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Application filed January 25, 1980. Serial No. 423,368.

‘This invention relates ‘to electric wave
transmission systems and particularly to two-
way electric communication systems. '

An object of the invention is to improve

+ the operation of a signal transmission sys-

tem including therein circuit-control means
operated under control of the signals trans-
mitted over the system. ;

The invention is especially- applicable to
a system over which two-way transmission
of signaling energy is required, and includ-
ing as a link therein a long section of two-
way cable of high attenuation and high
transmission-time constant, such as a deep
sea submarine telephone cable. In such
systems signal-controlled circuit-control ap-
paratus, which in the prior art have been
referred to under various names, such as re-
actlon suppressors, singing suppressors, anti-
singing devices or echo suppressors, are
usually associated with the transmitting and
receiving circuits at each terminal of the
cable and at intermediate stations to insure
that the system is operative to transmit in
only one direction at a time, so as to effective-
ly suppress singing, echoes, or both. This is
usually accomplished by making the circuit-
control apparatus responsive to transmis-
sion in either direction to render the circuits
operative for transmission in that direction
and to effectively disable the circuits for
transmission in the opposite direction.

There are several characteristics of a sys-
tem, such. as described above the combina-
tion of which may introduce difficulties in
the application of the signal-controlled cir-
cuit-control apparatus thereto. One is the
increased time of transmission over the cable
due to its length, another is the high attenua-
tion of the cable to transmitted currents, and
still another is the small load capacity of the
cable.

The increased time of transmission over
the cable greatly increases the chance that

? two subscribers at the opposite ends of the

system may both start talking within the

- time interval equal to the transmission time

50

of the cable, resulting in each subscriber, by
means of the circuit-control apparatus, se-
curing control of his own terminal for trans-

mitting and locking out the transmission re-
ceived from the other subscriber. The high
attenuation of the cable necessitating the
use of extremely high power levels at the
mput of the system, the special requirements
as to quality and the load limitations of such

2 system have made necessary the use of new

methods of operation and special control cir-
cuits. :

In general, the above mentioned difficul-
ties may be overcome by circuits designed to
give exclusive control of the switching cir-
cuits of the system to that subscriber at one
end of the system who first starts talking.
My copending applications Serial Nos.
870,034 and 370,085, filed June 11, 1929, dis-
close various circuits of that type which uti-
lize a method of control called the “courier”
method.  According to that method, the
speech energy generated at each cable termi-
nal, or incoming thereat over an associated
circuit, is made to control the sending out
over the transmission circuits, and in ad-
vance of the speech energy, of a courier com-
prising a short train of control waves of fre-
quencies which differ for each terminal. This
courier is utilized to initially seize control
of the circuit-control apparatus at the cable
terminals and at intermediate repeater points
in the system for the first talker, this control
being maintained by the speech waves when
they arrive at the control points.” ‘The ter-
minal which first starts its courier on the way
obtains exclusive control of the talking cir-
cuits of the system. ,

The present invention relates to.a modifica-
tion of the courier circuits disclosed in the
above mentioned applications, which modi-
fication is especially applicable to a system
in which an intermediate repeater is used to
connect two sections of the cable. In accord-
ance with the invention, the couriers utilized
for controlling the circuit-control apparatus
for the two directions of transmission are
sent out over the two sections of cable from
the intermediate repeater station instead of
from the terminal stations. . The talker whose
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of the talking circuits of the system. In the
system of the invention, the two couriers may
have the same frequency which simplifies the
design of means for selecting the courler
through the transmitted speech energy.

The exact nature and the advantages of the
invention will be clear from the following
detailed description thereof when: read in
connection with the accompanying drawings,
Fig. 1 of which shows a circuit diagram of
a cable terminal station embodying the in-
vention and Fig. 2 of which shows a circuit
diagram of an intermediate repeater station
embodying the invention, which repeater sta-
tion may be used to couple two sections of
cable having terminal stations such as shown
in Fig. 1.

