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UNITED STATES PATENT of FICE 
TRANSMISSION SYSTEM 

Roswell R. Herrick, Oak Park, E., assignor to 
Automatic Electric Laboratories, Inc., a cor 
poration of Delaware - 

Application May 1, 1943, Serial No. 485,268 
(C. 178-144) 1. Claims. 

The present invention relates generally to im 
provements in signal current transmission sys 
tems of the type in which signal controlled 
switching circuits are provided for partially or 
fully blocking, under certain conditions, certain 
of the signal channels included therein and to 
increase the gain of certain of the other signal 
current channels, and, more particularly, to im 
provements in telephone substation circuits hav 
ing coupled signal current channels for the trans 
mission of incoming and outgoing signal cur 
rentS. 

Heretofore, telephone substation circuits have 
been provided with a hybrid system or anti-side 
tone impedance networks for preventing signal 
currents developed during operation of the trans 
mitter from being transmitted to the receiver and 
for similarly preventing signal currents incoming 

. Over the line extending to the substation from 
being transmitted to the transmitter for repro 
duction. In such arrangement one of the factors 
which determines the efficiency of the sidetone 
suppression is the impedance of the talking cir 
cuit established by way of two connected sub 
Scriber lines. Since the impedance is not the 
same for any two different established connec 
tions, the hybrid system of each substation is 
usually balanced to provide maximum sidetone 
suppressirn efficiency for average line conditions. 
In installations wherein amplification of incom 
ing and outgoing signal currents is required, as, 
for example, in executive loudspeaking sets, the 

sired degree of privacy for telephone conversa 
tion, there was provided an arrangement where 
by either a loudspeaking type of communication 
or the usual telephone type of communication 

0. 

5 
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25 

could be obtained selectively. Such an arrange 
ment included means whereby rapid change-Oyer 
could be made between the two types of conversa 
tion without appreciable interruption. In order 
that speech clipping might be minimized the 
amplifying channels were provided with control 
circuits arranged to be exceedingly fast in oper 
ation. In order to provide such fast operation 
it was found necessary to reduce the time delay 
factor encountered by the enabling circuit equip 
ment which, however, made the equipment more 
susceptible to feedback between the control Cir 
cuits and between the channel amplifiers. The 
advantage of a relatively rapid acting control cir 
cuit which would minimize speech clipping and 
which also would retain the advantages of pre 
venting feedback between the different compo 
nents of the apparatus has been made possible 
by certain circuit arrangements and by the use of 
various types of tubes. . 
The present invention is directed to channel 

amplifiers and control circuits for telephone sub 
station apparatus which provides selective con 
munication by the usual subset or by an executive 
loudspeaking telephone apparatus. In providing 

30 

conditions of unbalance introduced in the sub 
Station circuit by the impedances of the lines 
over which an established connection extends 
may become intolerable. 
true in substation installations provided in an ex 

35 
This is particularly 

change area where the subscriber lines are of . 
widely different lengths. In order to obviate or 
to minimize the singing resulting from unbalance 
of the substation circuit, signal control switching 
means may be provided in the substation circuit 
for selectively blocking the channels when not in 
use. While in Some arrangements the signal 
channels are completely blocked when not in 
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45 
use, in other arrangements the signal channel 
not being used is rendered comparatively inac 
tive. Apparatus of the type in which the chan 
nels are only partially blocked when not in use 
have e advantage of permitting conversation 
break-ins. tistially telephone substation circuits having 
channel amplifiers have been arranged so that the . 
operation always included the use of such ampli 
fiers. Since this did not always provide the des 
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such arrangements, it furthermore would be de 
sirable to minimize the number of types of tubes 
used in such equipment, thereby to simplify serv 
icing and replacement of tubes. 

It is an object of the present invention to 
provide an improved telephone substation appa 
ratus which is adapted to be operated either as a 
conventional telephone circuit or as an executive 
loudspeaking telephone circuit. 

It is another object of this invention to provide 
an improved telephone substation circuit trans 
mission system having a plurality of channel an 
plifiers provided with control circuits sufficiently 
fast in operation to minimize speech clipping, and 
yet adequate provisions for the prevention of 
feedback are provided. 

Still another object of this invention is to pro 
vide a pair of channel amplifiers and associated 
control circuits which utilize a minimum number 
of different types of tubes. 
A still further object of this invention is to 

provide a channel amplifier having a plurality 
of stages of amplification and a control tube 
therefor, whereby the operation of the channel 
amplifier is controlled by a combination of con 



2 
trol voltages acting in opposition to each other 
or acting to produce accumulative effects. 
In the illustrated embodiment of the invention 

there is provided a telephone substation appa 
ratus of the type adapted to be connected to an 
associated telephone line. This apparatus in 
cludes the usual transmitting and receiving tel 
ephone subset, a transmission system comprising 
a hybrid system or network, a microphone, a 
loudspeaker, and a pair of channel amplifiers to 
gether with control tubes therefor. 

for operation to render effective the loudspeak 
ing equipment. Means are also provided for sub 
sequently rendering ineffective the loudspeaking 

O 
A Switch is . 

provided for conditioning the channel amplifiers 

15 
communication channels when it is desired to 
communicate by the conventional telephone sub 
Set. - 

Each of the channel amplifiers is provided with 
a control circuit responsive to signal currents. 
passing through the channel amplifier for in 
creasing the gain of that channel and for de 
creasing the gain of the other channel. Auto 
matic volume or gain control means are provided 
which have a time constant Sufficient to main 
tain the gain of the amplifier so as to hold ovel 
word and syllable pauses. To provide an exceed 
ingly rapid enabling action by the control cir 
cuits, an initial control voltage is applied to the 
associated amplifier which is obtained from 
means having a minimum filter action, and sub 
sequently adequately filtered voltage is supplied 
to the amplifier to prevent feedback between the 
amplifier channels. In order that a minimum of 
time be required to condition the amplifiers for 
use. the amplifiers and control tubes are equipped 
with tubes requiring low thermal filament en 
ergy, and each control tube and each group of 
amplifier tubes are supplied from individual 
sources of direct current to prevent feedback be 
tween the various circuits through the filament 
SOUCeS. 
In accordance with the present invention each 

of the control circuits, in response to signal cur 
rents passing through the associated amplifier, 
generates a control voltage by means having a 
relatively short time constant, thereby to rap 
idly increase the gain of the associated channel 
amplifier. Subsequently a relay operates to ren 
der ineffective this initial control voltige and to 
apply a smaller negative bias to the channel ann 
plifier. 
Other and further features of this invention 

will subseouently become apparent in the follow 
ing description. - 

The novel features believed to be character 
istic of the invention are set forth with partic 
ularity in the appended claims. The invention, 
both as to its organization and method of oper 
ation, together with further objects and advan 
tages thereof, will best be inderstood by refer 
ence to the following description taken in con 
nection with the accompanving drawings, in 
which Figs. 1 to 4. inclusive, illustrate the sub 
station circuit having incrrporated therein cer 
tain of the features of the invention as briefly 
outlined above. 
trates the apparatus provided at a telephone sub 

More specifically, Fig. 1 illus 

a,396,175 . . . 
trates the power equipment for supplying the - 
necessary operating and controlling potentials 
for the amplifier apparatus; and Fig. 4 illustrates 
the hybrid system and control relays for Selec 
tively controlling the interconnection Qf the sub 
station amplifier apparatus and the. substation 
telephone line. 

