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This iﬁventio-n relates to two-way sighaling sys-
tems and particularly to the: signal-controlled

- circuits employed for directionally controlling sig-

nal transmission in such systems.

An object of the invention is to improve the
operation characteristics of long two-way signal
transmission systems utilizing therein signal-op-
eratved apparatus for suppressing echoes.

In two-way telephone signaling systems in
which two paths of -a. long four-wire circuit are
adapted for transmission in opposite.directions, it
has been found necessary in the past to employ
voice-operated switching apparatus for: disabling
one of the paths while transmission is being ef-
fected over the other in order’ to obtain the best
transmission results.. Such apparatus serves to
prevent echoes of the transmitted voice:signals

" ‘peing carried back to the transmitting end of the
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system and causing a disturbance, - ‘The disabling
apparatus usually comprises an amplifier-rectifier
control circuit connected to each of the two
one-way paths of the four-wire circuit, so ‘as to
be operably responsive to the initiation of signal
transmission therein to disable the other path,
the associated control circuit, -or both, in any
suitable manner. In certain: circuits of the prior
art; the voice-operated switching apparatus, or
echo suppressors as they are called, are located
at the terminal ends of the four-wire circuit.
The  invention is specifically directed to im-
provements in such terminal echo suppressors,

the improvements consisting in the provision of

means for facilitating break-ins by ‘a listening
party after the other party has obtained control
of the system, and for minimizing transmission
lock-outs, without introducing excessive echo dif-
ficulties. This is accomplished mainly by special
circuit arrangements producing a-suitable differ-
ential action between the two suppressor units
associated with the incoming and outgoing one-
way circuit at each-terminal of the four-wire
circuit. -

A more complete understanding of the inven-
tion with its various objects and features will be
had from the following detailed description when
read in connection with the accompanylng draw-
ings in which: )

PFigure 1 is'a diagrammatic representation of a
four-wire telephone transmission circuit equipped

' with voice-operated switching apparatus embody-

ing the invention; and
Figs. 2, 3, and 4 illustrate in more detail alter-

. native modifications of the switching apparatus in

accordance with the invention which may be used

. line -indicating . a. two-wire circuit.

(Cl. 178—44)

as each terminal of the four-wire circuit shown
in Fig, 1. -

The diagram: of Fig. 1 is not an actual circuit
diagram, but rather a single line layout, each
A normal
make in a circuit is indicated by contacting ar-
rowheads and a normal break in a circuit by
separated arrowheads. An arrow directed at a
make point indicates that the circuit will be dis-
abled at that point by operation of the associated
control device (amplifier-detector), and an arrow
directed at a break point indicates that the cir-
cuit will be completed thereat by operation of
the associated control device.

TFig. 1 shows connected between the two-way
cireuits L and Lg a four-wire circuit comprising a.
two-wire path LE adapted for transmission from

~the circuit L to -the circuit Li in the direction
from west to east and a two-wire path LW ar-
ranged for transmission from circuit L to tircuit
L in the direction from east to west. The paths
LE and LW are provided with the usual one-
way amplifiers AE and AE’ and AW and AW’,
respectively. The hybrid coil transformer Hi and
associated network N1 connects the input of the
path LE and the output of the path LW in sub-
stantially conjugate relation with each other and
in ‘energy transmitting relation with the two-
way circuit L in well known manner. Similarly,
the hybrid coil transformer Hz and associated bal-
ancing network N2 connects the output of the
path LE and the input of the path LW in sub-
stantially conjugate relation with each other and
in energy transmitting relation with the two-way
circuit Li.

Associated with the west end. of the four-wire
circuit are the amplifier-detectors AD and AD’,
the inputs of which are respectively connected to
the net side of the hybrid coil Hi and to the
input of the path LE; and the outputs of which
are respectively connected to the winding a and
b of a differential relay DI having its armature
{0 adapted to be engaged with either contact
point 26 or contact point 27 associated with re-
lay controls RC and RC’, respectively, depending
on whether armature 10 is actuated upwardly or
downwardly. The energization of the winding
atends to pull the armature of the relay DI down-
wardly and the energization of the winding b
tends to pull the armature upwardly. When the
armature 10 of the relay DI engages the down
contact 26, the relay control RC is operated to
actuate switching control RS to disable the path
LE, and when the armature 10 engages with the
up contact 27,:the relay control RC’ is operated
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to actuate the switching control TD to disable
the relay control RC in its output. When the
armature {0 separates from contact 26 the con-
trol RC releases and the switching control RS
returns to its normal condition in which the path
LE is operative, and when the armature 10 sep-
arates from contact 2T the control RC’ releases
and switching centrol TD returns to its normal
condition in which switching control RC is op-
erative to actuate RS when armature {0 engages
contact 20.

Similarly at the east terminal of the four-wire
are the amplifier-detectors AD; and AD’y, the in-
puts of which are respectively connected to the
net side of the hybrid coil Hz and to the input of
the path LW, and the outputs of which are
connected to the windings a1 and b1, respectively
of relay DIi. The armature i12 of the relay DI
is adapted to be engaged with either contact point
47 or 50 asscciated with relay controls RC and
RC’, respectively, depending on whether the ar-
mature {2 is actuated upwardly or downwardly.
The armature (2 is actuated upwardly or down-
wardly when the relay winding a1 is energized
and downwardly when the relay winding b1 is
energized. When the armature {2 engages the
upper contact 47 of relay DI: the relay control
RC: operates to actuate the switching control
RS to disable the path LW, and when the arma-
ture 12 engages the lower contact 50 the relay
control RC’1 is operated to actuate the switching
control TD: to disable the relay control RC: in
its output. When the armature of the relay DI

