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This invention relates to rddio.transmis- 

sion;and moreparticularly: to. arrangements 

for permitting the carrying:on:of a two-way _ 

- conversation: by: radio. 

-Heretoforeitrhas:been quite ‘difficult to 

chery: on :a1 tbwoway: conversation. ‘by radio 

for: amumber of-reasons. +Where. the: same 

antenna: ‘is-employed::both for transmitting 

and «receiving, itv has ‘been: found impracti- 

eal: to -balance .the «transmitting . channel 

againsb the receiving: channel stifficiently well 

to. prevent. ‘overloading « the receiver ‘with 

transmittdd< energy. ‘ Where :different -an- 

tenne. arevemploydd .for-transmitting «and 

receiving and zeven «where different wave 

lengths:are employed, the amount of energy 

veceived: by thevradio- receiver : from the 

transmitting:antenna has been too great for 

successful operation aniless: the transmitting 

and receiving antenne:are-separated by pro- 

hiibitive ‘distances. xEven where the: trans- 

mitting: channel is balanced-against: the-re- 

ceiving: channel: anddifferent ‘wave: lengths 

ate -employdd - for: transmission ‘and recep- 

v3 tlonjan ‘undue camount -of ssending’ energy 

finds.itg-way- to: the receiver. “Another dif- 

ficulty that‘has-been’ encountered. in all these 

cases-is that-energy received from:a distant 

. radio station,-after detection finds its-way 

30 -back-dnto ithe transmitting channel through 

the connection .to*a-.terminal: tine and is 

creradiatéd. - 

‘In: accordance:with the present: invention 

- these difficulties: are rovercome: by associat- 

5 ing voice operatéd-equipment with both the 

transniitting: and receiving: channels.: ‘The 

voice ‘operatéd equipment «associated with 

the transmitting-channel:is arranged’ to dis- 

able-the: receiving cirevitsand, if the trans- 

aifitter is mormally inoperative,:to render the 

transmitter: operative: in ‘response to voice 

currents: impresséd‘ upon the:circuit. “Pref- 

erably: ardelay:circuitis. interposed: between 

the poiht:at ~which’.the: voice: operated ap- 

paratus:is- associated with’ the: channel: and 

the transmitter-so that.the voice controHed 

means: may perform-its functions before the 

yoice. current: reaches’ the: transntitter: thus 

wroiding. anyhiatus--oreclipping off of the 

ceived voice currents from entering the 

transmitting circuit to be retransmitted. 

Preferably a delay-circuit will be-employed 

in, the receiver circuit:at:a. point beyond. the 

voice responsive apparatus so. that the latter 

may perform its function before the received 

voice currents will have had an opportunity 

to-enter the transmitting channel. . 

‘The invention will now be:more-fully. un- 

derstood from the following description 
when: read: in’ connection. with. the »accom- 

panying drawing, Figures 1,.2and 3 of 

which: illustrate three different: embodiments 

of the invention. | a a 

Referring to Fig. 1, a:simple form of:the 
invention ‘is: illustrated. In: this figure, .T 

designates.an ordinary telephone transmitter 

connected to.an amplifier ‘TA, convention- 

ally represented: .This amplifier may be of 

any type: well known-in the-art. O: desig- ” 

nates a vacuum tube oscillator. for: supply- 

ing the carrier. frequency: to the. antenna 

AT, and Mis a vacuum tube modulator hav- 

ing its input. associated swith the voice: fre- 

quency:amplifier ;TA:and having its output 

associated with the:oscillator’O im sucha 

manner: that. the oscillations produced by 

the “oscillator will be “modulated in -ac- 

cordance with speech. A delay ‘circuit: TF 

is interposed. between the amplifier TA and 

the. modulator M. This delay. circuit: may 

be any:type of transmission element which 

will cause. a desired time. interval to elapse 

during. the transmission’ of::a=wave. from 

its input terminals to its output terminals. 

For example, the delay circuit maybe one 

of the-well known. types of.Campbell filters 

so designed:as.to transmit the-desired. voice 

‘band. 

