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UNITED STATES PATENT OFFICE 
TRANSMISSION SYSTEM 

Roswell H. Herrick, Oak Park, Ill., assignor to 
Automatic Electric Laboratories, Inc., a corpo ration of Delaware 
Application May 1, 1943, Serial No. 485,269 

(C. 18-44) 12. Claims. 
1. 

The present invention relates generally to im 
provements in signal current transmission Sys 
tems of the type in which signal controlled switch 
ing circuits are provided for partially or com 
pletely blocking, under certain conditions, cer 
tain of the signal channels included therein and, 
more particularly, to improvements in telephone 
substation circuits of the type disclosed in United 
States Letters Patent No. 2,282,405, granted May 
12, 1942, upon the application of Roswell H. Her 
rick, for Transmission Systems. 

In the patent referred to there is disclosed an 
improved telephone substation apparatus of the 
character Wherein the channels are preferably 
only partially blocked when not in use, and Where 
in the control of the channel blocking circuit is 
arranged to utilize a hot cathode controlled gas 
tube, whereby effective channel blocking and un 
blocking operations are obtained without any sub stantial Speech clipping. 

In Such an arrangement there is provided a 
telephone substation connected to an associated 
line by a hybrid or anti-sidetone impedance net 
Work and a first channel is provided for trans 
mitting signal currents from the transmitting 
means through the hybrid System to the assos 
ciated line, and a second channel is provided for 
transmitting incoming signal currents from the 
hybrid system to the receiving means. Associated 
with each channel is a control circuit including a 
controlled gas tube together with means con 
trolled by the flow of current therethrough for 
changing the transmission efficiency of at least 
one of the channels. Apparatus comprising rec 
tifying means is provided for coupling the con 
trol electrode of each of the gas tubes to the as 
sociated channel so that a predetermined poten 
tial is impressed on the control electrode of the 
tube to render it conductive when signal current 
traverses its associated Channel. 
Each of the control circuits is provided with 

circuit means operative to lower the potential dif 
ference between the anode and cathode of the as 
Sociated control tube when the flow of signal cur 
rents through the associated channel is arrested, 
thereby to arrest the flow of current through the 
tube and to restore the control to the control 
electrode. Two different embodiments of the cur 
rent arresting means are disclosed. In one of 
these embodiments a slow-to-release relay is pro 
vided in the load or output, circuit of the rectify 
ing means, which relay functions momentarily to 
interrupt the anode circuit of the associated gas 
control tube when the input signal voltage de 
rived from the associated channel, and impressed 
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2 
upon the input circuit of the rectifying means, 
is removed. In the other embodiment there is 
locally provided a source of alternating current 
which is utilized as the anode current source for 
each of two control tubes. With the latter ar 
rangement, when the control electrode of one of 
the tubes is biased to a starting potential, the tube 
functions as a half-wave rectifier so that direct 
voltages are developed in the output circuit there 
of, which are utilized to perform the desired ehan nel control functions. 
While such arrangements have proven to be 

entirely satisfactory it may be desirable to pro 
vide certain other characteristics and advantages 
not contained therein. For example, it may be 
desirable to utilize in place of a hot cathode con 
trolled gas tube, a cold cathode controlled gas 
tube. The particular advantage to be gained is 
that the need for filament power for the control 
tube is eliminated, and furthermore, Since in any 
hot cathode controlled gas tubes have cathodes 
which require a longer heating time than the cath 
odes of the tubes used in the associated channel 
amplifiers, there of ceurse is some delay betweeia 
the times when the two types of tubes are condi 
tioned for use after the heating circuit for the 
cathodes has been closed. Since controllied gas 
tubes must have the anode potential interrupted 
or reduced in order to restore the control of the 
control electrode, various methods and devices 
must be provided. In certain instances it is pos 
sible to provide improved arrangements which, 
for certain situations, may have distinct advan. 
tages over arrangements such as those already 
known in the art. For example, where ar, alter 
nating current supply is used to bring about the 
periodic interruption of the conductivity of the 
control tube, there is a possibility of some delay 
occurring in accordance with the probabilities 
relative to the positive half-cycles of alternating 
current. In other words, in certain instances the 
initiation of speech might fall within the negative 
loop of alternating current which would provide 
a maximum delay not less than 8.35 millisec 
onds or 1/120 of a second, which, together with 
the two or three milliseconds required for a posi 
tive half-cycle of anode potential to reach a value 
at which the tube will become conductive, 
might produce at certain times some speech clip 
ping. In order to reduce such possibilities of 
speech clipping or delay which might be unde 
sirable for certain purposes, it is proposed to pro 
vide a direct current potential for the control 
tube which, together with some means responsive 
to the conductivity of the tube will periodically 
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render the tube non-conductive. Such periodic 
rendition of the tube to non-conductive state is 
preferably produced at a frequency which is IoW 
compared to production voice frequencies, but 
which, however, is sufficiently high so that it will 
not be difficult to provide a filter arrangement 
adequate to remove the noise which is brought 
about as a form of an alternating current con 
ponent due to interruptions of the conductivity 
of the tube. If such an arrangement has provided 
periodically interrupted conductivity of the tube 
by a variation of the anode Voltage, the con 
ductivity is re-established at the next half-wave 
of proper polarity from the controlling voice Or 
signal wave. It therefore becomes apparent that 
it is desirable to avoid a relatively high frequency 
of interruption because this Woluld result in a 
smaller proportion of time of conductivity of the 
control tube which, in turn, Would produce a 
smaller average anode current flow and a result 
ant smaller control voltage for application to the 
associated channel amplifier. - 
In accordance with the present invention sev 