For convenience the invention will be de-
scribed as applied to systems for the two-way
transmission of speech waves, but it is ap-
parent that the principles thereoi apply
equally well to systems for the transmission
of signal waves in general comprising fre-
quencies within or outside the speech fre-
quency range, such as waves representing
speech, entertainment, programs comprising
music as well as speech, etc.

The system to be described comprises two
terminal stations of the type illustrated in
Fig. 1 connected by a twe-way cable of high
attenuation and high transmission-time con-
stant, such as a deep sea submarine telephone
cable, through an intermediate repeater sta-
tion of the type shown in Fig. 2. The cable
comprises two sections, an east section TC,
connected between the east cable terminal sta-
tion illustrated in Fig. 1 and the east end of
the intermediate reepater station shown in
Fig. 2, and a west section TC, connected be-
tween the west cable terminal station (not
shown) and the west end of the intermediate
repeater station. It will be assumed that the
east cable section TC; has an over-all trans-
mission-time of T, seconds and that the west
cable section TC, has an over-all transmis-
sion-time of T, seconds.

Since the terminal stations at both ends of
the cable system may be substantially iden-
tical in construction, except for a possible
difference in the transmission frequency range
of certain of the filters used therein neces-
sitated by the fact that the courier frequen-
cies transmitted in the two directions may be
different, it has been deemed sufficient to il-
lustrate the terminal station at one end of the
system only, the east end, and in the follow-
ing description the manner of the operation
of the system will be clear from reference to
the single terminal station shown and the in-
termediate repeater station.

The east terminal station of Fig. 1 com-
prises a transmitting circuit TA and a receiv-
ing circuit RA connected between a two-way
signal circuit TL, such as a two-way toll tele-

& phone line, and the east section T'C; of the
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two-way cable. The output of the transmit-
ting circuit TA and the input of the receiv-
ing circuit RA are connected to the east end
of the cable section TC, by means of the three-
winding transformer or hybrid coil Hy, which
cooperates with the cable section TC; and the
balancing network N, to insure substantial-
ly conjugacy between the circuits TA and
RA. For a similar purpose the input of the
transmitting circuit TA and the output of the
receiving circuit RA are connected to the
circuit TL through the hybrid coil H, hav-
ing an associated balancing network N.,.

The transmitting circuit TA comprises a
one-way transmitting amplifier 1 connected
between the hybrid coil H, and the hybrid
coil H,. The receiving circuit RA comprises
a band pass filter 2 and a one-way receiving
amplifier 3 connected between the hybrid coil
H, and the hybrid coil H,. Connected across
the receiving circuit RA between the input
of the band pass filter 2 and the hybrid coil
H, is a control circuit 4 comprising a band
pass filter 5 and a band pass filter 6 in par-
allel branches thereof, a current-controlled,
relay controlling device 7 connected across
the outputs of the filters 5 and 6, and the
windings of relays 8 to 11 connected in par-
allel to the output of the device 7.

TIn the input of the transmitting circuit TA
between the input of the amplifier 1 therein
and the hybrid coil H, is a normally closed
switch 12 adapted to be opened by operation
of relay 8. In the output of the transmitting
circuit TA between the output of the am-
plifier 1 therein and the hybrid coil H, is a
normally closed switch 13 adapted to be
opened by operation of relay 9. In the output
of the receiving circuit RA between the out-

put of the receiving amplifier 8 therein and:

the hybrid coil H, is a normally open switch
14 adapted to be closed by operation of the
relay 11. In one branch of the control cir-
cuit 4 between the output of the filter 6 there-
in and the input of the control device 7 is a
normally open switch 15 adapted to be closed
by operation of relay 10. '

The intermediate repeater station of Fig. 2
comprises a westerly directed amplifying
path WA and an easterly directed amplify-
ing path B A having a portion CA in common.
The input of the path WA and the output of
the path EA are coupled to the west end of
the east cable section TC, and in conjugate
relation with each other by means of the
three-winding transformer or hybrid coil Hy
and associated balancing network N, Simi-
larly, the input of the path EA and the output
of the path WA are coupled to the east end of
the west cable section TC, and in conjugate
relation to each other by the hybrid coil H*
and its associated balancing newtork N*.

