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17 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 eir-

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 maximym sidetone

suppressi~n 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

" 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-

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 eircuit
for selectively blocking the channels when not in
use. While in some arrangements the signal
channels are completely blocked when not in

sired degree of prii'acy for telephone conversa-
tion, there was provided an arrangement where-
by either a loudspeaking type of communication

. or the usual telephone type of communication
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could be obtained selectively. Such an arrange-
ment included means whereby rapid change-over
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 direcied to channel
amplifiers and control circuits for telephone sub-
station apparatus which provides selective com-
munication by the usual subset or by an executive

" loudspeaking telephone apparatus, In providing
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This is particularly -

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

40
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use, in other arrangements the signal channel -

not being used is rendered comparatively inac-

nels are only partially blocked when not in use
have ¢ advantage of permitting conversation

' break-ins. .
Usually telephone substation circu:ts having
channel amplifiers have been arranged so that the -

operation always included the use of such ampli-
flers. Since this did not always provide the de-

{

Apparatus of the type in which the chan-

60

- 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 am-
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 obijéct 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

55

of stages of amplification and & control tube
therefor, whereby. the operation of the channel
amplifier is controlled by a combination of con-




2
" trol valtages acting 1n opposmon to each other
or acting to produce accumulative effects.
In the illustrated embcdiment 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

L1l

10
A switeh is .
provided for conditioning the. channel amplifiers

15

communication channels when it is desired to.

communicate by the conventmnal telephone sub-
set
" Each of the channel amplifiers is prov1ded with

a control circuit responsive to. signal currents.
passing through the channel amplifier for in-

creasing the gain of that channe] 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 over
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 contrcl 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
sources.

In accordance with the present invention each
of the control circuits. in response to signal cur-
rents passing through the associated amplifier,
- generates a centrol ‘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 velt~g= and to
apnly a smaller negative bias to the channe] am-
plifier.

Other and further features of this invention
will subceouently become apparent in the follow-
ing deséription.

The novel features believed to be character-
istic of the-invention are set forth with partic-
ularity in the apnended claims. The invention,
both as to its org~nization and m-~thod of oper-
ation, together with further objects and advan-
tages thereof, will best be 1riderstood by refer-
ence to the following déscription taken in con-

_nection with -the accompanying drawings, in
which Fies. 1 to 4. inclusive, illustrate the sub-
-station circuit having incorporated therein cer-
tain of the features of the invention as briefly
outlined above.
trates the app=ratus provided at a telephone sub-

More specifically. Fiz. 1 illus-

" telephone subset.

2,396 175 A - .
trates the power equlpment 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 ¢f the sub-
station amplifier apparatus and the. substation
telephone line.

Referring more particularly to Fig. 1 of the
drawings, there is shown a telephone subse'
comprising a transmitter. 101, a receiver .102,
receiver switch 103, induction coils 108. 109 ami
{11, and an isolating or coupling capacitor 112.
The subset may be provided with- a dial switeh
113 and also with a ringer (22 and a ringing ca-
pacitor 124, These parts constitute the conven-
tional elements commonly found in a subscribex
5 The standard .subset is ar-

. 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 125 which operates to condition
The
loudspeaking equipment includes a microphone
133 and a loudspeaking telephone 34.

The telephone transmitter 101, the receiver
{02, the induction coils 108, 109 and IIl, the
calling device 113, and the receiver switch 103
are interconnected to form a substation. circuit
of the well known anti-sidetone type.. This cir-
cuit includes the line conductors 110 and 120 be-
tween which the three inductively coupled wind-
ings 108, ‘108 and 11| are serially included in a
branch circuit.. This branch circuit -also includes
an isolating capacitor 412  connected between *he
two windings 108 and 111, the.capacitor being ef-
fective to prevent the receiver from being en-

" ergized by the direct current flowing over the
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conductors {10 and 120 when the subset is-con-
nected for use. “The portion of the branch cir- -
cuit including the two windings 109 and {1l and
the capacitor 112 is shunted by the transmitfer
181, and the receiver -102 is connected between
the juncfure point ‘of the two windings 1089 and
it and -the line 120 through the contacts {04
and 105 of the receiver switch f03. Since the
capacitor 112 is connected between the two wind-
ings 109 ang {il, it is protected against high
volteges appearing upon the ling: comprising the
conductors 110 and 120, which voltage surges
might result in puncturmg the insulation of the
capacitor.

