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Patented July 2, 1940 

The invention relates to signaling Systems, and 
particularly to circuits for automatically con 
trolling transmission in such systems... . . . . . . . 
An object of the invention is to combine and 

relatively arrange, automatic devices for exercis 
ing different types of control on transmission in 
a two-way signaling System in Such manner as 
to provide improved operation of the system over 
a wide range of transmission conditions. 

"... A related object is to provide maximum gain 
... in the transmission paths of a two-Way signal 
transmission system consistent with the main 

l 

tenance of anti-singing conditions and discrim 
ination against echoes, and room and line noises, 
and other interference such as that arising in 
radio paths. 
The invention is particularly directed to cir 

cuits for controlling the volume and direction of 
20 

25 
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transmission in a two-way telephone, transmis 
sion system including an intermediate circuit 
subject to considerable noise, such as a radio link, 
and in which separate frequency bands, or chan 
nels are used for transmission in the two direc 
tions. The probability of singing in such a sys 
tem depends primarily on the operation of cir 
cuits used for automatically adjusting volume 
levels, which may at times introduce suficient 
gain to cause over-all or round-trip singing. In 
prior art systems, voice-operated singing sup 
pression is usually obtained by auxiliary devices 
designed to operate over the range of the settings 
of the volume controls. Applicant has improved 
on this method of control by making the singing 
suppression vary with the settings of the volume 
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controls, which in turn vary with the signal-to 
noise ratios in the intermediate circuit. 
In the circuit of the invention, the anti-sing 

ing loss is made a function of the noise, which 
is primarily responsible for requiring volume con 
trol and the amount of volume control for a par 
ticular condition is automatically determined by 
the amount of noise in the system. Also, by 
special design and relative arrangement of echo 
suppressor, volume control and noise control ap 
paratus at the terminals of the system, improved 
operation is obtained for a wide variation of 
transmission conditions encountered in service... 
A feature of the invention is the use of a 

control tone transmitted from each terminal of 
the system along with the signals, and under the 
control thereof to control the amount of loss in 
the transmitting circuit of the distant terminal 
in accordance with the frequency of the control 

each terminal being made a function of the 
tone, the frequency of the tone transmitted from 
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amount of noise in the receiving path of th 
terminal in the absence of received signals. 
The various objects and features of the in 

Vention will be better understood from the foll 
lowing detailed description thereof read in con 
junction with the accompanying drawings, in 
Which: 

Fig. 1 shows a block diagram of a two-way 
radio telephone system embodying the invention; 
and 

Figs. 2 and 3 show schematically in more detail 
the apparatus and circuits which may be used 
at the two terminals of a radio telephone system 
in acordance with a modification of the invention. 

Fig. 1 shows in single line functional schematic 
form a two-Way radio telephone system embody. 
ing the invention. In this figure, at each of the 
two terminals of the system there is a two-wire 
transmission path, the two terminals being joined 
by two One-way paths, one for each direction of 

0. 
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20, ; ; , 
transmission, and the transmission apparatus, 
asSociated with these paths is identified by sim. 
plified representations of their functions or by 
Suitably, labeled boxes. Contacting arrowheads 
in a transmission path or box indicates that the 
path at that point or the apparatus represented 
by the box is normally enabled, and separated 

25 

arrowheads in a transmission path indicates that 
the path at that point is normally disabled. An 
arrow, directed towards a normal make point 
in a path or box indicates that the path at that 
point or the transmission apparatus represented 
by the box. will be disabled by operation of the 
apparatus from which the arrow points, and 
an arrow directed from a box towards a break 
point in a transmission path indicates that the 
path will be enabled at that point by operation. 
of the Wave-operated device represented by the 
box. A box containing a simplified representa 
tion of a resistance. With an arrow crossing 
through it represents a variable loss or gain de 
vice, the value of which is adapted to be varied un 
der control of theapparatus from Which the arrow 
points, and a box containing overlapping circles 
CrOSSed by an arrow, represents a variable fre 
quency source adapted to be varied by the ap 
paratus from which the arrow points. . . . 
The two-way radio telephone system of Fig. 1 

comprises a west terminal station and an east 
terminal station connected by two one-way radio 
links. Each station comprises a four-wire cir 
cuit connecting a two-way telephone line to a 
radio transmitter and radio receiver. ... As the 
circuits and apparatus at the two terminal sta 
tions are similar, only that at the west station 
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has been illustrated in detail. The four-wire 
circuit, at the west station comprises a trans 
mitting circuit TC leading to a radio transmitter 
RT and a receiving circuit RC leading from a 
radio receiver RR, the input of the transmitting 
circuit TC and the output of the receiving circuit 
RC being coupled by the usual hybrid coil H 
and associated balancing network Nin. Substan 
tially conjugate relation with each other and in 
energy transmitting relation with a two-wire. 
circuit which may be connected by Cord circuits 
or other suitable means in switchboard. 3 to a 
two-way telephone line leading to a subscriber's 
telephone circuit. 