The amplifying path WA comprises, con-
nected in order between the hybrid coil H,
and the hybrid coil H,, the one-way amplifier
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45, the delay circuit 16 and another one-way
amplifier 17. . The amplifying path EA com-
prises, connected in order:between the hybrid
coil H, and the hybrid coil Hj, the one-way
amplifier 18, the delay circuit 16 and the one-
way amplifier 17.

onnected to the input of the amplifying
path WA between the input of the amplifier
15 therein and the hybrid coil H; is a control
circuit 19 comprising a current-controlled,
relay controlling device 20, and the windings
of relays 21 to 24 connected in parallel across
the output of the device 20. The relay 22 is
relatively slow operating compared with re-
lay 21. '

A generator 25 of alternating current
waves of frequencies f,, which may be any
frequencies outside the speech frequency
range, is adapted to be momentarily connect-
ed across the output of the amplifying path
WA at the points 26 by switches 27 and 28
controlled by operation of relays 21 and 22,
respectively. _

Connected across the input of the ampli-
fying path EA between the input of the am-
plifier 18 therein and the hybrid coil I* is a
control circuit 29 comprising a current-con-
trolled, relay controlling device 80, and the
windings of relays 31 to 34 connected in par-
allel to the output of the device 29. Relay
32 is relatively slow operating compared to
relay 31. : :

A generator 35 of alternating current waves
of frequencies f, which may be any frequen-
cies outside the speech frequency range and
different from the frequencies f,, is adapted
to be connected across the input of the am-
plifying path EA at the points 86 by means
of switches 37 and 38 controlled by operations
of relays 31 and 32 respectively. :

In the input of the amplifying path WA
between the point of connection thereto of
control circuit 19 and the hybrid coil H; is a
normally- closed switch 39 adapted to ‘be
opened by operation of relay 83. In the out-
put of the amplifying path WA between the
output of the amplifier 17 and the points 26 is
a normally open switch 40. adapted to be
closed by operation of relay 24. * In the input
of amplifying path EA between the point of
connection thereto of control circuit 29 and
the hybrid coil H, is a normally closed switch

41 adapted to be opened by operation of relay

23. In the output of the amplifying path
EA between the output of amplifier 17 and
the points 36 is a normally open switch 42
adapted to be closed by operation of relay 34.

The current-controlled, relay controlling
devices 7, 20 and 30 may be vacuum tube, am-
plifier-rectifier devices of the type well known
in the art or any other devices which will re-
spond to alternating current impressed -on

lays in the output thereof.

The delay circuit 16 may.'be of émy type

3

which will produce a delay of the required

amount in alternating currents transmitted

there through, as for example, a low pass
filter, such as disclosed in the U. S. patents
to Campbell 1,227,113 and 1,227,114, issued
May 22, 1917 or a network such as disclosed
for a similar purpose in Arnold Patent
1,565,302, issued December 15,1925. The de-
lay circuit 16 is designed to produce a time
delay in transmitted currents approximately
equal to the over-all transmission time of the
particular one of the cable sections TC, or
TC, which has the longest over-all transmis-
sion time between the intermediate repeater
station and the terminal station to which it
is connected. ~

The band pass filters 2, 5 and 6 at the east

terminal station shown and the correspond-

ing band pass filters at the west terminal
station (not shown) may be of the type dis-
closed in the U. 8. patents to Campbell men-
tioned above. The filters 2 and 6 at the east
terminal station are designed to pass waves
of frequencies within the signal frequency
range, in this case the speech frequency
range, and to suppress the frequencies gen-
erated by the generator 85 at the intermediate
repeater station. The filters at the west ter-
minal station corresponding to-the filters 2
and 6 at the east terminal station are de-
signed to pass waves of frequencies within
the speech frequency range, and to suppress
the frequencies f, generated by the gener-
ator 25 at the intermediate repeater station.
The filter 5 at the east cable terminal station
is designed to pass the frequencies 7, gen-
erated.by the generator 35 at the intermedi-
ate repeater station. The filter at the west

~cable_terminal station (not shown) corre-

sponding to the filter 5 at the east cable ter-
minal station-is designed to pass the fre-
quencies f, generated by the generator 25 at
the intermediate repeater station.

