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This inventhon relates to high frequency Com 
munication apparatus, and more particularly 
to that type of such apparatus, called duplex 
equipment, in which the transmission and re 
ception of signals is accomplished at the same 
carrier frequency. 
Duplex high frequency communication equip 

ment is frequently connected to telephone lines 
to transmit and receive signals over such lines. 
If the input of the high frequency transmitter 
and the output of the high frequency receiver 
are both connected to such a telephone line, some 
means must be provided to prevent oscillations 
caused by the transfer of energy from the out 
put of the receiver to the input of the transmitter 
and from the output of the transmitter to the 
input of the receiver. Hybrid coils are some 
times used for this purpose, between receiver 
Output and transmitter input, and Sometimes an 
arrangement is provided whereby the telephone 
line may be switched either to the transmitter 
or to the receiver. 

It is an object of my invention to provide a 
new and simplified high frequency communica 
tion system of such nature in which such a tele 
phone line may be connected permanently both 
to the transmitter input and to the receiver out 
put without the use of hybrid coils or a switch ing arrangement. 
According to my invention a switching ar 

rangement is provided whereby the transmitter 
is rendered operative only when signals are 
transmitted over the telephone line and the re 
ceiver is at the same time rendered inoperative 
so as to prevent oscillations by reason of the 
connection between the transmitter input and 
receiver output. The apparatus is also arranged 
to render the receiver operative and the trans 
mitter inoperative when high frequency signals 
are received by the receiver, similarly to prevent 
such oscillations. It is a further object of my 
invention to provide improved and simplified 
means for performing such switching in proper 
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the appended claims. My invention itself, both 
as to its organization and manner of operation, 
together with further objects and advantages 
thereof may best be understood by reference to 
the following description taken in connection 
with the accompanying drawings in which Figs. 
1a and 1b illustrate schematically an arrange 
ment embodying my invention. These figures 
are so arranged that the two drawings may be 
placed side by side, with Fig. 1d. at the left of 
Fig. lb, so that the whole forms a single system 
with several interconnections between the fliga 
TeS 

In Fig. 1b a high voltage power transmission 
line 0 is illustrated as connected at a particul 
lar station through a coupling capacitor f to a 
carrier current transmitter represented by rec 
tangle 2 and receiver represented by rectangle 
3, this transmitter and receiver being arranged 

respectively to transmit signals from and receive 
signals for a telephone hand set 4. Signals 
from the hand set 4 are caused to modulate a 
desired characteristic, such as the intensity, of 
a carrier wave in transmitter 2, which carrier 
wave is impressed on the transmission line () at 
that station through condenser , for reception 
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sequence and in reduced time such that no rio 
ticeable loss of signals occurs due to such switch ing. 
It is an additional object of my invention to 

provide such an improved and simplified high 
frequency communication system which is eas 
ily connected to telephone lines and which is 
especially adapted for use in providing carrier 
current communication over high voltage power 
transmission lines. 
The features of my invention which I believe 

to be novel are set forth with particularity in 
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at another station. Similarly, signals from such 
other station are impressed by coupling condens 
er on receiver 3 and demodulated to be re 
produced by the hand set 4. The coupling con 
denser , transmitter 2, receiver 3 and hand 
set 4 represent equipment similar to that at 
such other station. The remaining detailed por 
tions of Figs. 1a and lb represent such equip 
ment at such other station along the power line 
0. 
In such detailed portions of Fig. 1b, the trans 

mitter includes an electron discharge device 5, 
which acts as a master Oscillator, and a second 
such device 6, which acts as a power amplifier 
for the carrier wave, the output of the device 6 
being transferred through a tuning inductance 
7 and coupling condenser 8 to the power line 
0. The transmitter also includes electron dis 

charge amplifier devices 9, 20, 2 and 22 for 
amplifying signals from a telephone hand set 23 
and connected telephone line 24, and for modu 
lating the intensity of oscillations in the device 
6 in accordance with such signals. 
The receiver in Fig. 1b includes an electron 

discharge device 25, acting as a frequency con 
verter, an electron discharge device 26, acting 
as an intermediate frequency amplifier, a double 
diode rectifier 27 for demodulating carrier waves, 
received from the power line to through coupling 

  



2 
condenser 8 and tuning inductance and am 
plified through devices 25 and 26, The receiver 
also includes signal amplifier devices 28 and 29 
which, under certain conditions, amplify signals 
detected by the detector device 27 and transmit 
such amplified signals through the telephone line 
28 to the hand Set 23. 
The transmitter and receiver, so described, are 

SO arranged that they never operate simultane 
ously. The carrier Wave generated by the trans 
mitter therefore is never demodulated by the re 
ceiver, and the demodulated carrier intensity 
variations fed from the output of devices 28 and 
29 through the telephone line connections to the 
input of discharge device f9, so as to modulate 
the carrier Wave intensity in the same sense as 
the change of intensity which was detected by 
device 27, thus resulting in continuous Oscilla 
tion of the entire system. Control means, pro 
vided to prevent such oscillation, is effective to 
prevent the transmitter and receiver from Oper 
atting simultaneously. 
also arranged so as to be capable of operating 
with sufficient speed in response to the trans 
mission or reception of signals that no substan 
tial part of the beginning of Such transmission 
or reception is lost. 
In Fig. 1a the electron discharge amplifier 

device 30 amplifies signals from the hand set 
23 and energizes a vapor discharge device rep 
resented at 3 so as to initiate operation of 
the master oscillator device 5 and to prevent 
operation of the frequency converter device 25. 
Details of the manner in which this action is 
accomplished are set forth hereinafter. 
When signals are not present in the system 

from the hand set 23, the master Oscillator de 
vice (5 is inoperative and the frequency con 
verter 25 is operative. Under Such conditions 
an electron discharge device 32 in the receiver 
is effective upon the reception of a signal by the 
receiver to make the amplifier devices 28 and 
29 operative, these devices being normally inop 
erative, to transmit such received signal to the 
hand set 23. Such received signal is simultane 
ously detected by a diode rectifier 33 in Fig. 1d. 
and is amplified by a continuous potential am 
plifier device 34 to prevent the vapor discharge 
device 3 from operating. In consequence, re 
ception of signals by the receiver is effective to 
prevent operation of the transmitter, and at the 
same time opens up the channel from the receiver 
to the hand set 23. 
The master oscillator of the transmitter illus 

trated in Fig. 1b, which includes the discharge 
device 5, is arranged to be rendered operative 
or inoperative by switching means in Fig. 1d. 
This switching means is connected between 
ground and a conductor 40, a Cathode biasing 
resistance 4 being connected between the con 
ductor 40 and the cathode 42 of device 5. A 
bypassing condenser 43 is connected between the 
cathode 42 and ground, to maintain cathode 42 
at ground potential for high frequency currents. 
The master oscillator circuit in Fig. 1b in 

cludes an inductance 44 which has one terminal 
connected to the anode 45 of the oscillator dis 
charge device 5, and the other terminal coupled 
through a suitable coupling condenser 49 to the 
control electrode 46 of device 5. A tuning 
condenser 39 is connected in shunt to the in 
ductance 44, thereby forming a resonant cir 
cuit 39, 44 tuned to the frequency at which the 
oscillator operates. An intermediate tap 38 of 
the inductance 44 is connected to a positive 

This control means is 

O 

20 

25 

30 

40 

55 

60 

70 

75 

2,330,598 
voltage tap of a source 47 of operating poten 
tial, whose negative terminal is connected to 
ground. A grid leak resistance 8 is connected 
between the control electrode 46 and cathode 
42 of device 5. 
Whenever conductor 50 is connected to ground, 

the tuned circuit 39, 84 is thus arranged so as 
to maintain alternating potentials of opposite 
phase and of the desired frequency on the an 
ode 45 and control electrode 46 of device S. 
The above mentioned switching means con 
nected to conductor 40 is arranged, when it does 
not connect conductor 40 to ground to impress 
a positive potential thereon of Such magnitude 
as to make the cathode 42 positive in potential 
with respect to ground by an amount at least 
within ten volts of the positive potential applied 
to the second, or screen, electrode 3 of device 
5. This electrode 37 is connected to a suit 
able tap 36 of source 47 of substantially less 
positive potential than the tap to which the 
anode 45 is connected. When such a positive potential is impressed 
on the cathode 42 and correspondingly on the 
control electrode 86 to which cathode 42 is con 
nected by resistance 68, oscillations Smoothly die 
out as the potential of the cathode 42 becomes 
more positive, such action taking place within a 
time determined by the sizes of resistance 4 
and condenser 43. 

