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This invention relates to electrical circuits, and 
Ore particularly to such circuits for the auto 

matic duplex operation of a radio telephone or 
telegraph terminal, including a radio transmitter 

5 and receiver, in which only one or the other of 
these devices is operative, at any one time, and 
in which voice currents control the operation of 
the Switching devices for transferring from "re 
ceive' to 'transmit' and vice versa. 
Many such arrangements have been proposed 

in the past, which have depended for their op 
eration upon the use either of electromagnetic 
relays, controlled by vacuum tubes, or upon the 
use of vacuum tubes as switching elements. The 
latter have the disadvantage of not cutting off 
sharply, and of requiring fairly large inputs. 
The use of vacuum tubes also leads to somewhat 
complicated circuit arrangements, owing to their 
limited power capacity. The use of vacuum tubes, 
however, has a definite advantage over the use 
of tube controlled relays, as the speed of opera 
tion of the vacuum tube device can be made very 
much higher than the possible speed of relay op 
eration. - 

One of the objects of this invention is to pro 
vide means for accomplishing the switching op 
eration from “receive” to “transmit” and vice 
versa by the use of gas-filled thermionic dis 
charge tubes. Such tubes have the property of 

30 extremely rapid operation, requiring only from 
one to ten microseconds to pass from the non 
conducting to the conducting state. They are 
also capable of passing considerable arc currents, 
as compared with vacuum tubes of equal size and 
cathode consumption, and furthermore pass dis 
continuously from the non-conducting to the 
conducting state, - 

Other objects and features of this invention 
may be understood more fully from the following 
description - together with the appended draw 
ings, in the Figs. 1, 2 and 3 of which the inven 
tion is illustrated. 

Figure 1 is a circuit diagram showing a pre 
ferred form of the invention. Figs. 2 and 3 are 
modifications of the invention. Similar refer 
ence characters have been used to denote like 
parts in all of the figures. 

Referring to Fig. 1, reference character 1 indi 
cates a telephone: transmitter or microphone, 
which is supplied with current by battery 2, 
through the primary of transformer 3, the sec 
ondary of which delivers the microphone output 
to amplifier 4. The output of amplifier 4 is con 
nected to modulator 22 over conductors 26 and 
27. Conductors 5 and 6 connect conductors 26 
and 27 to conductors 8 and 9, through a selective 
network 7, tuned to 1300 cycles. This device has 
been indicated in dotted lines in the drawings, as 
it is not essential to the operation of the circuit 

60 and may be omitted. It is, however, useful in 
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reducing the possibility of false operation due to 
noise. Conductors 8 and 9 are connected to the 
primaries of transformers 33 and 42. The sec 
Ondary of transformer 33 is connected to the 
grid of gas-filled thermionic tube 31 through 
current limiting resistance 34. Grid bias to the 
grid of tube 31 is obtained from battery 37. Con 
densers 35 and 36 prevent high frequency tran 
sients or radio frequency disturbances from 
reaching the grid of tube 31. The cathode of 
tube 31 is connected to the plate circuit of the 
control amplifier comprising tubes 13 and 14 by 
Conductor 20, while the anode of tube 31 is con 
nected to conductor 30 and this is in turn con 
nected to the positive terminal of high tension 
rectifier and filter 28 of a type well known in the 
art, which Supplies plate voltage over conductor 
60 to the vacuum tubes. Of the radio transmitter 
apparatus comprising oscillator 10, amplifier 11, 
modulator 22 and the power amplifier apparatus 
23. The anode Supply of tubes 13 and 14 Will 
thus be opened if there be no arc in tube 31, and 
closed if there be an arc in the aforesaid tube 31. 
The radio transmitter is made up of oscillator 10 
which is connected to amplifier 11. Amplifier 11 
in turn is connected through tuned transformer 
12 to the grids of tubes 13 and 14. Battery 61 
Supplies filament current to these tubes, while 
battery 15 furnishes grid bias. This amplifier is 
neutralized by condensers 16 and 17 in the man 
ner well known in the art. The output of tubes 
13 and 14 is connected to the primary of trans 
former 19, tuned by condenser 18, while the sec 
Ondary, tuned by condenser 21, delivers the am 
plified carrier to modulator 22, which in turn 
delivers modulated carrier to the power amplifier 
and output circuits 23, and thence to transmitting 
aerial 24 and ground 25. Evidently, if there be 
no arc in tube 31, and hence no plate voltage on 
tubes 13 and 14, no carrier will be supplied from 
oscillator 10 and hence none radiated. 
Incoming signals will be received by antenna 

57 and ground 58, and after amplification and 
detection in receiver 56, the signals will be trans 
mitted to receiver 59. The plate battery supply 
to the radio receiver is obtained over conductor 
50, through the filter composed of inductance 51, 
and condensers 52 and 53, and over conductor 54 
to the receiver. Conductor 50 is supplied with 
voltage from the tap on potentiometer resistance 
41, through which current will flow from rectifier 
28 and the arc path of tube 32, when an arc exists 
therein. When there is no arc in this tube, 32, 
plate voltage is removed from the radio receiver 
56 and the receiving side of the circuit is thus 
disabled. 