The one-way amplifiers 1, 3, 15, 17 and 18,
the mechanical relays 8 to 11, 21 to 24 and 31
to 34, and the alternating current generators
24 and 84 and the similar apparatus at the
west terminal station may be any of the types

“well known in the art.

It will be assumed that speech waves for

transmission- from east to west are being

received over the circuit TL at the east cable
terminal station shown in Fig. 1. The re-
ceived speech waves are impressed by the
hybrid coil H, on the transmitting circuit TA
and are amplified by the transmitting am-
plifier 1 therein. The amplified currents are
impressed by the hybrid coil H; upon the east
cable section TC, and transmitted thereover
to the intermediate repeater station shown
in Fig. 2. ‘ ' S
At the intermediate repeater station the
received speech waves are impressed by the
hybrid coil H, upon the westerly directed

amplifying path WA, and will be divided *
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therein between the input of the amplifier
15 in the main path and the input of the con-
trol circuit 19 connected thereto. The por-

~tion of the amplified waves diverted into con-

trol circuit 19 will operate control device 20
therein causing the windings of relays 21 to
24 to be energized.

Relay 21 will quickly operate to close the

 switch 27 so as to connect the generator 25

10

15

(S
&

of the waves of frequencies f. across the out-
put of the path WA at the points 26. The
relatively slow operating relay 22 will oper-
ate a given instant later to open the switch
928 so as to disconnect the generator 24 from

" the . path WA. ~The momentary connection

of generator 25 to the path WA will cause a
short train of waves of the frequencies fs,
which I will refer to hereafter as the- cou-
rier f,, to be transmitted over the path WA
towards the west cable section TC.. The
courier f, may be made as short as is desirved
or as is necessary by the design of relays 21
and 22. The relays 21 and 22 are so designed
that they will remain operated as long as

- speech waves from the cable section TC, are

being substantially continuously impressed
upon the input of control device 20 in control
circuit 19, and so that they will release only

_ after a complete pause in the transmission of

30

oo
Sy

40

said waves such as would occur at the end of
the sentence, and not for the usual pause be-
tween words or syllables.

'The courier f, will be impressed by the
hybrid coil H, upon the west cable section
TC, and transmitted thereover to the west
terminal station where it will establish initial
control of the switching circuits thereat in
a manner which will be described later.

At the intermediate repeater station relay

93 will operate substantially at the same time

as relays 21 to 22 to open the normally closed
switch 41 in the input of the easterly directed
amplifying path' EA making that peath in-

_ operative at that time to transmit waves from

45

the west cable section TC, to the input of
amplifier 18 in the path EA or to the input
of the relay controlling device 30. Relay 24
will operate substantially at the same time

_ as relay 23 to close the normally open switch

50

55

40 in the output of the westerly directed am-
plifying path WA, making that path oper-
ative to transmit waves from the output of
amplifier 17 to the west cable section TC..
Meanwhile, at the intermediate repeater
station the main portion of the east to west
speech waves received, from the east cable
section TC; will be amplified by the amplifier
15 in the path WA. The amplified waves

in the output of amplifier 15 then will be

60

transmitted -through the delay  circuit 16,
which, as stated above, is designed to delay
them at least for a period of time equal to the
over-all transmission time of that cable sec-
tion TC,, or TC,, whichever has the longest
over-all transmission time. The delayed

1,852,584

waves in the output of delay circuit 16 aré
amplified by amplifier 17 and, the switch 40
in the output thereof having been previously
closed by the operation of relay 24, will be
transmitted out over the path WA to the hy-
brid coil H, and impressed by that hybrid coil
upon the west cable section TC,. The im-
pressed east to west speech waves will be
transmitted over the west cable section TC,
following the preceding courier f, by a time
interval equal to the delay time produced by
the delay circuit 16 at the intermediate re-
peater station.