For optimum oscillation of an oscillator, the 
screen electrode and anode of the discharge de 
vice are supplied with positive potentials hav 
ing a more or less fixed relation therebetween. 
By the arrangement described above, in which 
the cathode 42 is made less negative with respect 
to the screen electrode 37 and anode 45 of de 
vice f 5, this relation between screen electrode 
voltage and anode voltage of the discharge de 
vice is substantially undisturbed, while the Oscil 
lation intensity is smoothly decreased by the 
smooth decreasing of anode voltage and mutual 
transconductance of the discharge device. 

It is of much value to provide such smooth de 
crease in oscillation intensity of the discharge 
device 5 whenever positive potential is applied 
to the conductor 40, to reduce the carrier fre 
quency surges impressed on the power line O 
and consequently on all carrier current receiv 
ers connected thereto. Abrupt stoppage of the 
oscillations produced by device 5 would be pro 
-duced if the negative bias potential between con 
trol electrode 46 and cathode 42 were increased, 
even if this increase took place very slowly, 
which abrupt stoppage is avoided by changing 
the relation between the voltage of cathode 42 
and the voltages of the screen electrode 3 and 
anode 45 as described. 

Oscillations produced by the device 5 in the 
tuned circuit 39, 44 are impressed on the con 
trol electrode 50 of the amplifier device 6 
through a serially connected condenser 6 and 
resistance 62. The device 6 is suitably con 
nected to amplify such oscillations, thereby pro 
ducing amplified OScillations across the induct 
ance 63, connected between the anode 64 of de 
vice 6 and a tap 65 on the secondary of the 
transformer 66, to be described hereinafter. One 
terminal of the secondary of transformer 66 is 
connected to the positive tap of the source 47 to 
which tap 38 of inductance 44 is connected, 
whereby operating current is supplied to the de 
vice f6. Amplified oscillations appearing across the in 
ductance 63 are coupled through a condenSer 67 
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to a tuned circuit 68, from which such Oscilla 
tions are transmitted through the tuning in 
ductance and coupling condenser 8 to the powerline (). 
The intensity of Oscillations from the Oscillat 

ing discharge device 5 is modulated in the am 
plifier device 6 in accordance with signals from 
the hand set 23 by reason of the fact that such 
signals, after amplification through the discharge 
devices 9, 20, 2 and 22 are impressed on the 
transformer 66, through the secondary of which 
discharge current for the device 6 flows. The 

O 

telephone line 24 connected to the hand set 23 . 
is connected across the primary of a transformer 
0, across the secondary of which a voltage di 

viding resistance is connected. The first Con 
trol electrode 2 of the device 9 is connected to 
an adjustable tap 73 on the voltage dividing re 
sistance if, and one terminal of the resistance 

is connected through a by-passing condenser 
4 to the cathode 5 of device 9. 
The same terminal of the resistance 7 is also 

connected to the third, or gain control, electrode 
76 of the device 9, and through two serially con 
nected resistances 7 and 78 to ground. The 
cathode 75 is connected through a biasing resist 
ance 80 to ground, a by-passing condenser 8 be 
ing connected in shunt to the resistance 80. A 
by-passing condenser 82 is connected in shunt to 
the resistance 78 to prevent voltage changes. On 
resistance 8 from occurring rapidly. When 
voltage changes occur across the resistance 18, 
the gain of the device 9 is varied by reason of 
the fact that the average bias potential on the 
control electrodes 72 and 76 is changed. 

Discharge current for the device f 9 is supplied 
to the anode 83 thereof through a resistance 84 
from a suitable tap 85 on the source 47 of Oper 
ating potential. Woltage across resistance 84 is 
impressed on the control electrode 86 of device 
20 through a coupling condenser 87, electrode 
86 being connected to ground through a resist 
ance 88. The cathode 89 of device 20 is con 
nected to ground through a resistance 90, the 
flow of discharge current through such resist 
ance providing suitable operating bias potential 
for the control electrode 86. 

Discharge current for the anode 9 of device 
20 is supplied through a resistance 92 from the 
tap 85 of source 47. Similarly, discharge cur 
rent for the other anode 93 of device 20 is sup 
plied thereto through a resistance 94 from the 
tap 85. The other cathode 95 of device 20 is 
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nals from the hand set 23 and to modulate the 
discharge current Supplied from source 4 to the 
carrier wave amplifier 6 in accordance there 
with. To increase the fidelity of such amplifica 
tion, a resistance 2 is coupled through a cou 
pling condenser between the anode 09 of 
device 2 and the cathode 89 of device 20. The 
resistance 2 is made as small as possible with 
out causing Oscillation in the amplifier, in Order 
to produce a maximum amount of degeneration 
from the output of the push-pull stage including 
devices 2 and 22 to the input of the device 20. 
Such degeneration is well known to increase the fidelity of amplification of an amplifier. 
In order to limit the amount of modulation of 

discharge current supplied to the device f6 below 
a predetermined value such that this discharge 
current for the device 6 never approaches zero, 
the cathode 20 of a rectifier 9 is connected to 
that terminal of the secondary of transformer 
66 opposite the terminal which is connected to 
the source 47 of operating potential. The anode 
2 of the rectifier 9 is connected through a 

resistance 22 to a point between the resistances 
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connected to ground through a biasing resistance . 
96 by-passed by a suitable condenser 97, the con 
trol electrode 98 which cooperates with the anode 
93 and cathode 95 being connected to ground 
through a suitable resistance 99. 
The discharge devices 2 and 22 are connect 

ed in push-pull relation, their respective control 
electrodes 00 and of being coupled respective 
ly to the anodes 9 and 93 of device 20 through 
condensers 02 and 103. The control electrodes 
OO and O are respectively connected to the 

control electrode 98 of device 20 through resist 
ances 04 and fo5. The respective cathodes 06 
and 07 of the devices 2 and 22 are connected 
together and to ground through a suitable bias 
ing resistance 08. The anodes 09 and 0 are 
connected to the respective terminals of the pri 
mary of transformer 66, the center tap of such 
primary being connected to the positive terminal 
of source 47 thereby to supply discharge current 
for the operation of the devices 2 and 22. 
So connected the amplifier acts to amplify sig 
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7 and 78, described above in connection with the 
device 9. The resistance 22 and the condenser 
82 together form a low pass filter circuit, so that 
when the rectifier 9 passes current, such cur 
rent being passed only during alterate half cycles, 
a continuous potential appears across the re 
sistance 8. 
This modulation control circuit is described and claimed in the copending application of 

George M. Brown, for Modulation control sys 
tems, Serial No. 346,947, filed July 23, 1940, and 
assigned to the same assignee as the present ap 
plication. Its operation depends on the fact that 
the continuous potential from the source 4 is 
impressed with equal intensity on the cathode 
20 of the rectifier 9 and the anode 64 of the 

device 6, while the amplified signal potential 
is impressed on the cathode 20 with greater in 
tensity than on the anode 64, on account of the 
autotransformer action of the secondary of trans 
former 66. Accordingly, when the peak intensity 
of the amplified signals reaches a predetermined 
percentage of the continuous potential, the rec 
tifier 9 conducts and reduces the gain of the 
discharge device 9. 
The transmitter described is effective, when 

the conductor 40 is grounded, to generate carrier 
waves which are transmitted over the power line 
O, and to modulate such carrier waves in ac 

cordance with signals from the hand set 23. 
When the transmitter is inoperative, that is, 
When the conductor 40 is not grounded, carrier 
waves may be received over the powerline to and 
demodulated by the receiver, the demodulated 
signals being supplied to the hand set 23. 
Such carrier waves coming from a distant sta 

tion over the power line 0 and through the Cou 
pling condenser 8 and tuning inductance , are 
impressed across a voltage dividing resistance 
30, to which the receiver is connected. A re 

sistance 3 and a vapor discharge device 32 
are connected serially between an adjustable tap 
33 of the resistance 30 and ground. The val 
por discharge device 32 is of the type through 
which a discharge current passes only after a 
voltage greater than a critical value has been 
applied to the electrodes, and which has very 
low resistance once such discharge current 
passes. The device 32 acts to prevent large car 
rier wave voltages, as from the power amplifier 
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device 6, from being impressed on the frequency 
converter device 25. 