Directional transmission over the four-wire 
circuit at the west station is controlled by three 
different types of devices working together. At 
the left are the “volume controls' shown within 

, the dot-dash box 4. They include a Volume 
control arrangement comprising a vogad (Volume 
operated gain adjusting device) - 5 in the trans 
mitting circuit, TC and a similar reverSe Vogad 
6 in the receiving circuit RC, controlled by a 
6000-cycle pilot channel 7 which is associated 
with the vogad and reverse vogad in Suehrinant 
ner that when the gain of the forer exceeds 
a certain value the pilot channel adjusts the 
reverse vogad to put a loss in the receiving Cir 
cuit RC equivalent in decibels to the increase 
in gain; and the variable loss Switching pads 
8 and 9 of optimum values respectively connected 
in the transmitting circuit TC in front of the 
vogad 5 and in the receiving circuit RC in front 
of the reverse vogad 6, which are controlled from 
the sleeve circuits of the switchboard 2 to set 
up the conditions for different classes of calls, 
i.e., terminal calls or calls that are switched 
through to distant cities. 
The vogad 5 and reverse vogad 6 nay be, 

for example, of the type disclosed in Mitchell 
et al. Patent 2,019,577, issued November 5, 1935, 
and the pilot channel may be as disciosed in 
British Patent No. 331,831, complete accepted Oc 
tober 13, 1932 (see Fig. 2 and pages 8 to li)). 
In the center is an “echo suppressor' shown 

Within the dot-dash box 0, including a delay 
circuit in the transmitting circuit TC, a trans 
initting “syllabic' amplifier-detector 2 connected 

5 s 

across that circuit in front of delay circuit it, 
and switching devices (relays) controlled from the 
output of amplifier-detector 2, operating in a 
nanner to be described to SuppreSS echoes and 
prevent singing during two-way operation of 
the terminal, to control the transmission of con 
trol tone from the terminal and to prevent false 
operation of the receiving echo Suppressor circuit. 
At the right, shown within the dot-dash box 

;3, is an arrangement designated “noise controls.” 
It includes a power reducer 4 connected in the 
transmitting circuit TC between the delay cir 
cuit and the radio transmitter RT, a 'noise 
reducer 5 connected in the receiving circuit 
RC between the radio receiver RR and switching 
pad 9, a variable frequency control current or 
tone generator S adapted to be connected across 
the transmitting circuit TC between delay cir 
cuit and the power reducer 4, under control 
of the Syllabic amplifier-detector of the "echo 
suppressor'; and a tone-operated receiving con 
trol circuit connected to the receiving circuit 
RC at a point between the radio receiver R.R. 
and the noise reducer 5. . . . . . 
: The tone-operated receiving control circuit? 
includes the tone selecting filter 8, and 'Con 
nected in parallel to its output, the receiving 

2,206,146 . . . . . . . . . . . . 
“echo suppressor" switching device (amplifier 
detector) 9, the “gain reducer' 20 and the tone 
filter-integrating device 2. The SWitching de 
vice 9 controls switching apparatus for SuppreSS 
ing echoes and singing on incoming signals, and 
for producing an interlock With other apparatuS 
in the “noise controls' and the transmitting 
'echo suppressor.' The tone filter-integrating 
device 2 operates to pass received control tone 
and as a frequency integrator to adjust the loss 
value of the power reducer f4 in accordance with 
the received control tone frequency. The "gain 
reducer'20 operates to measure the applied noise, 
and to adjust the loss or gain value of the noise 
reducer 5, and the value of the frequency gen 
erated by the tone generator it in accordance 
with the noise amplitudes. 
"The variable frequency tone generator 6 at 

the West station and the corresponding generator 
at the east station are selected to generate con 
trol waves or tone of a frequency (f1 or fa) which 
is normally just above or just below the Voice 
frequency band, the value of which maybe varied 
under control of the associated “gain reducer'20. 
"The manner in which the volume control, echo 

suppressor and noise, controls work together to 
attain the objects of the invention is brought 
out in the following complete description of the 
operation of the system of Fig.1. . 

For calls which are: connected to low iOSS’ or 
terminal land circuits, the resistance loss pads 
8 and 9 are arranged in the condition indicated 
in Fig. 1 with the pad 8 connected in the trans 
mitting circuit TC to provide a transmitting loSS 
and the pad 9 short-circuited so that it provides 
little or no receiving loss. When extensions are 
to be made through the terminal switchboard to 
long via circuits, the sleeve circuits in Switch 
board 2 are operated to short-circuit the resist 
ance pad 8 cutting out the transmitting loss, 
and to remove the normal short circuit from 
resistance pad 9 to put in a receiving loss. This 
is in order to compensate for the additional loss 
in the toll line at the transmitting end and also 
to preserve the stability. The optimum values 
of these loss pads for a given system may be 
readily ascertained by experiment. Actually the 
loss in the receiving side may not greatly degrade 
the connection as will be brought out below. 
Assuming that the sleeve circuits of switchboard 
2 have been operated in one or the other direction 
depending on the type of calls to be handled, 
the operation of the remaining part of the sys 
tem for such calls will now be described. 
For either connection the terminal circuits 

are normally enabled in both directions, and the 
vogad 5 in the transmitting circuit TC and the 
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reverse vogad 6 in the receiving circuit RC are 
in the loss or gain condition depending on the 
value to which they have been adjusted in re 
sponse to the speech currents of the last speaker. 
Also, the loss in the power reducer 84 in the 

60 

transmitting circuit TC which, as will be 'de 
scribed, is determined by the frequency of the 
control current last received from the distant 
station, depends on the noise at the distant ter 
minal at that time. " 02, ... ? 
With no speech signals being transmitted, the 

control device (gain reducer) 20 will be oper: 
ated by the narrow band of noise waves received 
from the radio receiver RR through the receiving 
circuit RC and filter 8 to do two things: first, 
as the applied noise increases, it operates to apply 
an increased charge on condenser 3 in its output 

65 

which controls the noise reducer 'f's to increase is 
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the loss inserted thereby in the receiving circuit 
in proportion to the noise amplitude, thereby 
reducing the volume which will be delivered to 
the Subscriber associated with the terminal to 
the proper value for the existing noise conditions. 
The second accomplishment of the control de 
vice 20 actuated by the applied noise is, through 
the charge produced on condenser 3, to change 
the frequency of the control tone generator 6 
so that the generated tone is of a particular 
frequency determined by the amount of noise, 
Actually, these two results are not accomplished 
until control tone is received from the distant 
terminal, the charge on the condenser 3, pro 
portional to the amplitude level of the noise 
applied to the gain reducer 2 being stored there 
in until the Switching device. 9 is operated by 
received tone to disconnect the device 36 from 
the condenser at which time condenser 3 dis 
charges to adjust noise reducer 5 and tone gen 
erator | f 6. 
The corresponding 'gain reducer' at the east 

terminal of the system operates similarly to 
store indications for adjusting the loss value of 
the noise reducer in the receiving circuit and 
the frequency of the control tone generator, at 
that terminal to particular values determined by 
the amount of noise in the receiving circuit at 
that station. , , ... " 
Assume now that the west subscriber starts 

Speaking. His voice waves, Will be impressed by 
the hybrid coil H on the transmitting circuit TC, 
and will pass through the transmitting vogad 5 

10. 

