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This invention relates to voice-operated 
switching devices for suppressing echoes 
and singing and more particularly to these 
devices when applied to circuits in which 

5 the time delay of the echo is relatively short 
as, for example, in radio telephone systems 
associated with wire telephone lines. 
In the discussion which follows, the term 

“echo suppressor” will be understood to 
10 means a voice-operated device associated 

with a‘ transmission circuit and of such a 
nature as to suppress either echoes, singing, 
or both. More particularly in this discus 
sion, a voice-operated device associated with 
circuits leading to a radio transmitter, for 
example, will be referred to as the transmit 
ting echo suppressor, and a voice-operated 
device associated with circuits leading from 
a. radio receiver, for example, will be re 

20 ferred to as the receiving echo suppressor. 
In the operation of two-way radio tele 

phone systems it is desirable to provide echo 
suppressors, which render the circuits opera~ 
tive in only one direction at a time under 

' the control of voice currents, in order to 
prevent echo‘ currents from being trans 
mitted back over the reverse path during 
voice transmission in a given direction. 
While echo suppressors have been success 
fully applied to long four-wire circuits, the 
type of suppressor which has been hereto 
fore developed is not suitable for use in sup 
pressing echoes of large magnitude and 
small delay, such as occur in radio systems. 
In a radio system the four-wire circuit con 
necting the radio transmitter ‘and radio re 
ceiver to an ordinary two-wire telephone 
line is usually quite short. 
Furthermore, the transmission from the 

local radiotransmitter to the local receiver, 
particularly when both are operated on the 
same wave length, may be relatively large 
so that a transmission gain in the closed 
path from the two-wire circuit to thepradio 

’ transmitter, thence to the radio receiver and 
back to the two-wire circuit may exist. This 
condition, which would result in singing it‘ 
no voice-operated devices were applied, 
tends .to make the echo currents resulting 
from the application of voice current to the 
circuit considerably greater than the directly 
applied currents. _ 
To prevent singing in such a circuit a 

voice-operated device is applied to the trans~ 
mitter branch of the four-wire circuit in 
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such a manner as to normally block trans-- . 
mission. When speech currents of su?icient 
magnitude reach this device, they cause op 
eration of relays which do two things; ?rst, 
they clear the path for direct transmission 
.and second, they disable the path over which 
echoes would be received. When this trans 
mitting echo suppressor operates in response 
to the voice-currents and permits even the 
smallest current to be transmitted, it is 
necessary for the receiving side of the cir 
cuit to be de?nitely and positively disabled 
for a time interval greater than that re 
quired for the return of the echo. 
In order to prevent received transmission 

from operating the transmitting echo sup 
pressor through the unbalance at the two 
wire and four-wire connection, another de~ 
vice is applied to the receiving branch of the 
four-wire circuit so that whenevertransmis 
sion is received, relays will be operated to 
disable the transmitting path and prevent 
operation of the device in that path.‘ 
The transmitting echo suppressor oper 

ating in response to the voice currents in 
cludes a sensitive polar relay which disables 
the path transmitting in the reverse direc 
tion and also operates a so-called hang-over 
relay which maintains the path in the oppo— 
site direction disabled for a de?nite length 
of time after the polar relay has been re 

, leased. . The polar relay operates in response 
to recti?ed voice currents, and many vocal 
sounds, when recti?ed, assume the form of 
relatively weak pulses at the beginning of 
the sound, which cause the polar relay tov 
chatter for a brief period before su?icient 
energy becomes effective to bring the hang 
over relay'de?nitely into‘play to maintain 
the circuit disabled. The result is that at 
the beginning of a vocal sound the path in 
the reverse direction is intermittently dis 
abled for a short period only, and since in 
a radio system an enormous‘ amount of 
‘energy passes from the transmitter to. the 
receiver and back in the reverse direction, 
almost immediately, some of this energy is 
able to get through at the point at which 
the circuit in the reverse direction is sup 
posed-to be disabled. The energy thus per 
mitted to pass. will then ,0 rate'the echo 
suppressor which controls t e circuit lead 
ing-to the transmitter and, due toits large 
volume, will positively operate said echo 
suppressor to disable the transmitter path. 
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This results in tying up the circuit for at 
least .a' brief period with the result that the 
full vocal sound is not transmitted. ‘ 

, In accordance with the present invention 
it is proposed to improve the relay action 
by providing a locking action for the polar 
relay‘such that, as soon as the relay vibrates 
in response to the initial energy of a vocal 
sound, it will be abruptly and positively 
operated and will be held operated for a suf 
?cient period to suppress the echo of the 
energy which caused its operation. As a 
consequence, the path in the reverse direc 
tion will be at once positively disabled even 
though the beginning of the vocal sound is 
of such a nature as to cause the polar relay 
without the locking feature to chatter. This 
locking operation of the polar relay may be 
attained b providing an auxiliary winding 
for the re ay, which is energized as soon as 
its armature is lifted from its back contact, 
and which is maintained energized for a 
de?nite period by an auxiliary circuit. 
After the hang-over relays have come into 
play, the auxillary winding no longer locks 
up the polar relay and it is enabled to 
respond ‘in a normal manner to the recti?ed 
vocal energy and the circuits restore to nor 
mal at the termination of the vocal sound. 
The invention will now be more fully un 

derstood from the detailed description there 
of when read in connection with the accom 
panying drawings, Figure 1 of which shows 
an echo suppressor circuit of the ordinary 
type whose operation is effected in the man 
ner above pointed out, Fig. 2 of which 
shows a preferred embodiment of the im 
proved echo suppressor circuit, Fig. 8 of 
which shows a modi?ed form of the im 
proved circuit, Fig. 4 of which is a curve 
showing a characteristic form of the vocal 
energy which is supposed to operate the echo 
suppressor, and Fig. 5 of which is a series 
of curves showing the recti?ed voice cur 
rent and the periods of operation of the 
various relaysassociated with the echo sup 
pressor circuit in response to the recti?ed 
current. ' ’ 