Carrier voltage across the device 32 is im 
pressed through a doubly tuned circuit 34 be 
tween the third or signal control electrode 35 
of the Converter device 25 and ground. The Con 
verter device 25 is arranged, in well known fash 
ion, to generate, in conjunction with suitable 
tuning and coupling circuits 36, a local oscilla 
tion, and to heterodyne such local oscillation with 
the signal wave on the control electrode 35 and 
thereby produce a wave of intermediate fre 
quency. For example, it has been found desirable 
in certain instances, where the wave impressed 
on the tuned circuit 34 may be within the range 
from 50 to 50 kilocycles, to use a local oscilla 
tor circuit 36 tunable between 225 and 325 kilo 
cycles and a fixed intermediate frequency of 175 
kilocycles. Coupled circuits 40 and 4, tuned to 
this fixed frequency, are arranged to transfer the 
output of converter device 25 to the control elec 
trode 42 of device 26. Additional fixed tuned 
circuits 43 and 44 are arranged to transfer the 
amplified oscillations of such fixed frequency 
from device 26 to the rectifier, or detector de 
vice 27. The detector 27 has two separate diodes, re 
spectively including cathode 50 and anode f5 
and cathode 52 and anode f53, which perform 
two separate functions. The first diode includ 
ing cathode 50 and anode 5 rectifies the am 
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plified carrier wave from tuned circuit 44, when 
the intensity of that wave is above a predeter 
mined value, and produces a continuous poten 
tial for automatic volume control purposes. The 
other diode including cathode 52 and anode 53 
rectifies the carrier Wave from the tuned circuit 
44 to produce audible signals. 
In the first of these diodes, the cathode 50 

is maintained at a positive potential with respect 
to ground by a connection from the cathode 50 
to a positive voltage tap 54 on a source 55 of 
potential, whose negative terminal is grounded. 
The anode 5 is coupled by a condenser 56 to 
one terminal of the tuned circuit. 44, the other 
terminal of circuit 44 being grounded. The 
anode 5 is connected through two serially con 
nected resistances 57 and 58 to ground, the re 
sistance 58 being by-passed for high frequency 
currents by condenser 59. 
The resistance-condenser combination 57, 

58, 59 serves as a low pass filter, so that volt 
age variations across resistance f 58 correspond 
only to variations in the average carrier wave 
intensity. The control electrodes 35 and 42, 
Which are connected respectively through tuned 
circuits 34 and 4, are connected through such 
circuits to ground through the resistance 58. 
When the carrier Wave in the tuned circuit 44 
is Sufficiently intense to cause the anode 5 and 
cathode 50 to conduct current, a negative volt 
age With respect to ground is developed across 
the resistance 58, which increases the nega 
tive bias potential on the control electrodes 35 
and 42 with respect to their respective cath 
Odes, SO that the gain of the discharge devices 25 
and 26 is reduced. 

In order that the other diode in the rectifier 27 
shall function to detect audible signals modul 
lated upon the carrier wave from tuned circuit 
44, the anode 53 is coupled to the ungrounded 
terminal of the tuned circuit 44 through a con 
denser 60, and the cathode 52 is coupled to 
ground through a similar condenser 6. Four 
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connected in that order between the anode 53 
and cathode 52. Each of the resistances 63 
and f 64 is by-passed for currents of carrier fre 
quency by condensers 66 and 67, respectively, 
and a point between these two resistances 63 
and 64 is connected to ground. Audible sig 
nals appear across the resistances 63 and 64 
in push-pull, or balanced, relation. 
The balanced signal voltages across the re 

Sistances 63 and 64 are amplified through de 
vices 28 and 29, which are connected in push 
pull or balanced relation. The cathodes 70 and 
7 of the devices 28 and 29 are connected to 

gether, and through a resistance 72 to a posi 
tive voltage tap 73 on the source 55. The re 
Spective control electrodes 7s and 75 of the 
devices 28 and 29 are connected to adjustable 
tapS on voltage dividing resistances T6 and 77. 
One terminal of each of the resistances 76 and 
77 is connected through a resistance 78 to the 

tap 73 on the source f35 of potential. The re 
maining terminal of each of the resistances 76 
and f is connected respectively through cou 
pling condensers 79 and 80 to a point between 
resistances 62 and 63 and a point between re 
sistances 64 and 65, thereby impressing the 
detected signal voltages in push-pull relation be 
tween the control electrodes 74 and 75. 
The anodes 8 and 82 of the devices 28 and 

29 are connected to opposite terminals of the 
primary of a transformer 83, the center tap 
of the primary being connected to the positive 
terminal of the source 55. The secondary of 
transformer 83 is connected to telephone line 24 
to transfer signals amplified through the de 
Vices 28 and 29 to the hand set 23, where they 
are reproduced as sound, 
The device 32, which is arranged to prevent 

the transmission of energy through the devices 
28 and 29 to the hand set 23 when no carrier 
Wave is received by the receiver, is operated in 
accordance with the average potential developed 
across the resistance 63 in the diode detector 
circuit of the receiver. To this end, the cathode 
90 of the device 32 is connected to ground, and 
the control electrode 9 is connected to ground 
through a condenser 92, and through a resist 
ance 93 to a point between resistances 62 and 
63. The anode 94 of the device 32 is connect 
ed to a point between resistances 76, ITT and 
78, and is thus supplied with discharge cur 
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rent from the tap f 73 of source 55 of operat 
ing potential. A condenser 95 is connected in 
shunt to resistance 78 for a purpose to be ex 
plained in detail hereinafter. 
When a carrier wave is received by the re 

ceiver, a continuous potential appears across the 
resistance 63, such that the point between re 
sistances 62 and 63 is negative with respect 
to ground. This negative potential appears on 
the control electrode 9 of the device 32, which 
is so arranged that its discharge current is sub 
stantally cut off by the presence of this negative 
potential on its control electrode 9 with re 
Spect to the ground potential of its cathode 90. 
Although the discharge current of device 32 is 
cut off at a speed determined by resistance 193 
and condenser 92, the potential of anode 94. 
returns to the positive potential of tap f 73 of 
Source 55 at a speed determined by the re 
sistance 18 and condenser 95. This Speed is 
adjusted in a manner to be described here 
inafter. 
When the discharge current of device 32 is 

resistances 62, 63, 64 and 65 are serially 75 thus substantially cut off, substantially no p0 
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tential drop exists across resistance f8, and the 
circuit between the control electrodes 74 and 

5 of devices 28 and 29 and cathodes O and 
f thereof includes no differences of potential, 
except that across the resistance f72 occasioned 
by the flow of the discharge current of devices 
28 and 29 therethrough. This potential across 
the resistance f2 is adjusted to a value such as 
to provide a suitable operating bias for the 
control electrodes and 5. 
When the receiver is not receiving a carrier 

Wave, the potential across resistance 63 is re 
duced substantially, and the potential of control 
electrode 9 accordingly approaches the poten 
tial of Cathode 90 of discharge device 32. Con 
Sequently, discharge device 32 passes discharge 
Current and a potential drop appears across 
the resistance f8 at a speed determined by the 
anode to cathode resistance of the device 32 and 
by the size of condenser 95. That is, the speed 
with which voltage appears across the condenser 
95 is determined primarily by the resistance be 
tween the anode 94 and cathode 90 of device 
32, while the speed with which this voltage dis 
appears when the device 32 is cut off is deter 
mined primarily by the size of resistance 78. 
According to my invention, voltage should be 

built up across the condenser 95 to silence the 
output of devices 28 and 29 in the hand set 23 
more rapidly than this voltage is allowed to dis 
appear. In One case, for example, a device 32 
was used whose anode-cathode resistance was of 
such a value, and a condenser 95 was used of 
Such size; that, when voltage disappeared from 
resistance 63, sufficient voltage was built up 
acroSS Condenser 95 to silence the devices 28 
and 29 in about three milliseconds. 
The resistance 8 was made sufficiently large 

that it took about six milliseconds after reception 
of a carrier wave for the voltage to disappear 
from condenser 95 sufficiently to allow devices 
28 and 29 to reproduce signals in the hand set 
23. This delay in allowing the devices 28 and 
29 to reproduce signals is desirable in order to 
allow transients in the distant transmitter, in 
the power line, and in the receiver circuits to die 
out before energizing the hand set 23 from the re 
ceiver. Such transients are caused by the ex 
tremely rapid switching utilized in transmitters 
and associated equipment according to my in 
vention. The six milliseconds delay in energiz 
ing the hand set 23 from the receiver, added to 
the inevitable delay in starting the transmitter 
in response to signals to be transmitted is suff 
ciently short that the loss of even the beginning 
of the first syllable at the beginning of a trans 
mission is avoided. 
The condenser 92 in conjunction with the re 

sistance 93 serves to prevent very rapid changes 
in the conductivity of device 32, which might be 
Caused by noise pulses appearing across the re 
sistance 63 and lasting only for very short times. 
The low pass filter including resistance 93 and 
condenser .92 serves to prevent any voltage 
change on the control electrode 9 in response 
to such voltages of short duration, and thus to 
prevent false operation of the noise suppression 
circuit including the device 32 in response to such 
short voltage pulses. 

