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This invention relates to two-way commu 
nication systems, and more particularly to 
two-way telephone systems which include, 
between,‘ two-w1re lines, a four-wire circuit 

in one 
for ‘transmission in the opposite direction. 
While the invention ‘is applicable to any 

four-wire circuit lying between two two~wire 
lines, it is particularly applicable to, and will 
be described in connection with, a four-wire 
circuit containing ‘a radio link. ‘ 
The term “four-wlre circuit” is ordinarily 

used, in connection with systems including 
a radio link,'to denote the part of the system, 

. which connects the two distant two-wire lines 

at 
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and includes the radio link; this 'term' “four 
wire circuit” will be used hereinafter, how 
ever, with a view to a clear description'of the 
invention, to denote that four-wire section 
of a’half of- the complete-system which lies‘ 
between one two-wire line and one end of the 
radio link.‘ It will readily be understood 
that if the system to which the invention is 
to be applie is an, all-wire system, the radio 
link, as referred to herein, is replaced‘by a 
length ‘of the four-‘wire circuit extendmg 
over the whole-‘distance between the two-wire . _ _ _ _ . 

' - invention ‘designed to overcome certa1n un~ 
lines. ' _ 

In a telephone system of this class, in 
which the two paths of the four-wire circuit 
are adapted for transmission in opposite di 
rections, it is, under certain conditions, a re 
quirement, if the best possible results are to 
be secured, that one path of the four-wire 
circuit be normally blocked and consequently 
normally disabled. This arrangement serves 
to prevent singing in the circuit in its nor 
mal condition._ In addition, in association 
with each transmission path of the four~wire 
circuit there must'be provided means respon 
sive to waves in this path for blocking the 
transmission over the- other path, in order 
to secure the suppression of echoes returning 
from the two-wire line over that other path. 
The arrangement of the four-wire circuit‘ 

‘ which is ordinarily preferable is that in which 

50 

the outgoing path—that is, the one adapted 
for transmission to the radio link-is nor 
mally blocked,-while the path adapted for 

having one path adapted for transmission _. 
direction and another path adapted 

reception from’the radio link is normally 
cleared. With this arrangement it is, of 

course, necessary to provide means respon 
sive to voice waves in the outgoing path for 
clearing this transmission path. 
In the arrangement of four-wire circuits 

which hasbeen found comparatively success 
ful in all-wire systems, an ampli?er-detector 
device is associated with each path of the 
.circuit. Voice waves in the transmitting (or 
outgoing) path enter the associated ampli 
tier-detector, and the output causes the opera 
tion of a relay or'r-elays to place a short cir 
cuit on, or otherwise block, the receiving 
path, and also to clear the transmitting path. 
Voice waves in the receiving path, provided 
this path is not blocked at the time, enter the 
associated ampli?err'detector,‘ and the'output 
causes-the operation of a relay or relays to 
block thetransmitting path. ' 
An improvement inthe suppression of 
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echoes and singing in four-wire~ circuits re- - 
siding chie?y in‘ simpli?cation of the voice 
operated apparatus, is disclosed in the United 
States Patent No.i1,653,73_8 to H.‘ G. Silent 
dated December 27, 1927. 'As will appear 
more-clearly hereinafter, the applicant’s in 
vention is an improvement over the Silent 

satisfactory features of the operation of that 
arrangement. ' ' 

" In the Silent arrangement, a relaywhich 
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controls the clearing and blocking of the . 
paths of the four-wire circuit is connected 
through >_suitable apparatus to both trans 
mission paths, and the eifect of echo currents 
in the outgoing path on this relay is oiiqset 

. by the effect of current taken directly from 
the incoming path. 
The principal object of the applicants in 

vention is to improve the balancing of these 
two effects, the ?rst caused by the echoes in 
one path and the second caused by the in 
coming currents in the other path. ‘_ > 
Another object of this invention is to pro 

vide, in combination with the simpli?ed form 
of voice operated apparatus, the lock-out ‘fea 
ture which will enable the distant speaker to 
hold his control of the circuit while he'. is 
talking. 
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The invention will be. more clearly under 
stood when the following ‘description is read 
with reference to the'accompanying drawing, 
whichshows diagrammatically the essential 
transmission features of the applicant’s im 
proved arrangement. _ 
The four-wire circuit is connected at its 

left end to a. two-wire line. through ‘the usual 
hybrid coil H, the two-wire line being bal 
anced by the usual network. The lower path 
of the four-wire circuit is adapted for trans 
mission over a radio link (at the right) ' andv 
includes the usual one-way repeater or. am 
pli?er and the usual delay circuit. The up 
per path of the four-wire circuit is adapted 
for reception from the radio link and in 
cludes a one-way, repeater or ampli?er and 
a ‘delay circuit. The‘ elements X and Y are 
regulating networks. 
Associated with the transmitting path of 

the four-wire circuit are the ampli?er A1 
"and the detector D1. ' The ampli?er A2 and 
‘he detector‘ D2 are associated with the re: 
ceiving path of the circuit. . _ 