It will thus be seen that this combination of 
transmitter and receiver will be arranged to 
transmit or receive, respectively, according to 
whether an arc is established in tube 31 or 32. 
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2. 
The cathodes of these two tubes are intercon 
nected through condenser 40, so that starting of 
an arc in one will extinguish the arc in the other, 
due to the voltage surge transmitted through 
condenser 40, in the manner Well known in the 
art. , 

The control of tubes 31 and 32 is accomplished 
in the following manner: Consider first that sig 
nals or speech are being received, and that there 
is no input to microphone 1. An arc existS in 
tube 32. This represents the normal state of the 
station. If now speech energy is applied to 
microphone 1, amplifier speech currents will be 
applied to conductors 8 and 9 through trans 
former 3, amplifier 4, conductors 26, 27, con 
ductors 5, 6, through selective circuit il, if used, 
to conductors 8 and 9. The first impulse of 
speech voltage applied to the grid of tube 31 Will 
cause an arc to strike therein, supplying plate 
voltage to tubes 13 and 14 and starting the trans 
mitter. Owing to the high speed of operation of 
tube 31, this will not cause any serious or ap 
preciable clipping of the initial syllables. The 
striking of the arc in tube 31 raised its cathode 
suddenly to a positive potential Only 20 voltS or 
less below that of conductor 30. This surge 
transmitted through condenser 40 raises the 
cathode thereof to a high positive potential, 
reversing the voltage across the tube 32 and 
stopping the arc therein. 
At the same time, speech currents applied t 

transformer. 42 over conductors 8 and 9 will be 
rectified in rectifier 43 and operate relay 44, 
which will in turn operate relay 46, and apply 
the high negative bias from battery 47 to the 
grid of tube 32, over conductor 48, holding this 
tube in a non-arcing condition before the charge 
on condenser 40 has leaked off. 
Upon the cessation of the speech or signal in 

put to transformers 33 and 42, relay 44 will 
release. After a slight delay or "hangover', which 
has been found desirable in Systems of this type, 
relay 46 will release, removing the bias from the 
grid of tube 32 and restoring this grid to Zero 
potential with respect to the cathode of the afore 
said tube. An arc will immediately strike there 
in, and in the same manner will send a positive 
surge into the cathode of tube 31, suppressing 
the arc therein, and so stopping the radiation 
of carrier. Potentiometer resistance 41 maintains 
the load constant on rectifier 28, avoiding volt 
age fluctuation, and at the same time plate volt 
age is reapplied to receiver 56 from the tap of 
poteniometer resistance 41. - - - 

With the arrangements thus far described at 
both terminals of a radio telephone circuit, au 
tomatic duplex operation will be obtained. But 
if a subscriber at one station attempts to inter 
rupt the subscriber at the other, he will transfer 
his station to the transmitting condition, while 
the other station remains in the transmitting 
condition also, so long as the subscriber thereat 
goes on talking. The circuit will thus be broken 
without the knowledge of either subscriber. 
This may be avoided by the arrangement in 

dicated in Figs. 2 and 3. Fig. 2 illustrates the 
arrangements for one terminal with the addition 
of the transmitter input cut-off unit 63, the 
details of which are shown in Fig. 3. The same 
reference characters have been used as in Fig. 
1 to indicate the same circuit elements as those 
in Fig. 1. Reference characters 61 indicates on 
Fig. 2 the stage of amplification composed of 
tubes 13 and 14, together with their associated 
devices, shown on Fig. 1, while reference charac 

1,935,744 
ter 67 refers to the gas-filled tubes 31 and 32 
of Fig. 1, together with their associated devices. 
Fig. 2 differs from Fig. 1 by the addition of con 
trol element 63, bridged across conductors 65 
and 66, which connect telephone receiver 59 to 
radio receiver 56. A selective network 77, pass 
ing 1300 cycles, may be interposed between con 

80 

ductors 65, 66 and control circuit 63, to reduce 
the Sensitivity of the latter to noise frequencies. 