Which Will operate to maintain a predetermined 
constant volume in its output, while the 6,000 
pilot channel 7 Operates to make a compensatory 
adjustment in the reverse vogad 6 in the receiving 
circuit RC to put in the proper amount of loss in 
the latter circuit to maintain the singing margin, 
if it is necessary. 

West's speech waves in the output of the vogad 
5 are divided between the delay circuit in the 
speech transmission circuit and the input of the 
transmitting “syllabic' amplifier-detector 2 in. 

The portion of , the 'echo suppressor' circuit. 
west's speech energy applied to the syllabic ami 
plifier-detector f2 will cause its operation to 
simultaneously close switching contacts 22 to 
connect the control current generator 6 to the 
transmitting circuit TC so that control tone 
therefrom is impressed on that circuit; to open 
the Switching contacts 23 in the receiving circuit 
RC to suppress echoes in that circuit; and to open 
switch contacts 24 to disable the output of the re 
ceiving “echo suppressor' device 9 so as to pre 
vent, the speech currents of the subscriber asso 
ciated with the distant east station from obtain 
ing control of the west terminal station while 
west continues to speak. The delay circuit i? 
in the transmitting circuit TC provides suffi 
cient delay in the transmission of the voice cur 
rents therethrough, so as to allow the control 
tone to be slightly in advance of the voice sig 
nals when applied to the radio link. : 
The control tone from source 6, of a frequenc 

determined by the amount of noise present in 
the receiving circuit RC at the station, and the 
following voice currents, pass through the power 
reducer: 4 in which they are attenuiated in ac 
cordance with its adjustment, to the radio trans 
mitter RT and are radiated thereby. 
As the control and switching apparatus in the 

box so labeled at the east terminal station have 
not been illustrated in detail, their operation in 
response to the tone and voice waves received 

3. 
from the west terminal station and picked up and 
detected in the radio receiver RR at the east 
station will bei described by identifying the con 
trol and Switching apparatus thereat with the 
Same reference characters as used for the corre 
Sponding apparatus at the West terminal station 
but followed by a prime () mark. 
The incoming control tone and speech waves 

are Separated at the east station by the control 
tone select filter 8 in the receiving control cir 
cuit 7" and the parallel tone reject filter 25' in 
the receiving circuit RC'. The tone waves se 
lected by filter '8' are impressed in parallel on 
the tone filter-integrating device 2 f', the am 
plifier-detector 9 and the “gain reducer'. 20. 
The tone filter-integrating device 2' passes the 
applied control tone and also operates as an in 
tegrator to adjust the loss value of the power 
reducer f4 in the transmitting circuit TC at 
the station in accordance with the control tone frequency. 

0. 
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The portion of the control tone impressed on 
the amplifier-detector 9 will cause its opera 
tion to simultaneously open switch contacts 26' 
to 29, inclusive, and to close switch contacts 30'. 
The opening of SWitch contacts 26' Will disable 
the gain reducer 20 in its output thereby dis 
charging condenser 3' to adjust noise reducer 
5' and the frequency of the tone generated by 

the control tone generator 6 in accordance with 
the noise in the receiving circuit at the station, 
and to prevent operation of the gain reducer 28 
by the applied tone from charging condenser 3’. 
The opening of Switch contacts 2' will disable 
the transmitting circuit TC at a point in front 
of delay circuit. ... so as to prevent echoes of 
signals incoming in the receiving circuit from 
passing out over that circuit to the radio trans 
nitter and being radiated thereby, and the open 
ing of switch contacts 28’ and 29' respectively 
disable the syllabic amplifier-detector 2 in its 
output and the vogad 5' thereby preventing 
false operation of these controls by echoes. The 
closing of switch contacts 30' will close a short 
circuiting connnection around the portion of the 
receiving circuit RC' including the noise reducer 
5' and the loss pad 9, thereby effectively cut 

ting out the losses normally inserted by these 
elements in the receiving circuit and allowing 
the received voice currents to pass. With little 
attenuation from the output of filter 25 over the 
outgoing portion of the receiving circuit RC’ to 
the east subscriber. 
The combined operation of the volume control, 

echo suppressor, and noise control apparatus at 
the tWO terminals of the system of Fig. 1, as de 
scribed, results in only enough power output or 
volume control at the sending end of the system 
to deliver the necessary signal-to-noise ratio at 
the receiving end while, by limiting the noise, 
cutting down the received volume at the receiv 
ing end by an amount necessary for maximum 
intelligibility. Whenever conditions are such 
that the circuits operate to take out loss at the 
sending end of the system, a corresponding 
amount of loss is put in, at the receiving end so 
that the net effect of this arrangement on singing 
can be made negligible. The effect of the gain 
reducer associated with the tone-operated re 
ceiving circuit at each terminal station when 
control currents and speech are not coming in, 
when noise increases at the receiving end, is to 
increase the loss of the noise reducer in the re 
ceiving circuit to prevent the subscriber from 
hearing so much noise, and to change the fre- ºg 
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4 
quency of the control current generator at the 

s 

Station so as to indicate to the opposite end of 
the Systern what attenuation should be put in the 
ECWereed: Cer at that eind, Which, in this case, 
Would be a decreased loss. ii) Order to raise the 
Volume of the speech and control current coining 
in and thereby over-ride the noise to a better 
degree. - 