For the purpose of giving an audible indica-

-tion of calls incoming to the substation, there is
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_vice 1183,

scriber substation and inclrdes loudspeaking ap- -

paratrs and switching equipment for selective
operation of the substation as a regular tele-

provided a signal device-in the form of a ringer
122 which is norma'ly connected to be energized
over an operating circuit including the line con-
ductor (10, the capacitor 124, the contacts 114 .
and (15 of the calling device 113, and the con- |
tacts 131 and 132 of the switeh (25 which are
comnected to the other line conductor 120. The
indu~tion coil 108 which-bas one terminal con-
nected. to the juncture between the:transmitter
{01 and the capacitor 112, has its other termi-
nal connected to, the make contact 128 of the
switch 125 and also to a resistor 123 which is
connected to the contact 116 of the calling de-
The purposes of the contact 128 on’
the switch 125 and the resistor 123 will subse-

70 quently become apparent. .

phone subscriber substation or as a 1rudspeaking ’

type cubstation; Fig, 2 illnstrates the outgoing
- amplifler, the incoming. emplifier. and the con-

trol appiratus at the substation; rig. 3 ilus-

’

k(]

The calling device {13 is providpd with a make
contact 116 which cooperates with the contact
115 which, it will be remembered, was connected
to the capacitor 124. The calling device, further--

-mor~, hus a pair of make contacts 117 ang (18

-
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which are connected between the line conductor
120 and the common juncture between the re-
sistor 123, the inductance coll §88 and the switch
contact 128 of the switch-125. Upon actuation
of the calling device {i3 a pair of interrupter
contacts §19 and {24 are arranged to be broken
to provide the calling impulses. These contacts
are connected between the switch contact 118,
which is connected to the common juncture of
the resistor {23, the inductance coil 108, the

10

switch contact 128, and the other line conductor

148, WWhen the dial or calling device §138 is actu-
ated the ringer (22 is disconnected from the con-
ductors {40 and 128 which comprise the telephone
line, and the capacitor {24 is connected through
‘the resistor {23 so as to be in parallel to the

15

interrupter contacts {19 and §2{, thereby to pre- -

vent or minimize transient effects occurring as a

vesuls of the making and breaking of the contacts -

119 and 129, The calling device 118 is arranged
to be efiective whenever the hook or receiver
switch 003 has been operated to the position
shown, whereby the contacts (04 and 108 thereof
are closed so as to complete the circuit from the
contacts (19, §21 of the calling device through
the inductance coil 108 and the transmitter 191
to the contact 104, At the same time that the
contacts 108 and 105 are closed, contacts 186 and

20

25

97 have also been closed so as to prepare a cir-

cuit which is arranged to operate to render in-

30

effective the hybrid system connected to the tele- -
phone line 110 and 120 if the loudspeaker set is

in operation. This circuit operation also will
subsequently - become apparent in the following
‘descriptionn. The contacts 106 and 107 of the
hook switch 103 are connected to the make con-

tacts {26 and 127 of the switch 125, the latter:

contact beirg connected to the conductor 143
which, in turn, is connected to control a relay to
perform the operation mentioned. o

35

40.

The calling device or dial mechanism 113 is -

also arranged to become effective upon actuation
of the switch {25 which will close the make con-
tacts 128 and 129, the latter contact being con-
nected to the conductor {30 which is connected
to a hybrid system interposed between the line

3

connected to the conductors 138 and 200 which
are connected across the input coupling resistor
208 connected to the grid of a vacuum tube 201.
The microphone {33 is therefore coupled to an
outgoing channel amplifier which is provided with
& controel tube, and which includes triode vacuum
tubes 204, 202, 283, 2848 and 205. The anode of
the triode 201 is connected %o the primary wind-
ing of a transformer 24{. The secondary wind-
ing of the transformer 28! is shunted by a cou-
pling resistor 212 and one tzrminal thereof is
connected to the grid of the vacuum tube 202.
Similarly, vacuum tube 2062 is coupled to vacuum
tube 203 by means of a transformer 213 and
coupling resistor 214; and, likewlse, tube 2083 is
coupled through the fransformer 2{5 and cou- -
pling resistor 216 to the output vacuum tube. 284.
One termingl of the primary winding of each of
the transformers 2{4, 243 and 25 is connected
to the conductor (7§ which supplies a suitable
anode potential. The anode of the vacuum tube
264 is connected to the conductor 218 which, in
turn, is connected to & hybrid system 48f shown
in Fig. 4, which is also connected-to the conductor
220. The conductor 220 is aiso connected to the
relay 143, and hence between the conductors 26 -
and 220 there appears & choke cofl 217, a voltage
- divider resistor 218, and a second voltage divider
resistor 219. An adjustable contact of the voltage
divider resistor 219 is connected through a ca-
pacitor 221, a current limiting resistor 222, and
5 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
1229 constitute a time delay circuit connected to
the grid, circuit of the input vacuum tube 201,
The capacitors 227 and 229 are connected between
ground and opposite terminals of the resistor’
228. The movable contact on the resistor 219.

 takes a certain amount of the output voltage of

conductors {18 and 128, and the two channels .

connected to the microphone 133 and the loud-.

speaker 138. Upon actuation of the switch 125
the break contacts {31 and 132 are opened so
as to disconnect the ringer 122 from across the
line conductors 110 and 123. o
The microphone {33 is connected to a pair of
conductors §58 and 160 which, in turn, are con-
nected to the primary winding of a transformer
185, Across the conductors {59 and {80 there
are connected resistors §3% and 136, the midvoint
of which is connected through a signal device or
lamp (37 to ground. At the other end of the con-
ductors 158 and {67 a pair of resistors 138 and
{28 are connected, the midpoint thereof being
connected to the make contacts {51 and 182 of

the vacuum tube 294, 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 voitage, which is a