- separates from the contact 47 relay control RC:
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releases and the switching control RS: returns to
its normal condition in which the path LW is
operative. Alsc, when the armature {2 separates
from the contact 58, relay control RC: releases
and the switch control TD: returns to its normal
condition, wherein the output of relay control
RC1 is operative to actuate switching control RS:
as soon as the relay control RC: is operated.
Referring to Fig. 2 it will be seen that the
amplifier portion of the amplifier-detector AD
connected across the net side of the hybrid coil
H; comprises two vacuum tube amplifiers VT:
and VT: (VTh is a so-called “voltage’” amplifier,
while VT2 is a “power” amplifier) and the de-

_ tector portion thereof comprises the copper ox-
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ide rectifying or detecting unit {6 connected be-
tween the output transformer 15 of the amplifier
and the winding a of the relay DI in series with
the resistance {7. A condenser 48 is connected
across the rectifier 16 and the secondary wind-
ing of transformer 28 in series so as to be charged
from the output of the rectifier.

The amplifier-detector AD’ connected across
thie input of the path LE similarly comprises a
vacuum tube “voltage” amplifier VI';, a vacuum
tube ‘“power” amplifier VT2, a copper oxide
rectifying unit 21 connected between the output
transformer 28 of the amplifier and the winding
b of relay DI in series with resistance 22, A
condenser 23 is connected across the rectifier 21
and the seccndary winding of transformer 20 in
series so as to be charged from the output of
the rectifier.

As in the system of Fig. 1, the armature (0 of
differential relay DI is arranged to engage either
the lower contact point 26 or the upper contact
voint 27 depending on whether the winding a
or the winding b is energized. In the absence of
received sighal currents, when neither winding
is energized, the armature is disengaged from
either contact. The contact point 26 is connected

2,093,535

by lead 48 through the winding of relay 28 and
series resistance 2§ to the positive terminal of
battery 38; and contact point 27 is connected by
lead 46 through the winding of relay 31 and
series resistance 82 to the positive terminal of
battery 30. A condenser 34 is connected across
the circuit comprising the winding of relay 28,
the resistance 29 and the battery 30 in series,
and the condenser 39 is connected across the
winding of relay 31, the resistance 32 and battery
30 in series.

The armature and contact 35 of relay 28 are
normally closed to connect the two secondary
windings of the transformer 36 and the two pri-
mary windings of transformer 37 of the trans-
former network in the path LE in series aiding
relation so that signals are normally freely trans-
mitted through the network, and are opened in
response to energization of the relay 28 to con-
nect those windings of the transformers 26 and
31 in opposing relation so that transmission of
signals through the transformer network over
the path LE is substantially blocked. The arma-
ture and contact 38 of the relay 3! are normally
open, and are closed in response to energization
of the relay to reconnect the windings of the
transformers 36, 37 in series aiding condition so
that signal transmission therethrough over the
path LE with little attenuation is permitted.

The transformer network 36, 37 and the connec-
tions just described for changing it from the nor-
mal low loss condition to the high loss condition,
or from the high loss condition to the low loss
condition, are disclosed and described in H. C.
Silent Patent No. 1,749,841, issued March 11, 1930,
and, therefore, need not be described in more
detail here.

Relays 28 and 2! and their associated circuits
as described above comprise relay controls RC
and RC’, respectively, in the circuit of Fig. 1.
The circuits controlled by relays 28 and 31 de-
scribed above form the switching control RS
and the switching control TD, respectively, in
the circuit of Fig. 1. The condensers and re-
sistances associated with the windings of the
relay DI, and the windings of relays 28 and 3i
provide the usual slow-release circuits therefor.

As will be apparent from the above descrip-
tion, when the armature of relay 28 engages the
contact 3% or the armature of relay 31 engages
contact 38, or when both contacts engage their
respective armatures, the transformer network
36, 37 (corresponding to switching control RS in
the system of Fig. 1) is conditioned to allow free
transmission of signals therethrough over the
path LE, and only when the contacts 35 and 28
are simultaneously disengaged from their asso-
ciated relay armatures is the transformer net-
work 36, 37 (or transmission control RS) condi-
tioned to block signal transmission over the path
LE.

Operation of circuit of Fig. 2

In the circuit of Fig. 2, energy impressed on the
input of the circuit AD from the net side of hybrid
coil Hi, will be amplified by the amplifiers VT
and VT2 and rectified by the rectifier 16. The
rectified currents will charge up condenser i8 to
a value dependent on the input and from then on
will cause energizing current to flow through the
resistance 1T and the winding a of the relay DI,
so that the relay tends to pull the relay arma-
ture 10 toward the lower contact point 26. Sim-
ilarly, energy impressed on the input of the cir-
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the amplifiers VT’1 and VT2 and rectified by the
réctifier 22. The rectified currents will charge

up - condenser 23 ‘to: a. value dependent on' the’
input and  from then'on will cause energizing -
© cuirrent -to “flow through the resistance 22 and

thé winding ‘b of the relay DI, thus tending to
caluse the relay armature 10 to be pulled toward
the upper contact point 17.

When the pull on the armature 0 exerted by
winding ¢ prevails-over that exerted by winding
b, the armature closes through contact: 26 an
energizing circuit for the winding of relay 28
from ‘the battery 30 -through resistance 29 and
condenser 34 normally charged from battery 390
will - discharge. Relay 28 will then operate to
separate its.armature from contact 35 causing a
large disabling 1oss to be inserted in path LE by
transformer network 36, 31 in the manner previ-

“rously described. When winding b prevails over
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winding @ the armature of relay DI closes through
contact 27 an energizing circuit for the winding
of relay 8t from battery 30 through resistance
32 and condenser 39 normally charged from bhat-
tery: 38 will be discharged. Relay 3! will then
operate ‘to close through contact 38 a current
causing the -transformer network 36, 37 to be
conditioned to remove the loss from the path
LE, as previously ‘described.

