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Patented Mar. 24 1925.

UNITED STATES

1,530,660

PATENT OFFICE.

WILLIAM F. FRIEDMAN, OF WASHINGTON, DISTRICT OF COLUMBIA.

PRINTING-TELEGRAPH SYSTEM.

Application filed July 26,

T'o- all anhom, it may concern.:

Be it known that I, Wintram F. Friep-
MaN, citizen of _the TUnited States of
America, vesiding at 3220 17th Street NW.,
in the city of Washington and District of
Coluwmbia, have invented certain new and
useful Improvements in Printing-Telegraph
Systems, of which the following is a speci-
fication. '

This invention relates to improvements in
clectrical signaling systems, more particu-
larly to printing telegraph systems, and has
foi its object the simultaneous transmission
and reception of a plurality of code signal
iipulses representing the individual ele-
ments of the message characters that are
transmitted. .

A further object is to reduce very mate-
vially the length of time necessary in the
heretofore prevalent printing telegraph sys-
tems to fransmit the code signals represent-
ing the message characters and thus increase
the capacity of the line or’ channel-em-
ployed. '

A fuarther object is to increase the num-
ber of separate messages which can be trans-
mitted and received simultaneously, thus.
also increasing the capacity of the line or
channel employed. C ‘

A further.object is to eliminate the ne-
cessity for the employment of synchronizing
mechanisms such as are required in the here-
tofore prevalent systems. .

.The mmvention will here be illustrated as
applied to a well known form of printing
telegraph systems, but, as will be readily un-
derstood.-is applicable to many other elec-
trical systems and devices which al present
necessitates the vge of more or less compli-
cateld synchronizing devices.

The fundamental principle of my inven-
tion is the substitution of a plurality of
modulated high frequency oscillations of
different frequencies all transmitted simul-
taneously and instantaneously for a plu-
rality of simjlar, equal potential, direct cur-
rent impulses distributed through time.

In the heretofore prevalent forms ‘of
printing telegraph systems, the automatic
operations concerned in causing a printing
mechanism to- function at a distance are con-

trolled by groups of equal potential, diveet-

current clectrical impulses which pass over

one and the sanie line, and actuate a set of

relays, each impulse in the group affecting
the operation of a particular. relay, by . a

1922. Serial No. 577,649.

method described below., These relays actu-
ate magnets which set up combinations of
selecting discs in a printing mechanism, and
each character of the message is determined
by a different combination or arrangement
of these selecting discs. Usually there are
32 such combinations, 26 for the ordinary
letters. and 6 others concerned im certain
functions of the printer, such as carriage re-
turn, figure shift,;and so on. The signals
for message characters as commonly used
in these systems, constitute what is usually
termed a five-unit code, that is, it consists

of permutations of two elements taken five 7

at a time. In one system of operation these
two elements may be positive and negative
potentinls, in which case the code signal for
a character consists of the distribution
through time of five elements composed of
positive and negative impulses. In another
system of operation the two elements may
consist of a time-interval when an impulse
is sent, and a time-interval when no impulse
is sent, this being the method of closed and
open circuit operation. ‘The code signal for
the letter “A”, for example, is “4-F———7,
which in the positive and negative system
of operation means that the first and second
units of the signal are positive impulses, the
third, fourth, and fifth, are negative im-
pulses. In the open and closed circuit sys-
tem of operation, this code signal means that
only the first two time units are occupied
by the passage of current, the last three, un-
oceupied.” The permutations of transmitted
impulses are governed by a set of make and
brealk keys operated at the transmitting end
manually, by means of a sending keyboard
similar.in formn to the ordinary typewriter
lreyboard, or autoinatically by means of a
transmitter controlled by a perforated tape.

In order that a plurality of relays shall
be controlled by impulses of equal poten-
tial, and all coming over the same line, or
through the same channel, and that the per-
mutation of relays actuated at the distant
end shall correspond to the permutation of
depressed keys-at the sending end, in the
heretofore prevalent systems, connection is
momentarily established between each key
at the sending end and its corvesponding re-
lay at the receiving end and the five tem-
porary connections between the five pairs of
keys and relays are established in a fixed
sequence, one uafter the other. Thus, for
example, in the case of five relays respec-
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tively controlled by five make and break
keys, the time necessary to send the signals
for one message chavacter or letter is di-
vided up into Tive equal intervals; during
the first interval key 1 at the sending end
is connected with its (,oue,spcmdmrr rels wy 1
at the receiving end, during the second in-
terval, key 2 At the sendmﬂ end is con-
nected with its conespondmﬁ relay 2 at the
receiving end, and so on. The method of
cffecting such a correspondence in action by
transputing similar impulses through one
and the swme channel involves the use of a
distributor and various other apparatus in-
cluded vnder the general term “synchroniz-
ing mechanism.”