Stability is maintained under all conditions in 

to the compensating adjustment in the trans 
mitting and receiving sides of the circuit. At 
times of low noise, power is saved in the radio 
transmitter by having a large loss in the power 
reducer while at the same time high volumes are 
delivered to the receiving Subscriber because of 
low loSS in the noise, reducer. The arrangement 
of the -s circuit, So... that incoming control cur 
rent Switches out the noise reducer loss and any 
loss wich Imay be present in º switching padi 9, 
insures that, even though the noise reducer loss 
icfeases, the received Speech volume is mot ma 
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terially affected but the volume of the noise re 
ceived in the intervals between speech sounds is 
reduced. 

Preferred circuit arrangements for the power 
reducer, inoise reducer, variable frequency tone 
generator and the gain reducer circuit shown 
diagrammatically in Fig. 1, are illustrated in 
Figs. 2 and 3 which show schematically the West 
and east terminal stations respectively of a two 
Way tradio telephone system embodying a modi 
fied formi of the invention. 
As initig. 1, the west and east terminal sta 

tiGns of the Syster of FigS, 2 and 3 - each - in 
cludes a transmitting circuit TC and a receiv 
ing :"cir&uit IRC, the - input of the former and the 
cutput:6f the latter re3pectively being coupled 
by the hybrid coil H and associated balancing 
network Nito a two-wire circuit i which is adapt 
ed to be connected through switchboard 2 to a 
two-way line leading to a telephone subscriber. 
: At the west terminal station of Fig. 2, the 
transmitting circuit TC includes connected be. 
iWeen the hybrid coil. Hard the radio trans 
mitter Ri, a removable loss pad 3 , the vogad 32 
and the power reducer 33, and the receiving cir 
cuit R3 includes connected between the radio 
receiver RR and the hybrid coil H, the band 
pass filter 3? adapted to pass the Speech band 
and to reject Wayas of the frequency of the 
tone transmitted from the east terminal sta 
tion, a delay circuit 35, a combined noise re 
ducer and variable loSS device 3 and the re 
verse vogad 35, the vogad 32 and the reverse 
vogad 37 being aiSSociated, as illustrated dia 
grammatically, for example, by a pilot charinel 
circuit Sirhilar to circuit described in correc 
tion with Fig. , so that when the vogad gain 
increases above a certain value the reverse Vogad 
operates to insert, a loss in the receiving circuit 
RC equivalent in decibels to the increase i? gain 
of the VOgad. ??????????????? 

Similarly, at the east terminal station shown 
in Fig. 3, the transmitting, circuit TC includes 
a removable loss pad 38, a transmitting vogadi 
33 and a power reducer få, and "the receiving ª cir 
cuit RC includes band-pass filter 3i for passing 
.the speech band and rejecting the tone trans 
mitted from the West terminal, the delay circuit 
62, the combined noise reduger, and variable loSS 

the circuit of Fig. 1, as described, largely due 

2206,14é 
The arrangement of volume control, echo sup 

pressor and noise control circuits employed at 
the West terminal station shown in Fig.2 is essen 
tially the same as the similar circuits employed 
at both terminals in the system of Fig. 1, ex 
cept that the echo suppressor switching circuits 
in the case of the west terminal shown in Fig. 2 
are arranged to be desensitized by noise. How 
ever, at the east terminal station shown at Fig. 3, 
the echo suppressor circuits are eliminated and 
the volume and noise controls employed thereat 
are essentially the same as described above for 
the System of Fig. . . 
The echo Suppressor circuits at the West ter 

minal station shown in Fig.2 comprise a trans 
mitting switching circuit 45 including the tuned 
amplifier 36, the detector 47 and the switching 
relays 438 and á 9 controlled from the output of 
the detector 37, having its input coupled by hy 
brid coil H1 and associated balancing network 
N1 in energy transmitting relation with the in 
Coming portion of the transmitting circuit TC 
and in Substantially. Conjugate relation with the 
Outgoing portion thereof; and the tone-operated 
receiving SWitching circuit 5 including the tone 
selecting filter Si, the one-way amplifier 52, 

O 
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the tuned amplifier 3, the detector 58 and the 
Switching relays 55 to 53 controlled from the out. 
put of the detector 54, having its input con 
rected across the receiving circuit, RC in front 
of the filter 34. 

ASSociated with the transnitting and receiv. 
ing SWitching circuit.S of the echo Suppressor at 
the west station of Fig. 2 is a “Nogad' (noise 
operated gain adjusting device) shown within the 
dot-dashbox s, for regulating the sensitivity of 
the transmitting & d re?ceiving echo suppressor 
switching circuits according to the amplitude of 
the line noise applied to their inputs so as to pre 
vent false operation of these circuits on the line 
noise while maintaining them at maximum sensi 
tivity for operation on applied tone or speech 
currents. The particular nogad device illus 
trated is essentially as disclosed and described 
in Bjornson. Patent 2,081,422, issued May 25, 1937, 
and need only be briefly described here. 
The nogad includes a vario-repeater 6 in 

the transmitting echo suppressor circuit 45 anda 
vario-repeater 32 in the receiving echo suppressor 
circuit S. 
The nogad 66 also includes a gain reducer 

portion S3 and a 'syllabic disabler' portion 64 
having their inputs connected in parallel through 
a contbining 'circuit $5, which may comprise a 
hybrid coil connection and a common amplifier, 
Such as disclosed in Bjornson Patent 1,873,268, 
issued August 23, 1932, to the transmitting Sup 
pressor circuit. 35 in the output of vario-repeater 