When the output of the rectifier 16 in the cir-
cuit AD -or. the output of rectifier 21 in AD’
ceases, the associated winding a or b of the relay
DI are maintained: energized for the desired
“hangover” time interval by the. discharge of
the condenser {8 or 23 through the winding.
Also, when an energizing circuit for the wind-
ing of relay 28 or 2t is completed through con-
tact point: 26 or 27, these relays will-be main-
tained operated for a desired “hangover” time
interval, while condenser 34 or condenser 39 is
being charged up by current from battery 38
through resistanice 29 or resistance 32 and the
relay winding.

Operatzorn of system of Fig. 1

The complete operatlon of the system of Fig.
1 employing at -each terminal the echo suppressor
circuits. shown in Fig. 2 will now be described

. referring .to Fig. 1.
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‘Let it be assumed that voice currents for trans- .

mission in‘the direction from east to west are
beinig received by the four-wire circuit from the
two-way circuit L, and. at that time no voice sig-
nals-are being received by the four-wire circuit
over the two-way circuit Li. :

‘The 'voice currents from the line I: d1v1de in
the hybrid coil transformer Hi, the useful part
passing. out over the path LE and a portion there-
of being impressed on the amplifier-detector AD’
connected to. its input. : The received voice cur-
rents will have substantially no effect on the am-
plifier-detector AD connected to the net side of
the hybrid coil Hi, because of the balance pro-
vided ‘between the transmitting and receiving
paths LE and LW by network Ni.

The received voice currents are amplified and
detected in AD’ and cause winding b of the relay
DI to be energized. Relay DI operates to close
its-armature 19 and. contact 27 causing the op-
eration of relay control RC’. The latter actu-
ates transmission control TD to disable the out-

- put of the relay control RC so that the transmis-

(i

sion control RS in the path LE remains in its
normal condition permitting transmission of voice
signals ot over the path LE.

.iThe transmitted voice currents at the. east

3

terminal of the four-wire circuit are divided by
the hybrid coil Hs, the main portion keing trans-
mitted into the line Li: over which it is trans-
mitted to a listening subscriber, and substan-
tially all of the remaining portion passing into
network Nz. The latter voice currents will be
impressed on the amplifier-detector AD: caus-
ing energizing current to be supplied to  the
winding a1 of relay DI, The relay DI: will then
operate to close its armature and contact 47
causing the relay control RCi to operate to con-
dition switching control RS, to block transmis-
sion over the path L'W. -The echoes of the west
subscriber’s veoice currents returned from eir-
cuit Ly will be impressed on the amplifier-detec-
tor AD’: connected to path LW causing ener-
gization of winding b1 of relay DI: in its output.
The relationship between the amplifier-detector
AD: and associated circuit and the: amplifier-
detector AD’; and the associated circuit is made
such by suitable design that the pull on the
armature of relay DI1 exerted by winding o
due to the voice signal impressed on AD: is
always sufficiently greater than the pull exerted
by the winding b1 due to the echoes impressed
on AD’: as to hold the relay armature on con-
tact 41. Thus, the transmission control RS: in
path LW will remain in condition to block trans-
mission of echoes over that path:

The relationship between the switching cir-
cuits associated, respectively, withh the outgoing
one-way path and the net side of the hybrid
coil at each terminal may be expressed as follows:

Sx=8SL—(4L-}-R)
‘Where

Sn=Sensitivity of amplifier-detector bridged
on the net side of hybrid coil

Sensitivity: of amplifier-detector bridged
on the outgoing one- Way path of the
four-wire. circuit

R=Lowest return loss of the associated two-

way circuit
L=Loss of the hybrid coil

Thus, the portion of the west subscriber’s voice
energy which affects the amplifier-detector AD’1
after arriving: at the hybrid coil H, is attenu-
ated by the loss across the hybrid coil plus the
return loss of the two-way line 1, while that
portion which affects amplifier-detector AD: is
attenuated by only the loss from the four-wire to
the  two-wire side ‘of the hybrid coil Ha.  As
long’ as the proper sensitivity relationship be-
tween amplifier-detectors AD1 and AD’: is main-
tained, the influence exerted on amplifier-de~
tector 'AD: - due to incoming energy over path
LE will always be more effective than that ex-
erted on amplifier-detector AD’1 solely by echo
energy. from Li. Therefore, relay DI will al-
ways: operate upwardly as a result of the ener-
gization of its winding @i when the party con-
nected to La is silent.

Now, let it be assumed that the east subscriber
connected to line Lu commences to -talk while
the west subscriber is talking. -The former’s voice

St=

currents will be divided at hybrid coil Hs, the

useful portion of the voice energy entering path
LW and ‘being impressed on amplifier~detector
AD’;, and practically none being impressed on
AD: because of the balance provided by network
N2, This.causes an increase in the current flow-
ing through winding b1 of ‘relay-DIi which is
large enough to cause winding b: to prevail -over
winding a1, and to shift armature 12 from-con-
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tact point 471 to contact point 50. Relay con-
trol RC’: then operates causing control TD to
disable relay control RC: in its output, thereby
returning control RS:1 to its normal condition
so as to allow the voice energy of the east sub-
scriber as well as the echoes of the voice energy
of the west subscriber to be transmitted over
line LW. Accordingly, the veice energy of the
east subscriber will eventually reach the west
subscriber associated with line L and thus will
inform the latter that the east subscriber wants
to break in.