The manner in which complete control of
the transmitting and receiving circuits at the
west terminal is obtained by the east and west
gpeech waves transmited from the east ter-
minal will be clear from the following de-
scription by reference to the corresponding
receiving circuits at the east terminal sta-
tion.. That the apparatus to be referred to is
that of the west terminal station will be
indicated by designating it with the same
characters as used for designating the corre-
sponding apparatus at the east terminal sta-
tion, but followed by a prime () mark.

The courier f, transmitted over the cable
section TC, in advance of the east to west
speech waves on arrival at the west terminal
station is impressed on the receiving circuit
RA’ thereof by hybrid coil E,”. The band
pass filter 27 in the main receiving path RA’,
and the band pass filter 67 in the lower branch
of controlled circuit 4’ are both designed to
suppress the courier f.. Therefore, the
courier f. will be diverted into the upper
branch of the control cirenit 4" and will pass
through the band pass filter 5” therein (the
band pass filter 5" being designed to transmit
the waves of the frequencies f.). The passed
courier f, will operate control device 7" caus-
ing the windings of the relays 8" to 11’ in the
output thereoi to be energized. Relay 8
operates to open the normally closed switch
19/ in the input of the transmitting circuit
TA’, and the relay. 9’ operates to open the
normally closed switch 13" in the output of
the same circuit, thus making the transmit-
ting circuit TA” inoperative from that time
to transmit westerly directed waves from
the circuit TL to the cable section TC.. Re-
iay 10’ operates substanticlly at the same time
as relays 8" and 97 to close the normally open
gwitch 157 in the lower branch of control cir-
cuit 4%, thus making that branch operative
to transmit speech waves from the cable 'TC,
through the band pass filter 6’ to the input
of control device 7. Relay 11’ operates sub-
stantially at the same time as relays 8" to 10
to close the normally open switeh 147 in the
output of the receiving circuit RA’, thus mak-
ing that path operative to transmit waves
from the output of amplifier 3’ to the cir-
cuit TL/.

The east to west-speech waves, which fol-
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low the courier #, over the cable section TC,
by a time interval equal to the delay time of
the delay circuit 16 at the intermediate re-
peater station, on arrival at the west terminal
station are also impressed upon the receiving
path RA’ by the hybrid coil H,”. The im-
pressed speech waves will divide between the
input of band pass filter 2" in the main receiv-
Ing circuit RA” and the input of control cir-
cuit 4’.  The portion diverted into the con-
trol circuit 4” will be passed by the band pass
filter 6’ therein in the lower branch thereof

and, the switch 15 in the output thereof hay-

ing been previously closed by the operation
of relay 10’ under the control of the preced-
ing courier f,, will be impressed upon the
input of control device 7. The impressed
speech waves will serve to maintain control
device 7" in the operated condition initiated
by the preceding courier f; as long as the east
to west speech waves are being substantially
continuously transmitted over the cable sec-
tion TC, and impressed upon the input of
control device 7’.. The relays 8 to 11 will
therefore be maintained energized causing
the transmitting circuit TA’ to be maintained
disabled and the receiving circuit RA’ and
the control circuit 4’ maintained operative
for transmitting speech waves for the same
interval of time.

The portion of the east to west speech
waves passed by the band pass filter 2’ in the
main receiving circuit RA” will be amplified
by the amplifier 8" therein. The amplified
waves will be impressed by hybrid coil H,’
upon the circuit TL/ and transmitted there-
over to the listening subscriber.