, and to . the receiving suppressor circuit 50 
in the output. Of the vario-repeater 62 in such 
manner as to be supplied With an input from the 
output of each vario-repeater. . . - . . . . . 
The nogad 66 also includes a "marginal dis 

abler” circuit 65 connected through a combining 
circuit 67, similar to the combining circuit 65, to 
the transmitting suppressor circuit 45 in the in 
put of vario repeater Si and to the receiving sup: 
pressor circuit 55 in the input of the vario-repeat 
er é? in such manner-as to receive an input from 
the iii put of each vario-repeater. . . . . . . 
The gain reducer i3, which as disclosed in the 

Bjornson. Patent No. 2,081,422 may comprise a 
stage of alternating-current 3raplification, a half 
wave rectifier followed by two stages of direct 
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current amplification, operates to change the 
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78 also will have no effect as the sensitivity of 
that detector is adjusted so that it is un respon 
sive to noise; 
The noise waves applied to the input of the 

gain reducer-63 will cause its operation to adjust 
the gain of the vario-repeaters 6 and 62 to 
vary the sensitivities of the transmitting and re 
ceiving echo suppressor Switching circuits in ac 
cordance. With the amount of noise-in the marrier 
previously described, and to charge up the con 
denser 83. Any increase in the charge on the con 
denser 83, which will be roughly proportional to 
an increase in some. Component of the noise ap 
pied to the gain reducer 63, will increase the 
normal grid voltages on the tubes of the noise re 
ducer 36, reducing its gain accordingly, and will 
also apply a biasing voltage through resistance 
87' to the control grid of the tube 32 of the con 
trol tone generator 6 at the station, effectively 
reducing its generated frequency to a Value de 
termined by the amount of noise present in the 
receiving circuit at the station, Similarly, a de 
crease in the charge on condenser 83 correspond. 
iing to a decrease: in the amount of noise applied 
to gain reducer 63 will proportionately increase 
the gain of noise reducer 36 and the frequency 

r of the tone generated by tone generator 7. 
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At the east station shown in Fig. 3, the narrow 
band of noise transmitted through the Éione se 
lecting filter 92 and amplified by amplifier 2 
will cause operation of the gain reducer 83 to 
charge the condenser 98 in accordance with the 
noise amplitudes, thereby controlling the gain of 
the noise reducer 43, and through resistance 4 
the bias on the control grid of the Oscillating tube 
of tone. generator 88 to adjust the value of the 
generated tone frequency in accordance with the 
amount of noise in the receiving circuit at the 
station. w 

Assume, now that a West subscriber starts 
speaking from a telephone near the west station, 
so that the loss pad switching relays 5 and 
adapted to be energized from the switchboard 2 
when the termina is connected to long via cir 
cuits remain in their normally, inoperative con 
dition. His voice waves will pass through the 
transmitting switching pad 3 and enter the 
vogad 32 where they will cause its gain to be ad 
justed to maintain, the desired output volume of 
the voice signal current, and at the same time 
result in a reverse adjustment of the gain of the 
reverse. vogad 37 in the receiving circuit at the 
terminal, if the gain adjustment exceeds the 
Stability gain requirements. 
From the output cf. the vogad 32, west's voice 

waves as regulated in volume by the vogad, pass 
to the hybrid coil H1 in which they are divided, 
part being transmitted over the transmission cir 
cuit towards the power reducer 33 and the other 
portion being diverted into transmitting echo 
suppressor switching circuit 45 through hybrid 
coil H1. The portion passing over the: main 
transmission circuit will be divided between the 
input of the power reducer 33 and the input, of 

im 
pressed on the amplifier-detector 4 will cause 
the amplifier-detector 74. The portion 

its operation to operate relay 75 connecting the 
output of the control tone generator 76 to the 
circuit TC in the output of the power reducer 
33. 

generator 76 by the noise waves, as described 
above, Will be transmitted to the radio transmitter 
RT and will be radiated to the distant east sta 
tion. The other portion of west's speech Waves 

The tone Waves with a frequency determined 
by the previous adjustment of the control tone. 
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in passing through the power reducer 33 will be: 
attenuated ira accordance. Withiits last-adjustinent 
by tone Waves from the east station, and the at 
tenuated speech waves will follow the tone waves 
to the radio transmitter RT and will also be 
radiated to the east station. 
Meanwhile, the portion of west's speech waves 

along with the noise waves present passing into 
the transmitting. Switching circuit 45 wil! bë. 
transmitted through the vario-repeater 6, the 
gain of which is adjusted to vary the seasitivity 
of switching circuit #5 in accordance with the 
ancunt of noise only in circuits 45 and 53, under 
control of the circuits 63, 64 and 68 of the negad 
60 respectively connected to circuit 5 or either 
side: of the vario-repeater 6 and to circuit 52 on 
either side of vario-repeater 62, in the manner 
previously described. The speech Waves in the 
output of vario-repeater will pass through turned 
amplifier 46 and detector & and Will cause op 
eration of the Switching relays, 48 and 43. The 
operation of relay: 48 will connect a disabling 
short circuit across the receiving circuit RC in 
front of the delay circuit. 35 which will serve to 
SuppreSS any echo of West's speech currents which 
may be returned over the receiving circuit RC 
at the West station. The operation of switching. 
relay 49 will cause a short-circuiting connection 
to be connected across the receiving echo Sup 
pressor Switching circuit 50 in front of the de 
tector 54 thereby preventing subsequent false 
operation of the receiving switching relays by 
tone energy subsequently received from the east; 
terminal station. " . . 