~function of the signal current being transmitted

60
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a relay 183. The coniaet 142 is connected to a -

conductor 198 which, in turn, is connected to a
sultable source of voltage. The relay 143, which

85

iz shunted by & capacitor 144, is connected be-

tween the conductors 220 and {79, The con-
duetor 220 is connected to the output cireuit of

the outgoing channel amwlifier and the hybrid -

. system, the purpose of which subsequently will
become apparent. The conductor. 170 is con-
nected to & suitable source of voitage.
Teference may now be made to Figs. 1 and 2,
wherefrom it will be seen that -the secondary
winding of the microphone transformer 145 is

70

7
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and which is used to supply an automatic gain
control voltage to the input tube 281, 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 282 includes-a

resistor 231, by-passed to ground by & capacitor
282, and a conductor 230 which is connected to
g circult subsequently described. The grid re-
turn eircuit of the vacuum fube 203 includes a
resistor 283 connected to ground, and a connec-
tion to contact 261 of a relay 286. The secondary
winding of the transformer 215 and the coupling
résistor 216 of the vacuum tube 284 are connected .
directly to ground. T »
A portion of the voltage appearing -across the
resistor 248 is coupled through the capacitor 234
to the grid of a vacuum fube 288 which is pro-
vided with a grid coupling resistor 23% having
one end théreof connected to ground. The anodn
of the vacuum tube 203 is connected to a capaci-
tor 238 which is grounded and to a relay 231
which is connected to the conductor {78 which
supplies anode voltage. The relay 237 is pro-
.vided with make contacts 24{ and 242 connected




& _
between the eonductov e"m and & slow release
relay 288 which, in turn, is connected to a con-
ductor 280 which is connected to the low poten-
tial side of 2 source of voltage. The relay 243
ig provided with make contacts 283 and 264 con-
nected to conductors 280 and 278 which are con-
nected to g clrcuit subseguently -to be described.
The relay 268 Is provided with o capacitor 284
connected between the conductor 280 and through
the break contacts 245 and 246 and a current
limiting resistor 238 to the conductor i70 which
s connected to the positive side of the high voli-

age source. The contact 246 is arranged to make

with contact 247 so as to connect the capacitor
2448 ecross the rvelay 243, thereby to provide and
- enhance g slow release characteristic. The slow

" release relay 243 is also provided with make con- -

tacts 248 and 249 which are arranged to disable
the incoming chanmnel amplifier.
The incoming channel amplifier is energized
from a voltage divider 265 connected across the
- incoming leads 290 and 800 which are connected
to the hybrid system 401 of Fig. 4. The input of

the vacuum tube 208 is connected to the voliage -

divider 263, and the anode of the vacuum tube
206 is connected to the primary winding of a
transformer 268, 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 207. The anode of the vacuum tube
267 is connected by the conductor 180 to a loud-
speaker transformer {46 which has a secondary
winding which energizes the loudspeaker f34.
Between the anode conductor. {80 of the vdcuum
tube 207 and the anode potential conductor 170
there are connected voltage dividers 268 and 269.
. The adjustable contact on the voltage divider
268 is connected through a coupling capacitor
274, a current limiting resistor 212, and a dry
disk rectifier 275 to a resistance capacitance cir-
cult comprising a capsatitor 274 connected across
a resistor 275. A portion of the signal voltage
_appearing across the voltage divider 288, there-
fore, is rectified: by the dry disk rectifier 213 to
produce across-the resistance capacitance circuit
274, 27§ a direct current voltage proportional to
- the signal current passing through the amplifier.

2,390.176 :

240 which is- connected to the negative slde of
a high voltage source of power. A capacitor 281,
connected through the break contacts 288 and
289 of the relay 288 in series with a current limit-
ing resistor 280, iz connected between conductors

178 ang 240. The contact 288 Is arranged to
. make with the contact 287 to connect the capaci-

10
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This voltage is applied to one terminal of the -

grid coupling voltage divider.265 of the vacuum
tube 286 through a resistance capacitance filter
. circuit comprising the resistors 276 and 218 and
the capacitors 277 and 279. The capacitors 217
and 279 are connected between ground and op-
posite terminals of the resistor 278. The junc-
ture of the dry disk rectifler 273, the resistor 215
and the capacitor 274 is connected to the con-
tact 248 of the slow release relay 243, for a pur-
pose which will subsequently become apparent.
The other terminal of the resistor 215 is connect-
- ed to a contact 285 of a slow release relay 286
and also to a conductor 338 which extends to
the source of voltage shown in Fig. 3.