Control circuit 63 is similar to 67, and is ar 
ranged to open the circuit by removing plate 
voltage from one stage of amplifier 4 when speech 
Or signals are being received from radio receiver 
56. This prevents speech input to microphone 
1 from switching off the receiver and placing 
the transmitter in operation when signals are 
being received, but releases, after a short delay 
or "hangover', when signals are not being re 
ceived. - 

The detailed circuit of control device 63 and 
its aSSociated apparatus is shown in Fig. 3. Con 
ductors 65 and 66 carry the output of the radio 
receiver. When currents are present in these 
conductors as when signals are being received, 
alternating voltage is applied to conductors 78 100 
and '79. Device 77 consisting of a selective net 
Work passing only a band of currents having 
frequencies within a few hundred cycles range, 
about 1300 cycles as a center, together with an 
amplifier if required, may be utilized to decrease 105 
the sensitivity of the control device to noise 
Cr static, while the amplifier may be needed to 
raise the energy level to a sufficient value, if 
the receiver output is not already at a high level. 
Conductors 78 and 79 apply alternating voltage 110 
to the grid of gas-filled tube. 83, through trans 
former 75, and also to rectifier 90 through trans 
former 76. When there are no signals being re 
ceived and hence no input to tube 83 or recti 
fier 90, relay 89 will be released and there will 115 
be no grid bias on the grid of gas-filled ther 
mionic tube 86. An arc will strike in this tube 
and Supply. Space current to vacuum tube 4, from 
the positive terminal of anode battery 64, to and 
through the arc path of tube 86 to conductor 62120 
to and through the primary of transformer 92 
to the plate of tube 4. The input circuit from 
microphone to modulator will therefore be op 
erative and input to the microphone will operate 
the circuit previously described to render the 125 receiver inoperative. 

If, however, signals are received when the in 
put circuit to the transmitter is not energized, 
the input to tube 83 as hereinbefore described 
will cause an arc to strike therein. The positive 
surge transmitted from the cathode of tube 83 
to that of tube 86 when current starts to flow 
through tube 83 and resistance 88 will raise the 
cathode potential of tube 86 to such a value that 
the arc therein will be extinguished, so inter rupting the plate supply of vacuum tube 4, pre 
venting speech or signal input from reaching the 
modulator or the transmitting control circuit. 
The transmitter circuit is thus rendered inoper 
ative. At the same time, the signal input to 
rectifier 90 has been rectified therein and caused 
slow release relay 89 to operate, and this will 
occur before the charge on condenser 93 has been 
able to leak off. When relay 89 operates it places 
a high negative bias from battery. 87 on the grid 
of tube 86, so that this tube will be held inoper 
ative until signals have ceased to be received and 
relay 89 has had time to release. When this oc 
curs, the grid of tube 86 is reduced to zero bias 
by the release of relay 89 and an arc strikes in 150 
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1,935,744 
this tube. This restores plate current to tube 4 
and also extinguishes the arc in tube 83, due to 
the Surge sent through condenser 93. It is, 
therefore, impossible with the complete arrange 
ment shown in Figs. 2 and 3 at both terminals to 
produce a lockout whereby both receivers are 
Simultaneously disabled. 
While this invention has been described with 

regard to a particular embodiment thereof which 
is intended for use in radiotelephone systems, it 
is obviously capable of many other applications, 
particularly to carrier or voice frequency teleph 
ony or telegraphy over wire lines. It is to be 
understood that this invention is not limited to 
the specific arrangement described, but includes 
any and all organizations falling within the scope 
and Spirit of the appended claims. 
What is claimed is: 
1. A Station comprising a radio transmitter 

and a radio receiver, a circuit for impressing sig 
nails on said transmitter, a source of voltage for 
operating Said transmitter and said receiver, a. 
normally operated gas-filled discharge tube, 
means for extending a circuit from said source 
to said receiver over the cathode-anode circuit 
of Said normally operated tube, a normally un 
Operated gas-filled discharge tube connected to 
said first nentioned circuit and operated by sig 
nals transmitted over said circuit to said trans 
mitter, means for extending a circuit from Said 
Source to Said transmitter over the cathode-anode 
circuit of said normally unoperated tube when 
operated, and means controlled by the opera 
tion of either of said tubes for deemergizing the 
other of Said tubes. 