Referring more particularly to Fig. 1 of the 
drawings, there is shown a telephone subset 
comprising a transmitter Ol; a receiver. 02, a 
receiver switch 03, induction coils 08. 09 and 

, and an isolating or coupling capacitor 2. 
The subset may be provided with a dial switch 

| 3 and also with a ringer 22 and a ringing ca 
pacitor 24. These parts constitute the conven 
tional elements commonly found in a Subscribe 
telephone subset. The standard. Subset is al 
ranged for selective use with an executive type 
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for operation the loudspeaking equipment. 

loudspeaking set. The selective operation of 
either type of communication, which will Sub 
sequently become apparent, is brought about in 
part by a switch 25 which operates to condition 

The 
loudspeaking equipment includes a microphone 
133 and a loudspeaking telephone 34. 
The telephone transmitter Of, the receiver 
O2, the induction coils 08, 109 and f f, the 

calling device f 3, and the receiver switch 03 
are interconnected to form a substation circuit 
of the well known anti-sidetone type. This cir 
cuit includes the line conductors 0 and f20 be 
tween which the three inductively coupled wind 
ings 108, io9 and l are serially, included in a 
branch circuit. This branch circuit also includes 
an isolating capacitor 2 connected between "he 
two windings 08 and ill, the capacitor being ef 
fective to prevent the receiver from being en 
ergized by the direct current flowing over the 
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scriber substation and includes loudspeaking ap 
parati's and switching equipment for selective 70 quently become apparent. , 
operation of the substation as a regular tele 
phone subscriber substation or as a loudspeaking 
type substation; Fig. 2 illustrates the outgoing 
amplifier, the incoming. amplifier, and the con 
trol appl ratus at the substation; Fig. 3 illus 

conductors O and 20 when the subset is con 
nected for use. The portion of the branch cir 
cuit including the two windings 09 and if f and 
the capacitor if 2 is shunted by the transmittel' 
IO, and the receiver. 02 is connected between 
the juncture point of the two windings 09 and 

and the line 20 through the contacts f04 
and 05 of the receiver switch 03. Since the 
capacitor 2 is connected between the two wind 
ings fo9 and if, it is protected against high 
voltages appearing upon the line' comprising the 
conductors O and 20, which voltage surges 
might result in puncturing the insulation of the 
capacitor. 

For the purpose of giving an audible indica 
tion of calls incoming to the substation, there is 
provided a signal device-in the form of a ringer 
f 22 which is normally connected to be energized 
over an operating circuit including the line con 
ductor f 10, the capacitor 24, the contacts 4 . 
and 5 of the calling device 3, and the con 
tacts 3 and 32 of the switch 25 which are 
connected to the other line conductor 20. The 
induction coil O8 which has one terminal con 
nected to the juncture between the transmitter 
f0? and the capacitor 2, has its other termi 
nal connected to the make contact f28 of the 
switch 25 and also to a resistor 23 which is 
connected to the contact 6 of the calling de 
vice f3. The purposes of the contact 28 on 
the switch 25 and the resistor f 23 will subse 

The calling device 3 is provided with a make 
contact 6 which cooperates with the contact 
ff 5 which, it will be remembered, was connected 
to the capacitor 24. The calling device, further-. 

7 mor, has a pair of make contacts 7 and it 8 
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which are Connected between the line conductor 
29 and the common juncture between the re 

sistor 23, the inductance coil 8 and the switch 
contact 28 of the switch - 25. Upon actuation 
of the calling device 3 a pair of interrupter 
contacts 9 and 2 are arranged to be broken 
to provide the calling impulses. These contacts 
are connected between the switch contact 8, 
Which is connected to the common juncture of 
he resistor 23, the inductance coil 08, the 

3 
connected to the conductors 93 and 2 which 

O 
switch contact 28, and the other line conductor 

. When the dial or calling device 3 is act 
ated the ringer 22 is disconnected from the con 
dictors and 26 which comprise the telephone 
ine, and the capacitor G 23 is connected through 
the resistor 23 so as to be in parallel to the 

5 

interrigter contacts 9 and 2, thereby to pre 
vent or minimize transient effects occurring as a 
result of the making and breaking of the contacts 
G 3 and 28. The calling device 3 is arranged 
So be effective whenever the hook or receiver 
switch 3 has been operated to the position 
shown, whereby the contacts foé and OS thereof 
are closed so as to complete the circuit from the 
contacts if 9, 2 of the calling device through 
the inductance coil 08 and the transmitter 0 
to the contact 04. At the same time that the 
contacts 04 and fo5 are closed, contacts 06 and 

20 

25 

07 have also been closed so as to prepare a cir 
cuit which is arranged to operate to render in 3) 
effective the hybrid system connected to the tele 
phone line if 0 and 20 if the loudspeaker set is 
in operation. This circuit operation also will 
subsequently become apparent in the following 
description. The contacts 06 and 07 of the 
hook switch 03 are connected to the make con 
tacts 26 and 2 of the switch 25, the latter 
contact being connected to the conductor 40 
which, in turn, is connected to control a relay to 
perform the operation mentioned. 

35 

40 

The calling device or dial mechanism i3 is 
also arranged to become effective upon actuation 
of the switch 25 which will close the make con 
tacts 28 and 29, the latter contact being con 
nected to the conductor 30 which is connected 
to a hybrid system interposed between the line 

are connected across the input coupling resistor 
209 connected to the grid of a vacuum tube 20. 
The microphone 33 is therefore coupled to an 
outgoing channel amplifier which is provided with 
a control tube, and which includes triode vacuum 
tubes 20, 202, 293, 20é and 25. The anode of 
the triode 201 is connected to the primary wind 
ing of a transformer 2. The secondary wind 
ing of the transformer 2 is shunted by a cou 
pling resistor 22 and one terminal thereof is 
connected to the grid of the Vacuum tube 22. 
Similarly, vacuum tube 262 is coupled to vacuum 
tube .203 by means of a transformer 213 and 
coupling resistor 23; and, likewise, tube 23 is 
coupled through the transformer 25 and cous 
pling resistor 26 to the output vacuum tube. 204. 
One terminal of the primary winding of each of 
the transformers 23, 283 and 2 is is connected 
to the conductor G. which supplies a suitable 
anode potential. The anode of the vacuum tube 
208 is connected to the conductor 2 which, in 
turn, is connected to a hybrid system 89 shown 
in Fig. 4, which is also connected to the conductor 
220. The conductor 220 is also connected to the 
relay 43, and hence between the conductors 2 G 
and 220 there appears a choke coil 2, a voltage 
divider resistor 28, and a second voltage divider 
resistor 29. An adjustable contact of the voltage 
divider resistor 29 is connected through a ca 
pacitor 22, a current limiting resistor 222, and 
a dry disk or contact rectifier 223, to a resistor 
225 which is connected to ground and which is 
by-passed by a capacitor 224. The juncture of 
the dry disk rectifier 223 with the capacitor 224 
and the resistor 225 is connected to resistors 226 
and 228, which together with capacitors 227 and 
229 constitute a time delay circuit connected to 
the grid, circuit of the input vacuum tube 20. 
The capacitors 227 and 229 are connected between 
ground and opposite terminals of the resistor 
228. The movable contact on the resistor 29, 
takes a certain amount of the output voltage of 

45 

conductors and 20, and the two channels 
connected to the microphone 33 and the loud-. 
speaker A34. Upon actuation of the switch 25 
the break contacts 3 and 32 are opened So 
as to disconnect the ringer 22 from across the 
line conductors 20 and 20. 
The microphone 33 is connected to a pair of 

conductors 59 and 60 which, in turn, are con 
nected to the primary winding of a transformer 

5. Across the conductors 5 and 60 there 
are connected resistors 35 and 36, the midpoint 
of which is connected through a signal device or 
lamp 37 to ground. At the other end of the con 
ductors 53 and Sf a pair of resistors 38 and 
39 are connected, the midpoint thereof being 
connected to the make contacts f4 and 2 of 
a relay 83. 
conductor ga) which, in turn, is connected to a 
suitable source of voltage. The relay,43, which 
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The contaet 32 is connected to a 
85 

is shunted by a capacitor a 36, is connected be 
tween he conductors 22e and . The con 
ductor 22 is connected to the output circuit of the outgoing channel amplifier and the hybrid 
system, the purpose of which subsequently will 
become apparent. The conductor. 0 is con 
nected to a suitable source of voltage. 