In order to readily understand the nature 
of the improvement forming the subject 
matter of the present invention it is desir 
able to refer brie?y, to the type of echo 
suppressor circuit which it has heretofore 
been proposed to .use in connection with a 
radio telephone system and which, as already 
pointed out, has been found to operate in 
an unsatisfactory manner._ Referring to 
Fig. 1, T represents a radio transmitter of 
any well known type and R” represents a 
radio receiver of any conventional form. 
The‘ radio transmitter T and radio receiver 
R” are connected to a terminal telephone 
'line ML throu%h a four-wire circuit com 
prising paths L and LWV respectively, these 

' paths being connected to the terminal‘ line 
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through a hybrid coil and balancing net 
work N in a manner well known in the art. 
It is, of course, understood that a similar 
transmitter and receiver and terminal tele 
phone line will be provided at a distant 
point so that by means of the circuit illus 
trated, two-way communication takes place 
with the similar circuit at the distant point. 
Ampli?ers AE and AW may be included 

in the lines of the four-wire circuit if de 
sired. Normally, the transmitter is disabled 
by means of a short-circuit connection 11 
in order to prevent singing due to the un 
stable condition resulting from thecarrier 
frequency from the transmitter being trans 
mitted to the receiver during the idle con 
dition of the circuit, there detected and 
thence transmitted by the lines through the 
hybrid coil and back to the transmitter. An 
echo suppressor comprising a suitable am 
pli?er A and a detector or recti?er R is 
associated with the line LE and the plate 
current from the recti?er passes through 
the operating windings O1 and 02 of relays 
PR1 and PR2 respectively. These relays are 
of the polar type in the invention described 
herein for the reason that this type of relay 
at the present state of the art has higher 
operating speed‘ than any other commerci 
ally available type. It is not to be inferred 
however that a non-polar relay ‘cannot be 
used. Any type of relay having the proper 
operating characteristics might be substi 
tuted for either or both of the polar re~ 
lays PR1 and PR2. Normally, the arma 
tures of the polar relays PR1 and PR2 are 
biased by means of biasing windings B1 
and B2 so that the armatures are held against 
their back contacts by the biasing current. 
During the normal condition, of the circuit, 
no plate current ?ows in the circuit of the 
recti?er and it is only in response to voice 
currents that a recti?ed current flows 
through the operating windings. I 
When the armature of the polar relay PR1 

is operated by recti?ed voice current it closes 
a short-circuit connection 12 which short-cir 
cuits the corresponding echo suppressor ap 
paratus associated with the line LW and 
also short-circuits the line LW itself. The 
polar relay PR2 is similar to the polar relay 
PR1 and, when resting upon its back con 
tact, short-circuits the winding of a relay 
RT, which controls the short circuit 11, for 
the transmitter T. As soon as the armature 
of the relay PR2 leaves its back contact, 
however, this short circuit is removed, thcre- . 
by enabling the relay RT to become ener 
gized and open the short circuit 11, thus 
rendering the transmitter operative. A de 
lay circuit'13 is provided in the line LE 
between the echo suppressor and the trans-_ 
mitler, thereby permitting the short circuit 
11 to be opened before the voice currents ar 
rive at the transmitter. The armature of 
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the polar relay PR2 when operated closes its 
front- contact and thereby completes the 
circuits of the echo hang-over‘relay EHO 
and the voice ‘hang-over relay VHO. Both 
of these relays are slow-release relays,_and 
the former closes a short circuit 14 in paral 
lel to the short-circuit connection 12, to 
maintain the line LW disabled after the 
voice currents have ceased for a. period equal . 
to the time of release of the echo hang-over 
relay EHO. The relay VHO opens ashort- . 
circuit connection of the relay RT independ 
ently of the polar relay PR2, and thereby 
maintains the short-circuit 11, open for a pe 
riod after the voice currents cease,‘ which is 
determined by the time of release of‘ the 
voice hang-over’ relay VHO and the re 
lay RT. '. ' . 

‘Under proper conditions, the operation of 
g the combination of relays above ‘described 
will be satisfactory, but under other condi 
tions- it functions in a somewhat erratic 

In order to unders‘and how it 
happens that the relays fail 'to perform the 
service for which’they were intended under 
certain conditions, it is necessary to analyze 
the nature of the voice waves which operate 
the relays. Referring to Fig. 4, the curve 
shows a form of wave representing a vocal 
sound such as might be commonly met with 
in ordinary conversation. It will be ob- ~ 
served that this wave varies greatly in am 
plitude'. It may build up to a fairly large 
amplitude and then fall-off to a very small 
amplitude, after which it may again build 
up to a large amplitude which varies to 
some extent, although in general the ampli-‘ 
tude of the major portion of the wave is 
somewhere in the neighborhood of the maxi 
mum, after it has once been built, except at 
the ‘point X where it will be noted that ‘the 
wave drops down momentarily to a rela 

' tively small value. If such a wave as shown 
in Fig. 4 be recti?ed, a substantially con-4 
tinuous one-way current of variable ampli 
tude such as shown by-the curve Y of Fig. 
5 will result. The recti?ed current isgnot 
steady but is pulsating in form and, as noted, 
at timesthe pulsations are separated by in 
tervals during which the current is,quite 
small. ' ' . ' 

Now, let us assume that the current must 
have a value at least equal to that represent 
ed by the horizontal dot‘ed line Z in order 
to operate the vrelays PR1 and PR2 in Fig. 
1 through their operating windings. Obvi 
ously, then, the voice current will exist in 

' the circuit LE‘ for the. period from 0 to 1 in 
the curve of. Fig. 5 before the ?rst pulse of 
current attains a valuesu?icient to shift the . 