The principle of the synchronizing dis-
tributor is this: Two sinular rings, one on
the sending face of a distributor at the
imnsmlttmfr station, the other on the receiv-
ing face of an identical distributor at the
each ‘divided into at
least five equal segments.
ing brushes on these distributors are con-
nected to the line, and shen these brushes
revolve they sweep over and make contact
with the segments of their respective rings.
The brushes at the two ends of the line start
from the same relative position and sweep
over the contact segments with the same
uniform angulay \do(nty thus connecting
the first surment of the ting of the sendmn
with the first segment of the
ring of the receiving dls‘tmbutm once per
revolution of the brushes; Likewise, the
second, third, fourth and fifth segments of
the scndmrr dlstubutm are connected once
per revolution of the brushes with the cor-
vesponding segments of the receiving dis-
tributor, the Tnterval of cach connection
being the time of one-fifth of a revolution
of the rotating brushes. ’Ums each mes-
sage character 1s transmitted as a combina-
tion of five scparate or discrete impulses
digtributed equally and in a definite se-
(quence through an interval of time, and for
each revolution of the brushes, the code im-
pulse combinations for one and only one
character or letter are transmitted and re-
ceived. The synchronization of the two
distributors so that the respective brushes
revolve with exactly the same angular ve-
locity 1s a very complex feature of these
printing telegraph systems, and ‘acts as a
limiting factor upon the speed of operation.
In my systemm no such svnchrom/atlon is
necessary, for all of the signals comprising
the combination of 1mpulses for a single
character are transmitted Slmultanconsb,
and at the receiving end are properly iso-
Iated by five sdectlvely tuned circuits.

In order that the invention and its mode
of application may be readily understood
by persons skilled in the art, I have, in the
accompanying dllastrative dm\\mn%, and in

A pair of rotat- -
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the dctmlcd fo]lo\vnm desulptlon based
thereon, set forth. an “embodiment of the

. sane,

TFigure 1 is a diagrammatic sketch of one
fornt of dlmnﬂunum of circuits whereby
each of a plumllLy of high frequency alter-
nating currents may be Tnodulated or non-
modulated in permutations corresponding
to code signals for message characters, the
modulated currents lmplcssul upon a line,
and the modulations isolated at the receiv-
ing end by a plurality of selectiv ely tuned
circuits.

Figure 2 is a diagrammatic sketch of one
form of arr anoemcnt of circuits whereby a
plurality of complete sets of modulated al-
ternating currents ave simultaneously im-
pressed upon a line, the members of each set
being isolated at the receiving end by a
Dlumhty of selectively tuned cucmts, thus
effecting multiplex operation.

Figure 3 is a diagrammatic sketch of an
arrangement of civcuits for the simultane-

ous operation of transmitting and receiving

sets at the sane end of the line so that
stations may transmit and receive messages
at the same tinve at both ends of the line.

Figure '4 is similar to Figumre 1, except
that the arrangements in the former are
adapted for communication by radio.

Having more particular veference to the
drawings s and in connection with which like
chamctms of reference designate similar
parts throughout, in Figure 1 A, B, C, D,
anid E, ave sources of hmh heqnency alter:
nating current of different fLequenueq
called heveafter “carrier waves” each of
which is modulated telegraphically, by
means now well:known in the art through
the imposition of modulating frequency by
modulators I, G, H, T, andcﬁ respectively,
when keys K, L, M. N, and O are e operabed.
Q is a sundmg Ikeyboard of well known
forn, or an automatic tape-controlled trans-
mitter, also of well known form, which gov-
orns the action of the keys IC to O in a per-
mutative manner accord; o the the combma-
tions of the code signals 1(\1)105(-ntmw mes-
sage characters.

Let us sappose, for purposes of illustiru-
tion, that A is a source of carrier wave cur-
rent of o frequency of 20000 cycles per
second; B is a source of carvier wave cur-
rent of a frequency of 30000 cycles per
second, and so on, up to I, which is u source
of carvier wave current of a frequency of
60000 cycles persecond. - F modulates carrier
wave A by 1000 cycles per second when key
K 1s closed; similarly G, H, I, and J modu-
late the c‘uuel waves B, C D, and T, re-
spectively by 1000 cycles per second, when
keys- I, M, N, and O, mspuilvolx, are
closed. Tlm modulated carrier waves are
impressed upon the lines U and U’, which
at the receiving end branch off into the five
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A

bridged across the lines U and U’, I do not
wish to restrict myself to this method of
conncctions, for the modunlated carrier waves
may just as feasibly be inserted divectly in
series with the line civenit.

Furthermore, since the modulating fre-
(uency is the same for all the carrier waves,
instead of having separate modulating ele-
ments such as those shown in I, G, H, I,
and J, it is, of course, quite possible to have
a single modulating element suitably con-
nected to the keys I, T, M, N, and O, so
that the modualation may be imposed upon
any of the ecarrier waves.