When the control tone-and the following speech 
WaVeS from the West station, a rive: at the east 
Station shown in Fig. 3, they will be picked up by 
the radio receiver R.R. and will pass over the as 
Sociated receiving circuit. The band-pass filter 
4f will suppress the control tone; but pass the 
received. Speech waves, whereas: the parallel con 
nected filter 9 in the receiving switching circuit; 

5 

10 

15 

20 
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35 

40 

3. will select the received tone and suppress the 
received speech: Waves of other frequencies. 
A portion of the tone waves in the output of 

filter 92 will be diverted into, the amplifier-de 
tector 93 and will cause its operation to opera 
tively energize the switchingrelays.94 to: 97 con 
nected to its Output. Relays 94, and 95 will op 
erate, respectively, to connect ground to the grid 
biasing battery of for the tubes of noise reducer' 
43, and to break the connection of the gain con 
trol Condenser 98 to the control grid-cathode gir 
Cuits of the amplifier tubes in noise reducer 43, 
thereby effectively removing the normal high 
negative, grid bias on the tubes of the noise re 
ducer 43 so as to increase its gain. The re. 
Sult of this operation is that west's speech cuir-. 
rents transmitted through the noise reducer 43 
after passing through the band-pass filter, 4f 
and delay circuit 42 are increased in volume. 
These speech: currents are then passed through 
the reverse vogad and hybrid coil H to the tele 
phone: circuits of the east subscriber associated 
With the east terminal. 
The simultaneous operation of relay 96 effec 

tively disables the vogad 39 in the transmitting 
circuit TC. The simultaneous operation of re 
lay 97 closes a circuit from the output of the 
tOne selecting filter 92 to the gain control con 
Glenser 99 common to the control grid-cathode 
circuits of the push-pull amplifier tubes in the 
power reducer 4 in the transmitting circuit, 
through the filter i? and the half-wave recti 
fier 10 in series. As in the case of the similar 

60 

65 

75. 
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filter-integrating circuit at the west terminal 
station, the elements of this filter-rectifier cir 
cuit are selected so that the higher the value 
of the tone frequency received through the tone 
filter 92, the greater the voltage appearing across 
the condense 99, the effect being to increase the 
grid biasing voltage on the power reducer 40 and 
thereby reduce its gain in proportion to the in 
crease in the frequency of the control tone, and 
vice versa. 
The charge on condenser 98 under control of 

the gain reducer f {3, which is similar to the 

35 

The action of the system of Figs. 1 a 
5 speech currents transmitted in the opposite di 
rection is similar, East's speech currents at the 

nogad gain reducer 63 at the west station, de 
scribed above, will be proportional to the ampli 
tude of the noise applied thereto through ampli 
fier 02 from filter 92, and will not be substan tially changed by the applied tone or speech pass 
ing through that filter" because of the inherent 
slow operation of the reducer on Such waves, as 
described above. The applied tone waves, there 
fore, will not materially change the adjustment 
of the frequency of control tone generator 88 
provided by condenser 98. ? 

and 2 for 

east station of Fig. 3, after passing through the 
loss paid '38 and the vogad 39 will be divided be-, 
tween the input of the power reducer 49 in the 30 transmitting circuit and the input of the ampli 
fier-detector 89 connected across that circuit in 
front of the power reducer. The portion im 
pressed on the amplifier-detector 89 will cause 
its operation to connect the output of the var 
liable frequency tone generator 6 to the trans 
mitting circuit in the output of power reducer 
40 so that the tone-waves generated by that gen 

40. 

erator with a frequency determined by its pre 
vious adjustment by the noise currents in the 
receiving circuit, described above, will be trans 
mitted out over that circuit to the radio trans 
mitter RT in advance of the speech currents and 
will be radiated thereby. The speech currents 
in transmission through the power reducer 40 

; will undergo an attenuation determined by its 
previous gain adjustment in accordance with the 

50 

frequency of the tone wave last received from 
the west terminal station, and will then be trans 
mitted to the radio transmitter RT and also radiated thereby. : 
The tone and speech waves from the east 

terminal will be picked up and detected by the 
radio receiver RR at the west terminal, shown 
in Fig. 2, and will be transmitted over the re 
ceiving circuit R.C. The band-pass filter 34 in 
the receiving speech path will pass the Speech 
waves and suppress the received tone whereas 

60. 

the parallel filter 52 in the receiving switching 
circuit 50 will suppress the speech waves and 
pass the received tone waves. ' ' 
The tone waves in the output of filter 5 will be amplified by the amplifier E2 and divided be 

tween the receiving control branches connected 
to the output thereof. A portion amplified by 65. amplifier 5 will pass through the vario-repeater 
62, the tuned amplifier 53 and the detector 54 
and cause the operation of the Switching relays 
55 to 59. The operation of relays 53 and 55 will 
respectively disable the transmitting echo Sup 
pressor circuit G5 at a point in front of the de 
tector 47, and to disable the transmitting circuit 
TC at a point in front of the power reducer 33, 
thus preventing Subsequent false operation of 
the transmitting suppressor circuit by echoes of 
east's speech waves and the transmission of such 

echoes over the transmitting circuit TC to the 
radio transmitter RT. The Operation of relay 
56 will disable the vogad 33, and the operation 
of relays. 57 and 58 will respectively break the 
connection of gain control condenser 83 to the 
control grid-cathode circuits of the tubes in noise 
reducer. 36 and connect ground to the grid bias 
ing battery 109 for those tubes, thereby effec 
tively removing the high negative grid bias on 
the tubes of noise reducer 36 so as to increase its gain. 
A portion of the waves in the input of the 

vario-repeater 62 will be transmitted through the 
combining circuit 67 into the input of the mar 
ginal disabler circuit 66 of nogad 6 and another 
portion in the output of the vario-repeater 62 
will be transmitted through the combining cir 
cuit 65 into the input of gain reducer 63 and the 
input of the syllabic disabler circuit 64 of the 
nogad. The marginal disabler circuit 66 and the 