In addition to the above described means for 
Silencing the output of the receiver in the ab 
sence of the received carrier, additional means 
is provided to prevent operation of the transmit 
ter while a carrier wave is being received by the 
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receiver. When a carrier wave is received by 
the receiver so that a voltage of intermediate fre 
quency appears across the tuned circuit 44, this 
voltage is impressed across the rectifier device 
33 in Fig. 1a through a coupling condenser 200 
connected between the ungrounded terminal of 
tuned circuit 44 and the anode 2) of discharge 
device 33, the cathode 202 of device 33 being 
connected to ground by a condenser 203. A cir 
cuit for unidirectional current is provided be 
tween the anode 20 and cathode 202 through 
a pair of serially connected resistances 204 and 
205 connected between such anode' and Cathode. 
The resistance 205 is shunted by a condenser 206 
whose reactance is low at the intermediate fre 
quency to which tuned circuit 43 is resonant, 
but whose reactance is high at frequencies at 
which the intensity of the intermediate frequency 
carrier wave changes. Consequently such inter 
mediate frequency carrier waves are rectified in 
the device 33 and a unidirectional potential ap 
pears across the resistance 205 within a short 
time after the reception of carrier Waves by the 
receiver, this time being, for example, in the 
order of 1 millisecond or less. This unidirectional 
voltage across the resistance 205 is utilized to 
prevent operation of the transmitter, which op 
eration might otherwise be caused by signals 
from the hand set 23 impressed on the transmit 
ter, or by received signals from the receiver. 
The apparatus which initiates operation of the 

transmitter in response to signals from the hand 
set 23, and which is blocked by voltage across 
the resistance 205, includes a transformer 20, 
the primary of which is energized through tele 
phone line 24 by signals from the hand set 23. 
That is, the primary of transformer 20 is con 
nected in parallel with the primaries of trans 
formers 0 and 83, all three primaries being 
connected to the telephone line 24. A voltage 
dividing resistance 2 f is connected in shunt to 
the secondary of the transformer 20 and One 
end thereof is grounded. The control electrode 
22 of discharge device 30 is connected through 
a resistance 23 to an adjustable tap 24 of the 
resistance 2, and the cathode 2 S is connected 
through a shunt combination of resistance 26 
and capacity 2 7 to ground. The anode 28 of 
the device 30 is connected through a pair of 
serially connected resistances 29 and 220 to the 
positive terminal of a source 22 of operating 
potential, an intermediate tap 222 of which is 
ground. A point between resistances 29 and 
220 is connected to ground through a condenser 
223 to maintain such point at ground potential 
for signal frequency currents. Another condenser 
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224 is connected in shunt to resistance 219 to 
decrease the intensity of higher frequency com 
ponents of signals amplified through the de 
vice 3. 
So connected, the device 30 acts to amplify 

most efficiently middle frequency components of 
signals impressed on the transformer 20, such 
middle frequency components being, for exam 
ple, of the order of 2500 cycles. 
The principal reason for using condenser 224 

is to prevent the production of parasitic OScilla 
tions by the device 30, or the amplification of 
high frequency energy which may be picked up 
from the transmitter mounted in close proximity, 
and also to reduce the transmission of high fre 
quency noise components through device 30. In 
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One particular case the device 30 was a 6SQ7, 
the condenser 224 was 0.001 microfarad and re 
sistance 29 was 100,000 ohms. 
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The signal frequency voltages developed across 

resistance 29 by the amplifier 3 are impressed 
on the control electrode 236 of the vapor dis 
charge device 3 through a coupling condenser 
23. The cathode 232 of the device 3 is ground 
ed, and the control electrode 230 is connected 
through two Serially connected resistances 233 
and 234 to a suitable tap 235 of the source 22 at 
a negative potential with respect to the tap 222 
and ground. The negative potential between the 
tap 222 and 235 is sufficient, when no signal is ap 
plied to the control electrode 230, to maintain the 
device 3 nonconductive. Discharge current is 
supplied to the anode 236 of the device 3 through 
the actuating Winding 237 of a relay having an 
armature 238, and through a resistance 239 from 
the positive terminal of the source 22 . . 

Signals amplified by device 30 which appear 
across the resistance 29 are impressed through 
the coupling condenser 23 on the control elec 
trode 230 with sufficient intensity to decrease its 
negative potential during a portion of each cycle 
Sufficiently so that the device 3 f becomes con 
ductive. 
The condenser 23 and resistance 233 are so 

proportioned that signals of all frequencies from 
the hand set 23 are impressed on the control elec 
trode 230 of device 3 with substantially equal in 
tensities. This is to insure that the transmitter 
shall be started with equal speed, whether a mes 
sage be started with a high frequency syllable, 
such as one including a sibilant, or a low fre 
quency Syllable, such as one of the vowel sounds. 
It is well known that low frequency sound signals 
in general contain much more energy than high 
frequency sound signals. The condenser 23 f is 
therefore made small in capacity so that such low 
frequency sound signals are not transmitted to 
the control electrodes 23 in larger relative in 
tensity than high frequency sound signals. In 
the case discussed above in connection with the 
condenser 224 and resistance 29, it was found de 
Sirable to make the condenser 23 of 0.001 micro 
farad and the resistance 233 of 250,000 ohms. 
The device 3 was a type 2051 gas tetrode. With 
such values, transmission of signals from resist 
ance 29 to the control electrode 230 of device 
3 was reduced in increasing amounts at fre 
quencies below 800 cycles. 
The device 3 has a second control electrode 

237 which, during normal operation of the device 
3i, may be maintained near the potential of the 
cathode 232, but which, when it is made suff 
ciently negative with respect to the cathode 232, 
prevents discharge current from flowing in the 
device 3 even though the control electrode 230 
is made positive. That is, whenever either of 
the control electrodes 230 or 237 is maintained 
Sufficiently negative with respect to the cathode 
232, discharge current cannot be initiated in the 
device 3. 
Means is provided to prevent the initiation of 

the flow of discharge current in device 3 by 
maintaining the control electrode 237 negative 
with respect to cathode 232 whenever a signal is 
received by the receiver. As explained previous 
ly, whenever a signal is received by the receiver, a 
unidirectional potential appears across the resist 
ance 305. This potential across resistance 205 is 
amplified through the continuous potential am 
plifier device 34 and, after amplification, main 
tains the control electrode 23 negative with re 
spect to cathode 232, whenever a unidirectional 
potential exists across resistance 205. 

O 

5 

20 

25 

30 

35 

40 

50 

60 

65 

70 

The continuous potential amplifier device 36 75 
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may, as illustrated, include two triode amplifier 
Sections, and may, for example, be a 6C8G twin 
triode, the control electrode 240 of one section 
being connected ot a point between resistances 
204 and 205. The cathode 24 of this triode sec 
tion is connected through a resistance 242 to the 
cathode 202 of rectifier device 33, and to a tap 
243 on the source 22 at a potential with respect 
to tap 222 and ground, which potential is con 
siderably more negative than that of the tap 235. 
The anode 24é of this triode section is connected 
to the control electrode 245, of the other triode 
Section, and is also connected through a resist 
ance 246 to a tap 247 on the source 22 of poten 
tial more negative with respect to ground than 
the potential of tap 235, but substantially less 
negative than the potential of tap 243 to which 
the cathode 24 is connected. 
The cathode 248 of the other triode section is 

connected to a tap 289 on the source 22-f whose 
negative potential is intermediate in value the 
negative potentials of the taps 247 and 243. The 
anode 250 of this other triode Section of the de 
vice 33 is connected through a voltage dividing 
resistance 25 to ground. The control electrode 
237 of the vapor discharge device 3 is connected 
to an adjustable tap 252 on the voltage dividing 
resistance 25. 
In operation, the continuous potential ampli 