2. A station comprising a radio transmitter 
and a radio receiver, a circuit for impressing sig 
nals on said transmitter, a source of voltage for 
operating said transmitter and said receiver, a 
normally operated gas-filled discharge tube, 
means for extending a circuit from said source 
to said receiver over the cathode-anode circuit of 
said normally operated tube, a normally unoper 
ated gas-fillied discharge tube connected to Said 
first mentioned circuit and Operated by Signals 
transmitted over said circuit to said transmitter, 
means for extending a circuit from Said source to 
Said transmitter over the Cathode-anode circuit 
of Said normally unoperated tube when operated, 
means controlled by the operation of said last 
mentioned tube for deemergizing Said first tube, 
and relay means operated by the signals trans 
mitted to said transmitter for maintaining said 
first tube in a "deenergized condition. 

3. A station comprising a radio transmitter 
and a radio receiver, a circuit for impressing sig 
nals on said transmitter, a source of voltage for 
operating Said transmitter and Said receiver, a 
normally operated gas-filled discharge tube, 
means for extending a circuit from said source to 
said receiver over the cathode-anode circuit of 
said normally operated tube, a normally unoper 
ated gas-filled discharge tube connected to said 
first mentioned circuit and adapted to be oper 
ated by signals transmitted over said circuit to 
said transmitter, means for extending a circuit 
from Said Source to Said transmitter Over the 
cathode-anode circuit of said normally unoper 
ated tube when operated, and a condenser con 
nected between the cathodes of Said tubes where 
by the discharge of one tube will apply through 
said condenser to the cathode of the other tube 

3 
a potential of such valve as to prevent it from 
discharging. 

4. A station comprising a radio transmitter in 
cluding vacuum tube amplifying apparatus and 
a radio receiver including vacuum tube amplify 
ing apparatus, a circuit for impressing signals on 
Said transmitter, two gas-filled discharge tubes, 
the first of Said tubes being normally in an op 
erated condition, the Second of said tubes being 
normally unoperated but connected to said first 
mentioned circuit and adapted to be operated by 
Signals transmitted over Said circuit to said radio 
transmitter, means controlled by the operation. 
of Said first tube for applying an operating volt 
age to the plate circuit of the vacuum tube am 
plifying apparatus of said receiver, means con 
trolled by the operation of said second tube for 
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applying an Operating voltage to the plate cir 
cuit of the vacuum tube amplifying apparatus of 
said transmitter, and means for so interconnect 
ing said tubes that the operation of one will block 
the operation of the other. 

95 

5. A station comprising radio transmitter ap- - 
paratus and radio receiver apparatus, a local 
transmitting circuit for transmitting signals to 
Said transmitter, a local receiving circuit for re 
ceiving Signals from said receiver, a normally 
Operated gas-filled discharge tube and means 
controlled by Said tube when operated for main 
taining Said receiver in an operated condition, a 
normally unoperated gas-filled discharge tube 
and means controlled by said tube when oper 
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ated for causing said transmitter to be operative, 
means for connecting said last mentioned tube 
to said local transmitting circuit whereby said 
tube may be operated by the signals transmitted 
thereover, means controlled by the operation of 
either of Said tubes for causing the deenergiza 
tion of the other, and means controlled by the 
transmission of signals over said local receiving 
circuit for disabling Said local transmitting cir 
cuit. 

6. A station comprising radio transmitter ap 
paratus and radio receiver apparatus, a local 
transmitting circuit for transmitting signals to 
Said transmitter, a local receiving circuit for re 
ceiving Signals from Said receiver, a normally op 
erated gas-filled discharge tube and means con 
trolled by Said tube when operated for maintain 
ing Said receiver in an operated condition, a nor 
mally unoperated gas-filled discharge tube and 
means controlled by said tube when operated for 
causing Said transmitter to be operative, means 
for connecting Said last mentioned tube to said 
local transmitting circuit whereby said tube may 
be operated by the signals transmitted thereover, 
means controlled by the operation of either of 
Said tubes for causing the deenergization of the 
other, a Second normally operated gas-filled dis 
charge tube, means controlled by the operation 
of said tube for maintaining said local transmit 
ting circuit in an Operative condition and means 
controlled by the deemergization of said tube for 
disabling Said local transnitting circuit, a sec 
Ond normally unoperated gas-filled discharge 
tube, means for connecting said last mentioned 
tube to Said local receiving circuit whereby said 
tube may be operated by the signals transmitted 
thereover, and means controlled by the opera 
tion of either of said two last mentioned tubes 
for deenergizing the other. 

WILLIAM T. HOLDEN. 
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