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The present invention relates to systems of
telegraph transmission using double current, em-
ploying a code with two signal elements, of which
the first is constituted by a transmission st audio
frequency, and the second is constituted by the
same transmission dephased by 180 degrees.

In such a system of telegraph transmission,
the sending station comprises a modulator to
the control terminals of which the telegraph code
transmitter applies a control current which is
at certain instants a “rest” current of one polar-
ity, and at other times is a marking or oper-
ating or work current of opposite polarity. The
inversion in polarity of this control current has
for its effect to invert the phase of the telegraph
current sent in the line, every change of polarity
of the control current causing an inversion of
phase of the telegraph line current.

To each character transmitted, there corre-
sponds therefore the application to the control
terminals of the modulator of s succession of
pulses of current which are alternately “work”
currents and “rest” currents, according to a de-
termined code, and hence corresponds to the
sending on the line of a suceeéssion of currents
of phases which are alternately inverted. For ex-
ample, in the Infernational Start-Stop Code, to
the letter “S” there corresponds, after the send-
ing of a “work” or marking current pulse cor-
responding to the start, the transmission, dur-
ing an elementary interval, of a “rest” current,
then during the following interval, of a “work”
current, then during a following interval of a
“rest” current, then during two following succes-
sive intervals of a “work” current, and, there-
after, finally of a “rest” eurrent corresponding
to “stop.”

To each one of these inversions there corre-
sponds a change of the phase of the current which
was sent on the line, there being five changes of
phase in the course of the transmission of the
letter S.

At the receiving station, there is applied to a
demodulator, on the one hand, the received cur-
rent including the inversions of phase, and on
the other hand the reestablished carrier fre-
quency current as it was set up in the line at
the beginning of the transmission, keeping for
it an unvarying phase. Thus, the current deliv-
ered at the output terminals of the receiving
demodulator will change in sense or direction at
the same time as the telegraph current will
change its phase.

Hence, it can be said that every change of
sense or direction of the current taken off at
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the output terminals of the demodulator of the
recelving station corresponds to a change of sense
or direction of the current applied to the control
terminals of the demodulator of the transmit-
ting station. But, on first consideration, it can-
not be known whether to a given received pulse
of “rest” current, there corresponds, at the trans-
mitting station, a pulse of “rest” current or a
pulse of “work” current.

In order to assure agreement between the
senses or directions of the current of reception
and those of transmission, it is arranged so that
the first current pulse delivered at the output
of the demodulator of the receiving station can
only be of one determined sense or direction,
and the transmission will always be commenced
by the transmission of a current of this same
determined sense, for example, a “rest” current
Impulse if it has been arranged that the demodu-
lator of the receiving station shall on its first
pulse deliver a “rest” current.

Ii, however, there is produced on the line an
accidental transient interruption, so that the car-
rier current disappears for an instant, it is not
known, when the continuity of the circuit is re~
established, whether the transmitting station is
sending at this moment a “rest” signal element or
a “work” signal element. Hence, there is the
risk, following such an interruption, of receiv-
ing signals which are inverted.

In order to avoid this disadvantage, it is nec-
essary in the case of the interruption of the cir-
cuit between the stations, to cause to come into
operation a safety device disconnecting the ter-
minal telegraph apparatus, putting at each sta-
tion the transmitting modulator in the condition
corresponding to the sending of a “rest” sig-
nal, and not putting the connection into service,
after the reestablishment of the continuity of
the circuit between the stations, until after de-
termination of the fact that the received cur-
rents have again assumed their normal values
and senses, ’

The present invention has for an object to
provide devices permitting to assure the auto-
matic performance of these operations, and is
applicable to the case in which for the purpose
of saving material, there is used at a station B,
for the transmission from station B toward a
station A, the cartier frequency reconstituted
from the signals received from the station A.
It is then possible to compare at the station A,
the phase of the waves of the local generator at
station A to that of the reconstituted carrier wave
as re-sent by station B. The resultant variation
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of this difference of phase is employed to control,
if needed, the putting into operation of the safe-
ty device. The description of the means employed
for this purpose is given hereafter, with refer-
ence to the sole fisure of the annexed drawing,
which shows; the circuit of the assembly of a twa-
way connection between two stations A and B.