fier is supplied with discharge current from the 
source 22. When substantially no voltage exists 
across the resistance 205, in the absence of a 
signal in the carrier Wave receiver, the control 
electrode 240 is at a minimum negative bias po 
tential with respect to the cathode 24 f, so that 
a maximum discharge current flows through the 
anode 244. The size of resistance 246 and the 
potentials of the taps 24, 249 and 243 with re 
Spect to each other and with respect to ground 
are so adjusted that the control electrode 245 
is sufficiently negative with respect to the cathode 
248 that substantially no discharge current flows 
in the anode 250, and consequently the control 
electrode 237 of the vapor discharge device 3 
remains substantially at the potential of the 
grounded cathode 232. Thus, whenever a signal 
is impressed on transformer 20 from the hand 
set 23, making the control electrode 230 positive 
with respect to cathode 232, the discharge device 
3 is caused to carry discharge current and ini 
tiate operation of the transmitter, and is not pre 
vented by a negative potential On control elec 
trode 23. . 
Whenever the carrier wave receiver is receiving 

a signal and a continuous potential exists across 
the resistance 205, the control electrode 240 be 
comes more negative with respect to the cathode 
24 and reduces the discharge current in the 
anode 244. The potential of control electrode 
245 then becomes less, negative with respect to 
the cathode 248 and discharge current flows in 
the anode 250. Since the potential of the Cath 
Ode 248 is fixed at a negative value with respect 
to ground, the potential of the anode 250 when 
discharge current flows therein becomes negative 
with respect to ground and the voltage dividing 
resistance 25i consequently impresses a negative 
potential on the control electrode 237. The in 
tensity of this negative potential on the control 
electrode 237 may be adjusted by the adjustable 
tap 252, so as to prevent discharge current from 
flowing in the vapor discharge device 3 even 
though the control electrode 230 becomes positive 
With respect to cathode 232. 
Under some conditions of operation it may be 
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desired to break in on a message from a distant 
station, even though the operator at the distant 
station is still operating his transmitter, and the 
receiver is still receiving a carrier wave so that 
the control electrode 237 of vapor discharge de 
vice 3 is still negative in potential. If this type 
of operation be desired, the negative potential 
impressed on the control electrode 23 of vapor 
discharge device 3 may be reduced by suitable 
adjustment of the tap 252 of voltage dividing re 
sistance 25, so that, when a particularly intense 
signal is applied to control electrode 230 through 
the hand set 23, the control electrode 230 will be 
made sufficiently positive with respect to Cathode 
232 as to overcome the effect of the negative po 
tential on control electrode 237, thereby making 
the vapor discharge device 3 pass discharge Cur 
rent, even though the receiver is at the time re 
ceiving a signal. The adjustable tap 252 on the 
resistance 25 allows the control equipment to 
be adjusted, therefore, in either manner, so that 
the transmitter can never be operated when the 
receiver is operating, or alternatively so that the 
transmitter can be operated by shouting or 
whistling into the hand set 23 even when the 
receiver is Operating. 
Such adjustment of the adjuctable tap 252 of 

the voltage dividing resistance 25 may also be 
made where it is desired to force the transmitter 
into operation in the presence of received noise 
of high intensity. Under certain circumstances, 
random noise voltages and the like may be re 
ceived by the receiver and detected by the recti 
fier device 33 so as to apply a negative bias po 
tential on the control electrode 237 of the vapor 
discharge device 3. Obviously, it is desirable in 
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the presence of such high noise voltages, to reduce 
the negative potential applied to control electrode 
237 to such a value that the transmitter can be 
turned on by whistling or shouting in the hand 
set 23. 
The vapor discharge device 3 and the relay 

including operating coil 237 and armature 238 
are so connected and arranged, together with the 
master oscillator device 5, that, immediately af 
ter the vapor discharge device 3 begins to carry 
current, the master oscillator device 5 produces 
oscillations, and the relay maintains the oscil 
lator device 5 in operation for a predetermined 
time after the cessation of discharge current in 
vapor discharge device 3. The relay is also ar 
ranged so that it is operated in response to the 
flow of discharge current in the vapor discharge 
device 3 with minimum time delay, and is fur 
ther arranged to reduce the negative bias poten 
tial on the control electrode 230 of device 3 so 
as to make it easier for signals from the hand 
set 23 to maintain the device 31 conductive after 
it has once become conductive. The relay is also 
arranged to apply an alternating potential to the 
anode 236 of vapor discharge device 3f after it 
has become conductive, so that, during alternate 
half cycles of the applied alternating potential, 
the control electrodes 230 and 237 may stop the 
flow of discharge current whenever a suitable 
negative potential is applied thereto. The vapor 
discharge device 3 and relay together are ar 
ranged to block the operation of the carrier wave 
receiver even before the oscillator device 5 is 
made to operate. 

In order that the relay shall open a predeter 
mined time after the vapor discharge device 3 
stops passing current, a coil 260 is provided, in 
inductive relation with the operating coil 237. 
Four switches 26, 262, 263 and 264 are provided, 
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operated by the armature 238. The coil 260, nor 
mally open switch 26, and an adjustable resist 
ance 265 are connected in series, so that, when the 
operating coil 237 is deenergized, current tends to 
continue flowing in the coil 260 and resistance 
265, thereby maintaining the armature 238 in 
operated position for a time determined by the 
adjustment of resistance 265. A delay of about 
150 to 300 milliseconds may be provided between 
the deemergization of operating coil 23 and the 
opening of switches 26, 262, 263 and 264. 
Switch 262 of the relay is arranged to reduce 

the negative bias potential on control electrode 
230 of vapor discharge device 31, so that signals 
from the hand set 23 may easily maintain the 
device 3 conductive after it has once been ren 
dered conductive. For this purpose the Switch 
262 and a resistance 266 are connected serially 
between ground and a point between the resist 
ances 233 and 234. Resistances 234 and 266 act 
as a voltage dividing resistance, so that, when 
switch 262 is closed, only a portion of the negative 
potential between tap 235 of the source 22, and 
ground is applied to the control electrode 230. 
Switch 264 of the relay is arranged to apply an 

alternating potential to the anode 236 of vapor 
discharge device 3 when the relay is energized, 
so that the vapor discharge device 3? may be 
rendered nonconductive if either of the control 
electrodes 230 or 237 assumes a negative potential 
with respect to cathode 232. For this purpose a 
resistance 267 and a source 268 of alternating 
potential are connected serially between the 
switch 264 and ground, and a coupling condenser 
269 is connected between switch 268 and the anode 
236 of discharge device 3. 
Switch 263 of the relay is arranged so that in 

the deenergized position of the relay conductor 40 
of Fig. 1b is connected through switch 263 to the 
anode 236 of vapor discharge device 3. As ex 
plained previously, whenever conductor 40 is 
maintained at ground potential, the Oscillating 
discharge device 5 produces carrier frequency 
oscillations. Connection of the conductor 40 

5 through switch 263 to the anode 236 of device 3 
is also effective, when device 3 is nonconductive, 
to maintain the cathode 42 and electrode 46 of 
oscillating device 5 at a positive potential, whose 
magnitude was explained previously, with respect 
to ground, by reason of the connection through 
the operating coil 237 and resistance 239 to the 
positive terminal of source 22. As pointed out 
thus previously, whenever cathode. 42 of oscillat 
ing device 5 is at such a suitable positive poten 
tial, the oscillating device 5 is effectively pre- . 
vented from producing oscillations, 
Switch 263 of the relay is also arranged so as to 

connect conductor 40 directly to ground whenever 
the relay is in its energized position. By such 
connection, it is necessary for the vapor discharge 
device 3 to carry the discharge current of osci 
lating device 5 only for a short time immediately 
after the vapor discharge device 3 is first made 
conductive. Also, the oscillating device 5 by this 
direct connection to ground is maintained in 
operation so long as the relay is in its energized 
position, which persists for a predetermined time 
after the vapor discharge device 3 becomes non 
conductive by reason of the action of coil 260 of 
the relay and switch 26 and resistance 265. This 
delay in turning off the carrier wave generator of 
the transmitter is desirable so that the trans 
mitter does not turn off between syllables or be 
tween words of a message, but turns off only when 
a message is finished. It is generally found that 
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a delay in turning off the carrier wave generator 
of the transmitter of 150 to 300 milliseconds, as 
mentioned previously, is sufficient for this pur 
pOSe. 

