is. the. fol- ..erning the"n:cti()IH>f;said-set.ci:hno'tHllrutoi's;'a
l(Hving:
. .. .
.
.
· 1•eceivcr capable( of. reoeiv~·Ji(g MM l,pru·mHt:a.~1. ~ln\a pr;~·:nting telegl~iJ.Dh .systein, .a. sou.rce ti vely mod u.Ja.ted carrier .w.a ve. i:~l~r·eseRti-ng so
of high frequelilCY el~ctr.iqaloscillations con- message cha.J.'!l1Ctent>, .ra· set 0f resonant ~ir
·Stitqbp.g a carr:ier\,:av.c;•a set of· mo.cl.ul~o:r.s ,. cuits, each of -sa.id.:res0BaHt ~ircui:ts. being
30 .o.f Gl.iffer~nt r:rno.dllilla.tin:g :frequenc-ies wh~ch · re~(!)n.si"V~e. tG> :q.ne indi.v~du~l:·and. only· one of ,
ca;n -be rim pressed 11 pQn-sa.icl ca rrj_el' ·wave, ead1 · su·id mod u.lating. fr(!q.uencies;- .a~ set, of ;l'elays
.of said.an(i)dulator:s :being •associated ;-.vith·-a · cqmtr<;>Ued-.as 'a •tnrit •d;Jffi'Bll!J.tativ-ely by. the 85
. inake and :break l<ey .\yUliQh ·detenhines .. sa.icb set of. resona.I~t. c~rcLiits,--~p.d ,,a .:pi·int-ing
:whcthei'. th!'J ,w.odu1ating .. 11:equ~nc;y co~- . I:rreclumi.sm cont1~lled by:.tJ~e sa4c1 set of,re3·;:; ..troUe.d rthe.reby w.ill <Dr :will·no~ be jnwressecl 1!\}"S .and suitable d<>r ~t>rin.ti.ug rthe rec:ei vetl
·upon the sa:icl carrier wave, ·sa-id k~ys to- m~ssage.(;.ha-I'acte.I~s, <~he meth~l of ~penniU
_gether cOJn}n·io;i~lg" .a..,si.nglc•se~~ of k(lys !tc!.ing --ta.tive·~y ..a.Bd siil:1}ultanoon,ls~y .;i,~pressillg-,the 90
.•as •. a,,:oj?J,gle. :uD.it..asfiol!:iatec1 w~th-,a 'koyb()nr:d ·.sa,id modulating freqw.eac.ies u~~n ·tl~'C· said
mecl'itmism, siicl..keyboard.mecha.nism, being car.r·ier wa1"C~ .transmitting an~l·subsequent
·40 .• S~IC!i>Il£ti~utecl .as to .c()ptrol sa.i.~ set. of •keys ·l'~cei;ving··and cieteoting ... the >sa~icl p~i·n.mta
p~rmn_tatwely_ •a?· a um.t ..accordmg to a .p.l.u- · uvely on"G><'l:uJated oar-r~er,w-ave;deteet·i:ng--:Iil1d
l'l\1-mnt coole smtm.ble for thC'rfi,presentati?n :isolra_ting the ~-id. mod'l!l.!iiting cJreqtl!E:mcies, !l5
.o_f 'messmge cha rac~e:t:_s, JHeans for transm:t- .. mHiSH:l.g . tllle f &'Ud ra,ool·ated •;\ft>d'l.rlati.IDJ.g n'etmg the .perm~1tatweJy mlQ~lulated can:1er - E]:t:t•errcies to contl'olrthe·<>rxwat-i~n·of •li;stWbf
'45 wav~ ~·epresen~.mg tl1e message ?lntract~r?, .. a re1a 1s, )Coi'mu·tat.iveJ. ·r~tct'ohl.ing·'to·the•. ~h.J.f!all~CelVlll!g sta.ti.<>n, means at said recmvmg uixi·t Co( ·e ·re wesen m t -e me!:if:>'lt<+e charac.-stt~i0I?- :for d_etecting .sn,id ~:ansmittecl ;per- :oo:s.traJ_lSHlltte ;Um·sa.~cl-"set o!f·re~ ~g 100
.mubatl<vel:y modulated carr.re1: wave,,.me~ns -as :a. umt·to coB ro th'e 'RCti011 ·of aap·rinting
,for. cletectmg the .pr~~nc~ of ancl fo~· ,Js?- ·mec 1arnsm snH!S.ble-for p:r.intirr'gfthe-m:essage
'50 ~atmg each modulatmg .frequ~mcy of .smd cl~te'rs.
.·
.
·
..permutati vely ·mG>du~a.ted earT~.er wave, ,said
iln't!estimdily -""hei·eof·I:rifti:nn_y: signattn·e.
latter .nma.ns .compnsmg ;a -set of -resonant
..
,
circuits .ap,p1;opriate .for the purpose, ~ach- of
WILLI:A:M ·F. ·FRIEDMAN.
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