In the manner which has just been de-
scribed the east to west speech waves have ob-
tained complete control of the circuits at both
terminal stations and at the intermediate re-
peater station.

At the complete cessation in the supply of
east to west speech waves to the intermediate
repeater, or at each pause in the supply there-
to. corresponding to the usual pause at the
end of a sentence, the control device 20 will
return to its unoperated condition and re-
lays 21 to 24 will release. - Later when the
supply of speech waves to the west terminal
over the cable section TC, has ceased or
paused temporarily, control device 7/ will
also return to its unoperated condition caus-
ing the release of relays 8’ to 11”. The cir-
cuits of the system are then in condition to be
seized by the speech waves set up first at
either terminal. - :

Now let it be assumed that speech waves
to be transmitted from west to east are gener-
ated at the west cable terminal station or re-
ceived thereat over the associated circuit T1/
at a time which is appreciably later than the
time at which speech waves for transmission
from east to west are generated at the east
cable terminal station or received thereat over

5

the associated circuit TL, but not more than
T seconds later where T is the total over-all
transmission time over the system between
the east and west terminal stations. The
later generated west to east waves will be im-
pressed by the hybrid coil H,” on the trans-
mitting circuit TA’ of the west terminal sta-
tion and amplified by the transmitting ampli-
fier 1”7 therein. The amplifying waves will
be impressed by the hybrid coil H,” upon
the west cable section TC, and transmitted
thereover to the intermediate repeater sta-
tion.

At the time these west to east speech waves
have arrived at the intermediate repeater sta-
tion the east to west speech waves have al-
ready arrived there and seized. control of the
circuits thereat. The received west to east
speech waves cannot be transmitted through
the repeater circuits to the east cable sec-
tion TC,, or cannot be impressed  upon the

Input of control device 30 thereat to cause

false operation of relays 31 to 84 in the out-

put thereof, because of the open circuit in

the input of the easterly directed amplify-
ing path EA caused by the opening of switch
41 by the earlier arriving east to west speech
waves. ;

From the above description it is apparent
that the speech- waves which first arrive at
the intermediate repeater station from a
terminal station first gain control of the cir-
cuits of the whole system, and maintain that
control until complete cessation of the speech
transmission in that direction or a partial
pause therein sufficient to allow the controlled
relay to release, for example, a pause equiv-
alent to the pause which ordinarily ocecurs in
the end of a sentence.

The operation of the system for the case
when speech waves for transmission from
west to east are set up at the west terminal
station before the speech waves for transmis-
sion from east to west are set up at the east
terminal station is similar to the operation
which hag just been described for the op-
posite case. In that case the west to east
speech waves arriving first at the intermedi-
ate repeater station will make the -easterly
directed amplifying path EA thereat opera-
tive to transmit them to the east cable sec-

“tion T'C,, and cause a courier of frequencies

/1 to be transmitted out over the east cable
section TC, in advance of the speech waves

- by a time interval equal to the delay time of

the filter 16 and fo seize control of the
circuit-control apparatus at the east ter.
minal station, which control will be main-
tained by the west to east speech waves when
they arrive at the latter terminal. :

If the two cable sections TC, and TC, have
nearly equal over-all transmission times,-and
the delay time of the delay cireuit 16 at the
intermediate repeater station is made sub-
stantially equal to the over-all transmission
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time of the longest of the two cable sections,
the speech waves will follow the courier con-
trol wave with sufficient lag to permit any
transmitted speech energy to be discharged

. after the courier has obtained control of the

distant station. It is apparent that, as the
two couriers f; and f, are transmitted over
different parts of the system, that they may
be made of the same or of different fre-
quencies. If they are made of the same fre-
quency the problem of designing the selec-
five arrangement so that each courier can
be received at the terminal stations through
outgoing speech emergy is simplified.