Referring to the drawing, the station A com-

prises a generator 3 of audio-frequency current.

whose oscillations are modulated. in the sending
modulator & by the current coming from the
sender of the local telegraph sending and receiv-
ing apparatus 9, the output current of the modu-

lator 4 at station A is senb toward the station:

B over the line A—B, through a line filter 44
At station B, the received. current Dpasses

through the line filter 71, from there it passes.

to the principal demodulator 61 through two
paths, of which one comprises a first amplifier
60, and the other comprises an auxiliary demodu-
lator 12, a, narrow band filter: 65; which. thus
has a relatively high: time: constant, and a sec-
ongd, amplifier 64.

It is known that. with sueh a. circuit arrange-
ment, there is delivered: at. the. output of the
second amplifier 64, the reconstituted. carrier
frequency, and, hence; at the. cutput of the prin-
cipal modulator: 64, the: reconstituted. telegraph
signal current, if auxiliary. demodulator 72 is
controlled: by a. derived pertion of the carrier
current as.reconstituted; as.taken. off at.the out-
put, of principal. demodulator: &l..

The. initiation. of. the current pulse and the
arientation of phase at the start are obtained
by the means.of a derived. Dortion taken off at
the. input, of first amplifier 60; and supplying
second. amplifier 64, thraugh, the. means of g
blocker 63, which offers. opposition; to. the pas-
sage of the:;current under normal .operating. con-
ditions, under: the effect of a. eontrol current
obtained by rectifying: the. reconstituted carrier
current by means. of; rectifier. 82; The telegraph
current: thus reconstituted; at the; outnut. of the
principal modmlator. 81, is- sent to: the: telegraph
receiver unit of the ordinary terminal telegraph
sending and. receiving; apparatus. 58; at station B.

On the other. hand, for. the; transmission from
station B.toward: station. A, a.portion of the re-
constituted carrier frequency. taken off. at the
output of second amplifier. 64, is.applied. to the
sending modulator 54: controlled: by, the: current
of the telegraph.sender. unit; of the usual ter-
minal telegraph sending and; receiving apparatus
59< at Station B.

At station A, the. receiving: apparatus. proper
is. identical to that. of, station: B.

The - reconstituted: carrier. wave at the output
of second: amplifier 14, ab station:A, has a defi-
nitely. determined out-of-phase relation with
reference to-the carrier wave: produced: by the
generator-3: at.station:A: This: dephasing. rela-
tion. has. assumed- a value: which Is. definitely
determined when the system starts into operation,
at the moment. when; the: sending; modulators 4
and: 54 being. both: in- the: “rest” position, there
is produced: an. initiatien: of: the- reconstituted
carrier oscillation: The station: A: comprises
means. to give warning. of; an: aceidental varia-
tion; from this- determined. value of dephasing:
In. the assembly shown in: the drawing,. these
means._at station A; comprise a; phase adjuster
5: of: determined; characteristic: for adjusting; the
phase by, a: fixed amount; compensating. for: a
cerfain: value of: dephasing, and.: a. phase -differ-
ence. responsive demodulator: 6; supplied: on, the
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one hand by the reconstituted carrier current
at the output of second amplifier I4 at station
A, and, on the other hand, by the current at the
output of the phase adjuster 5. Hence, there
will be at the output of phase difference respon-
sive: demodulator 6, a. rectified’ current. J whose
pulsations can be reduced: By a low-pass filter 1.

1t is the variations of this rectified current J
which are used for the putting into action of
the phase correcting system, because if the phase
of the received- signal element pulse is incorrect,
the value of. this current will be altered.

In order to understand the operation of the
system, it will be assumed at first that an ac-

. eidental interruption takes place in the current

in the direction BA, in the line BA. The recti-
fed current J will decrease progressively. If the
interruption is transient, the carrier wave will
be rapidly re-established either with the correct
phase if the modulator 84 which has not received
a. signal informing, of the interruption, is deter-
mining a non-operative or spacing condition. at
the instant of the re-establishment, or with the
opposite phase if. the modulator is. determining
an operative or marking condition- at that in=-
stant. In the first case, the rectified: current J
will return to its: initial: value, in the:second case
the value. of the rectified current J will be in-
verted.