Furthermore, the generators here de-
scribed have a single period, but multi-pe-
riod generators may be used, in which case
the individual frequencies would be used in
the separate transmitter civcuits.

It is to be understood that either a two-
wire complete metallic circuit, or a single
wire ground return circuit is possible. In
the drawings, the former method is shown.

While T have illustrated my invention as
utilizing a code consisting of five elements,
it is obvious that a code of a greater num-
ber of clements may just as easily be used,
depending upon the printing mechanism
that is employed, and I therefore do not
wish to limit myself to a code consisting of
any particular number of elements.

It is also obvious that instead of using a
line upon which the modulated carrier waves
are impressed, the modulated carrier waves
may be of radio-frequencies and radiated
into space by 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, serves to radiate the
waves into space and at the receiving sta-
tion a corresponding antenna Q’, with its
eround, R’, serves to receive the radiated
waves, In this figure W oand W’ represent
all the elements inelnded under P and P,
respectively, in Wigure 1. The method of
employing modulated different  frequency
carrier waves to eliminate the necessity of
synehronizing mechanisms can also be ap-
plied to systems other than printing tele-
graphs, and it is tntended that this feature
De included among the others of my in-
vention.

In fact, several modifications of the sys-
tem are possible without departing from
the spirit of the invention or the scope of
the claims.

TWhat I claim as my invention is the fol-
lowing:

1. In a printing telegraph system, the
combination of a set of generators of radio-
frequency oscillations of different radio-
frequencies, means for telegiaphically
modulating said oscillations by a single
modulating frequency, a set of make and
break keys respectively controlling the

1,530,660

modulation or non-modulation of said set
of oscillations by said modulating fre-
quency, means for operating said set of keys
simul{aneously and permutatively to corrve-
spond to the permutations of a plural-unit
signaling code representing miessage charac-
ters, means Tor radiating said perinutations
of modulated and non-modulated oscilla-
tions simultaneously into space, means for
receiving and detecting said radiafed oscil-
lations, said last named means being asso-
ciated with a set of receiving instruments
suitably arranged to isolate the respective
said oscillations, means for detecting the
presence or absence of modulation in each
of said isolated oscillations, each of said
Iast-named means being associated with and
controlling a relay which is energized when
said modulation 1s present, but is unener-
gized when said modulation is absent, and
a printing or recording mechanism con-
trolled by the permutative operation of said
energized and unenergized relays.

9. In a multiplex printing telegraph sys-
tem, the combination of a plurality of gen-
crators of radio-frequency oscillations of
different radio frequencics, means for tele-
graphically modulating said oscillations in
cach set by a single modulating frequency,
a plurality of sets of make and break keys
respectively controlling the modulation or
non-modulation oscillations by said modu-
lating frequency, means for operating said
sets of keys simultaneously and permuta-
tively, to correspond to the permutations of
a plural-unit signaling code representing
message characters, means for radiating said
sets of permutations of modulated and non-
modulated oscillations into space simulta-
neously, a plurality of sets of receiving in-
struments tuned to receive and to isolate
said radiated sets of oscillations, means for
detecting the presence or absence of modu-
Iation in each of said isolated oscillations
in each of said sets of oscillations, each ot
said last-named means being agsociated with
and controliing a relay which is energized
when said modulation is present, bat is
unenergized when said modulation is abeent,
and a plurality of printing or recording
mechanisms individually controlled by the
permutative operation of suitable group-
ings of said relays into operative sets.

3. In a system of multiplex printing
telegraphy, the combination of an antenna,
a sel of transmitters and a set of receivers
electrically associated with said antenna,
said transmitters generating radio-fre-
quency oscillations of different frequencies,
and said set of veceivers being adjusted to
be separately in resonance for frequencies
corresponding to those generated by the
transmitters at some other station from
which signals are veceived, means for tele-
graphically modulating said oscillations in
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':Llwtnch tuned circuits A’ to E’, cach of
which is responsive only to a certain pre-
determined frequency.  Ior example, in my
lustration, A’ is a cirenit responsive to a
carrier wave current of a frequency of 20000
cycles per sccond, and no other; B’ is re-
sponsive only to a caurrier wave current of a
frequency of 30000 cycles per second, and
so on, up to I’, which is responsive only to
a carrier wave current of a frequency of
60000 cycles per second.

I is a cirvcuit for rectifying the high fre-
quency current received by A’ and thus
converts the high frequency current into a
low frequency ‘éurrent which is the modu-
Inting frequency, and then this current
passes on to relay K’, tuned to respond to
the modulating tlequenm imposed on the
carrvier wave A by modulator . Current
will flow through F’, for example, only

when key K is closcd or, in other words,

when carrier wave A has been modulated by
F. When this key is open, no current will
flow through T, ihnq Ieaving relay I in-
G’ H’, T/, and J” ave similar civ-
cuits, .ldiuslcd in the same w ay as F’- for
1<.<,t1[ymn the high fluluuncy currents re-
ceived by B’, ¢/, b’ ; and 1’ respectiv ely,and
thus keys L to O and cncmt% G to " con-
trol the operation of relays I to Q7 re-
spectively in the same manner as key K and
circuit B/ control relay K’. Relays K’ to
O’ are operatively connected to R, which is
a printing mechanism of .well known form,
and is controlled by the permutatiyely ener-
gized and unenergized conditions of these re-
lays so that it prints or records the message
characters. transmitted from the sending sta-
tion.