Reference may now be made to Figs. 1 and 2, 
wherefrom it will be seen that the secondary 
winding of the microphone transformer 5 is 

70 

75 

the vacuum tube 24, which is passed through the 
dry disk rectifier 223, thereby to develop across 
the resistor 225 and the capacitor 224 a certain 
amount of direct current voltage, which is a 
function of the signal current being transmitted 
and which is used to supply an automatic gain 
control voltage to the input tube 2). The man 
ner in which this arrangement functions Will 
more readily be understood after the remaining 
circuit elements have been described and a fuller 
explanation will be given in connection with a 
description of the operation of the system. The 
grid return of the vacuum tube 292 includes a 
resistor 23f, by-passed to ground by a capacitor 
232, and a conductor 230 which is connected to 
a circuit subsequently described. The grid re 
turn circuit of the vacuum tube 203 includes a 
resistor 233 connected to ground, and a connec 
tion to contact 26 of a relay 286. The secondary 
winding of the transformer 25 and the coupling 
resistor 26 of the vacuum tube 284 are connected . 
directly to giround. . 
A portion of the voltage appearing across the 

resistor 2 8 is coupled through the capacitor 23 
to the grid of a vacuum tube 285 which is pro 
vided with a grid coupling resistor 235 having 
one end théreof connected to ground. The anod 
of the vacuum tube 203 is connected to a capaci 
tor 236 which is grounded and to a relay 23 
which is connected to the conductor 70 which 
supplies anode voltage. The relay 23 is pro 
vided with make contacts 24 and 242 connected 



4. 
between the coad actor 78 and a slow release 
relay 283 which, in turn, is connected to a con 
ducto 280 which is connected to the low poten 
tia side of a source of voltage. The relay 233 
is provided with nake contacts 283 and 264 con 
rected to conductors 23 and 27 which are con 
nected to a circuit subsequently to be described. 
The relay 233 is provided with a capacitor 26 
connected between the conductor 280 and through 
the break contacts 2635 and 24 S and a current 
limiting resistor 238 to the conductor 70 which 
is connected to the positive side of the high volt 
age source. The contact 266 is arranged to make 
with coatact 28, so as to connect the capacitor 
243 across the relay 263, thereby to provide and 
enhance a slow release characteristic. The slow 
release relay 233 is also provided with make con 
tacts 888 and 289 which are arranged to disable 
the incoming channel amplifier. 
The incoming channel amplifier is energized 

from a voltage divider 265 connected across the 
incoming leads 290 and 300 which are connected 
to the hybrid system 40 of Fig. 4. The input of 
the vacuum tube 206 is connected to the voltage 
divider 265, and the anode of the vacuum tube 
206 is connected to the primary winding of a 
transformer 266, the secondary winding of which 
is shunted by a resistor 267 and it is connected 
between ground and the grid of an output vac 
uum tube 20. The anode of the vacuum tube 
2 is connected by the conductor 80 to a loud 
speaker transformer 48 which has a secondary 
winding which energizes the loudspeaker f34. 
Between the anode conductor. 80 of the vacuum 
tube 207 and the anode potential conductor 70 
there are connected voltage dividers 268 and 269. 
The adjustable contact on the voltage divider 
268 is connected through a coupling capacitor 
27, a current limiting resistor 272, and a dry 
disk rectifier 273 to a resistance capacitance cir 
cuit comprising a capacitor 274 connected across 
a resistor 275. A portion of the signal voltage 
appearing across the voltage divider 268, there 
fore, is rectified, by the dry disk rectifier 273 to 
produce across the resistance capacitance circuit 
274; 275 a direct current voltage proportional to 

, the signal current passing through the amplifier. 
This voltage is applied to one terminal of the 
grid coupling voltage divider-265 of the vacuum 
tube 206 through a resistance capacitance filter 
circuit comprising the resistors 276 and 278 and 
the capacitors 27 and 29. The capacitors 277 
and 29 are connected between ground and op 
posite terminals of the resistor 278. The junc 
ture of the dry disk rectifier 273, the resistor 275 
and the capacitor 26 is connected to the con 
tact 268 of the slow release relay 243, for a pur 
pose which will subsequently become apparent. 
The other terminal of the resistol 25 is connect 
ed to a contact 295 of a slow release relay 286 
and also to a conductor 339 which extends to 
the source of voltage shown in Fig. 3. 
A portion of the output voltage appearing 

across the Voitage divider 269 is connected 
through a coupling capacitor 297 to the grid of 
the control tube 288 which is provided with a 
grid coupling resistor 296 connected between the 
grid and ground. The anode of the control tube 
268 is connected to a grounded capacitor 282 and 
to a relay 283 which is energized from the high 
potential conductor it. This conductor is also 
connected to the contact 284, of the relay 283, 
which is arranged to make contact with con 
tact 285. Contact 285 is connected to relay 286 

2,890,175 
20 which is connected to the negative side of 
a high voltage source of power. A capacitor 28, 
connected through the break contacts 288 and 
289 of the relay 288 in series with a current in its 
ing resistos. 28, is connected between conductors 
70 and 280. The contact 288 is arranged to 

make with the contact 287 to connect the capaci 

0. 
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tor 29 across the relsy 286, thereby to provide 
and enhance the slow release characteristics of 
this relay. The slow release relay 286 is also pro 
vided with make contacts 295, 294 and 293, the 
latter contact being connected to an adjustable 
resistor 292 which, in turn, is connected to the 
conductor 240. The contact 294 is connected 
to a conductor 340 which extends to the power 
Supply circuit shown in Fig. 3. The sow release 
relay 286 has a contact 26 connected to the in 
put circuit of vacuum tube 203 which is arranged 
to break with the contact .259 connected to 
ground, and to make with contact. 262 which is 
connected to the grounded capacitor 258, and a 
resistor 256 which, in turn, is connected to an 
adjustable contact on the voltage divider 255 
and to grounded capacitor 25. A voltage di 
vider 254 has an adjustable contact connected 
through a resistor 252 to the make contact. 249 
of slow release relay. 243. Suitable filter capaci 
tors 25 and 253 are connected between ground 
and opposite terminals of the resistor 252. The 
voltage dividers 254 and 255 are each connected 
between ground and a conductor 250 which is 
connected to the negative side of a low voltage 
Source of direct current. . . 

Reference may now be had to Figs. 3 and 4, 
which show the incoming line circuit and the 
source of power which supplies anode, grid and 
flament voltages for the various tubes. The tele 
phone line 120 is connected to the hybrid system 
40 which preferably is composed of a pair of 
transformers 402 and 403, each having a pair of 
secondary windings 404, 405 and 406, 407, respec 
tively. The conductor 20 is therefore connected 
through the secondary winding 406, a relay 408 
shunted by a capacitor 409, and secondary wind 
ing 404 to the make contacts 46 and 47 of a 
relay 43, the contact 4 f6 being connected to a 
conductor 30. It will be remembered that the 
conductor 30 extends to Fig. 1 where the con 
ductor is connected to the make contact. 29 of . 
the switch 25. The remaining secondary wind 
ings 405 and 407 of the transformers 402 and 303 
are reversely connected through a balancing in 
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which, in tux), is connected to the conductor 75 

pedance or resistor 427. The primary winding 
of the transformer 403 is connected across the 
conductors 296 and 300, so as to energize the 
voltage divider 265 which is connected to the 
grid of the input tube 206 of the incoming chan 
nel amplifier. The conductors 290 and 30' are 
also connected to the make contacts 438 and $89 
of the relay is 3. The primary winding of the 
transformer 302 is connected to the conductors 
26 and 22 through a T-pad comprising the 
resistors $28,425 and 426. 