> armatures of the polar relays from the back 
contacts. Both'relays PR1 and ‘PR, will 
have their armatures shifted to their front 
contacts, however, duringthe time from 1 to 

v 2, as is indicated by the; ?rst and ?fth horiv 

s91 

z‘ontal lines below the curve Y of Fig. 5. 
This means thatthe relay PR1 has short-cir 
cuited the line LW during this interval and 
the relay PR2, by shifting its armature from 
its back contact, has removed the short cir 
cuit from the relay RT, enabling the latter 
to open the short circuit 11 across the radio ,. 
transmitter T. The polar relay PR2 also 
closes a circuit of the hang-over relays EHO 
and VHO but as these relays are compara 
tively sluggish in operating they require a 
greater energy impulse'than is provided by 
the interval 1 to 2 in order to ull up their 
armatures. As the interval otp time 1-2 is 
too short to enable ‘these relays to pull up 
their armatures, the result is that the cir 
cuit LW is only shortycircuited during the 
period 1-2 Land in the period from 2 to 3, 
during which the recti?ed current falls 
below the value Z, the polar relays PR1 and 
PR2 release their armatures so-that the short 
circuit is removed from the line LW and the 
circuit of the hang-over relays EHO and 
VHO is opened. During the period 2-3, 
therefore, it is quite possible for transmis 
sion to take place over the circuit LW. . 

Unfortunately, the relay RT has already 
‘operated prior to orduring this period to 
open the short circuit 11 and the voice cur 
rents are transmitted through the delay 
circuit 13 and‘. arrive at the transmitterT 
to modulate the radio frequency which is 
transmitted to the receiver R” and there 
again demodulated, so that the voice cur 
rents, greatly ampli?ed in value, are im 
pressed upon the line LW and maybe trans 
mitted over said’ line during the interval 
2-3. If this occurs, the ampli?ed echo cur 
rent received by the radio receiver R" passes I 
into- the ampli?er A’ and recti?er R’ to 
operate the' relays PR,’ and PR,’ of the 
other echo suppressor. 
current resulting from the ampli?ed echo is 
of considerable magnitude, the operation of‘ 
the ‘relays PR1’ and PR,’ is very positive. 
The relay PR,’ short-circuits the ampli?er 
A and recti?er R of the echo suppressor 
associated with the line LE and thereby dis 
ables said echo suppressor and theline. The 
polar relays PR1 and PR2 of the ?rst echo 
suppressor cannot now function as they are 
disabled by the second echo suppressor so 
that the whole apparatus remains disabled 
until all of the-relays are restored to normal. 
The result of this false operation is an inter 
ruption during the operated period of ‘the 
relays PR1’, PR2’, EHO’. to the current 
wave” on line LE over which transmission is 
being attempted.‘ ‘ 
By the time the-relays are all restored to. 

normal, the portion of the‘wave represented 
beyond point 3 of Fig. 5 has been suppressed 
by the false operation ofthe-relays, and it is 
evident that at least a large portion of the 
sound represented beyond 3 is lost. ' 

Since the recti?ed 
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It is therefore apparent that with a wave. 
of the type shown in Fig. 5 (and this wave 
is fairly representative of certain kinds of 
vocal sounds) the ?rst impulse or two may 
be of too brief duration to permit the hang 
over relays to operate and as the polar relays 
fall back between impulses, the result is that 
hiatus occurs during which a false operation 
of the other echo suppressor may result from 
ampli?ed echo currents. In the case of a 
radio system where the local receiver .re~ 
ceives from the local transmitter a greater 
amount of energy than it would ordinarily 
during direct transmission, it is obvious that 
the echo currents may produce a more cer 
tain and positive actuation of the wrong 
echo suppressor than the original voice 
waves did of the right echo suppressor. It 
is therefore necessary to provide something 
to bridge over this hiatus or gap in the oper 
ation which permits of the false operation. 

~ An improved circuit arrangement which en 
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ables this gap to be bridged is shown in 
Fig. 2. 
In Fig. 2, the echo suppressor associated 

with the line LE includes the polar relays 
PR1 and‘ PR2, together with the echo hang 
over relay EHO and voice hang-over relay 
VHO as before. The polar relays have the 
same windings as in Fig. 1 but the polar 
relay‘ PRlvis provided with an additional or 
auxiliary winding L1 which serves to per 
form a locking operation to be described 
hereinafter. The winding L1 is so designed 
that when energized it tends to shift the 
armature from its back contact and to hold 
it against the front contact,—in other words, 
the winding L1 tends to assist the operating 
winding 0,. The circuit of the winding L1 
is so arranged that it may be energized over 
either of two paths, one controlled by the 
contact of a slow-operating relay CHO 
through resistances 15 and 16, and the other 
extending in parallel thereto through re 
sistances 15' and 16’. The winding L1 is 
short-circuited as regards the ?rst of these 
paths over the back contact of the polar re 
lay PR]. The second path is likewise short 
circuited over the back contact of the polar 
relay PR2. If a sufficient impulse enters the 
operating windings of either of the relays 
PR1 or PR,2 so-that the armature of either 
relay is lifted from its back contact, a cur 
rent will instantaneously ?ow through the 
winding L1 of the relay PR1, tending to 
shift the armature to its front contact. The 
lifting of the armature ‘of the relay PR1 
from its back contact also removes the short 
circuit from about the winding oflthe slow 
operating relay CHO, thereby permitting 
said relay to operate after an' interval. The 
echo hang-over relay EHO in the circuit of 
Fig. 2 is arranged to be operated by the 
lifting of the armature of the relay PR2 
from its back contact rather than by the con 
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tact of the armature with its front contact as 
in Fig. 1. ' 
The apparatus associated with the receiv 

ing echo suppressor, that is,.the echo sup 
pressor controlled from the line LW is simi 
lar to that just described except that no-nor 
mal short circuit corresponding to 11 need 
necessarily be provided in connection with 
the circuit LW and hence the relay RT- and 
the associated voice hang-over relay VHO 
may be omitted. ~ - - 