Two relays 119 and. 120 are energized by the
rectified current J, the:one relay (#0:responding
to the inversion. and. the: other relay (20 re-
sponding to the. interruption. Relay {18 is
polarized and.in normal operation. has: its con-
tact. 11l open, when the energizing; current
changes direection it closes: this contact. The
contact of relay 120:is open- when. its. winding
is energized.

The operation; of these relays (10; and- 120
may be delayed:in order. to avoid all- unnecessary
operation of the. device for re-establishing the
correct phase. The. putting: into. operation of
these relays 110-and: 120 creates by means of ap-
propriate: contacts, compensating. currents, de-
laying their return. to: non-eperated condition
until the rectified: current.J: has returned to its
initial: value:

Armatures: {41 and- 124: of relays (18: and 120
respectively: put. into: circuit in parallel the cur-
rent. interruption protecting: device -or phase cor-
recting device of the:station A: which.is shown
connected for actuation. by these armatures
through relay (18

The functions: of this: interruption- protective
device at station: A: are: the following:

1. It will cause:the opening-of the local circuits
to sender-receiver 8 at station A, until the re-
establishment: ofr the- correct' phase;. It:will then
put-the output modulator. 4:at:station: A:into non-
operative: condition,. the: medulators. employed
being:assumed: to;have-a definite:operating char-
acteristic in the absence of control current; that
is, one similar; to: that: which would: obtain with
current in- @ non-operative: condition:. The: op-
eration of: the: recetving: circuit  will- iring: about
the -resumption: of ‘the: non-operated:condition:

2: Tt will transmit; in. a.regulars rhythm;. by
means: of: a.vibrating: relay, for example; over the
line-fromestation: A. tosstation:B, trains of: waves
which: will: Have: the: phase: whichis: required: to
Pe re-established,.because: the: modulators: have
been put- into nen-eperative: condition.. These
trains of waves will have a duration:Ti-and will
be separated: by an:interval, of: duration Te: The
first-interruption.in the.train of. waves-will bring,
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into operation the protecting device of station
B shown in the drawing in the lower part of
station B. The function of this device will be
first to open the local telegraph circuits of
sender-receiver 88 at station B and so bring to
the non-operative condition the output modu-
lator 54 at station B, and arrangements will be
provided to be sure that it remains so until nor-
mal conditions are completely restored, unless
the successive trains of waves alter the situation.
The protective device of station B ought, there-~
fore, to remain blocked until the reception at
station B of a train of waves of longer duration
than that sent during the periog of re-establish-~
ment. On the other hand, the protective device
of station A will assume the non-opersted posi-
tion when the termination of the interruption
has allowed the rectified current J from phase
difference responsive demodulator § to return to
its ‘normal value.
ment can take account of the fact that this recti-
fied current J is higher during the period of re-
establishinent by reason of the disconnecting of
the circuit of the receiver at the station.

. If, however, the interruption is produced in the
direction A—B on the line A—B, it will be neces-
sary that this interruption should produce the
same effects at station B as those which have
been described above at station A. In this case,

as in the preceding case, the function of the pro- =

tecting device of station B will consist of cutting
off the local telegraph circuits from transmitter-
receiver 89 as soon as an interruption in the direc-
tion A—B will have been registered, and to put
the modulator 54 in the non-operative condition
before an inversion of the carrier wave can result.

Since, at station B, no local generator of alier-
nating current is provided, of which the phase
can be compared with that of the reconstituted
carrier wave, it is necessary to find a different
criterion from that used at station A to show the
interruption.

A preventive measure is also required in this
case, by means of which the station A may ascer-
tain whether inversion has been produced or not.