“AR designates :the «receiving -antenna 

which is coupled with a radio receiving set 

RS of any well:known type, the receiver R 

being associated with the: receiving set in 

the usual. manner. Voice: operated equip- 

ment is associated with the transmitting cir- 

euit between the amplifier'TA and the delay 

circuit ‘TF, isaidsequipment comprising a 

rectifier-amplifier combination, convention~" 

ally indicated: at TX, and a: voice operated 
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relay EY. The rectifier-amplifier combina- 
tion may be'of any well known type, such as 

a-vacuum tube amplifier associated witha 

vacuum tube rectifier, these devices ‘operat- 

ing-one:to.amplify thesvoice currents and 

sy wirst-parts of the speech:signal. : The* voice 

operated: apparatus: associated -with the re- 

ceiver: is likewise-arranged so. that: it: re- 
-sponds: torreceived«radio signals: to ‘disable 

the. ¢rangmitting-cireuit: and: prevent. the-re-
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the other to rectify them and-produce there- 
from a direct current component’ which will 
operate the voice relay TY. A relay 10 is 
controlled by the voice operated relay TY 
and has its contacts so arranged that when 
energized in response to transmitted voice 
signals it will short-circuit the receiving set 
RS and change the grid potential of the 
oscillator O so that the grid of the oscilla- 
tor, which is normally excessively negative, 
will have such a negative potential applied 

._ thereto as to permit it to generate oscilla- 
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tion. 
The operation is as follows: When the. 

transmitter Tis spoken into, voice currents 
are generated and amplified by the amplifier 
TA and then impressed upon the rectifier- 
amplifier combination TX so that a direct 
current component is produced which oper- 
ated the voice relay TY. The circuit of the 
relay 10 is accordingly closed, and -at its 
lower contact said relay .short-circuits the 
radio receiver RS. At the same time the 
upper contact of the relay 10 short-circuits 
the resistance 11 thereby changing the nega- 
tive potential on the grid of the oscillator O 
so that the oscillator, which is normally un- 
able to function, will now begin to generate 
oscillations of the carrier frequency to be 
transmitted to the antenna AT. “In the 
meantime the voice currents are transmitted 
from the amplifier TA through the relay 
circuit TF and arrive at the modulator M 
after the relay 10 has had an opportunity to 
function. The voice currents therefore op- 
erate through the modulator M to modulate 
the oscillations generated by the’ oscillator 
O, and the modulated oscillations are trans- 
mitted by the antenna AT without any hi- 
atus or clipping off of the first part of the 
voice signal. The energy radiated from the 
transmitting antenna AT. to the receiving 
antenna AR is ineffective to produce any 
action upon the receiving set RS because 
said set is short-circuited before any radia- 
tion takes place. In receiving signals from 
a distant. station, the relay 10 being nor- 
mally deenergized, the received signals are 
impressed. directly from the antenna AR 
upon the radio receiving set, and after being 
detected the voice currents may be heard in 
the receiver R. »As the receiver R of the 
transmitter T has no electrical connection 
with the transmitter in the: case illustrated, 

5 no difficulty. will arise because of the re- 
ceived signals being retransmitted ‘by the 
transmitting channel. 

In case, however, the transmitting and re- 
“ceiving channels are both associated with a 
common telephone line, a certain amount of 
received energy may be passed ‘into the 
transmitting channel and reradiated. In 
order to overcome this difficulty, the circuit 
may be arranged as shown in Fig. 2 in which 
I, designates an ordinary voice frequency 

1,678,672 

transmission line which is connected through 
a hybrid coil 12 with the transmitting chan- 
nel TL and the receiving channel RL, the 
line being balanced by a suitable. network 
N.so that a condition approaching  con- 
jugacy will exist between the transmitting 
channel and. the receiving channel. The 
transmitting channel includes a delay .cir- 
cuit TF’, an amplifier TA and a modulator 
M. The latter is of the well known bal- 
anced type arranged so that the carrier will 
be suppressed. : 
~The receiving channel includes.a balanced 

detector D, the receiving amplifier RA and 
the delay circuit RF. The balanced detector 