Further details of the apparatus will now 
be clear from a description of the operation, 
which is as follows: 
Voice currents transmitted from the line 

ML to the line LE enter the echo suppressor 
and are recti?ed by‘ the recti?er R, thereby 
producing pulses of current in the plate 
circuit. ‘The ?rst pulse, even though it may 
be relatively weak and of brief duration, 
will be su?icient to shift the armature of the 
polar relays PR1 and PR2 from their back 
contacts. This momentarily _ removes a 
short circuiting ground from about the 
winding L1 so that current now ?ows. 
through this winding from battery, through 
resistance 15, over the back contact of re 
lay CHO, through the resistance 16 and the 
winding L1 to ground. A parallel path 
through said winding extends from battery 
through resistance 15’and resistance 16', and 
thence through winding L1 to ground. A 
current thus ?ows through the winding L1, 
causing said winding to positively shift the 
armature of the relay PR1 to its front con 
tact where it will remain as long as current 
?ows through the auxiliary L1. This closes 
the short circuit 12 to render the echo sup 
pressor associated with the line LW inopera 
tive, at the same time short-circuiting the 
line LW itself so that no echo can be trans 
mitted over the line LW beyond the point 
the short circuit is applied.‘ If at the end 
of the ?rst impulse the armature of the polar 
relay PR2 falls back, a short circuiting 
ground will again be applied to the energiz 
ing path of the winding L1 which extends 
through the resistances 15’ and 16’. 
ever, the relay CHO is slow to operate, and 
hence the parallel path through resistance 
15 and over the armature of relay'CHO and 
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through ‘resistance 16 still .remains,-so that - 
current still ?ows through this path and 
through the winding L1. Consequently the 
armature of the polar-relay PR1 is looked 
vin its front position so long as the relay 
CHO remains unoperated. 

120 

As already vstated. the ?rst pulse or two . 
may be of relatively short duration, with the 
result that the armature of the relay PR2 
will chatter or vibrate without operating the 
hang-over relays EHO and VHO. As soon, 
however, as a, su?iciently long pulse arrives 
to shift the armature of the relay PR2 from 
itsback contact a su?icient length of time, 130 
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the relays and RT will be energized 
due to the fact that the short circuiting 
ground is removed from about their windl 
ings The current for the relay EI-IO ?ows 
from battery through the resistance 15’ to 
the winding of relay EHO, and the current 
for the relay RT flows from battery 
through the resistance 20.. Relay EHO, 
when actuated, closes the short circuit 14 to 
maintain the line LW short-circuited and to 
prevent the operation of the associated echo 
suppressor as long as the hang-over relay 
EHO remains energized, Relay RT in turn 
opens the short circuit 11 to permit the 
voice current to be transmitted to the radio 
transmitter T. The armature of the relay 
PR2, upon being held against its front con- ‘ 
tact a su?icient‘ length of time, causes the 
slow release hang-over relay VHO to be 
actuated. This relay opens the ‘possible 
ground connection which might be estab 
lished over the back. contact of the relay 
PR2 when the armature falls back, and 
therefore maintains the relay RT energized 
until such time as the‘ relay VHO releases. 
During the interval required for the‘ op 

eration of the relays EHO, VHO and RT, 
current ?ows through the winding L1 of the 
relay PR1, thereby holding its armature 
againstits front contact, and this condition 
remains until the relay CEO is energized. 
The circuit for this relay is established as 

-_ soon as the short circuiting ground is re 
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moved at the back contact of the relay PR1. 
The relay CHO is su?iciently' slow in its 
operation, however, that it does not open 
the circuit of the winding LJl until the echo 
has had time to pass from R'-" along LW 
and to the short/ circuit at 12 or until the 
hang-over relays EHO .and VHO have had 
time-to operate. Consequently the polar re 
lay PR1 is positively operated by the ?rst 
impulse of recti?ed current and remains op 
erated until the relay CHO is energized. 
Longer impulses of recti?ed current hpld re 
lay PR2 operated long enough to operate 
relays VHO and EHO.‘ When this'has oc 
curred weak current intervals are without 
effect in releasing the short circuit 14, ‘be 
cause the echo hang-over relay EHO main 
tains this short circuit until the 'end)of the 
train of impulses anduntil the armature of 
the relay PRz'has remained upon its back 
contact a su?icient length of time to permit 
the hangover relays to be released. '. ‘ 
The 0 eration ‘of the hang-over relays 

bridges t e gap in the operation of the re 
lays PR1 and PR2, which is caused by the 
fall in the value of the recti?ed wave be 
tween points 6 and 7, so that ‘during the pe 
riod between 3 and 8 the line LW iS‘diS? 
abled either by the relay PR.1 or by the echo 
hang-over relay EHO, .and similarly the 
short-circuit 11 of the transmitter is re 
moved during said period by the relay Rz 
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‘the relay PR2 results in sending 
throu h the winding L1, this pulse bei 