Y_ A polar relay S1 has one winding in the 
plate circuit of the detector D1 and a second 
winding in-the plate circuit of the detector 
D2. These two windings are differentially 

. connected, so that a‘ current flow ‘in the lower 
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v y the transmitting 
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winding tends to operate the relay and-‘cur 
rent in the upper winding opposes this opera- I 
tion'. '' Thebattery B is connected as‘ shown. 
The operation of the relay S1 causes the oper 
ation'of the relays S2 and S3. The transmit 
ting path of the four-wire circuit is normally 
blocked by a short circuit which 'cantbe re 
moved by the operation of relay S2;v The re 
ception path‘ is normally clear but will be 
blocked by a short circuit. upon the operation 
of relay I 3. _ ‘ > 

When the four-wire circuit is , quiet and 
voice waves pass over the two-wire line to 

path of the four-wire cir 
cuit, the waves enter the ampli?er-detector‘ 
Ar-Dl. This ampli?er-detector is operated, 
and the output current causes,the operation 
of relays S1, S2 and S3, there being no current 
?ow in the upper winding of relay S1. The 
operation of the‘relaysv blocks the receiving 
.path and ‘clears the transmitting path. 

When, however, noise or voice waves enter 
the receiving path of the four-wire‘ link and 
are transmitted on to the two-wire line, they 
act upon the ampli?er-detector A,-—D2l and 
cause a current ?ow in the upper winding of 
relay S1 which opposes the operation of the 
relay. If these waves are re?ected in the two 
wire-line back over the transmitting path of 
the four-wire ciri. uit, the echoes act upon‘ the 
ampli?er-detector Ale-D1, setting up a cur-, 
rent in the plate circuit of the detector which 
tends to operate the relay S1. The magni 

' tude of these echoes‘ depends upon the close 
ness with which the two-wire line is balanced ’ 
by its-network. The twoampli?er-detectors 

similar, a resistance 

are given the‘ proper sensitivities, with due - 
regard to this closeness of balance, and the 
two currents in the windings vof relay S1 
tend to balance each other. Thus the oper 
ation of the relay S1 and‘ of the relays S2 and 
S3 .is prevented or at least there is a substan 
tial reduction-of the tendency toward this 
relay operationin response to voice waves or 
noise entering the receiving side of the four 
wire circuit 'from the radio link.~ In other 
words, there is an elimination of or at least 
a‘ reduction of the tendency toward false oper 
ation of the transmitting relays'by noise in the ‘ 
receiving side of‘the tour-‘wire circuit, and, 
consequently, there is at least a reduced in 
terference with the passage of voice waves 
from the two-Wire line over the transmission 
.path of the four-Wire circuit. 

' Small delays in the; echoes are taken care 
of by the insertion of. a resistance R1 and a 
condenser C1 in the circuit of the ampli?er 
detector rig-D2. This arrangement has the 
effect of delaying the establishment and the 
removal of the current in the upper winding 
of the relay S1. In order that the character 
istics of the~ two amgii?er-detectors may be 

2‘ and a condenserjC2 
are introduced into the plate circuit of the 
detector 1),. This arrangement does not pro 
duce a hang-over effect in the circuit. 
The circuits as described thus far are sub 

stantially those of the Silent disclosure iden 
ti?ed above. , 
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It is to be expected,- however, in the vcase ' 
of transmission from the radio link that be 
tween the time" when the energy enters the 
ampli?er A2 and the time when the re?ected 
energy in the outgoing path enters the am 
pli?er'A1 there will be a considerable atten 
uation. This attenuation tends to disturb 
the balance which is desired in the windings 
of the relay S1. In order to overcome this 
disadvantage of the simpli?ed arrangement 
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of Silent, the applicant associatesa potenti- I 
ometer P, or ‘any other suitable device vfor 
adjusting the neutralizing current, with the 
input to the ampli?er A2. This device P 
'may be operated by a technical operator to 
adjust the current acting-on the detector D2 

' and the upper winding of relay S1 so that it 

110 

will exactly offset in that relay the effect pro- - 
duced in'the lower winding-by the attenuated 
echo currentsin the‘ outgoing transmission 
Path. ' . . ‘ . 