Let us suppose that it is desired to trans-
mit the signals for-the letter “Z 7, the code
combination for which is IL])ILS(,Ht(,d by the
symbols "“4-— ——-7 This means that
relays W and O ave to he cnergized, the
others are to remain unenevgized. The key
“Z” on the manually operated keyboard,
Q, is depressed, or an antomatic tape-con-

trolled transmitter fonetions, to canse keys.

IC and O to be closed simultaneously, thus
causing the modulators F and J, respective-
Iy to modulate the carrier waves flom A and
I, respectively, but leaving the carrier waves
from B, C, and D, unmodnlatcd In my il-
]ustmtlon, lines U and U’ will be simulta-
neously traversed.by waves of the following
frequencies: 19000-21000, 30000, 40000,
50000, and 5900061000 cycles pcr second.
At the receiving end circuits I/ and J7 will
be the only ones that will allow current to
reach the relays, for circuits G’y H” and I’
will just neutralize the unmodullted carrier
waves from &, H, and I, respectively, and
therefore only relays K’ and O’ will. be
energized. 'This action corresponds there-
Tfore lo the permutation of closed keys at the

X!

Tigure 1.

a

transmitting end. Tt is thus seen that al-

_thongh the five relays I to O are all op-

erated by currents simultancously traversing
the line U—U", the operation of any one of
the five relays is independent of and will
not be interfered with by t‘.hc operation of
any other of the five relay The heterog-
onous- combination of modn].\tul carrier
waves is broken up into the homogenous ele-
ments of individual impulses in a permuta-
tion corresponding to the proper code siginal
for the character tunsmltled Itis appmont,
furthermore, that in this system not only is
the time necessary to transmit a single char-
acter reduced to one-fifth of the time re-
quired-in the heretofore prevalent systems,
but also the speed of the transmission and
reception can be materially increased be-
cause no limiting speed of operation is in-
troduced in this method by any synchroniz-
ing devices.

70

75

80 .

Tt is ‘obvious that the system here pro- .

posed permits of multiplex operation of a
single pair of lines, since a wide range of
non-interfering hu]nem,y bands are avail-
able for use and since a plurality of high
frequency waves of different frequencies
nay be mapressed upon the same line and
selectively separated at the receiving end
by extending the system described.
shown in Figure 2 in which W and X are
transmitting sets, each of which is similar
in construction and operation to the single
transmitting set P, of Figure 1, and W’ and
ave their couespondmg recelving sets,
each of which 1s similar in constmctlon and
operation to the single receiving set, P’ of
Figure 1. Tt is to be understood that W
and W’ of TFigure 2 comprise all the cle-
ments mcluded in P and P’ respectively of
Figure 1. It is of course unnecessary that
all of the tra nsmitting sets be located at one
end of the line, and all of the receiving sets
at the other end of the line, and in fact this
would not be the practical method of oper-
ation. A plurality of transmitting sets and
a plurality of receiving sets may co-exist
at both ends of the line with no interference
whatever, so long as proper frequencies are

selected for the operation of each corre-

onndmo transmitting and receiving set.
This is shown in I’mur 3 where A and B
represent complete tlansmltt,mo' sets com-
prising all the elements included by trans-
mitting set P of Figure 1, B and B’ repre-
sent complete receiving sets comprising all
the elements included by receiving set P’ of
Transmitting set A controls re-
ceiving set A" and tlansnnttmnr set B con-
trols receiving set B’, but tmnsmlttm" set
A and receiving set B’ are located ut one

.end of the llm,, while transmitting set B

and receiving set A7 are located at the other
end.of the lme. ]
While T have shown the transmitting sets
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each of said transmitters by a single modu-

lating frequency, a set of malke and breals

keys “associated with each of said sets of
transmitters, each of said set of keys re-
spectively controlling the modulation or
non-modulation of the oscillations of the
set of transmitters with which set of keys
is associated, means for operating each of
said set of keys simultaneously and per-
mutatively to correspond to the permuta-
tions of a plural-unit signaling code rep-
resenting message (,hfu'actms, means, asso-
ciated with each of said receivers, for de-
tecting the presence or absence of modula-
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 ener cized when said modu-
lation is present, but is unenergized when
said modulation is absent, and a printing
or recording mechanism, said mechanism be-
ing controlled by the permutative operation
of said energized and unenergized relays.