A& -portion of the output voltage appearing

across the voltage divider 268 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

2@8 is connected to a grounded capacitor 282 and
to a relay 283 which is energized from the high
potential conductor {78. ‘This conductor is also
connected to the contact 284, of the relay 283.
which is arranged to make contact with con-
tact 288; Contact 285 is connected to relay 286
which, in tum, is connected to the conductor

50

tor 28¢ across the relay 288, 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 .conitact being conrecﬁed to an adjustable
resistor 282 which, in turn, is connected to the
conductor 240. The contact 294 is connected
to & conductor 840 which extends to the power
supply circuit shown in Pig. 3. The siow release
relay 286 has.a contact 2681 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 268, and &
resistor 286 which, in turn, is connected to an

.adjustable contact on the voltage divider 288

and to grounded capacitor 257. A voltage di-
vider 284 has an adjustable contact connected
through g resistor 252 to the make contact 248
of slow release relay 243. Suitable fllter capaci-
tors 251 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 PFigs. 3 and 4,
which show the incoming line circuit and the
source of power which supplies anode, grid and
filament voltages for the various tubes. The tele-
phone line 120 is connected to the hybrid system
401 which preferably is ‘composed of a pair of
transformers 402 and 403, each having a pair of
secondary windings 404, 408 and 408, 407, respec-
tively. The conductor 120 is therefore connected

-through the secondary winding 406, a relay 408
shunted by a capacitor 408, and secondary wind-

ing 404 to the make contacts 416 and 41T of a
relay 418, the contact 416 being connected to a
conductor 130. It will be remembered that the
conductor 138 extends to Fig. 1 where the con-
ductor is connected to the make contact 129 of .
the switch 128. 'The remainine secondary wind-
Ings 405 ang 407 of the transformers 402 and 403

. are reversely connected through a balancing im-
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pedance or resistor 427. The primary winding
of the. transformer 403 is connected across the
conductors 288 and 300, so as to energize the
voltage divider 265 which is connected to the
grid of the input tube 208 of the incoming chan-
nel amplifier. The conductors 288 and 300 are
also connecteq to the make contacts 4{8 ang 418
of the relay #13. The primary winding of the

. transformer 892 is connected to the conductors

26 and 220 through a T-pad comprising the
resistors 524, 425 ang 426.

Tt will be remembered that the corductors 218
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 125 of

‘Fig. 1 is actuated to close ‘the contacts {28 and

129, the conductor (30 is .connected to the line
conductor 110 through the contacts 119 ang 121
of the. dial device (3. When this circuil is
completed the relay 408 and the transformer
windings 408 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 689 closes the contacts 4i¢ and 412,
thereby to energize the relay 420 from a suitable
‘alternating current source, whereupon contacts
422 and 423 of this relay are closed, thereby to
supply alternating current energy across the con-
ductors 318 and 328 which, in turn, are connected
to the primary windings. of three power trans-
formers 866, 362 and 383. The secondary wind-
ing of the transformer 36! is connected to a
bridge rectifier 384, the cutput of which is con-
nected between ground and a conductor 258. In-
terposed between the low potential side of the

8

 terminals G and H supplies power only o the

10

rectifier network 364 and the conductor 250 is'a -

filter choke 385, the opposite terminals of which
are connected through capacitors 386 and 307
to ground. The rectifier and filter arrangement
therefore supply a relatively low voltage direct
current to the voltage dividers 256 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 362 is provided with a pair of

secondary windings 308 and 3088 which energize

the filament and anodes of a full wave rectifier .-

tube 31{. The cathode or high potential side of
this circuit is connected through a filter reactor
312 to the high potential conductor 78 which
supplies anode voltage to all of the amplifier and
control tubes. 'The midpoint of the secondary
winding 308 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 286 being connected to the slow re-
lease relay 243. A pair of filter capacitors 313
and 314 are conhnected at opposite ends of the
 filter reactor 312 and to the negative conduc-
tor 240.

The filament power transformer 303 is pro-
vided with a plurality of mid-tap secondary wind-
ings 315, 316, 317, 318, 319 and 32f. The sec-
ondary winding 315 has output terminals A and
B which supply only the 'filament of control tube
205. The midpoint of the secondary winding 315
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 fo ground.
The midpoint of the secondary winding 315 is
also connected to a filter bleeder circuit compris-
ing the adjustable resistor 328 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{1.
At opposite terminals of the resistor 324 there
are provided grounded capacitors 326 and 327.

The output terminals of the secondary winding
216, which have been indicated as C and D, supply
power only to the second stage vacuum tube 202
of the outgoing channel amplifier. The midpoint
of this secondary winding 3{6 is connected

- through a resistor 325 to the conductor 2710 and
to an adjustable resistor 28f which, in turn, is
connected to the conductors 248 and 288 and the
negative side of the anede voltage. A capacitor
328 is connected between the midpoint of the

- transformer 3{6 and ground ts provide a certain
amount of filter action. .

The midpoint of the secondary winding 347 is
connected to the resistor 822 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 204,
203 and 204 of the outgoing channel amplifier. .