eral embodiments are disclosed for periodically 
rendering the control tube non-conductive. In 
one of these embodiments circuit means are in 
cluded in the anode circuit of the control tube 

an IR drop which, in turn, sufficiently reduces 
the anode potential so as to bring about the in 
terruption of the conductivity of the tube. In the 
other embodiment other means are provided re 
sponsive to the conductivity of the tube for peri 
odically rendering the tube non-conductive, and 
in this arrangement a predetermined control volt 
age is constantly applied to increase the gain of 
the associated channel amplifier and yet the 
anode supply to the controlled gas tube is peri 
odically interrupted so as to periodically give the 
control electrode a renewed opportunity to con 
trol the conductivity of the tube. Upon cessation 
of voice or signal current flowing through the as 
scciated channel amplifier the failure of the con 
trol electrode to supply a potential sufficient to 
renew the conductivity of the control tube brings 
about operation of a slow-to-release relay which 
thereby removes from the control electrodes of 
the tubes of the channel amplifier the fixed bias 
which was applied to increase the gain thereof. 

It is an object of the present invention to pro 
wide improved telephone Substation apparatus of 
the character described wherein the channels are 
preferably only partially blocked when not in use, 
the blocking of the signal current transmitting 
and receiving channels is accomplished in a sim 
ple and reliable manner, and wherein the con 
trol circuits are arranged to effect channel block 
ing and unblocking Operations without any sub 
stantial speech clipping. - 

It is another object of the invention to provide 
an improved transmission System particularly 
suited for use in telephone substation circuits of 
the character described, wherein the control or 
channel blocking circuit is arranged in an im 
proved manner to utilize a cold cathode controlled 
gas tube. , 

It is still another object of the invention to pro 
vide an improved transmission system utilizing 
channel amplifiers wherein the control circuit 
employs a controlled cold cathode gas tube and 
Wherein means are provided responsive to the 
conductivity of the tube for periodically render 
ing the tube non-conductive. 
Further features of the invention pertain to 

the particular arrangement of the circuit ele 
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4. 
ments, whereby the above and additional Oper 
atting features are obtained. 
The novel features believed to be characteristic 

of the invention are set forth with particularity 
in the appended claims. The invention, both aS 
to its organization and method of operation, to 
gether with further objects and advantages there 
of will best be understood by reference to the following description taken in connection with 
the accompanying drawings, in which Figure 1 
illustrates a substation circuit having incorpo 
rated therein one embodiment providing certain 
features of the invention as briefly outlined above; 
and Fig. 2 illustrates a different embodiment of 
the improved transmission system as incorporated 
in the Substation circuit. 

Referring now more particularly to Fig. 1 of . 
the drawings, the substation circuit therein illus 
trated is adapted to be connected to a telephone 
line 00 which may, for example, form a part 
of a conventional automatic or manual telephone 
system, in which case the distant end thereof 
will terminate in a line circuit, the character 
of which is determined by the character of the 
exchange. Briefly described, the substation cir 
cuit comprises a transmitter or microphone foll, 
receiving means in the form of a loudspeaker fo2, 
an anti-sidetone impedance network or hybrid 
System 33, a balancing circuit therefor 04, and 
outgoing and incoming amplifier channels. O5 
and 6. The outgoing amplifier channel may 
comprise a plurality of stages of amplification of 
any suitable type, such as resistive, capacitive 
or inductive coupled amplifiers. Since the par 
ticular type used is of no special significance to 
the present invention, only the input and output 
tubes thereof have been disclosed to show how 
the control circuit associated therewith is to be 
connected to the amplifier channel. The outgo 
ing amplifier channel is shown having an input 
vacuum tube 07 which has a grid energized from 
voice currents produced by the microphone fol. 
The grid to cathode circuit includes a self-bias ing resistor 08 Suitably by-passed by a capacitor 
f(09, both of which are connected to ground. A 
portion of the output stage of the amplifier is 
shown comprising the output tube 2 having a 
grid connected to a coupling capacitor 22 and 
a coupling resistor f23. The anode of the vac 
uum tube f2 is connected to a transformer 24, 
the Output of which is connected to the hybrid 
unit fe3. The outgoing amplifier channel is pro 
Vided with an enabling and disabling unit 25 
which is connected to be responsive to signal 
currents passing through the outgoing amplifier 
channel by a circuit including a voltage divider 
26 and a coupling capacitor 27 effectively ar 
ranged to be bridged across the input or grid cir 
cuit of the Outgoing amplifier channel tube 07. 
A portion of the voltage appearing across the 
adjustable resistor or voltage divider 26 may 