It will be noted that the echo suppressor ar-
rangement described above distinguishes from
prior art terminal echo suppressors in two im-
portant respects; namely, first, the listening sub-
scriber is not required to await a pause in the
transmission of the voice energy of the talking
subscriber before “breaking in”, the circuit con-
ditions requiring only that the wave energy of
the former be effectively stronger at the terminal
of the four-wire circuit at the listener’s end than
that of the latter; second, that except in the
presence of actual double talking neither party
will hear an echo unless the speech is so weak
that it fails to operate the proper amplifier-de-
tector. Since echoes can be heard only during
actual double talking, the former will be largely
masked by the direct speech. In the present cir-
cuit arrangement, it is not possible for incoming
speech to operate any control other than RS or
RS’, as the case may be.

Referring to Figs. 1 and 2, let it be assumed
that the east subscriber has been talking, and
pauses momentarily or stops talking. The relay
DI will not immediately release to break the
connection between its armature and contact 26,
for a current is caused to flow for a brief inter-
val through resistance 17 and winding a of relay
DI due to the release of the charge that was
stored in condenser {8 when current was ini-
tially passed through winding a. By a proper
proportioning of the elements of the discharge
circuit current of suitable value may be main-
tained in coil a¢ for a sufficient “hangover” in-
terval of time so that delayed echoes of the east
subscriber’s speech returning from the two-
way line L and causing the energization of wind-
ing b of the relay cannot cause false operation
of that relay to operate relay 31.

Also, in the arrangement shown in Fig. 2, it is
apparent that as soon as incoming transmission
over path LW ceases, condenser {8 commences to
discharge through coil a of relay DI, and, thus,
the sensitivity of amplifier-detector AD’ must be
made low enough so that voice energy returning
as echoes from line L and impressed on AD’
so as to cause energizing current to be supplied
to winding coil b of relay DI will not be sufficient
to enable winding b to prevail over winding coil
¢ as a result of partial discharge of condenser {8
in AD. Obviously, if the correct value of cur-
rent could be maintained in winding a of relay
DI for a time interval equal to the delay of the
circuit connected to the two-way line L and, then,
is terminated rather abruptly, the above arrange-
ments would be somewhat improved, otherwise a
considerably larger charge must be initially built
up in condenser {8 so that there will be sufficient
charge remaining when the delayed echoes re-
turn. In the former case, the sensitivity of am-
plifier-detector AD’ would then be limited only
by the loss in the echo path as previously de-
scribed. Furthermore, there would be no bias-
ing action, occasioned by the trailing out of the
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discharge of condenser {8, against the operation
of relay DI by winding b except during the period
when the biasing action was actually essential.

Fig. 3 illustrates a modification of the arrange-
ment disclosed in Fig. 2. As in the case of Fig. 2,
the apparatus of Fig. 3 would be employed both
at the west and east ends of the four-wire trans-
mission circuit represented in Fig. 1. Identical
parts appearing in Figs. 1 and 3 are designated
by the same reference numeral.

Connected across the circuit intermediate the
hybrid coil H and network N1 is the input of an
amplifier comprising the tandem amplifier tubes
Viand V2. In the output of the latter is a trans-
former 57 having one side of its secondary wind-
ing connected through a copper-oxide rectifying
or detecting unit 58 and primary winding of coil
59 to the grid of the vacuum tube 19, and through
rectifier 58, primary winding of coil 59 and nor-
mally closed contact 61 of charge maintainer re-
lay CM to the grid of tube 65. A condenser 66 is
connected across the grid-filament circuit of tube
65. The other side of the secondary winding of
transformer 57 is connected to the filaments of
tubes 65 and 19. The plate circuit of tube 65
includes in series battery 10, winding a of relay
DI and winding ¢ of magnitude indicator relay
MI. Condenser 14 is connected across the sec-
ondary winding of transformer 57 and the rec-
tifying unit 58 in series. Also, a resistance 15 is
connected across the secondary winding of trans-
former 75, rectifier 59 and the primary winding
of coil 59 in series.

The plate circuit of tube 19 includes in series
plate battery 83, winding b of relay MI and re-
sistance 85. The secondary winding of coil 59
is connected to the winding of fall indicator re-
lay FI which is arranged to operate only on a
decrease in the current from the rectifying unit
58, and to remain inoperative on an increase of
current from the same source. The armature 91
of relay FI is connected to ground and through
condenser 94 to the normally open contact point
92 of the relay FI. The contact point 92 is con-
nected through the winding of relay CM to the
armature 93 of relay MI, and also through re-
sistance 85 to the normally open contact 98 of
relay MI and to the grounded battery 96.

Connected across the input of the path LE is
the input of the control circuit including ampli~
fiers VI'1 and VT'2. In the output of the latter
is a transformer 105 having one side of its second-
ary winding connected through a copper-oxide
rectifying or detecting unit 106 and grid battery
107 to the grid of tube 08, and the other side
connected to the filament of tube 108. The plate
circuit of tube 108 includes in series plate battery
1089, winding b of relay DI and resistance 112. A
circuit comprising the resistance 102 and parallel
condenser 103 is connected across the secondary
winding of transformer 105 and the rectifying
unit 1086 in series.

The grounded armature 99 of relay DI is ar-
ranged to engage either contact point (17 or
contact point 118, depending on whether the
winding b or a is energized. Contact point 1T
is connected through the winding of relay (19
and series resistance 120 to grounded battery 121;
and contact point (18 is connected through the
winding of relay 122 and series resistance (23
te the grounded battery 121. Contact 127 of re-
lay 122 is normally closed to connect the two
secondary windings of transformer 128 and the
two primary windings of transformer 129 to en-
able a transmission of voice energy therethrough
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over the path LE, and when opened by operation
of relay 122 connects these same windings in op-
posing relation so that the transformer network
prevents transmission over the path LE. Con-
tact 180 of relay 119 is normally open and is
closed by operation of relay {i9 in parallel with

.contact 127 and the armature of relay (22, to

prevent relay 122 from disabling the path LE.
Condenser 3! is connected across the circuit
comprising the winding of relay 122, resistance
{23 and battery 12{ in series. Condenser 133 is
connected across the circuit comprising the wind-
ing of relay (19, resistance 128 and battery 121
in: series. The resistances and condensers asso-
ciated respectively with relays 119 and 122 pro-
vide the usual slow-release circuits therefor.