70 

15 

80 
is supplied with a local.source of carrier — 
current RS so that it operates on the well 
known homodyne principle. The delay cir- 
cuits REand TF may be filters of the Camp- 
bell type designed to transmit the desired 
range of voice frequencies. On the input 
side of the delay circuit TF. is bridged a 
rectifier-amplifier combination TX for oper- 
ating the voice relay TY. The latter con: 
trols a relay 11 which short-circuits the re- 
ceiving channel ‘at some suitable. point, for 
example, between the detector D and the 
delay circuit RF. The relay 11 may also 
change the tuning of the:antenna A. where 
a different frequency is employed for trans- 
mission and reception and the same antenna 
is used for both purposes. A. similar recti- 
fier-amplifier combination RX controlling 
the voice relay RY is bridged: across the re- 
ceiving channel upon .the-input. side of the 
delay circuit RF to control a‘relay 13, which, 
in response to a received signal, short-cir- 
‘cuits the transmitting channel TL: 

The operation. is as follows: Voice cur- 
rents incoming from the line L are trans- 
mitted through the hybrid coil 12 and are 
impressed upon the rectifier-amplifier TX to 
energize the voice operated relay TY. © This 
relay’ completes’ the circuit of relay 11, 
which, at its left-hand frent contact; closes 
a short-circuit for the receiving channel RL 
between the amplifier RA and the delay cir-' 
cuit RF. Relay 11 at its right-hand ‘front 
contact closes a circuit including a tuning 
condenser for changing the tuning ‘of the 
antenna’ A so that it will be resonant at the’ 
transmitting frequency rather. than at the 
receiving frequency. While these operations - 
are taking place, the voice currents are trans- 
mitted through the delay. circuit TF and 
after being amplified by the amplifier TA 
are impressed upon the modulator M. A 
sufficient delay occurs in transmission - 
through the circuit TF so that the voice 
currents are not impressed upon the modula- 
tor M until after the relay 11 has performed 
its functions. Any transmitted energy which 
passes by way of the antenna into the re- 
ceiving detector Dis prevented from being 
transmitted through the receiving channel 
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of the line L to-the transmitting channel TL 

by .reason. of the short-circuit across . the 

channel RL. previously described. 
The antenna A is normally tuned to the 

-receiving frequency, and when signals are 

received from a distant. transmitting station 

the received radio frequency is. impressed 

upon the detector D. so that the voice cur- 

rents are detected in its output circuit and 

impressed upon the amplifier RA. After 

being amplified by the latter, the voice cur- 

rents pass into the circuit of the rectifier- 

amplifier RX. and operate the voice relay 

RY which closes the circuit of the relay 13. 

The relay 13 in turn closes: a short-cireuit 

for. the transmitting. channel TL. In the 

meantime the voice waves pass through the 

delay circuit: RF and. into the line L.. Any 

component of the voice wave which enters 

ithe transmitting channel TL. by reason of 

unbalance is ineffective to operate the radio 

transmitter because of. the short-circuit - 

closed ‘by the relay 18. 
Té will be. observed that in the circuit 

above described both the transmitting chan- 

nel and the receiving channel are normally 

operative. As soon as transmission takes 

place over one of these channels, however, 

the channel transmitting in the other direc- 

tion is disabled so that no transmitting en- 

ergy can. affect.the receiving circuit. and no 

receiving energy can affect. the radio trans- 

mitter.. By means of the delay circuits TF 

and RF the. voice operated relays are given 

time to operate and perform. their. func- 

tions before the voice waves pass into the 

cireitits beyond the delay circuits. 

The use of a modulator. and detector of 

the balanced type, such as is illustrated im 

Fig. 2, is: not essential to the proper op- 

eration of the circuit. For.example, in Fig.. 

3 the modulator M and oscillator. O are of 

the type shown in Fig. 1, and separate an-- 

tenne AT-and AR. are used for transmit- 

ting and receiving respectively. The radio 

receiving apparatus may comprise the de- 

tector D of the ordinary unbalanced type 

and an amplifier RA for amplifying the de- 

tected signals. The voice operated relay TY 

is. arranged to short-circuit the receiving 

channel RL, and the voice operated relay 

RY is arranged to- short-cireuit the trans-- 

mitting channel TL. and to render the escil- 

lator O: operative. 
iS. The operation. isas follows: ‘Voice. cur- 

rents received. from the line Ii pass into the 

channel. TL: and operate the rectifier-ampli- 

fier combination TX to energize the voice 

relay .TY.. The. latter closes the circuit of 

the relay. 11. which completes: the short-cir- 

cuit for the receiving channel Ri, between 

the delay civeuit: RF and the, detector D. 