It is desirable that the relay including Switch 
263 operate as fast as possible, preferably within 
8 milliseconds after its energization, in order that 
the cathode 82. of the master oscillator discharge 
device f S shall be connected directly to ground 
through switch 263 before the noise suppression 
circuit of the distant receiver shali energize the 
hand Set 4 at that receiver. If these time rela 
tions are not observed, and the noise suppression 
circuit in receiver 3 opens the channel to hand 
set 4 before the relay including switch 263 oper 
ates, the operation of switch 263 causes the master 
oscillator device 5 to stop operation for an 
instant as the switch 263 passes between its 
contacts. 
In order to provide fast operation of the relay, 

a higher voltage than necessary to operate the 
relay is applied to its operating coil 237 from 
source 22, and the steady current after operation 
of the relay is limited by resistance 239. Also, a 
resistance 28 is connected between the anode 236 
of vapor discharge device 3 and ground, so that, 
when device 3 is not conductive, a small current 
flows through the operating coil 23 of the relay, 
which current is not quite sufficient to operate the 
relay or even to maintain it operated. By pro 
viding this initial current to the operating wind 
ing 237 of the relay and by impressing a voltage 
across the Winding greater than that necessary to 
operate it, very fast operation may be attained. 
As pointed out above, it is desired that the relay 
shall be operated to its energized position before 
the noise suppression circuit in the distant re 
ceiver 3 shall energize the hand set 4. 

In addition to the previously described control 
arrangement, another continuous potential an 
plifier device 28 f is provided which is responsive 
to changes of potential on the conductor 40 for 
rendering the converter device 25 in the receiver 
operative or inoperative. The device 28 may 
conveniently be a type 6C8G twin triode unit 
similar to the device 34. The control electrode 
282 of one section of the device 28 is connected 
to the adjustable tap of a voltage dividing re 
sistance 283, which is connected between the 
conductor 40 and the negative terminal of the 
source 22. Another voltage dividing resistance 
284 is connected between the negative terminal 
of source 22 and ground, the cathode 285 of the 
first section of the twin triode device 28 being 
connected to a tap 286 on the resistance 284. 
The anode 287 of this section is connected to the 
control electrode 288 of the other triode Section 
of device 28, and is also connected through a 
resistance 289 to another tap 290 on resistance 
284 which is less negative in potential than the 
tap 286. The cathode 298 of this other triode 
section of device 28 f is also connected to the 
tap 290, and the anode 29 of this other triode 
section is connected through a resistance 292, 
shunted by a condenser 293, to ground. 
The twin triode device 28 and its associated 

connections as thus described are so adjusted 
that when the potential of the anode 236 of va 
por discharge device 3 plus the negative poten 
tial with respect to ground of source 22 are in 
pressed across resistance 283, substantially no 
potential exists across the resistance 292. Also, 
when the conductor 40 is connected to ground, 
either through the vapor discharge device 3, 
when it is conductive, or through the Switch 263 
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directly to ground, a potential appears across 
the resistance 292 such that the anode 29 of the 
second triode unit in device 28 becomes nega 
tive with respect to ground. 

In order to block the operation of the con 
verter device 25 of the receiver in response to 
negative Voltage developed across the resistance 
292, this negative voltage is applied to the con 
trol electrodes 294 and 299 of device 25, these two 
control electrodes being connected together and 
to the anode 29 of the second triode section of 
device 28? through a grid resistance 295. The 
control electrodes 294 and 299 are coupled to 
the tuned circuit 36 of the oscillator section 
through a coupling condenser 296. That termi 
nal of the resistance 295 opposite the control 
electrode 294 is connected to ground at the con 
verter device 25 through a by-passing condenser 
297 which is Small with respect to the condenser 
293. The condenser 297 should have a react 
ance which is low at the frequency of operation 
of the tuned circuit 36. 
The time within which a negative voltage is 

built up across the condenser 293 depends on 
the size of the condensers 293 and 297 and the 
anode to cathode resistance of the Second triode 
section of device 28 including the anode 29f 
and cathode 298. It is desirable that the time 
of charging this condenser 293 to a sufficiently 
negative potential to prevent the operation of 
converter device 25 be small, as for example 2 
milliseconds. 
Of course, as the connections for device 28 

are illustrated, the voltage dividing resistance 
284 also contributes to the time constant of the 
circuit including the condenser 293. If the pow 
er delivering capability of the source 22 be made 
relatively small, so that the voltage dividing re 
sistance 284 must be relatively large, it may be 
that the resistance 284 is larger than the anode 
to-cathode resistance of one section of the de 
vice 28. In any case the charging time of the 
condenser 293 should be small, and preferably 
2 milliseconds or less. 

In a particular case where the source 22 de 
livered about 150 volts negative potential with 
respect to ground, and the voltage dividing re 
Sistance 284 was of the order of 50,000 to 75,000 
ohms, the device 28f being a 6C8G twin triode 
unit, the condenser 293 was made 0.1 microfarad. 
The condenser 297 was much Smaller than con 
denser 293, condenser 296 was about 200 micro 
microfarads, and resistance 295 was about 100,- 
000 ohms. 

It is desired that, after the conductor 40 has 
been disconnected from ground and returned to 
a positive potential, the converter device 25 shall 
remain inoperative for a relatively long period, 
in the order of 25 to 50 milliseconds. In order 
to accomplish this the resistance 292 must be 
relatively large, so that the condenser 293 dis 
charges therethrough relatively slowly. In the 
particular case described, this resistance 292 was 
1 megohm. r 

It was found that the oscillator section of the 
converter device 25 would operate properly, even 
with this high resistance 292 in its control elec 
trode cathode circuit, provided the condenser 
296 be sufficiently small. If the condenser 296 
be too large, blocking of the osci, ator section 
results, producing a kind of superregenerative 
action or an audible blocking. The necessity 
for making condenser 296 small can be avoided 
by using a smaller resistance 284 as the voltage 
divider, so that the negative potentials of the 
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taps 286 and 290 are more nearly fixed, whereby 
the condenser 293 may be made larger and its 
charge time still remain small, with the result 
that the resistance 292 may be made smaller, 
thereby reducing the possibility of superregen 
erative blocking action in the oscillator section 
Of converter device 25. 
The blocking of the receiver is brought about 

by impressing a large negative bias potential on 
the control grid of the oscillator section of the 
frequency converter device 25 as well as on the 
control grid of the mixer, or heterodyne, section 
of the frequency converter device 25. By pro 
Viding this negative blocking potential on both of 
these control electrodes, the possibility of the 
production of intermediate frequency potentials 
is made Small, and the possibility of any carrier 
Wave reaching the detector device 2 is mini 
nized. W : 

As described, there are four different control 
arrangements, each of which performs two con 
trol operations. Control means is provided which 
responds to signals from the hand set 23 to start 
and stop the generation of a carrier Wave. Con 
trol means is provided, responsive to signals 
from the hand set 23, to make operative or 
inoperative the frequency converter device 25 
in the receiver. Control means is provided re 
Sponsive to signals received in the receiver for 
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preventing or allowing the first control means 30 
to control generation of a carrier Wave in re 
sponse to signals from the hand set 23. Finally, 
control means is provided responsive to signals 
received in the receiver for transferring such sig 
nals from the receiver to the hand set 23. 
The eight operating times of these four control 

means are so correlated as to make it possible to 
connect the hand set 23 directly With the trans 
formers 7 () and 83 without producing oscillation 
between the transmitter and receiver. There are 
two conditions under which the entire apparatus 
at a particular station is used, one condition be 
ing that of the transmission of a message, and 
the other condition being that of reception of 
a message. Under each such condition two Sets 
of operating times are involved, one occurring at 
the beginning of the message and another at the 
end of the message. In each case an Operation is 
performed both on the transmitter and on the 
receiver to make one operative and the other in 
operative, or, at the end of a message, to put the 
receiver into condition to receive a signal. 
The operating Sequences of the entire appara 

tus may now be described, When the apparatus 
is in standby condition, and a sound impinges on 
hand Set 23 of Sufficient intensity to cause trans 
mission, this sound is amplified through amplifier 
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Oscillations to be modulated in accordance with 
such signals in about 3 milliseconds. . . 
So long as signals continue to be impressed 

from the hand set 23 upon the vapor discharge 
device 3 to maintain it conductive, transmission 
Continues. Transmission of the carrier wave also 
continues in the absence of such signals, so long 
as such signals from the hand set 23 are not ab 
sent for more than the time required after de 
energization of the operating coil 237 for the re 
lay to move to its unoperated position. As point 
ed out previously, the relay operates after about 
eight milliseconds and it may be adjusted so that 
it remains in its operated position for 150 to 300 
milliseconds after the vapor discharge device 3 
becomes nonconductive. Thus, if signals from 
the hand set 23 are not interrupted for periods 
longer than 150 to 300 milliseconds, the relay does 
not move to its unoperated position, and the 
transmission of carrier Waves is continued. At 
the end of the message, a period occurs Without 
signals from hand set 23 whose duration is 
greater than the period required for the relay to 
In Ove to its unoperated position, and at the end 
of that time transmission of the carrier wave is 
discontinued. 
When transmission of the carrier Wave is dis 

continued, the continuous potential amplifier de 
vice 28 allows the condenser 293 to discharge 
through resistance 292, and eventually the fre 
quency converter device 25 becomes operative 
again. The device 25 may, for example, become 
Operative Within 25 or 30 milliseconds after the 
transmission of the carrier Wave discontinues. 