The secondsry winding 8i8 having output
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‘nel amplifier.

output tube 287 of the incoming channel am-
plifier and the midpoint of the transformer is
connected through the resistor 238 to ground

-which, in turn, is by-passed by a capacitor 3388,

The secondary winding 3{9 has outpuf ter-
minals I and J which energize the filament of
the control vacuum tube 268. The midpoint of
the transformer- 3!3 is connected through the
resistor 338 to the conductor 338 which, it will
be remembered, is connected to the make con-
tact 285 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
338 there are provided grounded capacifors 337
and 338. The midpoint of the secondary wind-
ing 319 is also connected through a resistor 838
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 sutput
terminals - K and L supplies filament current to
the input vacuum tube 286 of the incoming chan-
The midpoint of the secondary
winding 321 is connected through a resistor 342
to the conductor 346 which is connected to the
make contact 294 of the slow release relay 286.
A by-pass capacitor 38( is connected between -
ground and the midpoint of the secondary wind-
ing 32{. The terminal of the resistor. 342 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 {61 and the
receiver 102 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 125 will
be actuated. Actuation of the switch 128 breaks
the contacts (3i and (32, thereby removing the
ringer 122 from across the telephone line 116
and 120, At the same time contacts (28 and
129 are closed, thereby connecting the conductor
130 through contacts (19 and 1Zi of the calling
device (13 to the line conductor ({0 so that cur-
rent flows through the.transformer coils 404 and
406 of the hybrid system 401 of Fig. 4, thereby
to energize the reley 488. The relay 408, having
been energized, closes its contacts 4{{ and &i2,
thus causing the relay &2l to close its contacts
423 and 422. The alternating current source-
therefore is connected to the conductors 310 and
320, whereby the power .transformers 36{, 362
and 303 are energized. The various filament
transformer windings of the transformer. 303
thereby heat the various vacuum tubes 204 to 288,
inclusive, to condition the executive loudspeaking
apparatus for use. The ancde of the output
vacuum tube 204 of the outgoing channel is con-
nected through the conductor £(8, the hybrid
transformer 282, the conductor 220, the relay (£3,
and the conductor {70 to the high potential side
of the plate supply which is furnished by the
rectifier tube 3i§ of Fig. 3. As soon as the tubes
have reached operating temperature, anode cur-
rent will flow thereby to energize the relay 148
which closes its contacts i8¢ and {42, The clos-
ing of the -contacts (4f and (42 completes a
circuit through conductor 168 which is connected .
to the negative terminal of the low voltage direct
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current source supplied by the transformer 301
" and the bridge rectifier 804, so that current flows
over & simplex circuit superimposed on the micro-
phone conductors 150 and 160, Current there-
fore enters at the common juncture of resistors
§38 and 139 flowing over the microphone con-
ductors {50 and 160 and leaving at the common
juncture of the resistor 135 and 135 to energize
the signa} lamp or device 187. :
lamp 487 is lighted, this indicates thai the
channel amplifiers and control tubes are now in
-condition for use.

The actuation of the switch 125 by the closing
of the contacts {28 and {28 has placed the calling
device [{8 in circuit so that & subscriber may be
called by actuation of this device, At the same
time the actuation of switch 125 has closed con-
tacts 128 and §27 {0 prepare a circuit which in-
cludes conductor (48 and contact {87 of the re-
gelver switch (83. The conductor {48 is con-
nected in Fig. 4 to relay 413 which, in turn, is
connected to conductor {89 which is supplied by
power from the bridge rectifier direct current
source 308, 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 1038 becomes actu-
ated thus closing the contacts {06 and 107, where-
by the relay 4138 is energized to make contacts 414
and 418 to lock in circuit the relay 421, to break
contacts 416 and 417 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 418 and 449.

Each of the channel amplifiers is so arranged

by supplying to certain of the tubes thereof 4 -

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 218, A certain amount of this

When the signal
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rent of the vacuum tube 205, however, the nega-
tive bias supplied by the resistors 828 angd 33 is
opposed by the bias appearing across the resistor
324, The potential supplied by the resistor 324

. is obtained from a resistance capacitance ar-

rangement which has a relatively short time con-
stant so that a rapid enabiing action of the vac-
uum fube 202 is obtained. The bias obtained
across the resistors 329 ang 33/ does not vary
greatly wWith 4 change in the plate current of the
vacuum tube 262, but the voltage appearing across
the resistor 324 varies widely from the standby

" condition of the channel amplifier to the enabled

15

.20

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 205 is
equal to the voltage drop~ across the resistors”

- 824 and 3285, the latter resistor carrying plate

currents of the vacuum tubes 2981, 283 and 204.

“Therefore, the net bias applied to the vacuum
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tube 205 does not change greatly with a change
in the. anode current of the vacuum tube. 286,
even though the voltage appearing across the
resistor 324 is directly proportional to the in-
creased plate current of the contro] tube. There--
fore, the stabilizing action of the voltage drop .
appearing across the resistor 326 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
would be & much greater rate of increase in the
plate current for the vacuum tube 206 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 328
and.331 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.

50

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 filament transformer winding 315
through the adjustable resistor 324 to the nega-
tive side of the plate potential supplied by the
. rectifier tube 314, = A change in anode current
of the control tube 205 therefore rapidly changes
the voltage drop appearing across the resistor 324.

The resistor 324 is eflectively 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 211 which is shunted
by the resistor 212, through the resistor 231, the
resistor 822, the resistor 324, resistor 331 and re-
sistor 329 back to the mid-tap of filament trans-
former winding 316 which energizes the filament
"~ of the vacuum tube 202.. The effective negative

bias applied to the vacuum tube 202 therefore is
" the drop appearing across resistors 329 and 331

when no current is flowing in the vacuum tube

285. With the increase in anode to cathode cur-
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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 231 which,
in turn, energizes, by the closing of its contacts
241 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 rélease characteristics of the relay. The

capacitor 244 is relatively large and therefore
would t2nd to lower the voltage across the relay
coll 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 bhe
connected in shunt to the relay without lowering
the voltage thereacross. The current limiting re-.
sistor 238 prevents the flow of heavy charging

_currents whenever contacts 245 and 246 are made.