The relay 11 also-changes: the potential. of. 

the oscillator ©. in the manner shown in Fig. 

1 sothat the: oscillator; O. generates oscilla- 

be 

tions. In the meantime the voice currents: 

are passed through the delay cireuit TF and 

arrive at the modulator M after a sufficient 

delay to permit the relay 11 to perform its 

functions. Any energy radiated from the 

transmitting antenna AT’ to the receiving 

antenna AR is without effect upon the re- 

ceiving channel because the latter is <hort- 

circuited by relay 11. 
When signals are being transmitted from 

the distant communicating system, they are 

impressed by the antenna AR upon the de- 

tector D which detects the voice frequency. 

component, and this component is amplified 

by the amplifier RA... The voice. currents 

are then passed into. the -rectifier-amplifier. 

RX to operate the voice relay RY, which; 

in turn, closes the circuit of the relay 1s. 

Relay 13 completes a short-circuit across the 

transmitting channel TL. In the meantime “*: 

the voice currents are transmitted. through 

the delay circuit RF to.the line L, and any 

received voice currents passing’ into the 

transmitting channel TL. by, reason of .un- 

balance will be without effect because. the 

relay 13 will have short-circuited. the trans-. 

mitting channel before such currents can be 

impressed upon the channel. The operation: 

of the relay 18 in both. Fig. 2.and. Fig. 3 

also prevents received voice currents which 

are transmitted to the line L and reflected 

back by reason of some impedance irregu- 

larity from producing any effect .in -the 

transmitting -channel TL. 
It will be obvious that the general prin- 

ciples herein disclosed may be embodied. in. 

many other organizations widely different 

from. those illustrated’ without: departing 

from the spirit.of the invention as defined 

in the following claims. Bos 

What is claimed is: , 
1. Ina radio system, a radio transmitting 

channel and a radio receiving channel, radio- 

transmitting apparatus in said transmitting: 

channel and radio receiving apparatus in 

said receiving channel, said receiving chan- 

nel being normally operatively conditioned 

to function for receiving purposes,.a trans- 

mitting antenna normally conditioned to 

have signal modulated: energy: applied. there- 

to by said transmitting channel, a voice re- 
sponsive relay associated with said trans- 

mitting channel and responsivé to voice cur- 

rents to disable said receiving channel, and 

a delay circuit interposed between said voice 

responsive relay and said radio. transmitting 

apparatus to enable said relay to perform its 

function. before the voice: currents are im- 

pressed upon said transmitting apparatus. 

2. In a radio system, a radio: transmitting 

channel and a radio receiving channel, radio. 

transmitting apparatus in said transmitting 

channel and radio receiving apparatus in- 

said receiving channel, said receiving .chan- 

nel: being normally operatively. conditioned. 110 
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to function. for receiving purpose’, a trans- 
mitting antenna normally conditioned to 
have signal modulated energy applied there- 
to by said transmitting channel, a voice re- 
sponsive relay associated: with said trans- 
mitting channel and responsive to voice cur- 
rents. to disable said receiving channel and 
render said transmitting apparatus opera- 
tive, and a delay circuit interposed between 
said. voice responsive relay and said. radio 
transmitting apparatus to enable said relay 
to perform its: function before the voice 
currents are impressed: upon said transmit- 
ting apparatus. ; 

3. Inva radio system, a radio transmitting 
channel and a radio receiving channel, radio 
transmitting apparatus in said transmitting 
channel and radio receiving apparatus in 
said receiving channel, said receiving chan- 
nel being normally operatively conditioned 
to. function for receiving purposes, a trans- 
mitting antenna normally conditioned to 
have energy applied thereto by said trans- 
mitting channel, a voice responsive relay as- 
sociated with said transmitting channel and 
responsive to voice currents to disable said 
receiving channel, a delay circuit interposed 
between said voice responsive relay and said 
radio transmitting apparatus to enable said 
relay to perform its function before the 
voice currents are impressed upon said 
transmitting apparatus, and a. voice respon- 
sive relay associated with said. receiving 
channel and responsive to detected voice 
currents for disabling said transmitting 
channel. 