either under the control of the polar relay 
PR2 or the voice hang-over relay VHO. 
During this period there is no possibility .of 
the echo suppressor controlled by the recti 
?er R’ being actuated because no current can 70 
get past the short circuit 12 ,or 14, as the 
case may be. The hang-over relays VHO 
and EHO are slow-acting, and maintain the A ' 
condition of the circuits 14 and'll during 
the times represented'by 8-9 and 8—-10 re- 75 
spectively, thus enabling the circuit condi 
tions previously established to continue long 
enough for the last part of the wave trans 
mitted over the circuit LE to pass from the 
transmitter T to the receiver .R and back .80 
over the line LW to the short circuit at 12 
before the short circuit is removed.’ ' v1 \ 
Each time therelay PR2 vibrates its armai 

ture in response to a ulse after the relay 
CHO has operated, t e armature of the 85 
relay PR1 will also vibrate, but with each ' 
pulse current ?ows through the winding L1 
throughthe resistance 15’ and 16" due‘ to 
the removal of the short circuit’ by the arma 
ture of ~relay PR2. ‘ Therefore, even though 90 
the pulses be weak the armature of'the relay 
PRL will be moved positively a ainst its 
front contact. At the end of the ast pulse 
of the train of recti?ed pulses, the armatures 
of both relays PR1 and PR2 fall against 95" 
their back contacts and there remain. The 
relay CHO is released, and after an interval 
determined by the time of; release of the’ 
relays EHO and VHO, these two relays 'also' 
release their armatures, the relay VHO in 100 
turn causing the deenergization of relay RT. 
The short circuit 14 is accordingly opened 
and the short circuit 11 is closed,‘ and the 
apparatus is in its original condition. ' 

_ In order to more clearly understand the 105 
effect of the relay CH0 and the auxiliary 
winding L1 of the relay PR1, reference 1s 
again made to the. curves of Figure 5. It _ 
will be seen that during the time from 1 ‘to 
2 the polar relay PR2 is operated and the 1710 
polar relay PR1 is also operated through its 
operating winding 01. The operation of 

a pulse 

slight y delayed in respect to the origina ' 
impulse as indicated in the third section line‘ 
below the current curve‘ Y. vIn addition, the 
winding L1 receives current as soon as its 
armaturev leaves its back contact by means 
of the circuit over the back contact or the 
relay CH0. ‘ This current continues 
the time v1 to the "time 5 as indicated by the; 
sectioned line in‘second position below the 
curve 1. The result'of this latter operation 
is to maintain ‘the armature of the relay 
PR1v locked against its front contact during 
the entire time from 1 to .5. > , i .' 
During the period from -_2_to-_3 the recti 

?ed current is insu?icien't to effectively ener 
gizeqthe operating windings O1 _and_(_)2 of‘ 
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the polar relays PR1 and PR2. Further 
more, the pulse from time 1 to time 2 was 
not sufficiently long in duration to permit 
the hang-over rela .s EHO and VHO to 
become energized. eginning with the time 
3, however, the recti?ed current is strong 
enough to again energize the operating 
win-dings of relays PR, and PR2; No effect 
is produced upon the former relay .as it is 
already locked in its operated position. The 
latter relay, however, shifts its armature 
to its front contact, and after the interval 
of time from 3 to 4, permits relays EHO 
and VHO to be energized. These two hang 
over relays when energized, remain ener 
gized until the end of the train of impulses 
and for a short period thereafter, and dur 
ing this time maintain the short circuit 11 
open and the short circuit 14 closed so that 
transmission may take place freely from the 
transmitter T and no echoes can be returned 
through the circuit LW. 

Prior to the time 4, however, the locking 
of the armature of relay PR, against its 
front contact, which condition exists up to 
time 5, positively short-circuits the line LW 
at 12 and prevents any possibility of energy 
being radiated from the transmitter T to 
the receiver R, and thence over the line LW, 
to operate the echo suppressor relays asso 
ciated with the recti?er R’. There is there 
fore no possibility of false operation of the 
echo suppressor controlled from the line LW 
interfering with transmission over the line 
LE until after the train of waves has ceased. 
During the brief interval between 6 and 7 , 
the armature of relays PR1 and PR2 are 
restored to their back contacts, but this is 
without e?ect because the hang-over relays 
EHO and VHO maintain the short circult 
11 open and the short circuit 12 closed so 
that the voice currents may still be trans 
mitted from west to east, and the short cir 
cuit 14 preventsv transmission from east 
to west. ' 
At the end of the train of waves the 

armatures of both relays PR1 and PR2 fall 
off. It may be noted .at this point that the 
locking winding L1 of the relay PR, is no 
longer e?ective due to the energization of 
relay CHO, ‘so that the armature of relay 
PR1 can be restored at the end of the last 
impulse of the train. The relays EHO and 
VHO remain operated, however, for a 
period of time determined by their slowness 
in releasing, the former relay releasing its 
armature at time 10 and the latter relay at 
the time 9, well after the train of impulses 
has ceased. The circuit is now restored to 
normal, ready for transmission of a new 
vocal sound in the same direction or for 
transmission of a vocal sound in the oppo 
site direction. The elfect of the auxiliary 
_winding L’ and the control of said winding 
in part by the relay PR2 together with the 
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effect of the relay CHO in maintaining the 
locking circuit, is clearly indicated by the 
section lines in the several positions below 
the curve Y of Figure 5. ' 