It will be remembered that the conductors 26 
and 220 are connected in the output circuit of 
the output tube 204 of the outgoing channel am 
plifier. If it is assumed that the switch 25 of 
Fig. 1 is actuated to close the contacts. 28, and 
29, the conductor 30 is connected to the line 

conductor through the contacts 9 and 2 
of the dial device f3. When this circuit is 
completed the relay 408 and the transformer 
windings $03 and 406 are connected across the 
line conductors 0 and 20, whereby, current 
flows to energize the relay 408. The operation of 
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he relay 888 closes the contacts 3 and 62, 
thereby to energize the relay 42 from a suitable 
alternating current source, whereupon contacts 
422 and 823 of this relay are closed, thereby to 
supply alternating current energy across the con 
ductors 3 and 32 which, in turn, are Connected 
to the primary windings of three power trans 
formers 36, 32 and 383. The Secondary wind 
ing of the transformer 3G is connected to a 
bridge rectifier 368, the output of which is con 
nected between ground and a conductor 250. In 
terposed between the low potential side of the 

5 
terminals. G and H supplies power only to the 

rectifier network 364 and the conductor 250 is a . 
filter choke 365, the opposite terminals of which 
are connected through capacitors 36 and 307 
to ground. The rectifier and filter arrangement 
therefore supply a relatively low voltage direct 
current to the voltage dividers 258 and 255 of 
Fig. 2, whereby a certain amount of negative bias 
is provided for application to certain circuits of 
the channel amplifiers. 
The transformer 302 is provided with a pair of 

secondary windings 308 and 309 which energize 

5 

20 

the filament and anodes of a ful Wave rectifier 
tube 3. The cathode or high potential side of 
this circuit is connected through a filter reactor 
32 to the high potential conductor 70 which 
supplies anode voltage to all of the amplifier and 
control tubes. The midpoint of the Secondary 
winding 309 which constitutes the low voltage 
side of the rectifier circuit is connected to con 
ductors 240 and 280, the conductor 240 being 
connected to the slow release relay 286 and the 
conductor 26 being connected to the slow re 
lease relay 263. A pair of filter capacitors 33 
and 3 4 are connected at opposite ends of the 
filter reactor 32 and to the negative conduc 
tor 260. 
The filament power transformer 303 is pro 

vided with a plurality of mid-tap Secondary Wind 
ings 35, 36, 37, 38, 39 and 32. The sec 
ondary winding 35 has output terminals A and 
B which supply only the filament of control tube 
205. The midpoint of the secondary winding 35 
is connected through a resistor 322 to the junc 
ture of the conductors 230 and 260 which, in turn, 
is connected through a capacitor 323 to ground. 
The midpoint of the secondary winding 35 is 
also connected to a filter bleeder circuit compris 
ing the adjustable resistor 324 and the fixed re 
sistor 325. One terminal of the fixed resistor 
325 is connected to ground and the other ter 
minal is connected to the negative side of the 
source of power provided by the rectifier 3. f. 
At opposite terminals of the resistor 324 there 
are provided grounded capacitors 326 and 327. 
The output terminals of the Secondary winding 

36, which have been indicated as C and D, supply 
power only to the second stage vacuum tube 262 
of the outgoing channel amplifier. The midpoint 
of this secondary winding 36 is connected 
through a resistor 329 to the conductor 270 and 
to an adjustable resistor 33 which, in turn, is 
connected to the conductors 246 and 28 and the 
negative side of the angde voltage. A capacitor 
328 is connected between the midpoint of the 

- transformer 3 6 and ground to provide a certain 
amount offilteraction, 
The midpoint of the secondary winding 3 is 

connected to the resistor 332 which is grounded 
and which is by-passed by the capacitor 333. 
The output terminals E and F of this transformer 
supply filament energy to the vacuum tubes. 20, 
203 and 204 of the outgoing channel amplifier. 
The secondary winding 38 having output 
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rael amplifier. 

output tube 2 of the incoming channel an 
plifier and the midpoint of the transformer is 
connected through the resistor 236 to ground 
which, in turn, is by-passed by a capacitor 335. 
The secondary winding 39 has output ter 

minals i and J which energize the fila Enent of 
the control vacuum tube 203. The midpoint Of 
the transformer 3d 9 is connected through the 
resistor 336 to the conductor 33 which, it Will 
be remembered, is connected to the make con 
tact 295 of the slow release relay 286, and to 
the other terminal of the automatic gain con 
trol resistor 275. On either side of the resistor 
336 there are provided grounded capacitors 337 
and 338. The midpoint of the secondary wind 
ing 39 is also connected through a resistor 339 
to the midpoint of the secondary transformer 
winding 309 which constitutes the negative poten 
tial lead of the anode voltage supply. 
The secondary winding 32 which has output 

terminals -K and L. Supplies filament current to 
the input vacuum tube 206 of the incoming chan 

The midpoint of the secondary 
winding 32 is connected through a resistor 382 
to the conductor 340 which is connected to the 
make contact 294 of the slow release relay 286. 
A by-pass capacitor 34 is connected between 
ground and the midpoint of the secondary wind 
ing 32. The terminal of the resistor, 382 which 
is connected to the conductor 346, is also con 
nected through an adjustable resistor 343 to the 
negative side of the plate voltage source. 
The purpose and function of certain circuit 

elements and arrangements will now become ap 
parent in the following explanation of the oper 
ation of the system. If it is assumed that the 
handset comprising the transmitter fol and the 
receiver O2 is resting on its cradle, so that the 
receiver switch 03 is actuated to open circuit 
position, and it is further assumed that it is 
desired to communicate by means of the executive 
loudspeaking telephone system, the switch 25 will 
be actuated. Actuation of the switch 25 breaks 
the contacts 3 and 32, thereby removing the 
ringer 22 from across the telephone line if G 
and 20. At the same time contacts 28 and 
29 are closed, thereby connecting the conductor 
30 through contacts 19 and 12 of the calling 
device f 3 to the line conductor ff0 so that cur. 
rent flows through the transformer coils 404 and 
406 of the hybrid system 40 f of Fig. 4, thereby 
to energize the relay 48. The relay 408, having 
been energized, closes its contacts 4ff and 42, 
thus causing the relay 42 to close its contacts 
423 and 422. The alternating current source 
therefore is Connected to the conductors 3 and 
320, whereby the power transformers 30, 302 
and 303 are energized. The various filament 
transformer Windings of the transformer. 303 
thereby heat the various vacuum tubes 2 to 268, 
inclusive, to condition the executive loudspeaking 
apparatus for use. The anode of the output 
vacuum tube 204 of the outgoing channel is con 
nected through the conductor 28, the hybrid 
transformer 802, the conductor 22, the relay f3, 
and the conductor to the high potential side 
of the plate Supply which is furnished by the 
rectifier tube 3 G of Fig. 3. As soon as the tubes 
have reached operating temperature, anode cur 
rent will flow thereby to energize the relay $3 
which closes its contacts and 2. The clos 
ing of the contacts 4 and 62 completes a 
circuit through conductor 60 which is connected. 