The criterion used which will effect the opera-
tion of the protective or phase correcting device
of station B, is the reduction of the amplitude
of the reconstituted telegraph signals. To under-

stand this operation, it is necessary to notice that o

if the carrier wave Has disappeared for a certain
considerable interval of time, or if it has momen-
tarily disappeared and reappears immediately
afterwards with inversion of it phase, a tran-
sitory phenomenon has necessarily taken place
in the reconstituted telegraph signal, the dura-
tion of which phenomenon is substantially equal
to that of the elementary signal element or pulse.
If, at the output demodulator 61 at station B, a
circuit is arranged in parallel with the circuit car-
rying telegraph current to the usual receiver and
including a rectifier 76 and a low-pass filter 75
whose time constant is less than the time constant
of the telegraph filters but is more than one-half
of the latter, in order to avoid the action of the
variations which bring about the succession of
signals, a circuit will be provided adapted to
energize a relay {30 whose contacts are open in
normal position when fully energized, which will
have come to the non-operated or closed bosition
when the current which it receives, which is nor-
mally substantially constant owing to the auto-
matic gain control associated with the amplifiers,
ceases or is sufficiently reduced. Relay 130 may
have a definite spring bias. The exact value of
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10

0

€0

65

70

(]

current required for the release of relay 130 into
non-operated position can be regulated by a com-
pensating current.

The armature 31 of relay 130 at station B,
when so deenergized, will close the energizing cir-
cuit of relay 148, which will then be energized in-
dependently of contact 181 through contact 141
and through a contact 161 which remains closed
until the end of the operation. Relay (48 will,
at the same time, close through contact {42 the
circuit of relay {88 of which the contacts {51 and
152 open the local circuits to the local transmitter-
receiver 88, a fifth contact 155 closing a branch
circuit comprising relay (68 and condenser 69
which, in turn, short-circuits the armature 132 of
relay 138 in the absence of telegraph current, as
well as the resistances 70 and 91.

If current is again applied to the telegraph
circuit, the contact 132 removes the short-circuit
of condenser §9 which will charge slowly so that
relay 168 can operate only after s certain intervail
of delay 5 which is greater than the duration
T: of the trains of waves sent from station A.
When, upon the disappearance of this current, the
contact {32 short-circuits the condenser 69, and
also during the whole duration of the attempts
at re-establisiiment of the previous condition, the
armature i6f of relay 160 closes a contact in series
with contact {41. The device will be able to
return to the non-operated condition only when
at the moment of re-establishment, a current of
greater duration will have been able to manifest
itself.

In order to be sure that an accidental re-estab-
lishment of the circuit does not interfere with the
re-establishing operations, the delay interval Ts
should bs greater than the time which separates
the ascertainment of g break and that of the first
interruption caused by station A.

The operaticn of the interruption protecting
unit at station A is as follows. Relay (708 is
connected in circuit and energized through con-
tacts 11t and {21, and the relay {718, when ener-
gized, closes at contact 17f the energizing circuit
of relay {80 whose contacts 181, 182, 183, 184,
open the local circuits to local transmitter-receiver
9, and at contact §72 closes the energizing circuits
of relays 88 and 100 which are arranged to
operate as an inverter.

The contacts 192, 198 of relay 180 open the con-
nection from the generstor 3 to the cirenit of line
A-—B when relay (90 is in the energized condition.
If relay 178 returns to its non-energized condition,
which will evidently be when relay 190 is in the
non-energized condition, the contact 172 is opened
and opens the energizing circuit of the inverter
unit including relays 190 and 188, the contact 191
remains closed, and, at the same time, the con-
tacts 181, 182, 183, 184, close the local circuits
to local transmitter-receiver 8. In order to pre-
vent the correcting devices from operating again
under the effect of a subsequent interruption
which may not have been registered yet, on ac-
count of the transmission time, 2To correspond-
ing to the time required to traverse the double
going and coming path from A to B and then from
B to A, it is sufficient to arrange in parallel with
contacts #1{ and 121, a contact 19 controlled by
the relay 190 which closes & circuit to energize
relay {70 when relay 198 is in the operated condi-
tion. The disconnection of the generator can,
therefore, only be effected at a definite instant by
a control signal transmission traversing the entire
circuit and whose reception has already com-
menced, which is possible if the time intervals T
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snd Ts are greéater than 2To. Hence, no failure
of current can oceur.