4. The method of radio- telegraphlcally

3

eflecting.a corrvespondence and stnultancity
of nction between the elements of a set of
controlling eclectrical instruments and the
corresponding elements of one or more sets
of controlled electrical instruments, by
means of a plurality of carrier waves of
different frequencies, said carrier waves be-
ing permutatively modulated or non-modu-
lated by a modulating frequency according
as the respective elements of said set of con-
trolling instruments are operated permuta-
tively, “the several carrier waves being iso-
Iated individually at the controlled stations
by selectively tuned cirvcuits associated with
said sets of controlled instruments, the pres-
ence or absence of said modulating fre-
quency in said isolated carvier waves re-
spectively causing the elements of said set
of controlled instruments to be actuated or
non-actuated as the case may be.
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UNITED STATES

1,694,874

PATENT OFFICE.

WILLIAM F. FRIEDMAN, OF WASHINGTON, DISTRICT 6F bOLUMBTA.

METHOD OF ELECTRICAL SIGNALING.

Aprlication filed July 10, 1922,

Serial No. 573,981,

(GRANTED UNDER THE ACT OF MARCH 3, 1883, AS AMENDED APRIL 30, 1928; 370 0. G. 757.)

This invention relates in general to elec-
trieal signaling systems and more particu-
larly to systems for the simnltaneous trans-
mission of a plurality -of messages through
one and the same channel, and has for its
object the provisien eof a new and more
simple system of circuits for achieving this
endl.

A further object of the invention is to
cffect a reduction of the length of time nec-
essary to transmit and receive each of a
plurality of messages by the heretofore prev-
alent systems of multiplex printing teleg-
raphy, and thus increase the capacity of a
single channel.

A further object is to effect an increase in
the number of telegraph messages which
can be transmitted over a single channel by
the heretofore prevalent systems of multi-
plex telegraphy.

A further object is to achieve a system of
multiplex radio telegraphy hy the use of a
single wave instead of a plurality of waves
of different frequencies.

The fundamental principle of my inven-
tion is the differential modulation of a single
¢ariier wave and the selective irolation of
the several medulating frequencies at the
receiving end, each so isolated modulating
wave affecting a different independent cir-
cuit. )

In order that the invention and its mode
of application may be readily understood
bv persons skilled 1n the art, I have, in the
accompanying illustrative drawings, aad in
the -detailed following description based
thereon, set forth an embodiment of the
same.

Figire 1 is o diagrammatic sketch of one
form of arrangement of circuits wherchy a
ligh frequency current carvier wave is
modi'ated by several modulators of differ-
ent character, the modulated cariier wave
impressed upon a line and the several modu-
lating frequencies selectively separated at the
other end of the line.

Figure 2 is a4 diagrammatic sketch of ¢ne
form of wrrangement of circuits whereby
a plurality of high frequency carvier waves
are ¢ach modulcted by several modulators
of different characters, and at the other
end of the line these modulated carvrier

waves are firkt separated by tuning to the
frequencies of the carrier waves and then
tuning again to the modulating frequencies.

Figures 3 and 4 are the same as Figures
1 and 2, respettively, except that the ar-
rangements i Figures 8 and 4 are adapted
for radio transmission instead of lihe trans-
mrission.

‘Having mdre particular refevence to the
drawings, and 7In connection with which
like characters of reference designate simi-
far parts ‘throughout, in Figure 1, A is a
souirce-of high fréquency oscillations of con-
stant frequency, desigtiated hereafter as the
cairier wave; B and C are arrangements
for modulating the cafvier wave, each dif-
ferently ‘modulating the carrier wave Aj;
D and E ave keys which respectively con-
trol the wmodulation clements B and C.
These keys may be opetated manually by
individual operators ‘employing the Morse
code signals but as shown in the figure they
are here illustrated as operatively connected
to I, which is a sending keyboard or an auto-
matic inpe-controlled transmitter, both of
well known form. F and F’ constitute the
line which the carrier wave traverses. 1B’
and C” are selectively tuned circuits respon-
sive to the carrier wave A; D’ and I’ rep-
resent circuits selectively tuned to respond
individually to the respective modulating
frequencies; G and H are relays which may
be of well known forms, and are operable
by the currents passed by D’ and E’ respec-
tively, but they may he any other form of
device suitable for making the currents of
the isolated frequencies perceptible to the
cye or ear, or for recording these currents
in a suitable manner. The figure, howerver,
shows G and H to be relays operatively con-
nected to J, a printing or recording device
of any of the well known forms.