- be amplified by a suitable amplifier 29 which is 
provided With an output transformer 30. The 
control circuit i? 25 includes a cold cathode gas 
tube 3 having a cathode, an anode, and a con 
trol or Starting electrode. The control or start 
iing electrode of the gas tube 3 is connected 
to a predetermined point on a bleeder circuit 
comprising the grounded output winding of the 
transformer 30 and the resistors 32 and 33 
which are connected to the positive terminal of 
a Source of voltage 34. The control electrode 
is connected to the common juncture of the re- - 
sistors 32 and f33. The source of potential 34 
has its negative terminal connected through a . 
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resistor 35 to ground. The cathode of the con 
trol"tube i3 is connected through a resistor 36 
to ground. The anode of the control tube f3 is 
arranged to be connected through a suitable cir 
cuit to the positive terminal of the source of 
voltage 34. As has been stated, the control elec 
trode of the tube 3 is connected to a bleeder 
circuit which is arranged so that the voltage drop 
appearing across the resistor 32 supplies the 
greater portion of the Voltage required by the 
control electrode to render the control tube Con 
ductive. The remainder of the necessary required 
voltage is obtained from the voice components 
appearing across the output winding of the trans 
former 30. While the control electrode of the 
vacuum tube 3 might be energized solely from 
voice components appearing across the trans 
former f30 by supplying sufficient stages of am 
plification in the amplifier 29, it is believed to 
be an uneconomical arrangement. When anode 
Current flows it will be noted that the anode 
to cathode circuit includes both the resistors 35 
and 36, the common juncture of which is con 
nected to ground. The opposite terminals of the 
resistors 35 and 36 are arranged to supply suit 
able potentials to the incoming channel ampli 
fier thereby to disable that channel amplifier, and 
to the outgoing channel amplifier thereby to en 
able that amplifier. Accordingly, the remaining 
terminal of the resistor 36 is connected to a 
suitable circuit including a resistor 37 and a 
grounded capacitor 38 and the grid coupling re 
sistor 23 of the outgoing channel amplifier out 
put tube f2. The other terminal of the resistor 
35 is connected to a circuit including a series 

resistor 39 and a grounded capacitor 40 and 
the grid circuit of the input tube of the incom ing amplifier channel 106. 
As has previously been stated, it is desired to 

provide a control circuit wherein, in response to 
the conductivity of the tube, means are operative 
for periodically rendering the tube non-conduc 
tive. One of the simplest circuit arrangements 
which would thus provide such operation would 
be to provide a resistor f44 connected in series 
between the anode of the control tube 31 and 
the positive potential of the anode. Supply 34 by 
connecting the strap 45 and disconnecting the 
straps 46 and 47. By proper selection of the 
value of the resistor 44 in series with the anode 
to cathode circuit, the resulting IR drop produced 
in response to the conductivity of the tube 3 will 
be such as to reduce sufficiently the effective anode 
voltage that the tube will no longer remain con 
ductive. Thereupon the voltage appearing across 
the Series resistor 44 also disappears and again 
the full anode potential is applied to the control 
tube -3 . If it is assumed that signal currents 
are still being transmitted through the outgoing 
channel amplifier the next succeeding positive 
half-wave of voice voltage appearing at the con 
trol-electrode of the control tube 3 will again 
render the control tube conductive. This cycle 
of operation therefore will continue to recur as 
long as voice currents are being transmitted 
through the outgoing amplifier channel. Such an 
arrangement, however, would require that con 
siderable filtering action be provided for the re 
Sistors 35 and 36 in Order to suppress the rather 
low interruption frequency resulting from such 
operation, which of course would reduce seriously 
the rapidity with which the enabling and dis 
abling unit of 25 could enable and disable the out 
going and incoming channel amplifiers fo5 and 
06. In order to obviate this disadvantage an 
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6 
other arrangement has been provided, whereby 
the initial enabling and disabling potentials sup 
plied to the channel amplifiers have a relatively 
small amount of filtering action provided and 
Subsequently additional filter circuit elements are 
introduced in order to filter out the effects of 
starting and stopping the control tube 3. 
This improvement which provides for more 

rapid enabling and disabling action is accom 
plished by disconnecting the strap 45 and con 
necting the straps 6 and 47 of a circuit which 
may be traced from the anode of the control tube 
3, strap 46, a relay fle connected in series with 

a resistor 48 which, together with the relay ff0, 
is by-passed by a capacitor 49 through the Strap 
:47 to the positive side of the anode potential 34. 
A voltage divider circuit comprising the resistors 
150 and 5 is connected across the source of po 
tential 34. The common juncture between the 
resistors 59 and 5 is connected to ground. The 
relay" () is provided with break contacts fill con 
nected between a resistorf52 which is connected 
to an adjustable contact on the resistor 50, and 
a filter capacitor 53 which is connected to ground. 
Make contacts 2 are provided for connecting 
the capacitor 53 in parallel with a small filter 
capacitor 40 which is connected to One terminal 
of a resistor 39. Another pair of contacts are 
also provided for the relay to which include the 
break contacts 3 connected between a resistor 
54 Which is connected to the adjustable contact 

of resistor 5?, and a filter capacitor 55. By 
means of make contacts f4 the filter capacitor 
4-55 is arranged to be connected in parallel to the 
smaller capacitor 38 which is connected to one 
terminal of resistor f37. 
In the circuit just described, initial energiza 

tion of the control tube 3 produces a flow of 
anode current which rapidly produces potentials 
across the resistors. 35 and 36 so that these po 
tentials are impressed through the resistors 39 
and 37 respectively upon the incoming and out 
going channel amplifiers. Thereupon the relay 
i (), attracts its armature thereby to break con 
tacts--if and if 3 and to make contacts 2 and 