The operation of the inverter group including
relays £98 and {88 is as follows: Starting with
the non-operated condition, the relay 186 being
traversed by mno energizing current and being
then in the non-operated condition, the winding
of relay 198 iz then de-emergized because its
winding is shert-circtrited by closed contact 194,

which also short-circuits the condenser 19. j

Then, upon the closing of contact 172, the wind-
ing of relay 190 is energized and relay (80 as-
sumes the energized condition, but relay 100 re-
mains in de-energized condition. When relay- 199
asstmes the energized condition, its contacts 192,
183, open the connecting circuit from generator
3 to line A—B. At the same time that contaet
+94 opens when relay 190 becomes energized, the
short circuit en condenser 1§ is removed and
condenser {9 starts to charge.
relay 185 then starts to become energized. When
relay 188 becomes energized, its contact 101 is
closed and short-circuits: coridenser 1§ and the
wingding of relay 198, which causes relay 90 to as<
sume the de-energized condition. This will close
contacts 192, 193, again completing the circuit
connecting generator 3 to the line A—B. When
relay 198 thus assumes the de-energized condi-
tion, through contact 194, it again short-circuits
condenser 19 and the winding of relay (00, and
the cyecle is repeated. The time periods of opera-
tion are deteriined by the magnitudes of the sev-
eral condensers and resistances involved.

It will be apparent to those skilled in the art
that my invention is susceptible of modifications
to adapt the same to particular conditions, and
alt such modifications which aie within the scope
of the appended claim I corisider to be compre-
hended within the spirit of my invention.

I claim:

Tn a system of earrier frequency telegraphy
transmitting on the line signals comprising
earrier frequency, signal elements of oppo-
site phase, a first station, a second station, two
uni-directional lines connecting said stations,
gaid first station comprising &n audie carrier fre-
qtiency generator, each of said statioris compris-
ing transmitting keying means, transmitting
modulating means controlled by said keying
means adapted to change keying impulses of op-
posite polarity into carrier frequency pulses of
opposite phases, and receiving demodulating
means adapted to change reeeived carrier fre-
quency pulses of opposite phases into continuous
¢urrent impulses of opposite. polarity, eacht said
receiving demodulating medans eomprising means
for deriving a portion of the received modified

[
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carrier frequency current and converting the
same into unmodified original carrier frequency
eurrent, said transmitting modulating means at
said first station being connected to said genera-
tor, said trahsmitting means at said second sta-
tion being connected for energization by the car«
rier frequency output of said deriving and con-
verting means at said second station for convert-
ing into unmodified carrier frequency current,
each of said lines connecting said transmitting
modulating means of one said station to said re«
¢eiving demodulating means. of the other said
station, a phase adjuster at said first station Hav-
ihg its input connected to said generator, phase

« difference responsive demodulating means at said

first station having one input connected to the
output of said phase adjuster and having its
other input connected to the output of said de-
riving and converting means at sald first sta-
tion for converting into unmodified carrier fre-
duency current, and being adapted to deliver out«
put direct current which is a function of the
difference of phase of its two inputs, telegraph
receiving means at each said station connected
to the outpui of said receiving demodulating
means at said station, control relay means at
said first station connected for actuation by the
ouput of said phase difference responsive means,
pulsing relay means at said first station having
a controiled contact connected in series in the
output line of said transmitting demodulating
mesans at said first station, first interlocking re-
lay means connected for actuation by said con-
trol relay means and adapted when actuated to

5 open the circuits of saild transmitting keying

means to said modulating means and of said tele-
graph receiving means at said first station and
also to actuate said pulsing relay means, master
relay means at said second station, a rectifier and
a.low-pass filter at said second station connected
between the output of said receiving demodula-
tor at said second station and the actuating
winding of said master relay means, and second
interlocking relay means connected for actua-
tion by said master relay means when in deen-
ergized condition and adapted to open the cir-
cuits of sdid trensmitting keying means and said
telegraph receiving means at said second station,
whereby & momentary opening and immediately
subsequent reclosing of either of said lines maine-
tains the original correspondence of polarity of
keyed signals from a keying means at one said
station and the telegraph receiving means at the
other said station.
ROBERT PIERRE LEROY.
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