Ovperation of circuit of Fig. 3

Voice currents originating with the east talking

.subscriber connected to two-wire line Li, as de-

scribed with respect to Figs. 1 and 2, and incom-
ing over line LW are divided in hybrid- coil Hi
in the usual way, that is, part of the energy con-
tinues on to the subscriber connected to two-wire

line T, and another part passes into network Ni.

In the latter case, the voice energy is amplified by
amplifiers VT: and VTs, and is rectified by recti-
fying unit 58. The rectified current immediately
charges condensers T4 and 88, and at the same
time, provides an equal voltage across resistance
15. As long as the input to rectifier 58 continues
to increase, the charge on condenser 68 will con-
tinue to increase to place a more positive charge

-on the grids of tubes 85 and 79, thereby effecting

corresponding increases in their plate current.
The winding a of relay DI in the plate circuit of
tube 65 is made equal in resistance value to re-
sistance 85 in the plate circuit of tube-79.- The
tubes 65 and 79 are of a similar fype, and,
are provided with identical grid batteries and
plate batteries 76 and 85. As long as the voltages
on the grids of tubes 65 and 79 are equal, relay
MI will be unable to operate in either direction.
However, as soon as the energy flowing threcugh
winding a of relay DI is sufficient to effect its
operation, relay DI will operate to close armature
98 and contact point {18, thus completing an
energization circuit for relay (22 which may be
traced  from ground through armature 99 and
contact point {18 associated with operated relay
DI, winding of relay {22, resistance 123 and bat-
tery 121 to ground. ‘Relay 122 operates to open
contact (27 to break the bridge. connection on
transformer network 128, 129, so that it blocks
transmission over the path LE.

Voice currents returned as echoes from the two-
wire line I enter the path LE and are impressed
on the associated control circuit. The impressed
echoes are amplified by amplifiers VI'1 and VT'z
and are then rectified by rectifying unit 188. The
rectifier output charges condenser 183 and, there-
after, makes the grid of tube {08 more positive
causing plate current to flow through winding b
of relay DI, tending to operate the latter. The
relative sensitivities: of amplifiers VT1—VT2 and
VT'1—VT2 are made such that . the amount of
current flowing through the ¢ winding of relay
DI due to incoming speech waves is always larger
than that flowing through the b winding of the
relay due to echoes of that speech only. Under
these conditions:the armature of the relay DI will
always be operated to contact |18 and the trans-
former network 128, {29 will be conditioned, as
previously described, to its high loss condition
so as to suppress echoes in the path LE.

5

As soon as the voice energy incoming over the
path LW commences to decrease relay FI operates
to close its armature 84 and contact point 92,
thereby effecting a discharge of condenser 94 to
ground, and, in addition, completing an energiza-
tion for relay CM from battery 96. This circuit
may be traced from ground through armature 81
and contact point 92 of operated relay FI, wind-
ing of relay CM, resistance 95, battery 86 to
ground. Relay CM then operates to open con-
tact 81 to disconnect condenser 68 from resistance
75. As g result of this the condeniser 66 holds its
charge and, therefore, maintains the value of
current then existing in winding « of relay DI
and winding ¢ of relay MI at the instant imme-
diately prior to the operation of relay CM. If no
additional voice currents reach amplifier VT:
within a given interval of time, relay CM will
eventually release due to the fact that condenser
84 will be charged up.through resistance 85 and
the winding of relay CM from battery 88. ‘The re-
lease of relay CM closes contact 8{ causing con-
denser 66 to be rapidly discharged through resist-
ance 15 with the result that the value of current

in winding a of relay DI will quickly fall to zero

breaking contact {18. A short time later after
condenser {31 has been completely charged by
battery {21, through resistance {23 and the wind~
ing of relay 122, the current in relay {22 falls to
zero and that relay will release thereby returning
the relay contact (27 to the normally closed con-
dition in which the transformer network 128, {29
is in the low loss condition, so that the path LE is
in transmitting condition.

However, if voice currents incoming from line
LW and being of a value larger than the maxi-
mum received heretofore are impressed on ampli-
fier VT1 before relay CM releases, they will even-~
tually effect a voltage across resistance 75 which
will cause the plate current of tube. 7§ to reach a
larger value than the plate current of tube 65,
thereby producing a larger current in winding b
of relay MI than that in its companion winding a.
Relay MI then operates to its contact 93 shori-
¢ireuiting resistance 95 and causing condenser 94
to charge up quickly from battery 86, through
contact 88 and armature 83 of operated relay MI,
and the winding of relay CM. When condenser
84 is charged, current ceases to flow through
relay CM so that it releases to close contact 61,
thereby enabling condenser 66 to charge up fto
the proper value in accordance with the larger
amount of voice currents being impressed on am-
plifier VT1. ‘Thereafter, the echo suppressor ap-
paratus will function as previously described.

While the subscriber associated with the east
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terminal is telking and the suppressor circuits at -

the west terminal are conditioned in the man-
ner which has just been descrived, the west sub-
scriber can “break in” instantly by talking. His
voice currents will be impressed on the control
circuit connected to the path LE and after being
amplified by the amplifiers VI'1 and VI'2 and
rectified by the rectifier £66 therein will pro-
duce sufficient flow of plate current in the output
of tube 108 and through the b winding of relay
DI as to make that winding prevail over the @
winding. The armature of relay DI will then
close through contact !{7 an energizing circuit
for the winding of relay {19 from battery 121
through resistance i20 and the latter relay will
operate to close contact [30. This will, in the
manner which ‘has been previously described,
connect the windings of the transformer net-
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work 128, 127 so that transmission through that
network over the path LE may take place.