4. Thus shortly after the initial enabling and 
disabling voltages are supplied to the channel am 
plifiers, additional filtering action is Supplied by 
connecting in circuit the capacitors 53 and 55. 
The relay O is provided with the capacitor. 49 so 
as to provide a holdover action, so that the relay 
does not respond to the periodic and momentary 
interruptions of the control tube 3. The anode 
circuit of the control tube 3 is therefore pro 
vided with a relay 0 and with a bridging capaci 
tor 49 which offers the required impedance, to 
gether with the resistor 48 which is sufficient to 
periodically render non-conductive the control 
tube 3. due to the IZ drop. In this new arrange 
ment therefore the interruption frequency is de 
pendent upon the supply voltage 34 and the to 
tal reffect of resistors 35, 36 and 48. In order 
that the connection of the capacitors. 53 and 55 
should not disturb the value of the enabling and 
disabling voltage already applied to the channel 
amplifiers, the capacitors 53 and 55 are initially 
charged through the break contacts and 3 
of the-relay O and the current limiting resistors 
52 and 54 from the voltage divider resistors if 50 
and 5 which are connected across the Source of potential 34. 
The incoming channel amplifier 06 may com 

prise any desired number of stages of amplifica 
tion dependent upon the requirements to be met, 
and for purposes of simplicity only two amplifier 
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tubes, an input tube 56 and an output tube. 57, 
have been shown. The control grid electrode of 
the input vacuum tube 56 is energized from a 
resistor or voltage divider 58 which, in turn, is 
connected to the hybrid unit 3. The grid of 
the vacuum tube 56 may be biased negatively so 
as to disable the incoming channel amplifier 
whenever the outgoing channel amplifier is used, 
and this is accomplished by connecting one ter 
minal of the resistor 58 to one terminal of a re 
sistor 39 of the enabling and disabling unit 25 
associated with the outgoing amplifier. The Out 
put tube 5 is connected to an output trans 
former 59 which, in turn, is connected to the 
loudspeaker e2. The grid circuit of the output 
tube 57 may include a resistor 60, one terminal 
of which is connected to an enabling and dis 
abling unit 5 associated. With the incoming 
channel amplifier. 
A portion of the incoming energy Supplied 

across the input resistor 58 of the incoming 
channel amplifier is coupled through a capacitor 
..f62 and a voltage divider resistor 63 to a suit 
able amplifier 64 Which is connected to a coul 
pling transformer 65. The secondary winding 
of the transformer 65, which has one terminal 
grounded, is connected through a resistor f66 to 
he control electrode of a controlled gas tube 
6. This gas tube 67 is of the same type as the 

gas tube 3 of the other enabling and disabling 
unit 25. While in each of these cases the gas 
tubes represented have been shown as compris 
ing an envelope containing a gas Or other Suitable 
ionizable medium. With an anode, a cold Cathode, 
and a control electrode shown in the form of a 
starting electrode, it of course is understood that 
the control electrode may comprise any one of 
the other forms of control electrodes commonly 
used with this type of cold cathode gas tube in 
cluding a control grid. The control electrode of 
the gas tube 57 is connected to the common 
juncture of the resistor 66 and a resistor 68 
which, in turn, is connected to the positive termi 
nal of a suitable source of potential 69 so that 
the circuit comprising the secondary winding of 
the transformer S5 and the series resistors 66 
and 68 constitute a bleeder circuit similar to the 
bleeder circuit provided for the enabling and dis 
abling unit 25. The cathode of the gas tube f6 7 
is connected to the negative side of the source of 
voltage 69 through a pair of resistors f 10 and 
7, the common juncture of which is connected 

to ground. 
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8 
and 83 which are connected to grounded 'ca 
pacitors 78 and 79 and to current limiting re 
sistors 85 and 86. The resistors 85 and 86, 
in turn, are connected to movable contacts. On a 
voltage divider comprising a pair of resistors 87 
and 88 connected across a source of voltage 69. 
The common juncture of the resistors f8 and 
88 is connected to ground. The cathode of the 
gas tube 67 is connected through a circuit, in 
cluding a resistor 89 to one terminal of the grid 
coupling resistor 60 of the output vacuum tube 
{57. The juncture between the resistors 89 and 
i69 is provided with a capacitor f 90 which is con 
nected to ground to provide a small amount of 
filter action. The negative terminal of the bat 
tery 69 and one terminal of the resistor 7 are 
connected by a circuit having a series resistor 
19 which is provided with a grounded filter ca 
pacitor 92, to the grid circuit of the input tube 
f07 of the outgoing channel amplifier. 
In response to signal energy appearing across 

the input of the incoming channel amplifier the 
control electrode of the gas tube 67 has its 
potential increased sufficiently so as to ionize 
the tube, thereby to render it conductive. Thus 
anode current will flow through the relay 80 
and the resistor 76 so that shortly thereafter 
the IZ drop of these two elements will be suffi 
cient to reduce the anode voltage below that re 
quired to maintain conductivity of the gas tube 
(67. When this occurs control is again restored 
to the control electrode of the gas tube. If sig 
nal energy is still being impressed on the in 
coming amplifier the gas tube 67 will again be 
rendered conductive upon the next positive half 
cycle of voice or signal energy. The relay 80, 
when energized, will disconnect the capacitors 
78 and 9 from the resistors 85, 87, 86 and f 88 

whereby they were being charged to a prede 
termined potential, and these capacitors will then 
be connected by the make contacts 82 and 84 
thereby to filter adequately the disabling volt 
age Supplied to the outgoing channel amplifier 
and the enabling voltage supplied to the output 
tube of the incoming channel amplifier. The 
capacitor TT connected in parallel to the re 
sistor 76 and the relay 89 provides sufficient 
holdover or slow release characteristics so that 
the additional filter capacitors 78 and 79 are 
not disconnected at the time that the anode 
voltage of the gas tube, 67 is reduced sufficiently 