If, during the reception of a message or noise, 
the transmitter be started by shouting or 
Wnistling into the hand set 23 as explained pre 
viously, the frequency converter device 25 in the 
receiver is first blocked and then the oscillating 
device A5 is caused to begin the transmission of 
a carrier wave. Under no condition can the re 
ceiver be operative When a carrier Wave is being 
transmitted. There is therefore no possibility of 
OScillation through the transmitter and receiver 
even though both are connected directly to tele 
phone line 24. 
Upon the reception of a carrier Wave OVer the 

power line (), as from a distant station includ 
ling the hand set 4, the receiver first energizes 
the rectifier device 33 in the control apparatus 
of Fig. la, and, through the continuous potential 
amplifier device 34, blocks the vapor discharge 
device 3 from becoming conductive. Thereafter, 
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device 30 and causes vapor discharge device 3 
to become conductive. Within a very short time 
and before relay 237,260 operates to close any of 
its contacts the continuous potential amplifier 
device 28 produces a large negative bias poten 
tial on the control electrodes 294 and 299 of the 
frequency converter device 25 in the receiver, to 
prevent-operation of the receiver. Shortly, and 

ulas soon as possible thereafter, the potential of 
the cathode 42 of oscillating discharge device 5 
reaches a value such that oscillations are 
ated, and are modulated in the carrier Wave am 
plifier device 64 in accordance with the signals 
from the hand set 23 which initiated operations. 
As pointed out previously, the receiver may, for 
example, be rendered inoperative in response to 
signals from hand set 23 in about 2 milliseconds, 
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the noise Suppression arrangement in the receiver 
including the discharge device 32 makes the am 
plifier devices 28 and 29 operative to impress 
received and demodulated signals on the hand 
-Set 23.- The time required for the operation of 
the noise suppression circuit to energize the hand 
Set 23 from received signals after reception of 
the carrier wave by the receiver should be in the 
Order of 6 milliseconds in order to allow Surges 
of various Sorts in the System to die out. 
Continuous potential amplifier device 34 should 
be effective to put a bias potential On the control 
electrode 237 of device 3 in less time than this 
short period to prevent device 3 from becoming 

--- gener--conductive.--For-example, after reception of the 
carrier wave by the receiver, a bias potential may 
appear on the Control electrode 237 of the vapor 
discharge device 3 in about 1 millisecond. 
The period after reception of a carrier wave 

by the receiver before the device 32 operates 
should be as short as p0SSible, so that the time 

and the transmitter may be made to generate is elapsing between initiation of a signal at the 

The--- 
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hand set 4 and its reception at hand set 23 is 
Small enough to avoid losing any significant part 
of the beginning of a message. This time, how 
ever, should be sufficiently long to allow Surges in 
the carrier wave transmission system and in the 
automatic volume control circuits of the receiver 
to die out substantially before the device 32 makes 
the amplifier devices 28 and 29 operative. In view 
of the desirability of allowing time for Such 
surges to die out, it is desirable that they be ini 
tiated in minimum time. Hence, it is highly de 
sirable that the transmitter be turned on in mini 
mum time after the impression of a signal on the 
associated hand set. If, as explained previously, 
the transmitter is effective to transmit a modiu 
lated carrier wave in about 3 milliseconds after 
impression of a signal on the associated hand 
set, the receiver may be made to demodulate such 

... signal and impress it on the associated hand set 
in about 6 milliseconds after reception of the car 
rier wave, this period being sufficient to allow 
surges to die out substantially. Under Such con 
ditions, the total time of transmission of a signal 
from one of such hand sets to the other is only 
about 9 milliseconds, which is an acceptably 
short time, within which no appreciable portion 
of the beginning of a syllable is lost. 
When the receiver no longer receives a carrier 

wave from the distant station, the noise Suppres 
sion circuit including the device 32 first operates 
to block the amplifier devices 28 and 29. This ac 
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tion may take place in about 3 milliseconds after 
the carrier wave is no longer received. There 
after, for example, in about 6 milliseconds, the 
bias disappears from the control electrode 237 
of vapor discharge device 3, thereby leaving the 
apparatus as a whole in its standby condition. 
The time within which the negative bias disap 
pears from the control electrode 237 is deter 
mined by the sizes of resistance 205 and condens 
er 206. The larger the resistance 205, the longer 
it takes for the charge to disappear from Con 
denser 206. 
By thus arranging carrier wave transmitting 

and receiving apparatus according to my inven 
tion it is possible to operate it in response to Sig 
nals to be transmitted to cause transmission and 
reception of such signals, and to operate it with 
sufficient speed that no significant portion of the 
beginning of any signal is lost. For example, 
the total time from the point of time when Sound 
impinges on the hand set until Such Sound is 
reproduced by the hand set 4 in a distant sta 
tion includes only the time required for the cath 
ode 42 of the oscillating device 5 to reach its 
proper potential, and the time for the noise Sup 
pression circuit including the device 32 in the dis 
tant receiver 3 to energize the hand set 4 at 
that station. 
In the example of time given where such total 

time is about 9 milliseconds, no appreciable por 
tion of the beginning of a message is lost. AS 
suming that the average frequency of the first 
syllable of a message is 200 cycles, in 9 millisec 
onds only two cycles of the signal are lost. These 
first two cycles do not contribute substantially 
to the intelligibility of the first syllable of the 
message. 
Furthermore, no appreciable pause between 

the cessation of transmission from One station 
and the beginning of transmission from the dis 
tant station is necessary because, after the ces 
sation of transmission at one station, the car 
rier Wave is turned off in from 150 to 300 milli 
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Station realizes that the message is ended. Con 
versation can therefore be carried on Over this 
system as over an ordinary telephone system, 
with the exception that a message from a dis 
tant station normally is not interrupted. 

It should be noted that adjustable tap 252 of 
the voltage dividing resistance 25, which deter 
mines the intensity of negative bias potential on 
the control electrode 237 of the vapor discharge 
device 3 ?, should never be adjusted so that this 
bias potential is smaller than a certain critical 
value. That is, this bias potential on the control 
electrode 237 of the vapor discharge device 3 
should be at least large enough to prevent the 
discharge device 3 from becoming Conductive 
in response to received signals reproduced in the 
hand set 23, and therefore impressed on the 
transformer 20. If the bias produced by Such 
received signals on the control electrode 23 
through the agency of the rectifier device 33 
and continuous potential amplifier 34 be smaller 
than this critical value, these same signals in 
pressed on transformer 20 as well as on hand 
set 23 are impressed on control electrode 230 of 
device 3 in sufficient intensity to make the de 
vice 3 conductive. Under such conditions the 
receiver continues operation and the transmitter 
starts, thereby producing an oscillating circuit 
through both transmitter and receiver to block 
the Operation of the entire System. 
The high speed starting of the transmitter is 

accomplished by connecting the cathode 42 of the 
oscillating device 5 to ground directly through 
the vapor discharge device 3 until the relay Op 
erates to connect that cathode to ground through 
the switch 263. This high speed operation is 
made possible by the even higher speed operation 
of the continuous potential amplifier 28 which 
blocks the receiver by rendering the frequency 
converter device 25 inoperative whenever the dis 
charge device 3 becomes conductive. 
The high speed operation of the receiver is ac 

complished by the high speed operation of the 
noise suppression circuit including device 32, 

5 which is possible because the amplifier stage on 
which the noise suppression circuit operates is 
balanced with respect to ground, and therefore 
does not reproduce the rapid grid bias potential 
changes caused by device 32 in making operative 
or inoperative the amplifier devices 28 and 29. 
This high speed operation is also aided by the 
rapid Operation of the rectifier device 33 and con 
tinuous potential amplifier device 34 in prevent 
ing Operation of the vapor discharge device 3. 
Although I have described my invention as ap 

plied to a carrier current transmission System in 
which the carrier wave is transmitted over a 
power line 0, it is equally applicable to a radio 
transmission system including a radio transmit 
ter and a radio receiver connected to the same 
antenna or to adjacent antennas. In fact, my 
invention may be employed with any signalling 
system in which messages must be transmitted 
between two or more stations, and in which it is 
undesirable to have the signal transmitter and 
signal receiver connected to the message channel 
simultaneously. 
While I have shown and described a particular 

embodiment of my invention, it will be obvious to 
those Sist that changes and modifi cations may be made Without departing from my 
invention in its broader aspects, and I, therefore, 
aim in the appended claims to cover-all Such 
changes and modifications as fall within the true 

seconds, long before the operator at the distant is spirit and scope of my invention. 
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What I claim as new and desire to secure by 