Fig. 4 illustrates a modified terminal echo
suppressor arrangement in which either sub-
scriber can remove the echo suppressor and
“break in” on the other subscriber even when
the latter has not ceased talking for a time
interval of sufficient duration to allow a release
of his echo suppressor apparatus. In Fig. 4,
between two-wire line I+ and two-wire line L,
there is a four-wire circuit having a path LE
adapted for transmission from line L to line La,
and a path LW adapted for transmission from
line Ia to line L. Transmission paths LE and
LW are provided with conventional one-way
amplifiers AE and AE’, and AW and AW’, re-
spectively. At the west terminal of the four-wire
circuit, a hybrid coil Hi connects the two-way
line L to the paths LE and LW, and a network
N balances the line L. Likewise, at the right
terminal of the four-wire circuit, a hybrid coil
H: connects two-way line Li to the paths LE and
LW, and a network N: balances line Ii. The
broken portions of paths LE and L'W represent
long intermediate sections of the four-wire sys-
tem which may be of any desired length.

The echo suppressor arrangement associated
with the west terminal of the four-wire circuit
includes amplifier A and full wave copper-
oxide rectifying unit RU connected to the out-
going path LE, and an amplifier A1 and full
wave copper-oxide rectifying unit RU) connected
to the incoming path WE, the former being re-
sponsive to outgoing waves in the path LE to
supply energizing current to the winding a of the
differential relay DI, and the latter being re-
sponsive to incoming waves in the path LW to
supply energizing current to the winding b of the
same relay. The relay DI controls the operation
of the suppressor relay RS which, in turn, con-
trols the loss condition in the path LE in the
manner which will be described later in connec-
tion with the description of operation of the
whole system. A similar echo suppressor ar-
rangement is located at the east terminal of the
four-wire circuit for controlling the loss condi-
tion of the outgoing path LW thereat. 'The ele-
ments in the latter arrangement bear the same
reference characters as the corresponding ele-
ments in the echo suppressor arrangement at the
west terminal, but followed by a prime (') mark.

Operation of system of Fig. 4

The operation of the system of Fig. 4 is as
follows:

Let it be assumed that the west subscriber as-
sociated with the two-way line L starts to talk
and the east subscriber associated with the east
two-way line L: is silent. West’s voice currents
will be divided in the hybrid coil Hi, the useful
portion entering the input of path LE and the
other portion entering the output of path LW
and eventually being dissipated in the output of
the amplifier AW’ therein. The voice waves in
the path LE will be amplified by the amplifier
AE and the main portion thereof will be trans-
mitted out over the path LE towards the east
terminal.

A small portion of west’s waves will be diverted
into the control circuit connected near the west
terminal, and will be amplified by the amplifier
A and rectified by the rectifier RU therein. The
rectified currents will energize winding a of the
differential relay causing its operation to pull its
armature 149 upwards. Meanwhile, the portion
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of west’s voice waves entering the output of
path LW will be impressed on the associated con-
trol circuit, will be amplified by amplifier A: and
rectified by rectifier RU: therein and supplied
as energizing current to the winding & of relay
DI and tend to cause armature (49 to be pulled in
the downward direction. Because of the loss en-
countered in the hybrid coil H: and in loss pad
145 in the output of LW the latter energizing
current will be so weak as not to have much
effect on the operation of the relay DI,

‘With the armature of relay DI pulled upward,
the energizing circuit of the relay RS is broken
so that that relay will remain in its normal un-
operated condition wherein the loss condition in
the path LE is low. The path LE is then opera-
tive to transmit freely west’s voice currents.

Eventually west’s voice currents reach the east
end of the four-wire circuit, the main portion
passing through the loss pad 145’ and being im-
pressed by the hybrid coil Hz on the two-way line
Li and being transmitted out over that line to
the east subscriber. A portion of the received
(west’s) voice waves are diverted from the out-
put of LE into the associated control circuit
wherein they are amplified by amplifier A’, are
rectified by rectifier RU’ and supplied as energiz-
ing current to the a¢ winding of the differential
relay DI’,

The condenser connected across each winding
of the differential relay DI’, and those connected
across each winding of the relay DI at the west
terminal also are provided to by-pass the alter-
nating current components of the rectified waves.

Relay DI’ then operates to pull its armature
151 upward making contact with contact point
{52 and completing an energization current for
the relay RS’ from battery 157. This circuit may
be traced from ground through armature 151 and
contact point 152 of operated relay DI’, series
resistance 154, winding of relay RS’, resistance
156 and battery 157 to ground. Relay RS’ then
operates to close contact 158, thereby short-cir-
cuiting path LW and blocking transmission
thereover.

A portion of the voice current passing into the
two-wire line Ly will be returned as echo to the
path L'W and will be impressed on the control
circuit connected to its input. These waves will
be amplified by amplifier A’z, rectified by rectify-
ing unit RU’1 and applied as energizing current
to winding b of relay DI’. The energized wind-
ing b will tend to operate the armature 151 of
relay DI’ in a downward direction and opposite
to that effected by energized winding a. How-
ever, the sensitivity of receiving amplifier A’ and
rectifying unit RU’ is made sufficiently greater
for the received voice currents than that of
transmitting amplifier A’; and rectifying unit
RU": for echo energy returning from line Ly so
that the relay DI’ will be maintained actuated
upwardly to contact 152. For this reason, there-
fore, it is readily apparent that false operation
of relay DI’ by echoes of west’s incoming speech
transmitted through the coil is entirely pre-
vented In case delayed echo arrives after the
direct incoming speech impulse has ceased, it may
operate the armature {51 of DI’ relay in the down
direction momentarily but due to the slow release
circuit associated with relay RS’ as described
below, this echo will still be suppressed.