4. In a radio system, a telephone line, a 
radio transmitting channel and a radio re- 
ceiving channel associated with said . tele- 
phone ling, radio transmitting apparatus in- 
cluded in said transmitting channel and 
radio receiving apparatus included in said 
receiving channel, a transmitting antenna 
normally conditioned to have energy ap- 
plied thereto by said transmitting channel, 
and. both of said channels being normally 
operative, the one to receive and the other 
to transmit, means responsive to the trans- 
mission of currents into said transmitting 
channel to disable the receiving channel, and 
means responsive to the transmission of cur- 
rents into said receiving channel to disable 
said. transmitting channel. 
5. In a radio system, a telephone line, a 
radio transmitting channel and a radio re- 
ceiving channel associated with said: tele- 
phone line, radio transmitting apparatus in- 
cluded in said transmitting channel. and 
radio receiving apparatus included in said 
receiving channel, a transmitting antenna 
normally conditioned to have energy ap- 

- plied thereto by said transmitting channel, 

65 

and both of said channels being normally 
operative, the one to receive and the other 
to transmit, means responsive to voice. cur- 

1,678,672 

rents entering said transmitting channel for 
disabling said receiving channel, and means 
responsive to detected voice currents in said 
receiving channel for disabling. said. trans- 
mitting channel. . 

6. In a radio system, a telephone line, a 
radio transmitting channel and a radio. re- 
ceiving channel associated with: said tele- 
phone line, radio transmitting apparatus in- 
cluded in said transmitting channel and 
radio receiving apparatus included in. said: 
receiving channel and both of said channels 
being normally operative, the one to receive 
and the other to transmit, means responsive 
to. voice currents entering said transmitting 
channel for disabling said receiving channel, 
and means to delay the transmission of said 
voice currents to said transmitting appara- 
‘tus until said receiving channel has.been dis- 
abled, means responsive to detected voice 
currents in the receiving channel for dis: 
abling the transmitting channel, and. means 
to delay the transmission of voice currents 
to said telephone line until the transmitting 
channel has been disabled. 

7. In a radio system, a telephone line, a 
radio transmitting channel and a radio re- 
ceiving channel associated therewith, radio 
transmitting apparatus included in said 
transmitting channel and radio receiving 
apparatus included in said receiving chan- 
nel, said receiving channel being normally | 
operatively conditioned to function for’ re- 
celving purposes, a transmitting antenna 
normally conditioned to have energy ap- 

means responsive to currents entering’ said 
transmitting channel to disable said :receiv- 
ing channel and render said radio transmit- 
ting apparatus operative, and means respon- 
sive to currents entering said receiving 
channel for disabling said transmitting 
channel. 

8. In a radio system, a telephone line, a 
radio transmitting channel anda radio re- 
ceiving channel associated therewith, radio 
transmitting apparatus included in said 
transmitting channel and_ radio. receiving 
apparatus included in said receiving chan- 
nel, said receiving channel being normally 
operatively conditioned to function for -re- 
ceiving purposes, a transmitting antenna 
normally conditioned to have energy ap- 
plied thereto by said transmitting channel; 
means responsive to voice currents entering 
said transmitting channel for disabling said 
receiving channel and for rendering said 
radio transmitting apparatus operative, and 
means responsive to detected voice currents 
in said receiving channel for disabling said 
transmitting channel.» 

9. In a radio system, a telephone line, a 
radio transmitting channel and a radio re- 
ceiving channel associated therewith, radio 
transmitting apparatus included’ in ‘said 
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transmitting. channel and. radio receiving 