If it is desired to provide a simplified form of 
circuit wherein the IR drop in the anode circuit 
will be sufficient to cause the voltage appearing 
between the anode and cathode of the gas tube 
i87 to drop in response to the conductivity of the 
tube, a series resistor 72 may be connected by 
completing the anode circuit through the strap 
if 3 and disconnecting the straps 74 and 75. 
The operation of this circuit would be similar, 
therefore, to the circuit described for the outgo 
ing amplifier enabling and disabling unit 25 
when the resistor 44 was connected in the anode 
circuit of the gas tube 3d. It is preferable, however, to use a circuit which 
has certain advantages over this simple circuit 
and, hence, the strap 3 is disconnected and the 
straps 74 and 75 are connected in order to dis 
connect the resistor 72 and to connect in the 
anode circuit of the gas tube 6 a relay 89 and 
a resistor. 6 connected in series with each other and in parallel to a capacitor. 77. The relay 80 
is provided with two pairs of break contacts 18l. 

to restore control to the control electrode of 
the tube. If, however, no further incoming sig 
nal energy is present the gas tube f87 will not 
be rendered conductive upon the next positive 
half-cycle of signal voltage which of course is 
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no longer there, and hence the relay a will re 
lease. It is believed that no further explana 
tion of the operation of this enabling and dis 
abling unit 6 is necessary in view of the simi 
larity of circuit elements and operation to the 
circuit elements and operation of the enabling 
and disabling unit - 25 associated with the out 
going channel amplifier which previously was 
described in considerable detail. . . . 
From the above description it therefore be 

comes apparent that each channel amplifier has 
associated therewith an enabling and disabling 
unit which includes a cold cathode controlled 
gas. tube which, in response to signal currents 
traversing its associated channel amplifier, Sup 
plies control potentials, one of which enables 
its channel amplifier and the other of which 
disables the other channel amplifier. Each of the 
control tubes is connected in a circuit which 
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is responsive to the conductivity of the tube to 
periodically interrupt the conductivity thereof 
so as to restore the control of the tube to the con-, 
trol electrode. In the preferred circuit arrange 
ment the initial enabling and disabling voltages 
are provided with a relatively small amount of 
filter action which has a relatively short time 
constant. So that rapid enabling and disabling 
may be accomplished, thereby to minimize or 
prevent speech clipping. Subsequent to the initial 
application of the rapid enabling and disabling 
control voltages additional filter means are con 
nected. So as to provide control Woltages. Which 
have no appreciable alternating current com 
ponents, and the additional filter means also 
serve to prevent feedback between the two chan 
nel amplifiers through the control circuits. 

Referring to Fig. 2, another embodiment is 
shown wherein means are provided for disabling 
and enabling incoming and outgoing channel 
amplifiers. In order to simplify the disclosure 
and the description, those elements which are 
similar to the elements previously shown in Fig. 
1 have been given reference numerals one hun 
dred greater than the numerals in Fig. 1. The 
substation circuit there illustrated is connected 
to a telephone line 200 which, in turn, is con 
nected to a hybrid unit 203 which interconnects 
a balancing circuit 204, an outgoing channel am 
plifier 205 and an incoming channel amplifier 
206. The microphone 20 is connected to the 
outgoing channel amplifier and a loudspeaker 282 
is connected to the incoming channel amplifier. 
The outgoing channel amplifier is provided with 
a control circuit comprising an enabling and 
disabling unit 225, and similarly the incoming 
channel amplifier is provided with an enabling 
and disabling unit 26 f. 

In order that the enabling and disabling unit 
225 may be responsive to signal currents passing 
through the outgoing channel amplifier 205, a 
portion of the signal energy is obtained by a volt 
age divider 226 and a coupling capacitor 227 
from the input circuit of the vacuum tube 207. 
This energy may be amplified by a suitable am 
plifier 229 which is connected to a transformer 
230. A cold cathode controlled gas tube 23 has 
a control electrode connected to a bleeder cir 
cuit comprising the grounded secondary wind 
ing of the transformer 230 and resistors 232 and 
233 which are connected to the positive side of 
a source of voltage 234. The cathode of the gas 
tube 23 is connected to the negative side of the 
Source of Voltage 234 through a pair of resistors 
235 and 236, the common juncture of which is 
connected to ground. Before the gas tube 23 is 
rendered conductive there is normally provided 
an anode circuit which includes a relay 20, break 
contacts 2, a current limiting resistor 248, and 
a choke coil 300 which is connected to the posi 
tive side of a source of voltage 234. The junc 
ture between the choke coil 300 and the current 
limiting resistor 248 is connected to a grounded 
filter capacitor 30. The choke coil 300 and the 
capacitor 39 f are provided to filter out the tran 
sient impulses occurring from repeated opening 
and closing of the contacts 2ff. The value of 
the resistance and impedance of the choke coil 
300, the relay 20 and the resistor 248 is such 
that the: anode current is limited to a predeter 
mined maximum amount. The juncture of the 
resistor 248 and the choke 300 is connected to a 
resistor 392 which, in turn, is connected to a 
resistor 393, one terminal of which is grounded. 
The juncture of the resistors 302 and 303.is con 
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10 
nected to the break contact 2 f2 of the relay 20, 
The break contact 22 is connected to a capac 
itor 384 which, in turn, is connected to the nega 
tive terminal of the Voltage source 234. The 
capacitor 34 is of such size as to provide suffi 
cient holdover characteristics to the voltages, de 
Veloped across the circuit comprising the resis 
tors. 235 and 236 in parallel with the capacitor 
304, so that the control voltages supplied to the 
incoming and outgoing channel amplifiers hold 
over word and syllable pauses. The capacitor 
394, by virtue of its connection to the juncture 
between the resistors 32 and 303, is initially con 
nected to a bleeder circuit Which charges the 
capacitor so that when it is connected by the 
make contacts 23 to one terminal of the re 
sistor 236 there will not be any appreciab'a change 
in the voltages appearing across the resistors 235 
and 236 which are applied to the channel am 
plifiers. One terminal of the resistor 236 is con 
nected through a resis or 237 to the grid cou 
ping resistor 223 of the output; vacuum tube 22 
of the outgoing channel amplifier. One termi 
nal of the resistor 237 is provided with a capaci 
tor 238 connerted to ground. One terminal of 
the resistor 235 is connected through a resistor 
239 which is provided with a grounded capacitor 
24- and this circuit is connected to the input re 
sistor 258 of the irout tube 256 of the incoming 
channel amplifier 296. 
The realy 2.0 is so arranged that upon the con 