When relay DI’ operates due to the energiza-
tion of its winding «, condenser (62 normally
charged by battery 157 discharges through resist-
ance (54, contact point 152 and armature 151 of
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‘operated relay DI’ to ground, the condenser {62

and resistance 154 forming a slow release circuit
for relay RS’." Accordingly, relay RS’ remains
operated for a short “hangover” interval after
relay DI’ may have released, thereby blocking
any echoes due to trailing weak parts of speech
and delayed echoes from the line Li. As indicated
a delay circuit DC’ may be-inserted in the path
LW in front of the disabling point to store initial
echo waves until relay RS’ has had sufficient time

"to operate. - A delay circuit DC may be inserted in

the path LE at the other terminal for this pur-
pose for speech transmission in the opposite -di-
rection.

Let it now be assumed that the east subscriber
connected to the two-wire line Li wishes to
“preak in” while the west subscriber connected to
two-wire line L is talking. The former may com-
mence to talk while the latter’s speech currents
are still being received, it being unnecessary for
him to await a pause in the speech incoming over
line LE. It is only required that east’s speech
wave at the output of the amplifier A’: bridging
the transmitting path LW be effectively stronger
than west’s at the output of amplifier A’ bridg-
ing the receiving path LE. This may be accom-
plished since the transmitting bridging amplifier
A’: and rectifying unit RU’: may be made con-
siderably more sensitive than receiving bridging
amplifier A’ and rectifying unit RU’ without
causing false operation of relay DI’ due to echo.

When east’s voice currents have caused opera-
tion of relay DI’ in the down direction due to
energization of its'winding b, relay RS’ previously
operated by A’s speech will subsequently release
After the energization
circuit for relay RS’ is broken at contact 152,
the relay RS’ is held. operated- for: this—brief
“hangover” interval until condenser {62 is com-

‘pletely charged by battery 15T through the wind-

ing of relay RS’ and resistance 158, and it then
releases.

A portion of east’s voice currents:arriving at
the west terminal will be picked up by receiving
bridging ‘amplifier A1’ and another portion wiil
pass through hybrid coil 'H out over line L to the
west subseriber. - Accordingly, the west subscriber
will hear the east subscriber. The relative sensi-
tivities of the ‘two circuits controlling the DI
relay at the west terminal is such that east’s
speech through amplifier Ay and rectifier RU1 will
not.be able to operate the DI relay unless west
has stopped talking or is talking considerably
weaker than west, so that the energizing current
in the winding b of relay DI is sufficiently greater
than that in winding a. Of course, echo will oc~
cur during the period of double talking. As soon
as A ceases talking the echo suppressors will op-
erate in the manner previously described to sup-~
press the echo.

The sensitivities of the receiving bridging am-
plifier A’ and rectifying unit RU’ at the east end
of the four-wire circuit and that of the receiving
bridging amplifier A: and rectifying unit RU: at
the west end of the four-wire circuit are limited
by incoming noises in the usual manner, that is,
each of these control circuits must be adjusted
so that it will ‘not operate on noise since such
a happening would result even under, normal con-
ditions in considerable mutilation of the outgoing
talker’s voice waves. The sensitivities of the
transmitting bridging amplifier A and rectifying
unit RU at the west terminal and of the trans-
mitting amplifier A’; and rectifying unit RU"; at
the east terminal may be made greater than
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those of the associated receiving control circuit
up to a point where they just prevent an oper-
ation of the relay DI or DI’ skipped lines in the
transmitting - direction, the sensitivity will be
proportionately lowered. . Obviously, the sub-
scriber at the opposite end of the four-wire cir-
cuit will then fail to operate the disabling relay
RS or RS’ unless his speech wave create a
stronger pull on relay DI or DI” than the noise.
As previously explained, echo from incoming
speech never causes as strong a pull'on the trans-
mitting side of the DI or DI’ relay as the incom-
ing speechy waves do.on the receiving side. There-
fore, it follows that echoes of incoming speech
waves which failed to overcome the effect of
noise will' usually be weaker than the noise.
Further, experiments have shown that echoes
which are equal to or less than the noise cur-
rents are not very objectionable. ’

It is to be understood that the invention is
not limited to the precise details of the circuits
illustrated and described for it is apparent that
numerous modifications thereof could be made
for those skilled in the art within the spirit and
scope of the invention.

What is claimed is:

1. In combination in a two-way signal wave
transmission system, a four-wire circuit for re-
peating signals in opposite directions, and means
for directionally controlling transmission in said

circuit comprising near each terminal of said

circuit means for effectively balancing the trans-
mission in the outgoing side against that in the
incoming side of said circuit, said balancing
means being responsive to a higher transmission

level in said incoming side than in said ocutgoing .
side to-cause said outgoing side to be disabled, and

responsive to a higher transmission level in said
outgoing side than in said incoming side to pre-

‘vent said outgoing side from being disabled, and

auxiliary means for preventing said balancing
means from. being falsely operated by signal
echoes during pauses in signal transmission.

2. The system of claim 1, in which said bal-
ancing means comprises a differential relay oper-
ative in one direction in response to wave energy
from said outgoing side and in the opposite di-
rection in response tc wave energy in said. in-
coming side of said circuit, and said auxiliary
means comprises means for making said relay

slow-releasing after operationin either direction.