' Transmission in the opposite direction in 
Figure 2, that is, from a distant station 
from the receiver R, passes along the line 
LW, and the recti?er R,’ recti?es the voice 
currents and operates the polar relays PR,’ 
and PR2’ in a manner similar to that de 
scribed in connection with the echo ‘sup 
pressor relays associated with the line LE. 
The relay PR,’ is positively operated as 
soon as its armature is lifted from its back 
contact, and short-circuits the line LE, re 
maining in this condition until the relay 
CHO’ pulls up. In the meantime, as the 
result of an impulse lasting for a sufficient 
length of time, the hang-over relay EHO’ 
1s energized to maintain the short circuit 
until the end of the train of impulses. The 
relay CHO’ does not unlock the polar relay 
PR,’ until, the ‘hang-over relay has had 
time to take control of the circuit. In this 
instance no apparatus is provided to remove 
a normal short circuit from the line LW 
as no such short circuit is necessary. It is 
only necessary to maintain one of the lines 
normally short-circuited in order to prevent 
singing. 

Should transmission take place from a dis 
tant station to receiver R which is too weak 
to operate the receiving echo suppressor, it 
will also be too weak to falsely operate the 
transmitting echo suppressor on account of 
the balance at the hybrid coil. Since the re 
ceiving echo suppressor has no disabling 
short circuit similar to 11 on the transmit 
ting side, it has no effect on the received 
transmission and could be omitted if balance 
of a sufficiently high order could be obtained 
at the hybrid coil. 
order cannot ordinarily be obtained in prac 
tice, it is necessary to provide the receiving 
echo suppressor in order to prevent false op 
eration of the transmitting echo suppressor 
by the received energy through the unbalance 
of the hybrid coil when the received energy 
is of normal strong volume. \' 
A modi?ed form of echo suppressor relay 

circuit is shown in Figure 3. In this form 
of the invention the polar relay PR2 con 
trols the hang-over relays EHO and VHO as 
well as the relay RT in the same manner as 
in Figure 2. The locking control of the re 
lay PR1 is effected in a somewhat different 
manner,‘ however. The auxiliary winding 
L1 of the relay PR1 is connected across neu 
tral points of a wWheatstone bridge compris 
ing resistances R,, R2, R3 and R4, the re 
sistance R, being the resistance of the wind 
ing of a slow release relay CHO. The relav 
CHO is normally-energized and at its front 
contact maintains the arm R2 of the bridge 
closed. The arm R, of the bridge is con 

Since balance of this. 

70 

75 

80 

85 

90 

95 

100‘ 

105 

110 

130 



‘1,019,391 

trolled over the back contact of the relay 
- PR1. Batterlyé is connected to the bridge be 

3 tween arms I audit,’ and ground is con 
nected to the bridge between arms R1 and 
R2 at the armature of the relay PR1. The 
‘auxiliary control of the winding L1 from the' 
polar relay PR2 is effected indirectly through 

I the upper contact of the echo hang-over re‘ 

10 

'15 

'20 

25 

so 

40 

45 

lay EHO which, when said relay is *ener~ 
gized, connects ground to the lower termi 
nal of winding of L. W , I 
Further details-of the circuit arrangement 

ma be understood from the operation, as 
fol ows: . ' . " 

As soon as the ?rst impulse of ‘recti?ed 
current ?ows in the plate circuit of recti?er 
R, the windings O1 and 02 of polar, relays 
PR1 and PR2 are energized ,to shift their 
armatures from their back contacts. ,The 
latter ‘relay removes a short circuiting 
ground from the relays EHO and RT, the 
latter promptly opening the short circuit 11 
to enable the voice current to ?ow to radio 
transmitter T. .The armature of the relay 
PR1 when shifted from its back contact, 
opens the arm R1 of the Wheatstone bridge 
so that the bridge is now unbalanced, there 
by enabling current to ?ow from the battery 
connected to the junction’ point ofR3 and 
R4, through the windingLl, and through the 
resistance R2, and over the front‘contac't of 
relay CHO to ground 'at the armature‘ of 
relay PR1. The armature of the relay PR1 
is accordingly positively shifted to its front 
contact and is locked in this position so long 
as current ?ows through the winding Lu 
After an interval the slow release relay CHO _ 
releases its armature and opens the arm R2 
of the bridge so that the bridge isnow a ain 
balanced with respect to the winding. 1;. 
In the meantime, however, the armature 

of relay'IPRz has been shifted'to vits front 
contact a su?icient length of time Ito enable 
the voice hang-over relays‘ VHO andEHO 
to become energized. Rela VHO at its 

_ lower contact ' opens the 's ort circuiting 
ground for the relay RT controlled by the . 

' polar relay PR2,‘ so that the relay RT re 
mains energized as long as.v the relajgI I 

I H0 at holds ‘up its armature; '~ The relay 
7 its upper front contact connects ground to 
the lower terminal of the winding L1 so that, 

‘ ‘current may flow from ‘battery through 

55 the winding ‘R3 of the'Wheatstone bridge, 
through the winding L,',land over the front 
contact of relayEHO to‘ ground.’ The‘ look 
ing winding L1 is therefore energized so long 
as the rela EHO holdsup vits armature. 
Consequent y. the relay PR1 maintains its 
armature'locked ' against its front contact 
to keep the short circuit 12, closed during the 

_ continuance of theitrain ofwaves; >This is" 
evident from the fact that the‘relay 'EHO 
‘exercises its locking control over the wind 
ing L1 before the relay CHO has released 