7

which otherwise might disturb the amplifier suf-
ficiently so as to cause & nolse or-decided change
in the level of operation. The slow release relay
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242 also closes contacts 248 and 2488 thereby con-
necting the grid of the vacuum tube 286 through
the resistors 276, 278 and 252 to the adjustable
contact on the veltage divider 258. The voltage
divider 254 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 361, the bridge rectifier 384, and
the choke coil 308. Therefore sufficient negative
bias is supplied to the input tube 286 for the in-

coming channel amplifier to effectively disable

the amplifier.
The outgoing channel amplifier in additicn to
being controlled by the self-biasing arrangements,
the control voltage applied by the control tube
" 28% and the change in negative bias brought about
by operation of relay.243, is also.controlied by
the automatic gain control arrangement. “This
includes the resistor 218 which is connected across
the output ciréuit of the vacuum tube 284. 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
%24 which is proporticnal to the signal current
passing through the amplifier, The capacitor 22§
is discharged at a relatively constant rate by the
resistor 225. This automatic gain contro]l volt-
age appearing across the capacitor 224 is applied
through a time delay circuit comprising the re-
sistors 226 and 228 and the capacitors 227 and 229
_to the grid of the vacuum-tube 20f. The grid
to cathode circuit of this vacuum tube 281 also
includes the self-biasing resistor 332 which is
shunted by the capacitor 332 and which is con-
_nected between the mid-point of the transformer
winding 23{7 and-ground. Therefore, the auto-
matic gain control voltage applied to the input
tube 201 is superimposed on the self-bias appear-
ing across the bias resistor 332. The resistor-
capacitor-filter arrangement introduces g suffl-
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 217 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

tube 28! reduces considerably as the automatic

gain control bhias is applied, the vacuum tube
operates with a propei amount of negative blaS
potential.

When currents appear across the incoming con-
ductors 286 and 368 thereby to produce a voltage
drop across the voltage divider 265, signal cur-
rents are amplified by the incoming channel am-
plifier comprising the vacuum tubes 286 and 207
together with their associated circuit elements. A
portion of output voltage of the vacuum tube 267
. is obtained from across the voltage divider 2€8
and by means of a coupling capacitor 297 is ap-
plied to the control grid of the control vacuum
tube 208, thereby to cause an increase’in the anode

to cathode current of the vacuum tube 268. The.

cathode circuit of the .control tube 288 may be

traced from the midpoint of the filament trans-'

former winding 318 through the resistor 338 to
the negative side of the plate potential supplied
by the rectifler tube 3if. A change in the anode
current, of the control tube 208§ 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
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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 288, re-
sistors 278 and 278, resistor 275 which is shunted
by the condenser 278, resistors 336, 338, 343 and
342, and back to the mid-tap of the filament
transformer winding 32{ which energizes the fila-
ment of the vacuum tube 206. The negative bias
applied to the vacuum tube 2068 therefore is the
drop appearing across resistors 342 and 343 when
no current is flowing in the vacuum tube 208.
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 343 is
opposed by the bias appearing across the resistor
338. The potential supplied by the resistor 339
is obtained from a resistance capacitance ar-
rangement whichehas g relatively short time con-
stant so that a rapid enabling action of the vac-
uum tube 208 is obtained. The midpoint of the
transformer winding 319 is connected through the
resistors 839, 343 and 342 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 208 therefore is applied
to the grid to cathode circuit of the input vac-

-uum tube 286. The voltage appearing across the

resistor 389 varies widely from standby condi-
tion tc enabled:condition, although the voltages -
appearing across the resistors 342 and 343 do
not vary greatly. Since the voltage appearing
across the resistor 338 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 288 which closes its contacts 284 and 285,
thereby to energize the slow relcase relay 286.
The capacitor 291 which is arranged to be charged
through a current limiting resistor 28! is con-
nected across the relay 286, thereby to improve
its slow Trelease 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
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3482 and 342 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 282 in shunt with the
resistor 243. This gives a combination of voltage
drops across the two resistors which is somewhat
less than the voltage appearing. across the re-
sistor 328, Thus these voltage drops are opposite
and unequal and are in series with the auto-

‘matic gain control voitage path to ground so as

- to produce an automatic gain delay voltage. The
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automatic gain voltage which is obtained from
the voltage divider 268 by the coupling capac-
itor 271, the current limiting resistor 272 and
the dry disk rectifier 273 appears across the ca-
pacitor 274. During the initial period of incom-
ing speech and after the closure of the contacts
294 and 295 of the relay 286 the automatic gain
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control bias from the capacitor 274 is superim- -

posed upon the normal negative bias applied to

the vacuum tube 205 by means of the drop ap- -

pearing across the résistor 342. Operation of the
slow release relay 286 also changes the contact
261 from ground to contact 262, thereby connect-
ing the grid of the vacuum tube 283 through

8,368,170

controlled by said control-tube for subsequentiy
rendering ineffective said second means and &
portion of sald first means to maintain the gain

. of said amplifier above a predetermined level.

the resistor 288 to a bias voltage appearing across -

the voltage divider 2535. This negative bias voli-.
age is sufficient to reduce the gain of the vac-
uum tube 283 so as to thereby disable the cut-
going channel amplifier.