75 to the negative terminal of the low voltage direct 
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current source supplied by the transformer 30 
and the bridge rectifier 30, so that current flows 
over a simplex circuit Superimposed on the micro 
phone conductors 50 and 60. Current there 
fore enters at the common juncture of resistors 
638 and 39 flowing over the microphone con 
ductors 5 and 6 and leaving at the common 
juncture of the resistor 35 and 36 to energize 
the signal amp or device 3. 
amg 3 is lighted, this indicates that the 
change amplifiers and conto tubes are now in 
condition of Se. 
The actuation of the Switch 25 by the closing 

of the contacts 28 and 29 has placed the calling 
device SS in circuit so that a subscriber may be 
called by actuation of this device. At the Sane 
tigas the aciation of SWitch 25 has closed COn 
tacts 26 and 62 to prepare a circuit, which in 
cludes conductor £8 and contact 82 of the re 
ceives switc. 83. The conductor 40 is con 
nected in Sig. 4 to relay i3 which, in turn, is 
connected to conductor 0 which is supplied by 
power from the bridge rectifier direct current 
source. 396. If after communication has been 
started by the executive loudspeaking System it 
is desired for purposes of privacy to utilize the 
handset, the receiver switch 03 becomes actu 
ated thus closing the contacts 06 and 0, where 
by the relay 4 i3 is energized to make contacts 44 
and 45 to lock in circuit the relay 42, to break 
contacts 46 and 4 to disconnect the hybrid 
system 40 from the telephone line, and also to 
short-circuit the input to the incoming signal 
channel by closing the contacts 48 and 49. 
Each of the channel amplifiers is so arranged 

by supplying to certain of the tubes thereof a 
relatively high negative voltage, that the ampli 
fication thereof is at a predetermined low level 
which would be insufficient to supply signal cur 
rents to the telephone line of the desired magni 
tude. Each of the signal channels, therefore, is 
provided with a control tube responsive to signal 
currents passing therethrough, whereby the gain 
of one channel is rapidly increased thereby en 
abling that channel, and the gain of the other 
channel is decreased thereby disabling the other 
channel. A portion of the initial voice currents 
fed to the outgoing channel amplifier appears in 
the output circuit of the Output tube 204 acroSS 
the voltage divider 28. A certain amount of this 

When the signal 
10 
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rent of the vacuum tube 25, however, the nega 
tive bias Supplied by the resistors 329 and 33 is 
opposed by the bias appearing across the resistor 
324. The potential supplied by the resistor 323 
is obtained from a resistance capacitance ar 
rangement which has a relatively short time con 
stant So that a rapid enabling action of the vac 
uum tube 202 is obtained. The bias obtained 
across the resistors 329 and 33 does not vary 
greatly With a change in the plate current of the 
vacuum tube 202, but the voltage appearing across 
the resistor 324 varies widely from the standby 
condition of the channel amplifier to the enabled 

5 
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condition. Therefore, the bias effective on the 
Vacuum tube 202 becomes less negative as the 
plate current of the vacuum tube 25 increases, 
thereby bringing up the gain of the outgoing 
channel amplifier to enabled condition. 
The bias of the control vacuum tube 295 is 

equal to the voltage drops across the resistors 
324 and 325, the latter resistor carrying plate 
currents of the vacuum tubes 29, 203 and 294. 

25 

30 

Therefore, the net bias applied to the vacuum 
tube 205 does not change greatly with a change 
in the anode current of the vacuum tube. 205, 
even though the voltage appearing across the 
resistor 324 is directly proportional to, the in 
creased plate current of the control tube. There 
fore, the stabilizing action of the voltage drop 
appearing across the resistor 325 tends to com 
pensate for the application of voice voltage to 
the vacuum tube 205 and thus to reduce the rate 
of increase in plate current in this vacuum tube. 
If such an arrangement were not provided there 
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signal voltage is impressed across coupling capac 
itor 234 on the grid of the control tube 205, there 
by to cause an increase in the anode to cathode 
current of this tube, The Cathode circuit of the 
control tube 205 may be traced from the mid 
point of the flament transformer winding 35 
through the adjustable resistor 324 to the nega 
tive side of the plate potential supplied by the 
rectifier tube 3. A change in anode current 
of the control tube 205 therefore rapidly changes 
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the voltage drop appearing across the resistor 324. . . 
The resistor 324 is effectively connected in circuit 
with the grid to cathode circuit of the vacuum 
tube 202. A circuit from the grid of the vacuum 
tube 202 may be traced through the secondary 
winding of the transformer 2 which is shunted 
by the resistor 22, through the resistor 23, the 
resistor 322, the resistor 324, resistor 33 and re 
sistor 329 back to the mid-tap of filament trans 
former winding 36 which energizes the flament 
of the vacuum tube 202. The effective negative 
bias applied to the vacuum tube 202 therefore is 
the drop appearing across resistors 329 and 33 
when no current is fiowing in the vacuum tube 
23. With the increase in anode to Cathode cur 
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Would be a much greater rate of increase in the 
plate current for the vacuum tube 205 which 
would be highly undesirable from the standpoint 
of Control tube sensitivity. 
Since the potential appearing across the re 

sistor. 324 varies in proportion to the signal cur 
rents passing through the amplifier, and this 
bias circuit has a relatively short time constant, 
it is desirable to eliminate this variable effect by 
connecting the juncture between the resistors 329 
and 33 to the juncture between the resistors, 23 
and 322, which is accomplished by the make con 
tacts 263 and 264 of the slow release relay 243. 
The anode current of the control tube 205 hav 
ing been increased in response to signal currents 
passing through the Outgoing channel amplifier, 
brings about energization of the relay. 237 which, 
in turn, energizes, by the closing of its contacts 
24 and 242, the slow release relay 243. Opera 
tion of the slow release relay 243 brings about 
the colsing of the contacts 263 and 264, thereby 
to apply a smaller negative bias to the control 
of the amplifier tube 202. 
At the same time the capacitor 244 is connected 

in shunt to the slow release relay 243 by the clos 
ing of the contacts 245 and 247. This increases 
the slow release characteristics of the relay. The 
capacitor 244 is relatively large and therefore 
would tend to lower the voltage across the relay 
coil momentarily, were it applied directly without 
previously charging the capacitor. The capacitor 
244, therefore, is initially connected by the break 
contacts 245 and 246 through the current limit 
ing resistor 239, so that the Capacitor may be 
connected in shunt to the relay without lowering 
the voltage thereacross. The current limiting re 
sistor 239 prevents the flow of heavy charging 
currents whenever contacts 245 and 246 are made, 
which otherwise might disturb the amplifier Suf 
ficiently so as to cause a noise or decided change 
in the level of operation. The slow release relay 
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283 also closes contacts 288 and 249 thereby con 
necting the grid of the vacuum tube 26 through 
the resistors 26, 278 and 252 to the 8-djustable 
contact on the voltage divider 256. The Voltage 
divider 25g is connected between ground and the 
conductor 250 so as to be connected between the 
negative side and ground of the low voltage direct 
current biasing source of potential provided by 
the transformer 3, , the bridge rectifier 36, and 
the choke coil 305. Therefore sufficient negative 
bias is supplied to the input tube 25 for the in 

O 

coming channel amplifier to effectively disable 
the amplifier. 
The outgoing channel amplifier in addition to 

being controlled by the self-biasing arrangements, 
the control voltage applied by the control tube 
25 and the change in negative bias brought about 
by operation of relay, 263, is also controllied by 
the automatic gain control arrangement. This 
includes the resistor 29 which is connected across 
the output circuit of the vacuum tube 20é. A por 
tion of the potential appearing thereaCross is cou 
pled by the capacitor 22 through the current 
limiting resistor 222 to the dry disk rectifier 223 
which builds up a potential across the capacitor 
224 which is proportional to the signal current 
passing through the amplifier. The capacitor 226 
is discharged at a relatively constant rate by the 
resistor 225. This automatic gain control volt 
age appearing across the capacitor 224 is applied 
through a time delay circuit comprising the re 
sistors 226 and 228 and the capacitors 22 and 229 
to the grid of the vacuum tube 20. The grid 
to cathode circuit of this vacuum tube 2 also 
includes the self-biasing resistor 332 which is 
shunted by the capacitor 333 and which is con 
nected between the mid-point of the transformer 
winding 3 and ground. Therefore, the auto 
matic gain control voltage applied to the input 
tube 20 is superimposed on the self-bias appear 
ing across the bias resistor 332. The resistor 
capacitor-filter arrangement introduces a Sufi 
cient time constant in the automatic gain Con 
trol voltage so as to maintain the gain of the 
amplifier over word and syllable pauses. Since 
the transformer winding 3 also supplies fila 
ment current to the vacuum tubes 203 and 204, 
the bias appearing across the resistor 332 is sta 
bilized to a considerable degree So that in Spite 
of the fact that the plate current of the vacuum 
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tube 20 reduces considerably as the automatic 
gain control bias is applied, the vacuum tube 
operates with a proper amount of negative bias 
potential. 
When currents appear across the incoming con 