Let us suppose that A impresses upon the
line F—I"" a carrier wave of 50000 cycles
per second, that B modulates the carrier
wave by 1000 cycles per second and that C
modulates the carrier wave by 2000 cycles
per cecond. Therefore a carrier wave modu-
lated in one instance to a 49000-51000 cycle
wave, and in the other instance to a 48000~
52000 cycle wave is impréssed upon the line.
At the receiving end of the line B’ and C’
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2

are circuits tuned to the carrier frequency
of 50,000 cycles, and the carrier wave cur-
rent will divide, part, passing to one cir-
cuit, B’, and a part passing to the other cir-
cuit, C'. But D’ and E’ are arranged to
respond to different modulating frequencies,
that is, one will be acted upon only by the
1000 cycle modulating . frequency, and the
other will be acted upon only by the 2000
cycle modulating frequency. In that way
the different modulating frequencies are
separated. Hence relays G and H will re-
spond selectively to the modulating . fre-
quencies of BB and C. -

The tuning of the receivers B” and C’ to
a modulated wave which covers a narrow
band of frequencies as in the preceding ex-

ample, 49000 to 51000 cycles or 48000 to.

50000 cycles, may be accomplished by the
well Inown methods in the avt, which may
be by the use of band filters, or any other
suitable circuit arrangements. :

In the same way a plurality of carvier
waves of different frequenciés may be em-
ployed, each carrier wave separately modu-
lated by several modulations of different
characters, and at the receiving end the dif-
ferent frequency carrier waves ave first sepa-
rated by suitable tuning and by further tun-
ing the individual modulating frequencies
on each carrier wave may be isolated. Thus
a multiplex system of extremely wide range
is made possible. !
matically in TFigure 2, where A represents
one unit of carrier wave current of one fre-
quency from source’ C, with its associated
modulating frequencies D and E, and B
represents another unit of carrier wave cur-
rent of another frequency from source T,
with its associated modulating frequencies,

G and H. A’ represents a system of circuits’

comprising. circuits C° and € selectively

tuned to the frequency of the carrvier wave .

C, and circuits D’ and E’, selectively tuned
to the modulating frequencies.- D and E,
which are produced at A, and I, J, are re-
Iays actuated by circuits D/, I&, respectively.
B’ represents a system of circuits comprising
cirenits I and I'"’, selectively tuned to the
frequency of the carvier wave, F, and cir-
cuits G' and H’, selectively tuned to the
modulating frequencies, G and H, which
are produced at B. and K, L are relays wc-
tuated by circuits G’, H’| respectively. M,
N, O, and ‘P are the keys controlling the
modulating cirvcuits at A and B, and Q, Q’
1is the line. .

It is obvious also that transmitting sets
can be placed at both ends of the line, and
their corresponding receiving sets at both

ends of the line, so that multiplex operation

is possible.” For such operation a plurality
of single period generators or a single multi-
period. generator can be employed. This
arrangement is especially adapted for print-

This is shown diagram-.
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ing telegraph systems which employ code
signals consisting of a plurality of elements
or units affecting a plurality of relays asso-
ciated with a printing or a recording mech-
anism. It may be desirable to discuss brief- 70
ly this aspect of the invention.

In the heretofore prevalent forms of print-
ing telegraph systems, the automatic opera-
tions concerned in causing a printing mech-

anism to function at a distance are con- 75

trolled by groups of equal potential, direct
current electricel impulses -which pass over
one and the same line, and actuate a set of
relays, each impulse in the group effecting
the operation of a particular relay, by a 80
method described below. These relays ac-
tuate magnets which set up combinations of-
selecting discs in a printing mechanism, and
ench character of the message is determined
by a different combination or arrangement 85
of these selecting discs. Usually there ave
32 such combinations, 26 for the ordinary
letters and 6 others concerned in certain
functions of the printer, such as carriage
return, figure shift, and so on. The signals v0
for message characters as commonly used
in these systems constitute what is usually
termed a five-unit code, that is, it consists
of permutations of two elements taken five

at a time. In one system of operation these 95

two elements may be positive and negative
potentials, in which case the code signal for
a character consists . of the . distribution
through time of five elements composed of

positive and negative impulses. In another 100

systemn of operation the two elements may
consist of a time-interval when an impulse
is sent, and a time-interval when no impulse
is sent, this being the method of closed and

open circuit cperation. The code signal for 195
”

the letter “A” for example, is “— — — — — ,
which in the positive and negative system
of operation means that the first and second
units of the signal are positive impulses,

the third, fourth, and fifth, are negative 179

impulses. In the open and closed circuit
system of cperation, this code signal means
that only the first two time units are ocen-
pied by the passage of current, the last
three, unoccupied. The permutations
transmitted impulses are governed by a-set
of make and break keys operated at the
transmitting end manually, by means of a
sending keyboard similar in form to the

ordinary typewriter keyboard, or automati- 120

cally by means of a transmitter controlled
by a perforated tape. o '

In order that a plarality of relays shall
be controlled by impulses of equal poten-

tial, and all coming over the same line, or 125

through the same channel, and that the per-
mutation of relays actuated at the distant
end shall correspond to the permutation of
depressed keys at the sending end, in the

heretofore - prevalent systems, connection is 130

of 115
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established between each key at the sending
end--and its cortesporiding telay at the re-
eelving end at a-differént instant, and the
several connections necessary to transmit the
code signal for each message character are
made in a-definite, fixed sequence. Thus, for
example, in the case of five-relays vespec-
‘tively -controlled -by five make and. break
keys, -the time necessary to send the signals
for’ one chardcter is divided up, into five
equal “intetvals;- during the- first interval
-connection -1s established between: key 1 at
the sending end-and its corresponding relay
1 at the receiving end; during the second
interval, connection is established between
key. 2 at the sending end-dnd its correspond-

" . ing relay 2 at the veceiving -end;-and so.on.