ductivity of the gas tube 23 the first operations 
that will occur will be the interruption of the 
break contacts 22 and the closing of the nake 
contacts 23. During the initial flow of current 
from the anode to the Cathode the vritage de 
veloped across the resistors. 235 and 236 is sup 
plied to the control circuits of the vacuum tubes 
255 and 22 of the incoming and outgoing chan 
nel amplifiers, respectively, thereby to disable 
rapidly the incoming channel amplifier and to 
enable rapidly the outgoing channel amplifier. 
Subsequent to the initial application of the rapid 
enabling and disabling voltages the capacitor 304 
is connected across the resistors 235 and 236 to 
provide a certain amount of Smoothing and fil 
tering action, which also serves to stabilize the 
control voltages so that they will be effective to 
hold over word and syllable pauses. As the relay 
2 () continues to attract its armature, eventually 
the contacts 2 fl Will be interrupted. The relay 
20, having interrupted the anode voltage, re 
Stores control of the tube 23 to the control elec 
trode. If signal currents are still passing through 
the outgoing channel amplifier the tube 23 will 
again become conductive, thereby again attract 
ing the armature of the relay 29. The contacts 
2 are so arranged that making and breaking 
of these contacts may occur as long as the Speech 
continues to be transmitted by the outgoing ?han 
nel amplifier, without actuating the break or 
make contacts 22 and 23. Therefore, while sig 
nal currents are being transmitted through the 
outgoing channel amplifier, the relay 20 is in 
termittently energized and deenergized so as to 
make and break the contacts 2 at a relatively 
rapid rate, thereby periodically restoring the 
control of the tube 23 to the control electrode. 
This operation continues until there is a cessation 
of the voice or signal currents through the out 
going channel amplifier, whereupon the relay 
2O is released so that the contacts 2 are made 
and the contacts 22 and 23 are restored to the 
positions shown in the figure. Therefore, in the 
arrangement. above described means are provided 
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responsive to the conductivity of the cold cathode 
controlled gas tube to periodically restore con 
trol of the tube to the control electrode without 
removing the control voltages being supplied to 
the outgoing and incoming channel amplifiers. 
While a single relay 2 has been shown to per 
form the operations of periodically interrupting 
the anode Voltage and to switch the capacitor 
304 across the resistors 235 and 236, it of course 
will become apparent that these operations could 
be performed by several relays, or a relay and a 
vibrator. The incoming channel amplifier 206 is provided 
with an enabling and disabling unit 26 which is 
Similar in circuit arrangement and Operation to 
the control unit 225 associated with the outgoing 
channel amplifier. A certain amount of the sig 
nal energy appearing across the input resistor 
258 of the incoming channel amplifier is obtained 
by a circuit comprising a coupling capacitor 262 
and a resistor 263 which is provided with an ad 
justable contact connected to a suitable ampli 
fier 264. The amplifier 264 is connected to a 
transformer 265, the secondary winding of which 
is grounded and connected in a bleeder circuit 
including a pair of resistors 266 and 268 con 
nected to the positive terminal of the source of 
voltage 269. The control electrode of a con 
trolled cold cathode gas tube 267 is connected 
to the juncture between resistors 266 and 268. 
The anode circuit of the gas tube 267 includes 
a relay 280, break contacts 28 of the relay 280, 
a current limiting resistor 26, and a choke coil 
499 which is connected to the positive terminal 
Of the Source of voltage 269. A suitable grounded 
filter capacitor 49 is connected to the juncture 
of the resistor 26 and the choke coil 400. A 
bleeder circuit comprising resistors 402 and 403 
connected between ground and one terminal of 
the choke coil 400 is arranged for charging a 
capacitor 44 through the break contacts 282 of 
the relay 280 to a potential which approximates 
the average potential appearing across the resis 
tors 270 and 27. - One terminal of the resistor 
270 is connected through a resistor 289 to the 
grid coupling resistor 269 of the output tube 257 
of the incoming channel amplifier 206. The ter 
minal of the resistor -289 which is connected to 
the resistor 260 is also connected to a capacitor 
290 which is grounded so as to provide a small 
amount of filter action. When the charged ca 
pacitor 44 is connected by the make contacts 
of relay 280 to the juncture of the resistor 289, 
the resistor 270 and the cathode of the gas tube 
267, additional filtering action is obtained. One 
terminal of the resistor 27 is connected through 
a resistor 29t to the grid circuit input tube 207 
of the outgoing channel amplifier. A suitable 
capacitor 292 is connected between ground and 
One terminal of resistor 29 to provide a certain 
annount of filter action. - - 
The control circuit or enabling and disabling 

unit 26 Operates in response to signal currents 
appearing across the input of the incoming chan 
nel amplifier in a manner identical to the re 
Sponse of the other control unit 225 so as to en 
able its channel amplifier and to disable the other 
channel amplifier. 
While two different arrangements have been 