,delay 

its armature to prevent the bridge current 
from energizing» the winding L1. I . 
After the relay PR1 has once been‘locked 

up the ‘relay PR2 alone vibrates its armature 
in response to variations in impulses, and at 
the end'of the last impulse of the train the 
armature of this relay falls upon its back 
contact and there remains. ’ 
The armature of the relay PR2 opens the 

circuit of the relay‘ VHO which, after‘ a 
short interval, releases its armature thereby 
short circuiting relay RT whose armature 
falls off and closes short circuit 11. The re 
Iay'IEHO is also short circuited. Its upper 
contact disconnects ground from the lower 
terminal of the winding L1; As no impulse 
is ?owing through the operating winding 0, 
at this time'g'the bias winding B1 shifts the 
armature to its back contact,‘ thereby closing 
the arm 1%, of the bridge and opening the 

75 

80 

85 
short circuit 12. This energizes the relay ' 
CHO to close the arm R2 of the bridge which 
is again'balanced- so that no'current ?ows 
through the auxiliary winding L1. It may 
be seen that in this modi?cation of‘ the cir 
cuit the relay PR1 is locked up on the ?rst 
impulse of su?‘icient strength to lift its 
armature from its back contact, and it re 
mains so locked up until‘ the end of the last 
impulse of the train when it is unlocked 
under the control of the relay PR2 thru 
EHO. ‘ This circuit arrangementhas a slight 
advantage over the circult arrangement of 
Figure 2, owin .to the fact that the hang 
over effect produced by the relay CHO at 
the beginning of‘ the train of waves, and 
which allows the hang-over relays EHO and 
VHO time to operate, is under the control 
ofraslow release‘relay OIHO. instead of a 
slowoperating relay as in'the case of Fig 
ure 2., It is easier to attain the necessary 

by means, of a slow release relay than 
a slow operatin relay. _ I _ j ' 

' It will be ObVlOllS that the general princi 
._ples, herein disclosed maybe embodied in 
many other organizations‘ widely di?er'entI 
from. those illustrated, without departing 

'5 from the spirit ofthev invention as de?ned 
the following claims‘.v f? " 

is claimed is: * " ' 

‘v 1; I‘ An echo suppressor comprising a trans‘ I _ 
.jlato'r, a'?rst relay responsive to impulses of - 
vtranslated;current ‘from. said translator, a 
disabling vcircuit.controlled by said relay, a 
second relay responsive to impulses of trans-, 
lated current from said, translator, a hang 
over-'Irelay controlled by said second rela , 
said hang-over relay' also controlling said 
disabling circuit, a'locking winding for'said 
‘?rst relay, and means including said'locking 
winding operating in response to the actu 
ation of'said ?rst relay to maintain it actu 
ated for a predetermined period of time. 

2. An echo suppressor comprising a trans-I 
later, a“ ?rst relay responsive to impulses of 
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translated current from said translator, a 
disabling circuit controlled by said relay, a 
‘second relay responsive to impulses of trans, 
lated current from said translator, a hang 
over relay controlled-by said second relay, 
said hang-over relay also controlling said 
disabling circuit, a locking winding for said 
?rst relay, means including said locking 
‘winding operating in response to the actu 
ation of said ?rst relay to maintain it actu 
ated fora predetermined period of time, and 
means for controlling said locking winding 
by said second relay. > 

3. An echo suppressor comprising a trans 
lator,. a ?rst relay responsive to translated 
impulses from said translator, an armature 
for said relay having front and back con 
tacts, a disabling circuit controlled from the 
front contact of said relay, a second relay 
responsive to impulses of translated current 
from said translator, a hang-over relay con 
trolled by said second relay, said hang-over 
relay also controlling said disabling circuit, 
a locking winding forsaid ?rst relay, and 
means to energize said locking winding for 
a predetermined period in response to the 
shifting of the armature of said relay from 
its'back contact. ( 

4. An echo suppressor comprising a trans 
lator, a ?rst relay responsive to translated 
impulses from said translator, an armature 
for said relay having front and back con 
tacts, a disablingr circuit controlled from the 
front contact of said ‘relay, a second ‘relay 
responsive to impulses of translated current 
from said translator, a hang-over relay con 
trolled by said second. relay, said han -over 
relay also controlling said disabling circuit, 
a locking winding for said ?rst relay, means 
to energize said locking winding for a pre 
determined period in response to the shift 
ing ‘of the armature of said relay from its 
back contact, and means for controlling said 
locking winding by said second relay. 

5. An echo suppressor comprising a trans 
lator, a ?rst relay controlled by impulses of 
translated current from said translator, an 
armature for said relay having front and 
back contacts, a disablin circuit controlled 
from the front contact 0 said‘ relay, a sec 
ond relay controlled by translated impulses 
from said translator, a hang-over relay con 
trolled by said second relay, said hang-over 
relay also operating said disabling circuit, 
a locking winding for said ?rst relay, means 
to energize said locking winding when the 
armature of said ?rst relay is shifted from 
its back contact, and a timing relay con 
trolled by said armature to maintain said 
locking winding operated for a predeter 
mined period of time sufficiently long to en 
able said hang-over relay to operate said 
disabling circuit. 

6. An echo suppressor comprising a trans 
lator, a ?rst relay controlled by impulses 
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of translated current from ‘said translator, 
an armature for said relay having front 
and back contacts, a disabling circuit con 
trolled from the front contact of said relay, 
a second relay controlled by translated im 
pulses from said translator, a hang-over re 
lay controlled by said second relay, said 
‘hang-over relay also operating said dis 
abling circuit, a’ locking winding for said 
?rst relay, means to_ energize said locking 
winding when the armature of said ?rst re 
lay is shifted from its back contact, a tim 
ing relay controlled by said armature to 
maintain ‘said locking winding operated for 
a predetermined period of time su?iciently 
long to enable said hang-over relay to oper- \ 
ate said disabling circuit, and means where 
by the circuit of said locking winding r?ay 
be controlled from said second relay. 