1 is to be understood that the invention is
not limited to the particular circuits and the
details of the particular terminal and inter-
mediate repeater stations illustrated and de-
scribed as numerous modifications thereof

"3 may be made without departing from the

spirit and scope of the invention by persons
gkilled in the art; for example, the inter-
mediate repeater station which has been de-
scribed comprises normally inoperative am-
plifier paths for the two directions of trans-
mission having a portion in common, and
control circuits responsive to transmission
in either direction to make the amplifying
path in that direction operative. It is ap-

22 parent that the invention -may be applied

equally well to an intermediate repeater cir-
cuit in which the amplifying paths for the
two directions of transmission have no por-
tions in common, or in  which one path Is
normally operative and the other path nor-
mally disabled and the control circuits are
responsive to transmission in either direction
to make the amplifying paths operative to

repeat the transmission in that direction -

only.

glthough in the particular embodiments
of the invention which have been illustrated
and described mechanical relays have been
shown for conditioning the transmission
paths by operating movable switches to close
or open circuit these paths, the invention is
not limited to. the particular conditioning
means shown. For example, within the scope

- of the invention the transmission paths may

i)

[O%%]

5 relays shown,

be effectively disabled by short circuits or
loss metworks inserted 1n the paths, con-
trolled by current controlled relays. Sta-
tionary devices having no movable elements
may be employed in place of the mechanical
for example, vacuum tube re-

lays, such as disclosed in Crisson Patent

1,647,212, issued November 1, 1926 or in the

article by C. A. Beers and G. T. Evans in
the Institute of P. O. Electrical Engineers
(London) vol. 20, pages 65 to 72, inclusive,
published -in 1920. -
- What is claimed is:

1. A signaling system comprising a trans-
mission path connecting terminal stations,
circuit-control means at said terminal sta-

1,852,584

tions, and means at a point in said path n-
termediate said terminal stations and respon-
sive to signal waves transmitted over said
path from one terminal station for sending
over said path, and in advance of said sig-
nals, a control wave to actuate the circuit-con-
trol means at the other of said terminal sta-
tions.

2. A signaling system comprising a trans-
mission path connecting terminal stations,
circuit-control means at said terminal sta-
tions, means at a point in said path inter-
mediate said terminal stations and respon-
sive to signal waves transmitted over said
path from one terminal station for sending
over said path, and in advance of said sig-
nals, a control wave to actuate the circuit-
control means at the other of said terminal
stations, and means for utilizing the signals
when they arrive at said other terminal sta-
tion to maintain the circuit-control means
thereat actuated. ‘

3. A signaling system comprising a two-
way signal transmission path connecting ter-
minal stations, circuit-control means at said
terminal stations, means at a point in said
path intermediate said terminal stations and
responsive to signal waves transmitted over
said path for transmitting a control wave over
said path, and in advance of said signals, to
actuate the circuit-control means at the other
terminal station, and means for preventing
signal waves transmitted from said other ter-
minal station after the signal waves have
been transmitted from the first-mentioned
station from reaching the first-mentioned sta-
tion or from disturbing the operation of
said control wave transmitting means.

4. In a telephone system having terminal
stations and an intermediate station, direc-
tional switching means at each terminal sta-
tion, and means including a source of con-
trol waves at said intermediate station con-
trolled by speech waves sent from a terminal
station for sending control wave energy to
certain of the terminal stations to control said
switching means thereat.

5. A signaling system comprising a signal
transmission path connecting terminal sta-
tions, a repeater station for repeating the
transmitted signals, connected intermediate
said terminal stations, circuit-control means
at said stations, means at the intermediate
repeater station under control of the signals
received from one of said terminal stations
for sending over said path, and in advance of
the signals, a control wave to operate the cir-
cuit-control means at the other of said ter-
minal stations.

6. A signaling system comprising a sig-

‘nal transmission path connecting terminal

stations, a repeater station for repeating the
transmitted signals, connected intermediate
said terminal stations, eircuit-control means
at said stations, means at the intermediate re-
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peater station under control -of the signals
received from one of said terminal stations
for sending over said path, and in advance of
the signals, a control wave to operate the cir-
cuit-control means at the other of said ter-
minal stations, and means for utilizing the
repeated signals when they arrive at said
other station to maintain the circuit-control
means thereat in its operated condition.