3. In a two-way signaling system, two two-
way lines, a four-wire circuit comprising oppo-~
sitely-directed one-way - paths connecting the

two-way . lines, and an echo suppressor unit as- ?

sociated with the paths near each terminal of
the four-wire circuit  comprising differential
means which when operated in one direction dis-
ables the transmitting path and when operated
in the opposite diréction prevents the transmit-
ting path from ‘being disabled, and control cir-
cuits connecting. the differential means to the
transmitting and receiving paths for effecting
opéeration of the differential means, the sensitiv-
ities of the control circuits being relatively ad-

“justed so that the differential means will always

be operated in said opposite direction in response
to signals outgoing in the transmitting path ir-
respective of a simultaneous presence of signals
incoming in the receiving path, and means as-
sociated with said control circuits for making
said differential means slow releasing after oper-
ation in either direction.

4. In g signaling system, two two-way lines,
a four-wire circuit comprising one-way paths for
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transmitting signals in opposite directions be-
tween the two-way lines, and an echo suppressor
unit associated with the paths near each terminal
of the four-wire circuit comprising electromag-
netic means for disabling the transmitting path,
a second electromagnetic means for preventing
a disabling of the transmitting path, differential
means which when operated in one direction
effects an operation of the first-mentioned elec-
tromagnetic means and when operated in an
opposite direction effects an operation of said
second electromagnetic means, and control cir-
cuits respectively connected to the transmitting
and receiving paths, for effecting operation of
the differential means, the sensitivities of the
contrel circuits being relatively adjusted so that
the differential means will be operated in said
opposite direction when signals are outgoing in
the transmitting path regardless of a simulta-
neous existence of signals incoming in the re-
ceiving path.

5. In a two-way signaling system, two two-
way lines, a four-wire circuit comprising oppo-
sitely-directed one-way paths connecting the
two-way lines, and an echo suppressor unit as-
sociated with the paths relatively near each end
of the four-wire circuit, comprising differential
means which when operated in one direction dis-
ables the transmitting path and when operated
in the opposite direction prevents the transmit-
ting path from being disabled, control circuits
connecting said differential means to the trans-
mitting and receiving paths in a manner tend-
ing to operate the differential means in one di-
rection in response to signals incoming in the
receiving path and in the opposite direction in
response to signals outgoing in the transmitting
path, the sensitivities of the control circuits be-
ing relatively adjusted so that the differential
means will be operated in said opposite direction
by outgoing signals received in the transmitting
path from its associated two-way line whether or
not incoming signals are simultaneously present
in the receiving path, and auxiliary means for
preventing false operation of the differential
means by signal echoes during pauses in signal
transmission between the two-way lines.

6. The system of claim 5, in which said differ-
ential means comprises a differential relay and
said auxiliary means comprises means making
said relay slow releasing to the required degree.

7. The system of claim 5, in which said dif-
ferential means comprises a relay having two
opposing windings, said control circuits comprise
two amplifier-rectifiers, respectively, connected
to the transmitting and receiving paths and con-
trolling the energization of a different one of said
windings, and said auxiliary means comprises
a capacity-resistance arrangement associated
with each winding for making said relay slow
releasing to the required degree for each direc-
tion of operation.

8. The system of claim 5, in which said aux-
iliary means includes a condenser which is
charged up when said differential means is op-
erated and while charged maintains said differ-
ential means operated, and means for causing
said relay to suddenly discharge a desired time
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interval after cessation in the supply of control-
ling signal energy to said differential means.

9. In a two-way signaling system, two two-way
lines, a four-wire circuit comprising oppositely~
directed one-way paths connecting the two-way
lines, and an echo suppressor unit associated
with the transmitting and receiving paths near
each end of the four-wire circuit, comprising
electromagnetic means for disabling the trans-
mitting path, a second electromagnetic means
for preventing a disabling of the transmitting
path, a mechanical relay having two opposing
windings whereby an energization of one wind-
ing effects an operation of the first electromag-
netic means and an energization of the second
winding effects an operation of the second elec-
tromagnetic means, amplifier-rectifier units hav-
ing their outputs connected to a different one
of the windings and their inputs respectively con-
nected to the transmitting and receiving path
so that said one winding is energized in response
to signals incoming in the receiving path tend-
ing to operate said first electromagnetic means
and said second winding is energized in response
to signals outgoing in the transmitting path
tending to operate said second electromagnetic
means, the sensitivities of the amplifier-detector
units being relatively adjusted so that the relay
will effect an operation of said second electromag-
netic means when outgoing signals are present in
the transmitting path irrespective of the simul-
taneous existence of signals incoming in the re-
ceiving path, and a capacity-resistance means
connected between the outputs of said amplifier-
rectifier units and the windings of the relay for
rendering the relay slow releasing after its op-
eration to prevent false operation thereof by sig-
nal echoes during pauses in signal transmission
between said two-way lines.

10. In a two-way signaling system, a four-wire
circuit comprising one-way paths for transmit-
ting signals in opposite directions between two
two-way lines, and an echo suppressor unit near
each terminal of the circuit, comprising differen-
tial means which when operated in one direc-
tion disables the outgoing path thereat and when
operated in the opposite direction prevents said
outgoing path from being disabled, control cir~
cuits respectively connected to the outgoing and
incoming paths at the terminal and controlling
the operation of said differential means, the sen-
sitivities of the two control circuits being rela-
tively adjusted so that said differential means
will always be operated in said opposite direction
when outgoing signals are present in the outgo-
ing path, and means for preventing false opera-
tion of said differential means by signal echoes
during pauses in signal transmission comprising
a condenser which is charged up in response to
incoming signals and when the differential means
is operated in said one direction maintains it so
operated, and a mechanical relay responsive to
cessation in the incoming signals to maintain
said condenser charged for a suitable interval
of time thereafter and then to cause said con-
denser to discharge suddenly.

DOREN MITCHELL.
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