ductors 29G and 300 thereby to produce a voltage 
drop across the voltage divider 265, signal cur 
rents are amplified by the incoming channel an 
plifier comprising the vacuum tubes 2C6 and 2 
together with their associated circuit elements. A 
portion of output voltage of the vacuum tube 2 
is obtained from across the voltage divider 269 
and by means of a coupling capacitor 29 is ap 
plied to the control grid of the control vacuun 
tube 28, thereby to cause an increase in the anode 
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of the vacuum tube 266. A circuit from the grid 
of the vacuum tube 206 may be traced through 
the lower portion of the voltage divider 25, re 
sistors 278 and 276, resistor 275 which is shunted 
by the condenser 23, resistors 336,339, 383 and 
382, and back to the mid-tap of the filament 
transformer winding 32 which energizes the fila 
ment of the Vacuum tube 26. The negative bias 
applied to the vacuum tube 206 therefore is the 
drop appearing across resistors 342 and 343 when 
no current is flowing in the vacuum tube 2C8. 
With the increase in the anode to cathode cur 
rent of the vacuum tube 208, however, the nega 
tive bias applied by the resistors 342 and 383 is 
Opposed by the bias appearing across the resistor 
339. The potential supplied by the resistor 339 
is obtained from a resistance capacitance ar 
rangement which has a relatively short time con 
stant so that a rapid enabling action of the vac 
uum tube 26 is obtained. The midpoint of the 
transformer winding 339 is connected through the 
resistors 339, 343 and 382 to the midpoint of trans 
former winding 32 which supplies filament cur 
rent to the input vacuum tube 206. The change 
in bias brought about by the change in the anode 
current of vacuum tube 28 therefore is applied 
to the grid to cathode circuit of the input vacs 
uum tube 26. The voltage appearing across the 
resistor 339 varies widely from standby condi 
tion to enabled condition, although the voltages 
appearing across the resistors 342 and 343 do 
not Vary greatly. Since the Voltage appearing 
across the resistor 339 varies considerably in ac 
cordance with the change in anode current of the 
control tube 208, the negative bias applied to the 
input vacuum tube 206 is rapidly reduced, thereby 
quickly increasing the gain of the incoming chan 
nel amplifier thereby to enable the amplifier. It 
will be readily appreciated that the action of 
the vacuum tube 268 has an action with respect 
to the input vacuum tube 206 very similar to the 
action of the control tube 205 with respect to the 
vacuum tube 202 of the outgoing channel ampli 
fier. Having the initial increase in gain of the 
vacuum tube 206, the increased current flowing 
in the vacuum tube 208 brings about actuation of 
the relay 283 which cioses its contacts 284 and 285, 
thereby to energize the slow release relay 286. 
The capacitor 29 which is arranged to be charged 
through a current limiting resistor 28 is con 
nected across the relay 286, thereby to improve 
its slow release characteristics. In order to 
change the bias appearing on the vacuum tube 
206 the contacts 294 and 295 are closed, thereby 
rendering ineffective the variable bias supplied by 
the action of the vacuum tube 208 and also chang 
ing the degree of bias provided by the resistors 

60 

65 
to cathode current of the vacuum tube 208. The . 
cathode circuit of the control tube 28 may be 
traced from the midpoint of the flament trans 
former winding 39 through the resistor 339 to 
the negative side of the plate potential supplied 
by the rectifier tube 3. A change in the anode 
current of the control tube 298 therefore rapidly 
changes the voltage drop appearing across the 
resistor 339. The resistor 339 is effectively con 
nected in circuit with the grid to cathode circuit 

w 

O 
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342 and 343 so that the gain of the incoming 
channel amplifier is stabilized at a new gain level. 
At the same time contacts 293 and 294 are closed, 
Which place the resistor 292 in shunt with the 
resistor 343. This gives a combination of voltage 
drops acroSS the tWO resistors which is somewhat 
less than the voltage appearing across the re 
sistor 325. Thus these voltage drops are opposite 
and unequal and are in Series with the auto 
matic gain control voltage path to ground So as 
to produce an automatic gain delay Voltage. The 
automatic gain voltage which is obtained from 
the voltage divider 268 by the coupling capac 
itor 2, the current liniting resistor 22 and 
the dry disk rectifier 23 appears across the ca 
pacitor 276. During the initial period of incom 
ing speech and after the closure of the contacts 
29 and 295 of the relay 286 the automatic gain 
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control bias from the capacitor 2 is Superim 
posed upon the normal negative bias applied to 
the vacuum tube 206 by means of the drop ap 
pearing across the resistor 342. Operation of the 
slow release relay 286 also changes the contact 
26 from ground to contact 262, thereby connect 
ing the grid of the vacuum tube 203 through 

controlled by said control tube for subsequently 
rendering ineffective said second means and a 
portion of said first means to maintain the gain 
of said amplifier above a predetermined level. 

the resistor 25 to a bias VOItage appearing a CrOSS.. " 
the voltage divider 255. This negative bias volt 
age is sufficient to reduce the gain of the Wac 
uum tube 23 so as to thereby disable the out 
going channel amplifier. 
While the outgoing channel amplifier has been 

shown utilizing four stages of amplification, it is 
to be understood that either a greater or lesser 
number of stages may be utilized, and in the 
present instances four stages of amplification 
were deemed necessary to Supply a slight excess 
of gain whereas three stages might be insufficient. 
In order to balance or offset this excess gain, a 
-pad comprising the resistors 624 to 826 is in 

serted between the conductors 2 and 220 and 
the winding of the transformer 32 of the hybrid 
system 60. w 

If it is desired to interrupt the operation of 
the executive loudspeaking communication sys 
tem to obtain the privacy of the handset, the 
closure of the contacts 06 and a causes the 
conductor 4 to be effectively connected to 
ground, whereby power flowing over the conduc 
tors 250 and OO will energize the relay 43. This 
disconnects the hybrid system 40 and short-cir 
cuits the input to the incoming signal channel. 
If subsequently communication is to be resumed 
by the loudspeaking apparatus, the replacement 
of the receiver to actuate the receiver switch 03 
will break the contacts G6 and 0, thereby to 
deenergize relay 43 and again to place into oper 
ation the signal channel anplifiers. 
Mention was previously made of the desirability, 

of providing a system which used a single type of 
tube and, hence, in the accompanying drawings 

It, of all the tubes are shown as being triodes. 
course, will be understood that while triodes have 
been shown, the principles herein disclosed may 

2. In a transmission system, a channel anplie 
fier having a plurality of stages of amplification, 
a control tube arranged to be responsive to signal 
currents passing through the output stage of Said 
amplifier, self-biasing means connected to at 
east one stage of said amplifier for Supplying 
thereto a negative bias sufficient to maintain the 
gain thereof at a relatively low level, biasing 
means having a relatively short time constant 
connected in circuit with said control tube and 

5 

2 

said first means for deriving a cohtrol voltage in 
opposition to a portion of said negative self-bias 
thereby to increase the gain of said amplifier, and 
means controlled by said control tube for subse 
quently rendering ineffective said Second means 
and a portion of said first means to maintain 
the gain of said amplifier above a predetermined 
level. 
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3. In a transmission system, a channel am 
plifier provided with means for supplying thereto . 
a negative bias sufficient to maintain the gain 
thereof at a relatively low level, a control tube air 
ranged to be responsive to signal currents passing 
through said amplifier, means connected in cir 
cuit with Said control tube and said first means 
for deriving a control voltage in opposition to Said 
negative bias, said means having a relatively 
short time constant thereby to rapidly increase 
the gain of said amplifier, and means controlled 
by said control tube responsive to an increase in 
the gain of said amplifier to a certain level for 
short-circuiting said second means and a portion 
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be applied to amplifiers having tubes which have 
a greater number of elements therein. 
In order that the present specification be suf 

ficiently complete and understandable without a 
reference to other applications, certain circuit 
arrangements and apparatus have been shown 
and described to facilitate such understanding. 
Certain broad aspects of the circuit arrangements 
and apparatus, herein disclosed but not claimed, 
are shown, described and claimed in my Copend 

now Patent No. 2,369,460, granted February 13, 
1945. . while one embodiment of the invention has 
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. In a transmission System, a channel ampli 

fier having a plurality of Stages of amplification, 
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ing application for improvements in Transmission 
systems, Serial No. 483,596, filled April 19, 1943, 

of said first means to maintain the gain of said 
amplifier above a predetermined level. 