7. A two-way signaling system comprising
a two-way signal transmission path connect-
ing terminal stations, circuit-control means at
said terminal stations a repeater station con-
nected in said path intermediate said terminal
stations, for repeating the transmitted sig-
nals in opposite directions, means at said re-
peater station and responsive to signals re-
ceived over said path from one terminal sta-
tion for causing a control wave to be trans-
mitted over said path, and in advance of the
signals, to actuate the circuit-control means g
the other terminal station, and means at said
repeater station also responsive to the signals
received from one station for preventing later
received signals from said other terminal sta-
tion from being repeated by said repeater
station and from disturbing the operation of
said control wave-transmitting means.

8. A system for the two-way transmission
of signals comprising a two-way line connect-
Ing two terminal stations each comprising a
normally operative transmitting path and a
normally disabled receiving path through an
intermediate repeater comprising normally
disabled one-way amplifying paths for the
currents transmitted in opposite directions,
circuit-control means at each terminal station
responsive to transmission received from the
intermediate repeater station for disabling
the transmitting path at said terminal sta-
tion and for rendering the receiving path
thereat operative, and means for giving ex-
clusive control of the circuit-control means at
said terminal stations and said intermediate
repeater to the one of said terminal stations
whose signals are first transmitted to said re-
peater station.

9. The system of claim 8 and in which the
last mentioned means comprise individual
means at said repeater respectively under the
control of the signals received from the re-
spective terminal stations for sending an im-
pulse of current over said line to the other ter-
minal station to initially operate the circuit-
control means thereat, and for rendering the
amplifying path of said repeater for the di-
rection of the controlling signals operative
to transmit the signals to said other terminal
station, means at said intermediate repeater
for delaying transmission of the signals to

prevent their arrival at said other terminal

station until after the circuit-control means
thereat has been operated by the preceding
impulse of current, means for utilizing the
delayed signals when they arrive at said other

7

station to maintain the circuit-control means
thereat in the initially operated condition,
and means to prevent operation of the means
for sending an impulse of current over said
line, and of the means for controlling oper-
ation of said amplifying paths in response to
the signals from one terminal station if they
begin to arrive at the intermediate repeater
later than the signals from the other station
at least until the last mentioned signals in
substantially continuous form cease to arrive
at said intermediate repeater.

10. The system of claim 8 and in which
the last mentioned means is controlled by the
signals which first begin to arrive at the in-
termediate repeater.

11. A repeater station for repeating in op-
posite directions signals between two sections
of signal transmission line comprising two
normally disabled, oppositely directed one-

“way amplifying paths, two sources of con-

trol waves, control means responsive to the
signals received at said repeater station from
one of said two-way line sections for render-
ing operative the proper one-way amplifying
path to transmit the controlling signals to
the other one-way line section, and for caus-
ing the control waves from one of said sources
also to be transmitted to said other two-way
line section in advance of the signals, con-
trol means responsive to the signals received
at said repeater from the other two-way line
section for rendering operative the proper
one-way amplifying path to transmit the con-
trolling signals to said one two-way line sec-
tion, and for causing the control waves from
the other of said sources to be transmitted
to said one two-way line section in advance
of the signals, and means responsive to the
signals first arriving at the repeater over one
two-way line section for preventing subse-
quent operation by the later arriving signals
from the other two-way line section of the
control means normally controlled thereby.

12. The repeater station of claim 11 and
in which said oppositely directed, one-way
amplifying paths comprise a portion in com-
mon connected so as normally to receive
transmission from either two-way line sec-
tion while preventing transmission between
the two-way line sections, and in which said
one-way amplifying paths are normally dis-
abled in their output.

In witness whereof, I hereunto subscribe
my name this 22d day of January, 1930.

ROBERT C. MATHES.
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