While the outgoing channe] amphﬁer has been

shown utilizing four stages of amplification, it is
' 0. 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
T-pad comprising ‘the resistors 424 to 426 is in-
serted between the conductors 2{& and 220 and
the winding of the transformer 402 of the hybrid
system 401.

If it is desired to interrupt the operatmn of
the executive loudspeaking communication sys-
tem to obtain the privacy of the handset, the

closure of the contacts 106 and {87 causes the -

conductor 1490 to be . effectively connected to

ground, whereby power flowing over the conduc-

tors 250 and 100 will energize the relay 413. This
disconnects the hybrid system 401 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 103
will break the contacts 106 and 107, thereby to
deenergize relay 413 and again to place into.oper-
ation the signal channel amplifiers.

Mention was previously made of the desirability,
 of providing a system which used a single type of

tube and, hence, in the accompanying drawings
all the tubes are shown as being triodes.
course, will be understood that while triodes have
been shown, the principles herein disclosed may
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2. In a transmission system, a channel ampli-
fler having a plurality of stages of amplification,
& control tube arranged to be responsive to signal

- currents passing through the output stage of said

amplifier, self-biasing means connected to at
least one stage of said samplifier for supplying
thereto g negative bias sufficient to maintain the
gain thereof at a relatively low level, biasing
means having & relatively short time constant
connected in circuit with said control tube :and

sald 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 conirolled by saild control tube for subse-
quently rendering ineffective said second means
and o 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 ar-

- 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-
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" ing application for improvements in Transmission

systems, Serial No. 483,596, flled April 19, 1943,

now Patent No 2,369, 460 g1anted Febluary 13,
1945.

~ While one’ embodnnent 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-
fler having a plurality of stages of amplification,

of said first means to maintain the gain of said

amplifier above a predetermined level.

4. 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 con- .

nected to said amplifier for supplying thereto.a
negative bias -sufficient to maintain the gain -
thereof at a relatively low level, means having s
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 gsin
of said amplifier, means controlied 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.
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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
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level, means connected in circuit with said control ‘

tube and said first means for deriving a control
voltage in opposition to said negative bias thersby
to increase the gain of said amplifier, and means
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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
_& negative bias sufficient to maintain the gain

thereof at a relatively low. level, means having
a relatively short time constant connected in cir-
cuif 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
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ﬁrst means thereby to superpose an sutomatic
gain control bias on said negative bias.

8. In a transmisston system, a channel ampli-'

fer 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.

level, 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
o control voltage in opposition to said negative
bias thereby to increase the gain of said am-
plifier, automatic gain control means energized
from the output stage of said amplifier and hav-
ing a time constant sufilcient to hold over word
and syllable pauses, said automatic gain control

mesans being connected in circuit with said first -
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means thereby to superpose an automatic gain -

contirol bias on said negative bias, and means con-
trolled by the said control tube responsive to an
inerease in the gain of said amplifier to a certain

20

Jevel for rendering ineffective sald second means

and a portion of said first means to maintain the
gain of said amplifier above & predetermined level
and for delaying the spplication of an automatic
gain control bias until a predetermined signal
level has been renched.

7. In ‘s 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
ap;oreciable time constant to hold over word and
syllable pauses and being associated with the out-
put stage of said amplifier to derive voltages for
- effectively controlling the gain of the first stage
of amplification, & control tube and circuit for
said amplifler arranged to derive & control voltage
in responge to signal currenis passing through
sald smplifier, means for appiying said control
voitage in opposition %o seld biasing means to
increase the galn of the smplifier, and means

controlled by said control {ube responsive to an

inerease in the galn of said amplifier to a certaln
level for further reducing the bias of said ampli-
fiey to meintain the operation thereof at an in-
creased gain level.

8. Tn o transmission system, the combinsation
of g multi-stage amplifier with biasing means for

mainiaining the gain thereof at a relatively low.

level, automatic gain control means having an
appreciable time constant to hold over word and

- syllable pauses for efectively controlling the gain
of the Arst stage of amplification, a control tube.

and circulf for saigd amplifier energized from the
output stage and arranged to derive a control
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the gain of said ampllﬁer, means responsive to
currents fiowing through saild 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. g
10. In a transmission system, the combination
of a palr 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 toc current flowing
through said control tube for subsequently reduc- _
ing the amount of negative bias supplied by said
first means, and means controlied by sald control
tube and circuit for increasing the negative bias

- of the other channel amplifler thereby to reduce
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the gain thereof.