20

30-five- equal segments:

20
<

The methed-of effecting: such a coriespond-
ence -in- aétion by transmitting similar im-
pulses through one and the same channel
“involves the-use of a distributor -and- vari-
ous ‘other apparatus-included under thé gen-
eral term “ synchronizing mechanism:”

The principal of the synchrenizing dis-
tributor is-this:-two similar rings, one, on
the - sending face- of - a- distributor at- the
transmitting station, -the other on -the re-
ceiving- face of an identical distributor - at
the receiving station, are each divided:-into
A pair of rofating
brushes on-these distributors-are-connected
-to the line, and when these brushes revolve
they sweep over and make contact with the
segments of their respective rings: The

-brushes at the two ends of the line start from

the same relative position- and sweep over

. the contact segients with- the same uniform

40

45

60

a5

angular velocity, thus connecting the first

‘segment of ‘the ring of the sending distribu-

‘tor with the first segment-of the ring of the
receiving distributor once per revolution of
the brushes. Likewise ‘the second, third,
fourth, and fifth- segments of -the sending
distributor are.connected once per revolution
of the brushes with the corresponding seg-
ments of the receiving - distributor, the in-
terval of each conmection being the time .of
-one-fifth of a. revolution of the rotating
brushes. Thus, each message character 1s
transmitted as a combination of five sepa-
rate or discrete impulses.distributed equally
and in a definite sequence through an inter-
val of time, and for each revolution of the
brushes, the code impulse combinations for
one and only one character or letter are
transmitted and received. The synchroniza-
tion of the two distributors so that the re-
spective brushes revolve with exactly the
same angular velocity is a very complex
feature of these printing telegraph systems,
and acts as a limiting factor upon the speed
of operation. In my system no. such syn-
chronization is necessary, for all of the sig-
nals comprising the combination of impulses
for u single character are transmitted si-

multaneously; and: at- the receiving end are
-properly. isolated -by five selectively tuned
circuits. R
-+ There is; of course, nothing novel in modu-

Jating a carrier wave either telephonically ;

or telegraphically. The novelty of my ‘in-
vention consists in_modulating a single .car-
rier wave telegraphically by several dis-
“tinct modulating- frequencies, and isolating
each modulating frequency individually. = In
telephonic modulation a relatively wide band
of modulating frequencies is imposed upon
the carrier- wave; and this band of heter-
ogeneous side frequencies is faithfully re-
produced by the telephone receiver at
the receiving -end. .The human-ear hears
all of-these heterogeneous side frequén-
cies - simultaneously, -but is- able to ‘dis-
tinguish them and hear them separately if
an effort is made. :For example,-whén oi-
chiestral music is being- transmitted -by racio
telephone, the radio audience hears the en-
semble éffect but there is absolutely no-dif-
ficulty in distinguishing the music produced
by a violin-from that produced by a cornet.
Both sounds are being transmitted on one
and the same vehicle or.carrier wave, -but
‘the modulating-frequency of the sound vi-
brations of the violin'is different {rom that
of the cornet. While in the illustration giv-
en above the separation of the modulating
trequencies is effected by the ear; in-the ar-
rangement of this invention the separation
of - the modulating frequencies is accom-
plished: by mechanical or electrical tuning
devices: - - : -
In Figure 3 the arrangements of circuits
is identical with that shown in Figure 1,
-but instead 6f having a line upon which the
modulated carrier waves are -impressed, a
‘transmitting antenna, I, with its grotund -I,
serves to radiate the modulated waves into
“space; and a receiving antenna F’, with its
ground I, serves to receive the waves radi-
‘ated by F. - S -
© 7 In Wigute 4, thé arrangement of circuits
-is identical- with that shown in Figure 2,
but instead of having a line upon which the
modulated carrier waves are impressed, ‘a

transmitting antenna, Q, with its ground R,:

serves to radiate the modulated waves into
space, and a receiving antenna,-Q’, with its
ground, R’, serves to receive the waves ra-
diated by Q.