4. In a transmission system, a channel ami 
plifier having a plurality of stages of amplifica 
tion, a control tube arranged to be responsive to 
signal currents passing therethrough, means con 
nected to said amplifier for Supplying thereto.a. 
negative bias sufficient to maintain the gain 
thereof at a relatively low level, means having a 
relatively short time constant connected in cir 
cuit with said control tube and said first means 
for deriving a voltage in opposition to a portion 
of Said negative bias thereby to increase the gain 
of said amplifier, means controlled by said con 
trol tube for subsequently rendering ineffective. 
said second means and a portion of said first 
means, and an automatic gain control circuit en 
ergized from the output stage of said amplifier 
and having a time constant sufficient to hold over 
Word and Syllable pauses for supplying an auto 
matic gain control voltage to said amplifier. 

O 

a control tube arranged to be responsive to signal 
currents passing through the output stage of said 
amplifier, means connected to said amplifier for 
supplying thereto a negative bias sufficient to 
maintain the gain thereof at a relatively low 

70 
level, means connected in circuit with said control 
tube and said first means for deriving a control 
voltage in opposition to said negative bias thereby 
to increase the gain of said amplifier, and means 7. 

5. In a transmission system, a channel am 
plifier having a plurality of stages of amplifica 
tion, a control tube arranged to be responsive 
to signal currents, passing therethrough, means 
connected to said amplifier for supplying thereto 
a negative bias sufficient to maintain the gain 
thereof at a relatively low level, means having 
a relatively short time constant connected in cir 
cuit with Said control tube and said first means for 
deriving a control voltage in opposition to a por 
tion of Said negative bias thereby to increase the 
gain of Said amplifier, means controlled by said 
control tube for Subsequently rendering ineffec 
tive Said Second means and a portion of said first 
means, and an automatic gain control energized 
from the output stage of said amplifier and hav 
ing a time constant sufficient to hold over word 
and Syllable pauses connected in circuit with said 



sers, means thereby to superpose an automatic 
gain control bias on said negative bias. 

8. In a transmission system, a channel ampli 
ger including at least an input tube and an out 
put tube, means connected to said amplifier for 
supplying thereto a negative self-bias sufficient 
to maintain the gain thereof at a relatively low. 
eve, a control tube, arranged to be responsive to 
signal currents passing through the output stage 
of said amplifier, means connected in circuit with 
said control tube and said first means for deriving 
a control voltage in opposition to said negative 
bias thereby to increase the gain of said am 
pifier, automatic gain control means energized 
from the output stage of said amplifier and hav 
ing a time constant sufficient to hold over word 
and syllable pauses, said automatic gain control 
means being connected in circuit with said first 
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means thereby to superpose an automatic gain 
control bias on said negative bias, and means Con 
trolled by the said control tube responsive to an 
increase in the gain of said amplifier to a certain 
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level for rendering ineffective said second means 
and a portion of said first means to maintain the 
gain of said amplifier above a predetermined level 
saintifor delaying the application of an automatic 
gain control bias until 3, predetermined signal 
Revei has been reached. 

. In a transmission system, the combination 
of a multi-stage amplifier with biasing means for 
maintaining the gain thereof at a relatively low 
level, automatic gain control means having an 
appreciable time constant to hold over word and 
Syilable pauses and being associated with the out 
put stage of said emplifier to derive voltages for 
erectively controlling the gain of the first stage 
of 82npification, a control tube and circuit for 
said amplifier arranged to derive a control voltage 
iga esponse to signal currents passing through 
said anifer, neaias for applying said control 
WoStage in opposition to said biasing means to 
is crease he gain of the amplifier, and means 
scontrolled by said control tube responsive to an 
aerease in the gain of said annplifier to a certain 
eve for further reducing the bias of said ampli 
fier to maintain the operation thereof at an in 
creased gain eve. 

8. In a transsission system, the combination 
(of a nulti-stage amplifier with biasing means for 
Sinaintaining the gain thereof at a relatively ow. 
2evel, automatic gain control means having an 
&ppreciable time constant to hoid over word and 
Sviate pauses for effectively controlling the gain 
of the first stage of amplification, a control tube. 
and circuit for said amplifier energized from the 
oatput stage and arranged to derive a control 
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the gain of said amplifier, means responsive to 
currents flowing through said control tube for 
subsequently reducing the amount of negative bias 
supplied by said first means, and means controlled 
by said control tube and circuit for increasing the 
negative bias of the other channel amplifier there 
by to reduce the gain thereof. 

10. In a transmission system, the combination 
of a pair of multi-stage channel amplifiers for 
transmitting signal currents in different direc 
tions, negative biasing means for each channel 
amplifier to maintain the gain thereof at a pre 
determined low level, an automatic gain control 
for each amplifier for effectively controlling the 
gain of the first stage of amplification, a control 
tube and circuit for each channel amplifier ar 
ranged to derive voltages in response to signal 
currents passing therethrough, means for supply 
ing said control voltages in opposition to said 
negative bias thereby to reduce the effectiveness 
thereof, means responsive to current flowing 
through said control tube for subsequently reduc 
ing the amount of negative bias supplied by said 
first means, and means controlled by said control 
tube and circuit for, increasing the negative bias 
of the other channel amplifier thereby to reduce 
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the gain thereof. 
ii. In a transmission system, the combination 

of a pair of multiestage annplifiers for transmit 
ting signal currents in different directions, each 
amplifier being provided with biasing means for 
maintaining the gain thereof at a relatively low 
level, automatic gara control means for each an 
plifier for effectively controling the gain thereof, 
said automatic gain control means having an 
appreciable time constant to hold over word and 
syllable pauses, a control tube and circuit for each 
amplifier arranged to derive control voltages in 

40 

45 

50 

55 

Voitage in response to signal currents passing 
therethrough, Sneans for applying said control 
voltage in opposition to said biasing means to 
increase the gain of the amplifier, and means con 
trolled by said contro tube for subsequently ren 
dering ineffective said second control voltage and 
a portion of the bias of said amplifier to maintain 
operation thereof at an increased gain level. 

9. In a transmission system, the combination 
of a pair of channel amplifiers for transmitting 
signal currents in different directions, negative 
biasing means for each channel amplifier to main 
tain the gain thereof at 8, predetermined low level, 
a control tube and circuit for each channel ampli 
fier arranged to erive control voltages in re 
Sponse to signal currents passing therethrough, 

60 

65 

O 

means for applying said control voltages in oppo 
sition to said negative bias thereby to increase is 

aresponse to signal currents passing therethrough, 
means for applying said control voltages in oppo 
sition to said biasing means to increase the gain 
of the anapfer, aneans controlled by said control 
tube for subsequently removing said control volt 
age and reducing the bias of said amplifier, a 
source of bias potential, and means controlled by 
said control tube for connecting said source of 
bias potential to the other amplifier to reduce the 
gain hereof. 