Letters Patent of the United States, is: 
1. The combination in a signalling system of a 

Signal transmission channel, a signal transmit 
ter and signal receiver at each of two spaced 
points along Said channel, means responsive to 
signals in One of said signal transmitters for ren 
dering inoperative the associated signal receiver 
and for Subsequently connecting said signal 
transmitter to said channel in a time sufficiently 
short that no appreciable part of said signal is 
lost, means associated with the other of said sig 
nal receivers for detecting the presence of a sig 
nal in Said channel and for rendering the associ 
ated signal transmitter inoperative and subse 
quently causing said signal receiver to reproduce 
Said Signal after a period sufficiently short that 
no appreciable part of the beginning of said sig 
nal is lost and Sufficiently long that disturbances 
in said System are substantially attenuated be 
fore said receiver reproduces said signal. 

2. The combination in a signalling system of a 
signal transmission channel, a signal transmitter 
and signal receiver at each of two spaced points 
along said channel, each signal transmitter and 
the associated receiver being connected to signal 
conductors Over which signals are impressed on 
Said transmitter and upon which signals are im 
preSSed by Said receiver, means responsive to a 
signal on said signal conductors associated with 
One of Said signal transmitters and receivers for 
rendering Said receiver inoperative and Subse 
quently connecting said transmitter to said chan 
nel within a time Sufficiently short that no appre 
ciable part of said signal is lost, means associated 
with the other of said receivers for detecting a 
Signal in said channel and for preventing the 
Operation of the associated transmitter and sub 
Sequently connecting said receiver to said chan 
nel to reproduce said Signal on the associated sig 
nal conductors within a period sufficiently short 
that no appreciable part of the beginning of said 
Signal is lost and Sufficiently long that undesira 
ble transients in said channel are substantially 
attenuated before Said Signal appears on said last 
mentioned signal conductors, said signal respon 
sive means and signal detecting means being ar 
ranged to operate said transmitters and receivers 
in Such a sequence that the common interconnec 

...tions With said signal conductors are not effective. 
to produce undesirable operation. 

3. In a signal system the combination of a va 
por discharge device having a control electrode, 
a Source of signals, means for impressing a bias 
potential on said control electrode to prevent said 
discharge device from Conducting, a source of con 
tinuous potential arranged to supply discharge 
current to said discharge device, means for im 
pressing signals from Said first Source on said 
control electrode to render said device conductive 
whenever the intensity of said signals exceeds 
said bias potential, and means responsive;o con 
duction of said discharge device for impressing 
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continuous potential arranged to supply dis 
charge current to said discharge device, means 
for impressing, signals from said first source on 
Said control electrode to render said device con 
ductive whenever the intensity of said signals ex 
ceeds said bias potential, means for reducing said 
bias potential on said control electrode in re 
Sponse to conduction of said discharge device to 
make said signals more effective in rendering said 
device Conductive, and means responsive to con 
duction of said discharge device for impressing 
upon the discharge path thereof an alternating 
potential whose peak intensity exceeds the con 
tinuous potential of said second source, whereby, 
upon the cessation of signals from said signal 
Source, the bias potential on said control elec 
trode is effective to render said discharge device 
In Onconductive. 

5. The combination in a signalling system hav 
ing a signal transmission channel and a signal 
transmitter, of means for connecting said trans 
mitter to said channel in response to signals from 
a signal source, said means comprising a vapor 
discharge device arranged to connect said trans 
mitter to said channel when current flows 
through its discharge path and having a control 
electrode, and a relay arranged to connect said 
transmitter to Said channel in the operated po 
sition, means for impressing a negative bias po 
tential On said control electrode to maintain said 
discharge device nonconductive and for impress 
ing signals from Said source on Said control elec 
trode to render said device conductive in the 
presence of said signals, means for operating said 
relay in response to conduction of said discharge 
device, and means for maintaining said relay op 
erated for a substantial time after said device be 
comes nonconductive in the absense of signals. 

6. In a signal transmission system the com 
bination of a signal transmitter and receiver, a 
signal transmission channel, a Source of signals, 
a vapor discharge device having two control elec 
trodes, means for impressing signals from said 
signal Source on One of said control electrodes to 
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upon the discharge path thereof an alternating . 
potential whose peak intensity exceeds the con 
tinuous potential of said Second source, whereby, 
upon the cessation of signals from Said signal 
source, the bias potential on said control elec 
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trode is effective to render said discharge device 
nonconductive. 

4. In a signal system the combination of a va 
por discharge device having a control electrode, 
a source of signals, means for impressing a bias 
potential on said control electrode to prevent said 
discharge device from conducting, a source of 
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make said discharge device conductive, means re 
Sponsive to conduction of said discharge device 
for operating said transmitter to transmit signals 
from Said Source through said channel, and 
means responsive to signals received by said re 
ceiver through said channel for impressing a bias 
potential on the other of said control electrodes 
to prevent said device from becoming conduc 
tive to operate such transmitter and make said 
receiver inoperative in the presence of signals 
simultaneously from said transmitter and chan 
ne. 

7. The combination in a signal system of a sig 
nal transmitter and receiver, a signal transmis 
sion line, means responsive to a signal from said 
transmitter for rendering said receiver inopera 
tive and subsequently connecting said transmit 
ter to said channel, and means responsive to a 
signal in said channel for rendering said first 
means ineffective to connect said transmitter to 
said channel and for subsequently making said 
receiver effective to reproduce said signal in a 
period sufficiently short that no appreciable part 
of the beginning. of said signal is lost, said last 
means comprising a balanced amplifier in Said 
receiver arranged to reproduce signals from said 
receiver, and means responsive to a received sig 
nal for adjusting a common bias potential for 
said balanced amplifier to render said amplifier 
operative to reproduce said signal, whereby high 
speed adjustment of said bias potential is not re 



12 
produced in the output of said balanced ampli 
fier, 

8. A signal transmission system having a sig 
nal channel and a signal transmitter including an 
oscillating discharge device, said device having an 
anode, a Cathode and a control electrode, said 
anode and control electrode being connected to 
opposite terminals of a tuned circuit of which 
an intermediate tap is maintained at fixed po 
tential, means for impressing a positive poten 
tial on said anode, and means for reducing the 
potential of said cathode to initiate oscillation 
in said device and tuned circuit and for substan 
tially uniformly increasing the potential of said 
Cathode with respect to said anode to decrease 
uniformly the intensity of oscillations of said de 
vice and tuned circuit, said increase in potential 
of said cathode being effective to reduce such 
Oscillations to small intensity before extinction. 

9. A signal transmission system having a sig 
nal channel and a signal transmitter connected 
thereto and including an oscillating discharge 
device, said device having an anode, a cathode, 
a control electrode and a screen electrode, said 
anode and control electrode being connected to 
opposite terminals of a tuned circuit of which an 
intermediate tap is maintained at a fixed poten 
tial, means for impressing positive potentials on 
said anode and Screen electrode in such intensi 
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ties as to provide optimum conditions for Oscil 
lation of said device and tuned circuit when the 
potential of said cathode with respect to Said 
anode is decreased, means for decreasing the po 
tential of said cathode with respect to said anode 
to initiate oscillation in said device and tuned 
circuit, and means for increasing the potential 
of said cathode with respect to said Screen elec 
trode and anode at a substantially uniform rate 
to reduce the intensity of oscillations in said de 
vice and tuned circuit substantially uniformly to 
a low intensity before the extinction of such os 
cillations. 

10. A signal transmission System comprising a 
signal transmitter and a signal receiver COIl 
nected to the same signal transmission channel, 
said receiver being of the Superheterodyne type 
and including a frequency converter having a lo 
cal oscillator and a mixer, said local oscillator 
and mixer each including an electron discharge 
device having a control electrode, a source of 
signals, means responsive to signals from said 
source for impressing a negative bias potential 
On both of Said control electrodes to block Oper 
ation of said receiver and for Subsequently ini 
tiating operation of said transmitter to transmit 
Such Signals through said channel. 
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