apparatus included in said ‘receiving. chan- 

nel, said receiving. channel being normally 

operatively conditioned to function for re- 

ceiving. purposes, 

plied thereto by said transmitting channel, 

means responsive to voice currents entering 

said transmitting channel for disabling said 

receiving channel and rendering said radio 

transmitting apparatus. operative, means to 

delay the transmission of. voice currents to 

said radio transmitting app#ratus until said 

last mentioned means has functioned, means 

responsive to voice currents ‘detected in the 

receiving channel for disabling said trans- 

mitting channel, and means to. delay. the 

transmission of voice currents to. said tele- 

phone line until said last mentioned means 

has functioned. 7 oS 

10. In a radio system, a telephone line, a 

radio transmitting channel and a radio re- 

ceiving channel associated therewith, radio 

transmitting apparatus included in said 

transmitting channel. and ‘radio receiving 

apparatus included in said receiving chan- 

nel, said receiving channel being normally 

operatively conditioned, to function: for re- 

ceiving purposes, 2_ transmitting antenna 

normally conditioned. to have energy: ap- 

plied thereto by said transmitting channel, 

means responsive to currents entering said 

transmitting channel to. disable said ‘recelv- 

ing channel, and means responsive to. cur- 

rents entering. said receiving channel. for 

disabling said transmitting: channel. 

11. In a radio system, a telephone line, 2 

radio transmitting channel and a radio re- 

ceiving channel associated ‘therewith, radio 

transmitting apparatus -included ~ in said 

transmitting channel and: radio. receiving 

apparatus included in said receiving. chan- 

nel, said receiving channel being. normally. 

operatively conditioned. to function: for re- 

ceiving purposes, a transmitting antenna 

normally conditioned to have energy ap- 

plied thereto by said transmitting channel, 

means responsive to voice currents entering 

said transmitting channel to. disable said 

receiving channel, and means responsive to 

ihe voice currents detected in said receiving 

channel for disabling said transmitting 

channel. 
19. In a radio system, a telephone line, a 

radio transmitting channel and a radio Te- 

ceiving channel associated therewith, radio 

transmitting apparatus included in said 

transmitting channel and radio receiving 

apparatus included in said receiving chan- 

nel, said receiving channel being normally 

operatively conditioned to function for re- 

ceiving purposes, a transmitting antenna 

normally conditioned to have energy ap- 

plied thereto by said transmitting channel, 

means responsive to voice currents entering 

a transmitting antenna. 

normally -conditioned to have energy. ap- . 

said transmitting channel to disable said 

receiving channel, means to delay. the trans- 

mission of said voice currents to said:radio 

transmitting apparatus until said: receiving 

channel has been disabled, means: respon- 

sive to voice currents detected. in. the recelv- 

ing channel for disabling said. transmitting 

channel, and means to delay the transmis- 

sion of voice currents to said telephone line 

until said’ transmitting channel has been 

disabled. 
13. A two-way signaling system compris- 

ing two paths adapted for transmission 17. 

opposite directions between two stations, 

means connecting said paths in energy flow 

relation at each station, means in one path 

to render it normally inoperative for trans- 

mission, means in the other path for render- 

ing it normally operative for ‘transmission, 

means whereby signal conveying energy “im- 

pressed on one of said paths renders the nor- 

mally inoperative path operative for trans- 

mission and the normally operative path in- 

operative for transmission, and.a delay cir- 

cuit adapted to: delay: the round-trip rans- 

mission of echo currents until said. operative © 

path has been. made inoperative. 

14. In combination, a loop transmission 

path, 
of one signal. characteristic over a portion 

of said loop, means for transmitting signal 

waves having a different signal character- 

istic over the remaining portion of said 

loop, biased circuit closers: normally respec- 

tively rendering one. portion operative and 

the other portion inoperative, signal control 

means whereby. transmission over .the. ‘nor- 

mally inoperative portion actuates said cir- 

cuit closers to their respectively alternate 

positions, and: a delay: circuit: in said nor- 

mally inoperative portion for 

echo and singing effects while both of said 

portions are momentarily in operative con- 

dition. « ; po es : 

15. A four-wire radio signaling system 

comprising a two-wire branch having radio 

transmitting apparatus associated therewith, 

4 second. two-wire branch having radio. re- 

ceiving apparatus . associated therewith, 

means to interconnect said branches at the 

ends remote from said radio apparatus, 

means normally rendering one branch opera- 

tive for transmission, means normally ren- 

dering the other branch inoperative for 

transmission, and signal responsive means 

for substantially .simultaneously rendering 

said normally operative branch inoperative 

preventing © 

s 
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means for transmitting ‘signal waves — 
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and said normally inoperative branch opera- 

tive for transmission. : 