10. 

syllabic disabler circuit 64 will then operate, in 
the manner previously described, to disable the 
output of the gain reducer 63 to prevent it from 
controlling vario-repeaters 62 and 63 to cause 
desensitization of the transmitting and receiv 
ing echo suppressor switching circuits on the 
applied tone and speech waves, and to prevent 
charge on condenser 83 to vary the gain of the 
noise reducer 36 in the receiving speech path 
and the frequency of the variable frequency con 
trol generator 76 at the west terminal. The 
gain setting of the noise reducer and the fire 
quency of the tone generator 76, therefore, will 
be maintained as previously adjusted by the 
gain reducer 63 under control of the noise in the 
receiving circuit at the terminal. . ? '' : `' 
Another portion of the tone and speech waves 

in the output of amplifier 52 in the receiving 
switching circuit 50 impressed on the detector 
will be detected thereby and cause the operation 
of relay 79 to close a connection between the 
output of amplifier 52 and control condenser TT 
through rectifier80 and the filter comprising coil 
8 and condenser 82 in series. The voltage 
acroSS condenser TT will then be varied by the 
applied control tone waves in accordance with its 
frequency, the higher the frequency the greater 
the voltage across the condenser and vice versa. 
The effect of the variation in the voltage across 
condenser, TT will be to vary the bias on the 
grids of the push-pull vacuum tubes in the power 
reducer 33 in the transmitting circuit TC to 
change the gain of the power reducer to a value 
determined by the control tone frequency. 
Meanwhile, the received speech waves in the 

receiving circuit at the west terminal station will 
pass through the band-pass filter 34, delay ciri. 
cuit 35, power reducer 36, reverse vogad 37, and 
hybrid coil. H to the listening west subscriber as 
sociated with the terminal. 
When a long distance telephone circuit is con 

the applied tone and speech from varying the 

30. 

35; 

40, 

45. 

50 

60 

nected to the west terminal station by operation 
of the sleeve circuits in switchboard 2, current 
from the sleeve battery (8 will energize the 
windings of relays 5 and 96 causing the opera 
tion of these relays respectively to insert an ad 
ditional battery 9 in series with the control 
grid circuits of the tubes in noise reducer 36, and 
to remove switching pad 3 from the transmit 
ting circuit of the west Station. The addition of 
battery to 9 to the control grid circuits of the 
tubes of noise reducer 36 changes the bias on the 
grids of these tubes in such manner as to effec 
tively increase, the loss inserted by the noise re 

65. 

  



S 2,206,146. 
ducer in the receiving circuit. The values of the 
transmitting Switch pad 3 and the battery 9 
are. Selected so that the loss thus removed froin. 
the transi initting circuit and inserted in the re 
ceiving circuit is sufficient to compensate for the 
additional loss in the connected long distance 
telephone line. and also to. preserve the stability. 
Relay 5 is operated by the receiving switching 
circuit 50 under control of incoming tone waves 
to remove the additional battery 09 from the 
grid circuits of the noise reducer 35 and thus to 
remove the additional OSS in the receiving cir. 
cuit RC When speech Waves are being received 
from the east terminal. Similar circuits at the 

is east terminal station of Fig. 3 operate in similar 
manner to increase the loss inserted in, the re 
ceiving circuit of that station and to cut out the: 
loss pad 33 from the transmitting circuit, when . 
that terminal is connected to a long distance tel 

go: ephone line, and to cut out additional loss in the 
receiving circuit when tone waves are received 
from the West terminal. 

Various modifications of the system described 
above. and illustrated in the drawings which are 

2 within the spirit and scope of the invention will 
occur to persons skilled in the art. For example, 
in practice it might be found desirable to com 
bine the function of the vogad and power reducer 
in the transmitting circuit, at each terminal sta 

so, tion in a single device. Also, it night be advan 
tageous to use switching devices in place of the 
relays illustrated, which employ dry rectifiers, 
vacuum tubes or other elements operating more. gradually on speech than a relay, and to enply 

as: noise-desensitized echo suppressor Switching cir 
cuits at both terminals of a two-way System in 
stead of at only one terminal as illustrated. 
What is claimedis: , 
1. In a two-way signal transmission system 

having at each termina one-way transmitting 
and receiving circuits for repeating the signals 
transmitted in opposite directions, means ait each 
terminal for making the transmitted signal power 
a function of the amount of noise in the receiy. 

sing circuit of the other terminal, and for making 
the anti-singing loss in the receiving circuit of 
the terminal when signals are being transmitted 
therefron a function of the amount of noise in 
the receiving circuit at the same terminal. 

50 2. In combination with a two-way signal 
transmission system comprising at least near the 
terminals thereof oppositely directed one-way re 
peating paths. Subject to interfering noise, for 
the signals transmitted in opposite directions, 

55, means inserting an anti-singing loss in one of 
said paths when signal transmission is taking 
place over the other path, and means to make 
the value of Said, anti-singing loss a function of 
the anno Unit, of noise in Said one path. - 

6 3. In combination with a two-way signal trans 
mission system having a transmitting signal re 
peating path. and a receiving. Signal repeating 
path, at each terminal, said paths being subject 
to interfeiting noise, a volume control device in 

65, the transmitting path: at a terminal of said sys 
ten, and means to make the amount of volume 
control of the transmitted signals exercised by 
said volume Control device a function of the 
amount of noise in the receiving repeating path 

to at the other terminal. 4. In combination with a two-way signal trans 
mission system having a transmitting signal re 
peating path and a receiving signal receiving 
path subject to interfering noise, at each termi 

75 hal, volume control means in the transmitting. 

path at one terminal of said System, means.in 
serting an anti-singing loss in the receiving path 
at said one terminal, when signal transmission is 
taking place over the transmitting path thereat, 
means to make the amount of anti-singing less 5 
inserted a function of the noise at the time. in 
the receiving path at said, one terminal and 
neans to nake the annount of volume control 
exercised by the volume control means in the 
transmitting path at said one terminal, a func- 0 
tion of the amount of noise in the receiving path 
of the other terminal just prior to said signal 
transmission. “. . . . . 