2. a transnission systern, the combination 
of multi-stage channel anpflers for transmit 
ing signal currents in different directions, each 
anpifier being provided with self-asing means 
for naintaining the gain thereof below a predea 
termined eve, automatic gain control Eneas 
for each amplifier for effectively controling the 
gain of the first stage of armplification, said autos 
matic gain control Eneans having a time constant 
sufficient to hold over Word and syllable pauses, 
a control tube and circuit for each amplifier are 
ranged to derive contro voitages iri response to 
signal currents passing through said amplifier, 
means for applying said control voltages in oppo 
sition to said seif.-biasing means to increase the 
gain of the amplifier, means controlled by said 
control tube for subsequently reducing the selfe 
bias of said anpifier, a source of bias potential, 
and means controlled by said control tube for 
connecting said source of bias potential to the 
other amplifier to reduce the gain thereof. 

3. In a transmission System, the combination 
of incoming and outgoing multi-stage amplifiers 
for transmitting signal currents, each araplifier 
being provided with self-oiasing means for main 
taining the gain thereof at a relatively low level, 
a control tube and circuit for each &ngplifier are 
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ranged to derive control voltages in response to 
signal currents passing therethrough, means for 
applying Said Control voltages in opposition to 
Said self-biasing means thereby to increase the 
gain of the amplifier, each of said amplifiers be 
ing provided With automatic gain control means 
energized from the output stage and acting upon 
the input stage of the amplifier, means respon 
sive to the operation of said control tube for sub 
sequently renoving the effect of the control volt 
age generated thereby and for reducing the self 
bias of said amplifier, said means including a 
relay arranged to short-circuit a portion of said 
self-biasing means and said means for deriving 
control voltages from said control tube, a source 
of bias potential, and neans controlled by said 
Control tube for COrnecting said source of bias 
potential to the other amplifier to reduce the 
gain thereof. 

14. In a transmission System, the combination 
of multi-stage channel amplifiers for transmit 
ting signal currents in different directions, each 
amplifier being provided with self-biasing means 
for maintaining the gain thereof at a subnormal 
level, automatic gain control means for each am 
plifier associated with the output stage thereof 
to derive voltages for effectively controlling the 
gain. Of the first stage of said amplifier, said 
gain control means having a time constant suf 
ficient to hold over word and syllable pauses, a 
control tube and circuit for each amplifier ar 
ranged to derive control voltages in response to 
signal currents passing through said amplifier, 
and means for applying said derived control volt 
ages to oppose said self-biasing means to increase 
the gain of the amplifier to a predetermined nor 
mal level, means Controlled by said control tube 
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for subsequently removing said control voltage 
and reducing the Self-bias of said amplifier, and 
means controlled by said control tube for re 
ducing the gain of the other channel amplifier. 

15. In a transmission system, a combination of 
incoming and outgoing channel amplifiers, each 
amplifier being provided with a control tube ar 
ranged to be responsive to signal currents pass 
ing therethrough thereby to increase the gain of 
its amplifier and to decrease the gain of the 
other amplifier, said incoming channel amplifier 
having an input stage and an output stage, self 
biasing means associated with said input stage for 
normally maintaining the gain of said amplifier 
at a relatively low level, automatic gain control 
means energized from said output stage for sup 
plying in series with said self-biasing means an 
automatic gain control voltage having a time 
Constant sufficient to hold over word and syllable 
pauses, means associated with said input stage 
and said control tube for deriving from said con 
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trol tube a voltage in opposition to said self-bias 
ing means thereby to rapidly increase the gain 
of said amplifier, said control tube being pro 
vided with a relay arranged to short-circuit said 
control voltage means and a portion of said self 
biasing means thereby to maintain the level of 
Said amplifier at a predetermined amount, means 
associated with said relay for connecting in series 
with said automatic gain control voltage sufficient 
negative bias to delay the operation thereof until a 
predetermined signal level has been exceeded, a 
Source of negative bias, and means controlled by 
said relay for connecting, said source of negative 
bias to the outgoing channel amplifier thereby to 
reduce the gain thereof sufficiently to render said 
amplifier ineffective. . 

16. In a transmission system, the combination 
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comprising an incoming channel amplifier and 
an outgoing channel amplifier, each amplifies be 
ing provided with a control tube and circuit Sr 
ranged to derive control voltages in response to 
signal currents passing therethrough thereby to 
increase the gain of the amplifier, a source of 
negative bias potential, means controlled by each 
control tube for connecting said Source of bias 
potential to the other airplifies to reduce the gain 
thereof, said outgoing channel amplifier having 
a plurality of stages of amplification including a 
first stage provided with self-biasing means, 
means energized from the output stage of said 
amplifier for Supplying in series with said self 
biasing means of Said first stage an automatic 
gain control voltage having time constant; suf. 
ficient to hold over word and syllable pauses, self 
biasing means associated with the second stage of 
said amplifier for applying thereto a bias surg 
ficient to maintain said amplifier as a relatively 
low signal level, means connected in circuit, With 
said control tube and with said latter self.-biasing 
means for deriving a voltage in opposition to said 
self-biasing means thereby to rapidly increase the 
gain of said amplifier, a relay actuated by said 
control tube, said relay being arranged to subse 
quently short-circuit a portion of said sel-biasing 
means and Said means for generating a control 
voltage, said relay being arranged to connect said 
Source of negative bias potential to the input stage 
of said incoming charinel amplifier thereby to 
disable said amplifier, and means associated with 
the third stage of said outgoing channel amplifier 
for disabling said amplifier in response to opera 
tion of the control tube associated with said in 
coming channel amplifier. 

17. In a transmission system, the combination 
comprising an outgoing channel amplifier having 
a plurality of stages of amplification, self-biasing 
means for Said amplifier for deriving a negative 
bias sufficient to maintain the gain thereof at a 
relatively low level, means for deriving from the 
output stage thereof an automatic gain control 
voltage arranged to be applied in series with the 
self-biasing voltage of the input stage of saidam 
plifier, said gain control means having a time 
constant sufficient to hold over word and syllable 
pauses, a control tube and circuit arranged to be 
responsive to signal currents passing through said 
amplifier, said control tube and circuit being ar 
ranged to derive a control voltage in opposition to 
said self-biasing voltage, said control circuit hav 
ing a relatively short time constant whereby the 
gain of said amplifier will be increased at a rela 
tively rapid rate, a relay energized by said control 
tube, said relay being arranged to short-circuit a 
portion of said self-biasing means and said means 
for deriving a control voltage in opposition to said 
self-biasing means thereby to stabilize the gain 
of said amplifier at a predetermined level, an in 
coming channel amplifier having an input stage 
and an output stage, self-biasing means asso 
ciated with the input stage for deriving a nega 
tive bias sufficient to maintain said amplifier at a 
relatively low gain level, automatic gain control 
means energized from said output stage for ap 
plying to said input stage. in series with said 
negative bias, an automatic gain control potential 
having a time constant sufficient to hold over 
WOrd and syllable pauses, a control tube and cir 
cuit arranged to be responsive to signal currents 
passing through said amplifier, said control cir 
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cuit having means for deriving control voltages 
in opposition to said self-biasing means and hav 
ing a relatively short itme constant thereby to 



ases, 175 1 
rapidly increase the gain of said amplifier, a re 
lay controlled by said control tube, said relay 
being arranged to short-circuit said means for 
deriving control voltages and a portion of said 
self-biasing means, said relay also being ar 
ranged to supply in Series with the said automatic 
gain control voltage a new negative bias potential 
sufficient to delay the action of said automatic 
gain control circuit until the signal level of the 
arrapifer exceeds a certain predetermined value, 20 

a source of negative bias, means associated with 
the relay of said last-mentioned control tube for 
applying to the third stage of amplification of 
said outgoing channel a negative bias sufficient 
to further reduce the gain thereof, and means 
associated with the relay of said first-mentioned 
control tube for applying the negative bias di 
rectly to the input stage of said incoming channel 
amplifier thereby to reduce the gain thereof. 
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