16. A four-wire radio signaling system 125 

comprising a two-wire branch having radio 

transmitting apparatus associated therewith, 

a second two-wire branch having radio re- 

ceiving. apparatus associated therewith, 

means to interconnect said branches at the 130
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ends remote ‘from’ said radio ‘apparatus, 
means normally rendering one branch opera- 
tive for transmission, means normally ren- 
dering the other branch inoperative: for 
transmission, and means responsive to signal 
conveying currents transmitted over the nor= 
mally inoperative ‘branch ‘for substantially 
simultaneously rendering said normally op- 
erative branch inoperative and said normally 
inoperative branch operative ‘for transmis- 
sion. 
AT A four-wire -vadio signaling system 
comprising a two-wire branch having radio 
transmitting apparatus associated therewith, 
a second .two-wire branch having: radio re- 
ceiving apparatus associated ‘therewith, 
means ‘to. interconnect said branches at the 
ends -remote from. said radio. apparatus, 
Ineans normally rendering one branch op- 
erative for transmission, means normally 
rendering the other branch inoperative for 
transmission, ‘signal . responsive. means. for 
substantially simultaneously. rendering said 
normally operative path inoperative and said 
normally inoperative path. operative for 
transmission, and means for preventing the 
round-trip transmission of echo currents 
over the loop: constituted by said four-wire 
circuit, during. the operation of -said signal 
operated means. ~~ ; . 

18. A’ four-wire radio. signaling system, 
“comprising a two-wire branch having vadio 
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transmitting: apparatus associated therewith, 
asecond two-wire branch having radio re- 
ceiving’ apparatus associated therewith, 
means to: interconnect said branches ‘at the 
ends.remote. from said. radio. apparatus, 
means. normally rendering one branch ‘oper- 
ative for transmission, means normally ren- 
deving ‘the other branch inoperative. for 
transmission, means responsive to signal con- 
veying currents transmitted over the nor- 
mally inoperative ‘branch. for substantially 
simultaneously rendering said normally ‘op- 
erative branch inoperative, and said normal- 
ly inoperative’ branch operative for trans- 
mission, and means for preventing the 
round-trip: transmission of echo . currents 

. over the loop constituted by said four-wire 

1,678,672 

circuit during the operation of said signal 
operated means. - . oO : 

19. A. four-wire radio signaling system 
comprising a two-wire branch having radio 

50 

transmitting apparatus associated therewith, * 
a second two-wire branch having radio re- 
ceiving apparatus associated’ therewith, 
means to interconnect. said branches at the 
ends: remote from: said radio . apparatus, 
means. normally rendering one branch op- 
erative -for transmission, means normally 
rendering the other branch inoperative. for 
transmission, signal responsive means: for 
substantially: simultaneously rendering said 
normally operative path inoperative and © 
said normally inoperative path operative for 
transmission, and: delay circuit means for 
preventing round-trip transmission-of echo 
currents over the Joop constituted by said 
four-wire circuit during the’ operation of °~ 8 . cas 

said signal operated means. 
20. A four-wire radio signaling system 

comprising a two-wire branch having radio 
transmitting apparatus associated therewith, 
a. second two-wire branch having radio re- 
ceiving apparatus: associated | therewith, 
means to interconnect said branches at the 
ends remote from said. radio apparatus, 
means normally rendering one branch op- 
erative for transmission, means normally 
rendering the other branch: inoperative for 
transmission, means responsive to signal con- 
veying currents. transmitted over the nor- 
mally inoperative branch for substantially 
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simultaneously rendering ‘said normally. op- <’ 
erative branch inoperative, and said normal- 
ly inoperative branch operative for trans- 
mission, and delay circuit means for prevent- 
ing round-trip transmission of echo currents 
over the loop constituted.by said four-wire 
circuit during the operation. of ‘said signal 
operated means. ee a 

In testimony whereof, we have signed our 
names to this specification this 17th day of 
April, 1924. we a 

LLOYD ESPENSCHIED. _ HERMAN A. AFFEL.. 
CLIFFORD N. ANDERSON. - 
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