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To all wehom it may concern:

Be it known that I, Wirriam F. Friep-
3an, citizen of the - United States of
America, residing at 3220 17th Street NW.,
in-the city of Washington and District of
Columbia, 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
for its object the simultanecus transmission
and reception of a plurality of code signal
impulses representing the individual ele-.
ments of the message characters that ‘are
transmitted. :

A further object is to veduee very mate-

vially the length of time necessary in the
hevetofore prevalent printing telegraph sys-
tems to transmit the code signals represent-
ing the message characters and thus increase
the - capacity of the. line or channel em-
ployed. ,

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

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

The invention will here be illustrated as
applied to a well known form of printing
telegraph systems, but, ag will be readily un-
derstood, is applicable to many other elec-
trical systems and devices which at present

- necessitates the nse of more or less compli-
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cated synchironizing devices.

The fundamental principle of my inven-
tion ‘is the- substitution of a plurality of
medulated high frequency oscillations of
different frequencies-all transmitted simul-
taneously and instantaneously for a plu-

“rality of similar, 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, direct
current electrical impulses which pass over
one and the same line, and actuate a set of
relays, each impulse in the group affecting
the operation of a particular relay, by a

1928.  Serial Wo. 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 dises. Usually there are
32 such combinations, 26 for the ordinary

‘letters and 6 others concerned in 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, thatis, it consists
of permutations of two elements taken five
at a time. In one system of operation these
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
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 “44-—— -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 frst two time unifs are occupied-
by the passage of current, the last three, un-
occupied. - The permutations of transmitted
impulses are governed by a set of make and
breale keys operated at the transmitting end
manually, by means of a sending keyboard
similar in form to the ordinary typewriter
keyboard, or automatically 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 corresponding 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 after 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 character or letter is di-
vided up into five equal intervals; during

the first interval key 1 at the Sendlno end'
is connected with its corresponding. 1ehy L

at the veceiving end; duting the second in-
terval, key 2 at the sendmo end. is con-
nected with its correspondlno relay 2 at the
recelving end, and so on. ‘The method of

dfectmg such a correspondence in action by .

fransmiting - similar impulses through one
and the same channel involves the use of a

distributor and various other apparatus in-

cluded under the general term “synchroniz-
ing mechanism.”

The principle of the SYHChl‘OXIlZJIO dis-
tributor is thlS. Two similar rings, one on
the sending face of a- distributor at the
transmitting station, the other on the receiv-
ing face of an identical distributor at the
receiving station, are each divided into at
least five equal segments. A pair of rotat-
ing brushes on thede distributors are con-

nected 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 segments with the same
uniform angular velocity, thus connecting
the first segment of the ring of the sending
distributor :svith .the first segment of the
ring of the receiving distributor once per
revolution. of the brushes.: ILikewise, the
second, third, fourth and fifth segments of
the sending distributor are. connected once
per revolution of the brushes with-thé cor-

- responding -segments of the receiving dis-

40

fs
(913

G0

tributow, the interval of each connection
being the time of one-fifth of a revolution
of the rotating brushes. Thus, each. mes-
sage character is transmitted as a combina-
tion of five separate or discrete impulses
distributed eqnally 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
Ievolve with exactly the same angular ve-
ocity is a very complex feature “of these
puntmo telegraph. systems; and acts. as.

limiting factor upon the speed of oper‘ltlon

In my system no such synchronization is
necessary, for all of the signals comprising
the combination of” 1mpulses for a single
character arve transmitted mmult*meonﬂy,
and at the recelving end are properly iso-
lated by five selecuvely tuned cirenits.

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 illustrative drawings, and in

1,530,660

the detailed” following . description. based
thereon, set forth an embodiment of “the
same.

Figure 1 is a dmm ammatic sketch of one
form of arrangement of circuits whereby
each of a plumlity of high frequency alter-
nating currents may be modulated or non-
modulated in' permutations corresponding
to code signals for message characters, the
modulated currents impressed upon a line,
and. the modulations isolated at the receiv-
ing end by a plurality of selectively tuned
c1rcu1ts

Figure 27is a dlaorammatlc sketch of one
form of rermoement of mrcmts whereby a
plurality of complete sets of modulated al«
ternating cuirents are simultaneously. im-
pressed upon a line, the members of each set
being isolated. at. the receiving end by a
plurality of selectively tuned circuits, thus
effecting. multiplex operation:

Figure 8 is a diagrammatic sketch of an
arvangement. of cireuits for the simultane-

ous operation of transmitting and receiving
sets at the same end of the line so that

stations may transmit and receive messages
at the same time at both ends of the line.
Figare 4 is similar to Figure 1, except
that the arrangements in the former are
adapted for communication by radio.
Having more particular reference to- the
drawings and in connection with which like
characters  of reference designate similar
parts throughout, in Figure 1, A, B, C, D,
and E, are sources of high frequency alter-
nating current of different- frequencies;
called hereafter “carrier waves”
which is modulated telegraphically, by
means now. well-known in the art through

“the imposition. of modulating frequency by

modulators T, G, H, T, and. J respectively,
when keys I, L, M.N , and 0’ are operated.