Tt is obvious that the arrangements shown
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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,
also apply to Figures 2, 3, and 4. But 1t is
also obvious that the modulating keys may
be operated manually by individual opera-
tors, as stated before, and at the receiving
end, instead of having relays, several oper-

125
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sators mgy ‘receive the méssages transmitted
“in-ordinary \Morse ‘characters by using-tele-
phone receivers. R
LIt 1s obwieusithat -vadio-frequeney. oscil-
5 Jations imiist be “émployed for radio -com-
’ Junication by-the sydtems illustrated-in the
last two figures. - . :
"While 1 have not indicated in .the figures
any ipavticulars regarding. the. means to be
10 -employed improducing the carrier wave -or
theimanner. .of modulating the carrier wave,

-or,the manner.in which the modulated car-

rierswaxcsave impressed on the line.or radi-
ated intosgpace, itiis tobe understoed (that
15 any -ef the means .and smetheds mow well
Jknown . in the. art.may be employed. Nor
have.I indicated -any.detailsiwith respect to
the exact-means to be wsed in receiving.the
-modulated .carrier waves, selectively . sepa-
20 rating the modulatingfrequencies, and caus-
ing them ,to .affect selectfivelbi tuned relays
or .vecording..devices, for here .also .the
mreans and methods now- well knoswn.in the
:art.apply to this invention.. -, . =~ . .. .
25 « What Iclaim - as.my invention.is. the. fol-
lowing: .. . : :
.. 1na printing telegraph.system,.a. source
of high frequency electrical oscillations con-
-stituting a carrier wave;m set of - modulators
s0 of different modulating 1frequencies which
. canbe impressect ypon-said carrier wave, each
of said .medulators being associated with a
make and :break key -which deterriiines
whether the .modulating - frequency con-
g5 -trolled thereby will or-willnot be impressed
upon the said caivier wave, said keys to-
.gether comprising a.single-set: of keys acting
~@s:3, single. unit. associated with-a keyboard
mechanism, said.keyboard, mechanism being
40 -Sovconstituted .as to control said set of keys
permutatively as. a unit.according to a .plu-
ral-unit code suitable for the'representation
of .message characters, nreans for transmit-
ting .the permutativély \modulated carrier
45 wave representing the message characters,.a
receiving station, means at said receiving
sstation for deteeting said transmitted :per-
-mutatively modulated carrier wave, imeans
for detecting the .presence of .and for .ise-
50 lating each modulating .frequency of :said
~permutatively -modulated carrier wave,said
Iatter .means .comprising ;& -set. of resonant
eircuits appropriate .for the purpose, each. of

LI
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said- resonant -cirtuits betng associstediwith
andadapted:-te cortrel a relay which.ig-ep- 55
grative -when the -modulating trequenty to
wihich--the. respective: resonant, civenit. is -re-
-sponsive is present;-and is: inoperative when
the -nigdulating = freguengy to ‘wvhich ¢ said
resonant -cirouits is responsive ismot present, 60
a.plurality of relays acting as5.a: single it
associated with a. printing.meclianism, said
-printing mechanism. being: contielled- asza
‘unit by the joint and permutative action of
-said setr of relays im such .a. nmiamner -as to 65
prant. the message characters repregented by
i the_ permutatively mmodulated - transmitted
~and recerved damvier wave. - . - o
2. In a printing telegraph-system compris-
ing a seurce-of hagh- frequency. electrical os-, 70
villations constituting w..carrier wive, a stt
of modulaters:of -different! modulating - fre-
rquencies which - can  be . impressed -in -a
permutative manner .representing - message
characters .in @ “plural-unit -code mpon the 75
sald carrier wave by means of a,keyboard
anechanism -controlling “a get of-vkeys,, gov-
-erning the-gction iofisald set ofrmeodialators,a
-veceiver capablefof .receiving thelpermuta-
tively modulated carrier wave.representing go
‘message characters,. i set of resonamt tir-
. cuits, each of said.resomant eircuits. being
-responsive to-one individual-and only-one of .
-said modulating, frequencies; a: set, of relays

~.controlled -as +a unit , permutatively by. the gs

-sxick seb ofi resonant. circuits,-and ~a .printing
. mechanism controlled. by the said set of.re-
lays and suitable for printing tthe received
message. chavacters, ;the wethod of . permm-
tatively and simultaneously impressing thie 90
-said . modulating frequencies upon the said
carrier wave,-transmitting ane ‘subsequent
-receiving-and detecting . the ®aid permuta- .
-tively modulated earrier wave; dstecting-and
isolating the said moduliting -frequencies, 95
~causing -the ¢said risolated ~dvodudatinly :fre-
-quernicies to contrelitlre-operation of A:isétiof
relaysipermutatively aceoiding-to- the:plufal-
unit _code representing the message charac-
iters.transmitted, the said-set of relays'acting 100
as ‘a unit-to contrel the action 6f a'printing
-mechanism suitable -for printingithe méssage
charagters. R : '
i1n:teStimony -whereot T dflix-my: signature.

© WILLIAM F. FREEDMAN,

At
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