Furthermore, the applicant associateswith 
the path adapted for transmission from the 
radio link to the two-wire-line anadditional 
ampli?er-detector as shown in'the drawing. 
This ampli?er-detector controls a relay S 
which, upon operation, short-circuits the out-. 
going transmission path, as speci?cally ‘dis 
closed in the drawing, for instance; It is to 
be understood that the essential function of 
‘the additional ampli?er-detector and the re 
lay S controlled thereby is to prevent the 
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operation of the ampli?er A1 by voice waves 
traveling from the two-wire line over the 
transmitting path to the radio transmitter; 
this ampli?er-detector operation may be pre 
vented by‘ a short-circuit effected at any point 
in the path over which currents in the trans 
mitting channel must travel in order to reach 
and aifect the ampli?er A1 ‘With this ad 
ditional voice operated element included in 
the four-wire circuit, the party talkingv from 
the two-wire line over the lower transmis 
sion path~ to the radio link cannot break in 
with his speech and ‘interrupt one who is 
talking from a distantrpoint beyond the far 
end of the radio link; since, once the distant 
talker takes control of the circuit, the lower 

7' path is short circuited by the operation of 
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the relay S and the voice from the two-wire 
line neither passes on to the radio link nor 
in any way affects the ampli?er-detectorap 
paratu's controlling the relay S1 and the re 
lays S2 and S3. ' 
While a speci?c-circuit arrangement has 

been described for the purpose of clear villus 
tration, it is to be understood that the scope 
of the applicant’s invention is not limited 

‘ thereby but is de?ned by the appended claims. 
What is claimed is: 
1. h a two-way telephone circuit having 

a ?rst path adapted for transmission in one 
direction and a second path adapted tortrans 
mission in the opposite direction, the ?rst 
path being normally blocked at a point rela- 
tively near its outgoing end and the second 
path being normally cleared, an ampli?er-de 
tector associated with the ?rst path, an am 
pli?er-detector associated with the second 
path, a relay having two windings diileren 
tially connected and included one in the out 
put circuit of each of saidampli?er-detectors, 
means associated with the input circuit of the 
ampli?er-detector of the secondpath for ad 
j usting the current therein,'means responsive 
to the operation of said relay for clearing the 
?rst path and simultaneously blocking the 
second path, and means responsive to voice 
currents in the second path for blocking the 
?rst path at a point relatively distant from‘, 
its outgoing end. 

2. In a two-way telephone system includ- 7 
ing a fourlwire circuit having a two-wire line 
connected to one end thereof, the path of the 
four-wire circuit which is adapted for trans-l 
mission from the two-wire line being normal 
1y blocked at a point relatively near its outgo-' 
ing end and the path of said circuit which 
is adapted for transmission to the two-wire 
line being normally cleared, an ampli?er-dd 
tector associated with each path, a relay hav 
ing two windings di?erentially connected \ 
and included one in the output circuit of each 

' ampli?er-detector, means associated with the 
input circuit of the ampli?er-detector of the 
normally clearedpath for adjusting the cur 
rent therein, means responsive to the opera 

3 
tion of said relay for clearing the normally 
blocked path and simultaneously blocking 
the normally cleared path, and means respon 
sive to voice currents in the normally cleared 
path for blocking the normally blocked path 
at a point relatively distant from its outgo 
ing end. 

'3v In a two-way telephone circuit having a 
?rst path adapted for "transmission in one 
direction and a second path adapted for trans 
mission in the opposite direction, the ?rst 
path being normally ‘blocked and the sec“ 
ond path being normally cleared, an ampli 

_ tier-detector associated with the ?rst path, an 
ampli?er-detector associated with the second 
path, a relay having two windings differ 
entia-lly~ connected and included one in the 
output circuit of each of said ampli?er-de 
tectors‘, means associated with the input cir 
cuit of the ampli?er-detector of the second 
path for adjusting the current therein, means 
responsive to the operation of said relay for 
clearing the ?rst path and simultaneously 
blocking the second path, and means respon 
sive to voice currents in the second path for 
preventing currents in the ?rst path from op- I 
crating the ampli?er-detector associated with 
the ?rst path, ’ . 

4. In a two-way telephonesystem including 
a tour-wire circuit having a two-wire line con 
nected to one end thereof, the pathof the four 
wire circuit which is adapted for transmission 
from the two-wire line being normally 
blocked and the path of said circuit which is 
adapted for transmission to the two-wire line 
being normally cleared, and an ampli?er-de 
tector associated with each path, a relay hav 
ing two windings diiierentially connected and 
included one in the output circuit of each am 
pli?er-detector, means associated with the in 
put circuit of the ampli?er-detector of the 
normally cleared path for adjusting thevcur 
rent therein, means responsive to the opera 
tion of said relay for clearing the normally 
blocked path and simultaneously blocking 
“the‘normally cleared path, and means respon 
sive to voice currents in the normally cleared 
path for preventing currents in the normally 
blocked path from operating the ampli?er 
detector associated with the normally bloc'ked 
path. ' 

In testimony whereof, I have signed my 
name to this speci?cation this 20th day of 
October 1927. 

- HARRY NYQUIST. 
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