5. In a two-way signal transmission System 
having at the terminals thereof oppositely dir 15 
rected one-way repeating paths for the signals 
transmitted in opposite directions, means, at each 
terminal responsive to outgoing signals in the 
transmitting pathifor causing analternating con 
trol wave to be transmitted to the other termi- 20 
nal along with the signals, means at each termi 
nal responsive to the control wave received from 
the other terminal for inserting a power reducing 
loss in the transmitting path at the first termi 
nal in an amount dependent. On the frequency. 25 
of the received control wave and means for make 
ing the frequency of the control wave trans 
mitted from each terminal a function of the 
amount of noise in the receiving path of the ter 
minal in the absence of received control Waves. 30 

6. In a two-way signal transmission system. 
having signal transmitting and signal receiving 
circuits at each terminal, means for measuring 
the amount of noise in the receiving circuit at a 
terminal of said system and means for automati 35 
cally regulating the volume of transmitted Sig 
nals in the transmitting circuit at the other ter 
minal. in accordance. With the measured value. 
of the noise in the first terminal just prior to the 
signal transmission. 40 

7. In combination with a two-way signal trans 
mission system having oppositely-directed one 
way repeating paths at each terminal for the sig 
nals transmitted in opposite directions, each ter 
minal comprising an anti-singing loss in the re- 45 
ceiving path, a source of alternating control 
waves, means in the absence of signal transmis 
Sion in either direction over the system, for auto 
matically adjusting the value of Said anti-singing 
loss and the frequency of the control waves gen- 50 
erated by said source in accordance with the 
amount of noise in the receiving path at the ter 
minal, control means responsive to the initiation. 
of signals for transmission in the transmitting 
path to disable said receiving circuit, and to 55 
cause control waves from said Source to be trans 
mitted along With the signals to the other ter 
minal, switching, means selectively responsive to 
control waves received from the other terminal 
to adjust the gain of the transmitting circuit 60 
in accordance. With their frequency, to remove 
said anti-singing loss from the receiving circuit 
and to disable the transmitting circuit and the 
neans for controlling the transmission of con 

trol waves from the terminal, and means re-, 65 
sponsive to the signals initiated in said trans. 
mitting circuit in the absence of prior received 
Control or signal Waves in the receiving circuit 
to disable the Selective Switching means at the 
terminal. 70 

8. In a tWO-Way signal transmission system 
having at the terminals thereof oppositely direct 
ed. One-Way repeating paths for the signals trans 
mitted in opposite directions, means at each 
terminal responsive to outgoing signals for caus-, is 
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ing an alternating control wave to be transmitted 
to the other terminal, control means at each ter 
minal for automatically controlling the amount 
of loss in the receiving path and the frequency 
of the transmitted control wave in accordance 
with the amount of noise in the receiving path 
at the same terminal and other control means 

O 

at each terminal for automatically regulating the 
gain of the transmitting path in accordance with 
the frequency of the control wave received from 

"...the other terminal whereby the transmitted sig 

15. 

20 

nal Volume at each terminal is a function of the 
amount of noise in the receiving path at the 
other terminal. . 

9. The system of claim 8 in which the first 
mentioned means comprises a variable frequency 
control wave generator having a frequency de 
termining circuit, and means responsive to the 
out-going signals for connecting said generator 
to the transmitting path at the terminal, said re 
ceiving circuit includes a variable gain amplifier 

', having a biasing circuit, and the first-mentioned 

control means at each terminal includes a vari 

control means comprises a condenser connected 
to the frequency determining circuit of said gen 
erator, and to the biasing circuit of said amplifier 
so that the frequency of the generated wave and 
the gain of said amplifier vary in accordance 
with the charge on said condenser and means 
for charging said condenser in accordance with 

30 the amount of noise in said receiving circuit. 
10. The system of claim 8 in Which Said other 

able gain amplifier in the transmitting path, hav 
ing a biasing circuit including a condenser the 
charge of which determines the amplifier gain, 
and frequency integrating means responsive to 
the received control wave to vary the charge on 

9 
said condenser in accordance with the received control wave frequency. 

11. The system of claim 8, in which said other 
control means ateach terminal comprises a con 
denser associated with the transmitting path 
thereat so that its charge determines the gain 
of said transmitting path, means for selecting the 
received control wave, and means responsive to 
the selected wave for charging said condenser in accordance with its frequency. 

Î2. În a tWo-Way signal transmission system 
having at the terminals thereof oppositely di 
Irected one-way repeating paths for the signals 
transmitted in opposite directions, means at each terminal responsive to outgoing signals for send 
ing out to the other terminal a control wave of 
a frequency determined by the amount of noise 
in the receiving path at the other terminal, and 
means at each terminal responsive to the received 
control Wave for varying the amount of power in 
Outgoing Signals in accordance with the frequency 
of the received control. Wave. 

13. In a two-way signal transmission system 
comprising transmitting and receiving circuits 
and associated echo suppressors at each termi 
nal, means for automatically making the anti 
singing loss in the receiving circuit at each ter 
minal a function of the amount of noise in that 
circuit, the sensitivity of the echo suppressors 
at each terminal a function of the noise in both 
the transmitting circuit and receiving circuit 
at the terminal, and the transmitted signal power 
at each terminal a function of the amount of 
noise in the receiving circuit at the other ter minal. 

SUMNER B, WRIGHT. 

10 

15 

20 

25 

30 

s 

  