shown for controlling the gain of a pair of chain 
nel amplifiers operating in different directions, 
it will be appreciated that in each instance the 
control circuit utilizes a cold cathode controlled 
gas tube and that means are provided in the 
anode circuit thereof which are responsive to the 
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2 
conductivity of the control tube to periodically 
render the tube non-conductive So as to periodi 
cally return the control of the tube to the control 
electrode. As long assignal currents continue to 
traverse the channel amplifier associated with a . 
particular control tube, the control tube will 
again be rendered conductive. The anode cur 
rent which flows produces control potentials 
across a pair of resistors, and the potential thus 
obtained is maintained by Suitable capacitors at 
a value sufficient to hold over the enabling and 
disabling action through the intervals during 
which the control tube is periodically rendered 
non-conductive. - 
While two embodiments of the invention have 

been disclosed, it will be understood that various 
modifications may be made therein which are 
Within the true spirit and scope of the invention. 
What is claimed is: - - 
1. The combination of a channel amplifier 

and a control circuit therefor, said control cir 
cuit including a controlled gas tube having a con 
trol electrode, a source of anode potential con 
nected to said tube, means responsive to signal 
currents passing through said amplifier for im 
pressing a control potential on the control elec 
trode thereby to render said tube conductive, 
means connected in the anode-cathode circuit 
of said tube and having a relatively short time 
constant for generating a voltage to be applied 
to said amplifier to control the gain thereof, de 
lay means, means operated by said tube for con 
necting to said anode-cathode circuit said delay 
means to delay the time constant of said volt 
age generating means, and means connected in 
Said anode-cathode circuit so as to be responsive 
to the conductivity of said tube for periodically 
rendering said tube non-conductive. 

2. The combination of a channel amplifier and 
a control circuit therefor, said control circuit in 
cluding a controlled gas tube having a control 
electrode, a source of anode potential connected 
to said tube, means responsive to signal currents 
passing through said amplifier for impressing a 
control potential on said control electrode there 
by to initiate conductivity of said tube, means. 
connected in the anode to cathode circuit of said 
tube for deriving control voltages to be applied 
to said amplifier to control the gain thereof, said 
means having a relatively short time constant, 
means for supplying filter action, means operated 
by said tube for connecting said filter means to 
increase the time constant of said voltage deriv 
ing means sufficiently to hold over the derived 
Voltages for periodic interruptions of the conduc 
tivity of said tube, and means connected in the 
anode circuit of said tube and responsive to the 
conductivity thereof for periodically rendering 
the said tube non-conductive. - 

3. The combination of a channel amplifier and 
a control circuit therefor, said control circuit in 
cluding a controlled gas tube having a control 
electrode, a source of anode potential connected 
to said tube, means responsive to signal currents 
passing through said amplifier for causing said 
control electrode to initiate conductivity of said 
tube, means connected in the anode circuit of 
Said tube including an interrupter responsive to 
the conductivity of said tube for periodically dis 
Connecting said source of anode potential during 
the period of time the signal currents pass 
through Said amplifier, and means responsive to 
the average anode current flow for applying a bias 
to said amplifier to control the gain thereof. 

4. The combination of a channel amplifier and 
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a control circuit, therefor, said control circuit in. 
cluding a controlled gas tube, a source of poten 
tial for said tube, means responsive to signal cur 
rents, passing through said amplifier for causing 
said tube to become conductive, means having 
a relatively short time constant aSSociated With 
said tube for deriving control voltages therefrom 
to... control the gain of said amplifier, means in-, 
cluding a circuit interripter connected in series 
with said tube and said source of potential, said 
interrupter being arranged in response to the 
conductivity of said tube to. disconnect said source. 
of potential from said tube, and means to be 
connected subsequently by said circuit. inter 
rupter in circuit, with said means for deriving 
control voltages therefrom to increase the time. 
constant thereof sufficiently to supply to said 
amplifier a relatively stable potential to hold over 
word and Syllable pauses in the signal currents 
passing through said amplifier. 

5. The combination of a channel amplifier and 
a control circuit therefor, said control circuit in 
cluding a controlled gas tube, a Source of poten 
tial for said tube, means responsive to signal cur 
rents passing through said amplifier for causing 
said tube to become conductive, means including 
an interrupter connected between said source of 
potential and Said tube for periodically discon 
necting said source of potential from said tube 
in response to the conductivity of said tube, 
means associated with said tube for deriving con 
trol voltages therefrom for controlling the gain 
of said amplifier, switching means controlled by 
said tube, and means arranged to be connected 
by said Switching means in circuit with said 
means for deriving control voltages from said 
tube to increase the time constant thereof suffi 
ciently to supply a control potential proportional 
to the average current transmitted by said gas 
tube. 

6. A transmission system comprising a pair of 
channels for transinitting signal currents in dif 
ferent directions, each channel being provided 
with a vacuum tube amplifier, a control circuit 
for each amplifier including a controlled gas tube 
arranged to be rendered conductive in response 
to signal currents passing through said amplifier, 
means associated with each gas tube for deriving 
control voltages therefrom, means for applying 
said control voltages to increase the gain of the 
associated amplifier and to decrease the gain of 
the other amplifier, means actuated by said gas 
tube for subsequently connecting to Said means 
for deriving said control voltages means to in 
crease the time constant thereof, and means re 
sponsive to the conductivity of said tube for peri 
odically rendering said tube non-conductive. 