1l. In a transmission sysfem, the combinstion
of g palr of multi-stage amplifiers for transmit-
ting signal currents in different directions, each
amplifier being provided with bissing means for
maintaining the gain thereof at a relatively low
level, automatic galn control means for each am-
plifier for effectively controlling the gain thereof,
said automatic gain conircl mesns having an
appreciable time constant to hold over word and -
syllable pauses, g conirol tube and circuit for each

- amplifier arranged to derive control voltages In
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voitage in response to signal currents passing -

therethrough, means for applying said control
voltage in opposition to said biasing means to
increase the gain of the amplifier, and means con-
trolled by said control fube for subsequently ren-

dering ineffective sald second control voltage and .

5 portion of the bias of said amplifier to maintain
operation thereof gt an increased gain level.
9..In g transmission system, the combination

‘of & pair of channel amplifiers for transmitting
signal currents in different directions, negative -

biasing means for each channel amplifier {o main-
tain the gain thereof at & predetermined low level,

. a control tube and circuit for each channe] ampli- .

fier arranged to derive control voltages in re-
sponse to signal currents passing therethrough,

a0

66

70

means for applying said control voltages in oppo- -

sition to said negaiive bias thereby to increase
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response to signal currenis passing therethrough,
means for applying said control voliages in oppo- .
sition fo said biasing means to increase the gain

of the amplifier, means controlied by said conirol

tube for subsequently removing said control veolt-

age and reducing the bias of sald amplifier, a
source of blas potential, and means controlied by

said control tube for connecting said source of

biag potential to the other amplifier to reduce the

zain thereof. !

i2. In a transmission system, the combination
of multi-stage channel ampiifiers for transmit-
ting signal currents in difierent directions, each
amplifier being provided with self-blasing meansg
for maintaining the gain thereof below a prede-
termined level, automatic gain control means
for each amplifier for effestively controlling the
zain of the first stage of amplification, said sute-
matic gain conirol means having a time constang
sufilcient to hold over word and syllable pauses,
& control tube and circuit for each amplifler ar-
ranged to derive confrol voltages in response o
signal currents passing through said amplifier,
means for applying said control voltages in oppo-
sttion to said self-blasing means to increase the
gain of the amplifier, means controlied by said
control tube for subsequently reducing the self-
bias of said amplifier, & source of bias potentiai,
and means controlled by said control tube for
connecting said source of bias potential to the
other amplifier to reduce the gain thereof.

13. In 8 transmission system, the combination
of incoming and outgoing multi-stage amplifiers
for transmitting signal currents, each amplifier
being provided with seli-biasing means for main-
taining the gain thereof at a relatively low level,
& control tube and circuit for each amplifler ar~
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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 inecrease the

gain of the amplifier, each of saig amplifiers be-

ing provided with automatic gain control means
energized Irom the output stage and acting vpon
the input stage of the amplifier, means respon-
sive to the operation of said control tube for sub-
sequently removing the effect of the control vols-
age generated thereby and for reducing the self-
bias of said amplifier, said means including a
rvelay arranged to shorf-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 means controlied by said
control tube for connecting said source of bhias
potential to the other amplifier to reduce the

gain thereof.

14, In o 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 g subnormal

level, automatic gain control means for each am-

plifier assoclated 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-

ficlent 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 voit-

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

10

comprising an incoming channel amplifier and
an outgoing channel amplifier, each amplifier be-
ing provided with a control tube and circuit ar-
ranged. to derive control voliages in response to

signal currents passing therethrough thereby fo
increase the gain of the amplifier, a source of

negative bias potential, means controlled by each
control tube for conneciing sald source of bias
potential to the other amplifier to reduce the gain
thereof, sald outgoing channel amplifier having
a plurality of stages of amplification including a

first stage provided with self-blasing means,

means energized from the output stage of ssid
amplifier for supplying in series with said solf-
biasing means of said flrst stage an sutomstic
gain control voltage having g time constant suf-
ficlent tc hold over word and syllable pauses, self-
biasing means associated with the second stege of
said amplifier for applying thereto g blas sufe
ficient to maintain said amplifier ot g relatively

. low signal level, means connected in cireuit with
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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 outgeing 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
normelly 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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sald control tube and with saiq latier gelf-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 self-biasing
means and said means for generating g control
voltage, said relay being arranged to connect said
source of negative bias potential to the input stage
of said incoming charnne] 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 channe] amplifier.

17. In & 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 &
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 said am-
plifier, sald gain coatrol means having g 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
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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 sald
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 sufﬁcieqt
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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gain of said amplifier will be increased at & 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 satd means -

for deriving a control voltage in opposition to said
self-biasing means thereby to stabilize the gain
of sald amplifier at a predetermined level, an in-
coming channe] amplifier having an input stage
and an output stage, self-blasing means 2sso-
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 & 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-

({]

cuit having means for deriving control voltages
in opposition to said self-biasing means and hav-
ing a relatively short itme constant thereby to




rapidly increase the gain of said amplifier, a re-
lay controlled by said control tube, said relay

being arranged to short-circuit sald means for
deriving control voltages and a portion. of sald

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

amplifier exceeds g certain predetermined value, 10
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s 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 & 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.
ROSWELL H, HERRICK.