7 . An echo suppressor comprising a trans 
lator, a ?rst relay controlled by impulses 
of translated current fromsaid translator, 
an armature for said relay having front 
and back contacts, a disabling circuit oper 
ated over the front contact of said armature, 
a second relay controlled by impulses of 
translated current from said translator, a 
hang-over,relay_operated by said second-re; 
lay after it has responded to said translated 
current, means controlled by said hang-over 
relay for operating said disabling circuit, a 
locking winding for said ?rst relay, a cir 
cuit for said locking winding established, 
upon the shifting of the armature of said re 
lay from its back contact, an auxiliary re!‘ 
lay also controlled by the armature of said 
?rst relay and operating to open the circuit 
of said locking winding a predetermined 
period after said ?rst relay has shifted its 
armature, said predetermined period being 
su?iciently long to enable said hang-over 
relay’ to operate said disabling circuit. 

8. An echo suppressor comprising a trans‘ 
_lator, a ?rst relay controlled by impulses of 
translated current from said translator, an 
armature for sald relay having front and’ 
back contacts, a disabling circuit operated 
over the front contact of said armature, a 
second relay controlled by impulses of 
translated current from said translator, a 
hang-over relay operated by said second re 
lay after it has responded to said translated 
current, means controlled by said hang-over 
relay for operating said disabling circuit, a 
locking winding for said ?rst relay, a cir 
cuit for said locking winding established 
upon the shifting of the armature of said 
relay from its back contact, an auxiliary re-~ 
lay also controlled by the armature of said 
?rst relay and operating to open the circuit 
of said” locking Winding a' predetermined 
period after said ?rst‘ relay has shifted its 
armature, said predetermined period being 
sutliciently long to enable said hang-over re 
lay to operate‘ said disabling circuit, and 
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means to establish an independent circuit 
for said locking winding under the control 
of said second relay. ' 

9. A transmission system having a pair 
of paths one of which transmits in one di 
rection and the second of which transmits in 
the opposite direction, means to normally 
disable the ?rst of said paths, an echo sup 
pressor associated with said ?rst path, com 
prising a translator, a relay responsive to 
impulses of translated current from said 
translator, an armaturefor said relay having 
.front and back contacts, a disabling circuit 
for said second path operated over the front 
contact of said armature, a second relay re 
sponsive to impulses to translated current 
from said translator, means controlled by 
said second relay to defeat the disabling 
means for said ?rst path and maintain said 
path in condition for transmission for a pre 
determined time after the translated im 
pulses cease, a hang-over relay controlled by 
said second relay, said hang-over relay op 
erating after said second relay responds to 
translated impulses and being maintained in 
operation for a predetermined time after 
the translated impulses cease, means con 
trolled by said hang-over relay for operat 
ing said disabling circuit for said second 
transmission path, a locking winding for, 
said ?rst relay, means to establish an ener- , 
gizing circuit for said locking winding upon 
the shifting of the armature of said ?rst re 
lay from its. back contact, and means to 
maintain said circuit closed for a predeter 
mined period su?iciently long to enable said _ 
hang-over relay to operate the disabling 
means for said second mentioned path. 

10. A transmission system having a pair 
of paths one of which transmits in one direc 
tion and'the second of which transmits in 
the opposite direction, means to normally 
disable the ?rst of said paths, an echo sup 
pressor associated with said ?rst path coma 
prising a translator, a relay responsive to 
impulses of translated current from ‘said 
translator, an armature to said relay having 
front and'back contacts, a disabling circuit 
for said second path operated over the front 
contact of said armature, a second relay re 
sponsive to impulses of translated current 
from said translator, means controlled by 
said second relay to defeat the disabling 

means for said ?rst path and maintain said 
path in condition fortransmission for a pre 
determined time after the translated im 
pulses cease, a hang-over relay controlled by 
said second relay, said hang-over relay op 
erating after said second relay responds to 
translated impulses and being maintained 
in operation for ‘a predetermined time after 
the translated vimpulses cease, means con 
trolled by said hang-over relay for operat-' 
ing said disabling circuit for said second 
transmission path, a locking winding for 
said ?rst relay, means to establish an ener 
gizing circuit for said locking winding upon 
the shifting of the armature of said ?rst re 
lay from its back contact, means to main 
tain said circuit closed for a predetermined 
period sufficiently long to enable said hang 
over relay to operate the disabling means 
for said second mentioned path. and an in- 
dependent circuit for said locking winding 
established under the control of said second 
relay. ' 

11. A relay system, comprising a relay, 
means to impress impulses of current upon 
said relay, an armature for said relay having 
front and back contacts, means responding 
to the lifting of the armature of said relay 
from its back contact to positively shift said 
armature to its front contact independently 
of the impulse which initiated the moVe-. 
ment of the armature, and means controlled 
by said relay for maintaining its armature 
against its front contact for a predetermined 
interval. 

12. A relay system, comprising a relay, 
means to impress impulses of current upon 
said- relay, an armature for said relay hav 
ing front and back contacts, means respond 
ing to the lifting of the armature of said 
relay from vits back contact to positively shift 
said armature to its front contact independ 
ently of the impulse which initiated the 
movement of the armature, and means con 
trolled, by said relay for maintaining its ar 
mature against its front contact for a pre 
determined interval and permitting the re 
turn of the armature to its back contact at 
the end of said interval. 
In testimony whereof, I have signed m 3' 

name to this speci?cation this 7th day of 
July, 1925. 

‘ HAROLD C. SILENT. 
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