R is-a sendm(r keyboard of well known
X Y

form; or an automatic tape-controlled trans-
mitter, also of well known forny; which gov-

erng the action of the keys K to O in'a per-

mutative manner according the the combina-
tions of the code signuls 191)1‘oso]tmn mes-
sage characters.

Let us suppose, for purposes of illustra-
tion, that A is a source of carrier wave cur-

each of
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rent of- a frequency of 20000 cycles per

second; B is a source of carrier wave cur-
rent. of a frequency of 30000 cycles per
second, and so-on, up-to I, which is a source
of carrier wave current of a frequency of
60000 cycles persecond.  Fmodulates carrier
wave A by 1000 cycles per second when key
K is closed ; snmLu'ly G, H, I, and J modu-

late the carrier waves B C, D, and E, re- !

spectively by 1000 cvcles per second, when
keys L., M, N, and 0, 1'Lsp(>(,tlvely are
closed. The 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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selectively tuned cireuits A’ to T, ecach of
which is responsive only to a certain pre-
determined frequency. Ifor example, in my
Ulustration, A’ is acircuit responsive to a
carrier wave current of a frequency of 20000
cycles per second, and no other; B’ is re-
sponsive only to a carrier wave current of a
frequency of 30000 cycles per second, and
80 on, up to K, which is responsive only to
a carrier wave current of a frequency of
60000 cycles per second.

F” is a circuit for rectifying the high fre-

quency current received by A’, and thus
converts the high frequency current into a
low frequency current which is the modu-
lating frequency, and then this current
passes on to relay K’, tuned to respond to
the modulating frequency imposed on the
carrier wave A by modulator F. Current
will flow -through F’, for example, only
when key K is closed, or, in other: words,
when carrier wave A lias been modulated by
. When this key is open, no curreént wiil
flow through F’, thus leaving relay K’ inl
operative. G/, H’, I, and J” are similar cir-
cuits, adjusted in the same way as F’ for
rectifying the high frequency currents re-
ceived by B, ¢/, D', and E’ respectively, and

thus keys L to O and cireuits G to J” con--

trol the operation of relays I/ to O, re-
spectively in the same manner as key K and
cireuit F” 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 permutatively 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”, the code
combination for which is represented by the
symbols “4——— 7 This means that
relays K7 and O’ are to be energized, the
others are to remain nnenergized. - The key
“Z” on the manually operated keyboard,
Q, is depressed, or an automatic tape-con-
trolled. transmitter functions, to cause keys

K and O to be closed simultaneously, thus:
causing the modulators F and J, respective--

ly to modulate the carrier waves from A and
L, respectively, but leaving the carrier waves

from B, C, and D, unmodulated. In my il-

lustration, lines U and ‘U’ will be simulta-
neously traversed by waves of the following
Trequencies: 19000-21000, 30000, . 40000,

50000, and 59000-61000 cycles per second..

At the receiving end circuits F” and J’ will

be the only ones that will allow current to

reach the relays, for circuits G/, H’ and I’
will just neutralize the unmodulated carrier
waves from G, I, and I, respectively, and
therefore only relays K’ and O’ will be
energized. This action corresponds there-
fore to-the permutation of closed keys at the

transmitting end. Tt is thus seen that al-
though the five relays K" 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 the operation of
any other of the five relays.. The heterog-
onous combination of modulated  carrier
waves is broken up into the homogenous ele-
ments of individual impulses in a permuta-
tion corresponding to the proper code signal
for the character transmitted. Tt is apparent,
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-
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quired in the heretofore prevalent systems, .-

but also the speed of the transmission aud:
reception can be materially increased be-
cause no limiting speed of operation is in-
troduced in this method by any synchroniz-
ing devices. ‘ :

Tt

It is ‘obvious that the system vhere pro- -

posed permits of multiplex operation of a
single pair of lines, since a wide range of
non-interfering frequency bands are avail:
able for use and since a plurality of high
frequency waves of different “frequencies
may be impressed upon the same line and
selectively separated at the receiving end
by extending the system described. This is
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