7. A transmission System comprising a pair of 
channels for transmitting signal currents in dif 
ferent directions, each channel being provided 
With a vacuum tube amplifier, a control circuit 
for each amplifier including a controlled gas tube 
arranged to be rendered conductive in response 
to signal currents passing through its associated 
amplifier, relatively lightly filtered means having 
a relatively short time constant associated with 
each gas tube for deriving control voltages there 
from, means for applying said control voltages 
to increase rapidly the gain of the associated am 
plifier and to decrease rapidly the gain of the 
other amplifier, means for supplying additional 
filter action, means actuated by said gas tube for 
Subsequently connecting to said means for de 
riving control Voltages said means for Supplying 
additional filter action, and means responsive to 
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14 
the conductivity of said tube for periodically ren 
dering said tube non-conductive. 

8. A transmission System comprising a pair of 
channels for transmitting signal currents in dif 
ferent, directions, each channel being provided 
with a vacuum tube amplifier, a control circuit 
for each amplifier including a controlled gas tube 
arranged to be rendered conductive in response 
to signal currents, passing through its associated 
anplifier, a source: of potential for said tube, 
means: aSSociated With each gas tube for deriving 
control voltages: therefrom, means for applying: 
said control Voltages to increase the gain of the 
aSSociated amplifier and to decrease the gain of 
the other amplifier, means connected in circuit 
With said gas tube for periodically reducing the 
potential applied thereto sufficiently to interrupt 
the conductivity of said tube, means for supply 
ing, filteraction, and means, operated by Said tube 
for connecting, said filter means in circuit with 
Said means for deriving control voltages to in 
crease the time constant thereof sufficiently to. 
hold over the derived voltages for the time of 
the periodic interruptions of the conductivity of 
said tube. 

9. A transmission System comprising a pair. of 
channels, for transmitting signal currents in dif 
ferent directions, each channel being provided 
with a vacuum tube amplifier, a control circuit 
for each amplifier including a controlled cold 
cathode gas, tube, means for rendering said gas 
tube conductive in response to signal currents 
passing through its associated amplifier, a source. 
of potential for said gas tube, means having a 
relatively short time constant associated with 
each gas tube for deriving control voltages there 
from, means for applying said control voltages to 
increase rapidly the gain of the associated am 
plifier and to decrease rapidly the gain of the 
other amplifier, means for increasing the time 
constant of said means for deriving control volt 
ages, means for connecting said last-mentioned 
means to said means for deriving control voltages 
in response to the conductivity of said tube, and 
means connected in circuit, with said tube for 
producing in response to the conductivity of said 
tube a potential drop sufficient to render said 
tube non-conductive. 

10. A transmission system comprising a pair 
of channels for transmitting signal currents in 
different directions, each channel being pro 
vided with a vacuum tube amplifier, a control 
circuit for each amplifier including a controlled 
cold cathode gas tube arranged to be rendered 
conductive in response to signal currents pass 
ing through said amplifier, a source of anode 
potential for said gas tube, means connected in 
the anode circuit of said tube and responsive to 
the conductivity of said tube for producing a 
potential drop sufficient to interrupt the conduc 
tivity of said tube, means having a relatively 
short time constant associated with each gas 
tube for deriving control voltages therefrom, 
means for applying said control voltages to in 
Crease rapidly the gain of the associated ampli 
fier and to decrease rapidly the gain of the other 
amplifier, a relay connected in the anode circuit 
of Said gas tube, and an energy storage device 
arranged to be connected by said relay in circuit 
With said means for deriving control voltages 
from Said tube thereby to increase the time con 
Stant thereof Sufficiently to hold over the average 
derived Voltage for a time interval equal to or 
greater than the time of interruption of the con 
ductivity of said tube. 
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11. A transmission system comprising a pair of 
channels for transmitting signal currents in dif 
ferent directions, each channel being provided 
With a vacuum tube amplifier, a control circuit 
for each amplifier including a controlled cold 
cathode gas tube arranged to be rendered conduc 
tive in response to signal currents passing 
through said amplifier, a source of anode poten 
tial for said gas tube, means having a relatively 
short time constant associated with each gas tube 
for deriving control voltages therefrom, means 
for applying said control voltages to increase 
rapidly the gain of the associated amplifier and to 
decrease rapidly the gain of the other amplifier, 
a relay connected in the anode circuit of said gas 
tube and responsive to the conductivity of said 
tube for interrupting the conductivity thereof 
each time it is rendered conductive, an energy 
storage device arranged to be connected by said 
relay in circuit with said means for deriving con 
trol voltages from said tube thereby to increase 
the time constant thereof sufficiently to hold 
over the average derived voltage for a time inter 
val equal to or greater than the time of inter 
ruption of the conductivity of said tube, and 
means for initially charging said energy storage 
device to a potential substantially equal to the 
average control voltage derived by the means 
therefor. 12. A transmission system comprising a pair of 30, 2,018,464 
channels for transmitting signal currents in dif 
ferent directions, each channel being provided 
With a vacuum tube amplifier, a control circuit 
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for each amplifier including a controlled cold 
cathode gas tube arranged to be rendered conduc 
tive in response to signal currents passing 
through its associated amplifier, a source of po 
tential for each tube, means having a relatively 
short time constant associated with each gas tube 
for deriving control voltages therefrom, means 
for applying said control voltages to increase 
rapidly the gain of the associated amplifier and 
to decrease rapidly the gain of the other ampli 
fier, means including a circuit interrupter con 
nected in the circuit Supplying potential to said 
tube for periodically disconnecting from said tube 
Said Source of potential, and means arranged to 
be connected by said interrupter in circuit with 
said means for deriving control voltages from said 
tube to increase the time constant thereof sufi 
ciently to supply an average control voltage to 
said amplifiers as long assignal currents are pass 
ing through the channel associated With said con 
trol tube, ROSWELL H. HERRICK. 
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