X’ are their. corresponding receiving sets,

each of which is similar in construction and
operation to the single receiving set, P’ of
Figure 1. Tt is to be understood that W

and ‘W’ of Figure 2 comprise all the ele-

ments included-in-P and P, respectively.of
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TFigure 1. It is of course unnecessary that

all of the transmitting 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-.
sponding transmitting and receiving set.
This is shown in Figure 3 where A and B -
represent compléte transmitting 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
Figure 1. Transmitting set A controls re-
celving set A’ and transmitting set B con-
trols receiving set B, but transmitting set
A and receiving set B’ are located at one
end of the line, while transmitting set B
and receiving set A’ are located at the other
end of the line. A
While I have shown the transmitting sets
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bridged: across the lines U and U’, I do not

wish to rvestrict myself to this method of

connections, for the modulated carrier waves
‘may just as feasibly be inserted. divectly in

i.geries with the line circuit. -

Furthermore, since the modulating fre-
quency is.the same for all the carrier waves,
instead of having separate modulating ele-
ments. such as those shown in F, G, H, T,

and J, it is, of course, quite possible to have

a.single modulating: element suitably con-
nected to the keys I, L, M, N, and: Oy so
that the modulation may be impesed: upon.
any of the carrier waves. .
 Trurthermore, the generators here  de-
seribed 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 circuits.

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

While I have illustrated my invention as
utilizing a code consisting of five elements,
it is obvious that a code of a greater num-
ber-of elements 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.
Tt 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 1s
shown in Figure 4 in which an antenna Q,
witly its ground; Ry serves to radiate the
waves into -space and: at the receiving sta-
tion a corresponding autenna Q, with its

~ ground, R’, serves to. receive the radiated

ot
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waves. In this figure W and W’ represent

all the: elements included under P and P,

respectively, in Figure L - The method of
employing modulated different frequency
carriel waves to eliminate the necessity of
synchronizing mechanisms canalso be ap-

plied to systems other than printing tele- .

graphs; and it is intended: that this feature
be included among the others of my in-
vention.. L -

Tn fact, several modifications of the sys-
tem are possible without departing from
the spirit of the invention oi the scope of
the claims. i ) o

What T 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 telegraphically
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 sct
of oscillations by said modulating fre-
quency, means. for operating said set of keys
simultaneously and-permutatively to corve-
spend to.tlie permutations of a plural-unit
signaling: code representing message charac-
ters, means. for radiating said: permutatiouns
of modulated and: non-modulated oscilla-
tions: simultaneously- into space, means. for
receiving and detecting said: radiated. oseil-
lations, said last named: means being asso-
cinted with. a. set oft 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

last-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 -

T0.

it

80

a2 printing or recording mechanism con-

trolled by the permutative operation of said
energized and unenergized. relays.

2. In a multiplex printing telegraph. sys-
tem, the combination of a plurality of gen-

“erators of radio-frequency oscillations of

different radio frequencies, means for tele-

graphically modulating said. oscillations in
‘each 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 cperating said

sets. of keys simultaneously and: permuta-

tively, to:correspond to' the permutations of.

90
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a pluraliunit signaling code representing:

message characters, means for radiating said

“gets. of permutations of modulated. and non-
‘modulated oscillations into space simulta-.

neously, a plurality of: sets of receiving in-
struments: tuned to: veceive and to. isolate
said radiated sets of oscillations, means for
detecting: the .presence or:absence- of modu-
lation in each. of said isolated! oscillntions:
in each of said sets of: oscillations, 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 saidimodulation. is absent,
and' a plurality of printing. or reeording:

‘mechanisms individually. controlled: by the

permutative openation' of suitable: group-
ings of said relays into operative sets.,

5. Tn. a system of multiplex printing
telegraphy, the combination of an antenna,

‘a set of transmitters. and a. set of receivers

electrically. associated. with: said antenna,
said transmitters. generating radio-fre-
quency. oseillations of different frequencies,
and said set of receivers being adjusted: to-

e separately. in resonance- for frequencies

corresponding to: those generated by the
transmitters. at some other station from
which signals are received, means for tele-
graphically modulating said: oscillations in
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cach of said transmitters by a single modu-

lating frequency, a set of make and break
keys associated with each of said sets of
transmitters, each of said set of keys re-
spectively controlling the modulation or
non-medulation 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 characters, 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 energized 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-telegraphically

3

effecting a correspondence and simultaneity
of action between the elements of 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
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-
lated individually at the controlled stations
by selectively tuned cireuits associated with
said sets of controlled instruments, the pres-

_ence or absence of said modulating’ fre-

quency in said isolated carrier waves re-
spectively causing the elements of said set
of controlled instruments to be actuated or
non-actuated as the case may be.

In testimony whereof I affix my signa-
ture.

WILLIAM F. FRIEDMAX.
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