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UNITED STATES PATENT OFFICE 
2,285,451 

AUTOMATIC CONTROL, SYSTEM 

Alfred E. Melhose, Westfield, N. J., assignor to 
Bell Telephone Laboratories, Encorporated, 
New York, N. Y., a corporation of New York 
Application August 31, 1940, Serial No. 354,989 

16 Claims. (Cl. 179-4) 
This invention relates to communication Sys 

tems and particularly to telephone Systems Sub 
ject to clipping of speech through tardy voice 
current SWitching. 
In Systems of this nature where for Warious 

reasons the transmission channel is normally 
conditioned against the transmission of voice 
currents, voice current responsive means is pro 
vided to Switch the channel into condition for 
the transmission of voice at both the transmitting 
and the receiving end of the channel. At the 
same time voice current delay means are pro 
vided to retard the transmission of Voice cur 
rents until this Switching operation has been 
completed. If for any one or more of several 
known reasons the SWitching operation becomes 
tardy then the phenomenon known as clipping 
occurs and this manifests itself as mutilation of 
the speech through loss of the beginning of 
Syllables of Speech. 
For various reasons it is highly desirable to 

nake this voice current delay as Small as pos 
sible but variable conditions affecting the Opera 
tion of these circuits render it necessary to set 

worst expected condition. Since these periods of 
maximum disturbance do not occur with great 
regularity it becomes desirable to provide ad 
justable means whereby the voice current delay 
may be varied to suit these varying conditions. 
The object of the present invention is to im 

prove the operation of communication Systems 
Subject to the clipping of Speech by varying the 
transmitting conditions of a transmission chan 
nel in accordance with the varying conditions 
affecting this undesirable phenomenon. 
A feature of the present invention is an adjust 

able voice current delay circuit arrangement 
Which may be automatically adjusted in con 
formity with the varying conditions from which 
clipping of Speech arises. 
Another feature is a means for automatically 

and continuously adjusting the voice current de 
lay to a minimum value and in response to the 

automatic and continuous operation and to ad 
just such delay to a higher value. 
Another feature of the invention is a detecting 

circuit responsive to tardy switching and fur 
thier responsive to conditions liable to result in 
tardy SWitching. 

Still another feature of this invention is a 
notor driven Voice current delay circuit adjust 
ing device at the transmitting end of a trans 
mission channel automatically responsive to con 
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ditions giving rise to clipping at the receiving end 
of said transmission channel whereby adjust 
ment to a higher value of delay Will be made 
until clipping ceases. 
Another feature of the invention is a detect 

ing circuit responsive to the presence at the re 
ceiving end of the transmission channel of both 
control tone and voice currents and which will 
give an indication when the voice currents cause 
an operation prior to the operation caused by the 
control tone. Further this detecting circuit will 
give an indication responsive to a further opera 
tion caused by the control tone subsequent to 
an initial proper sequential operation caused by 
said control tone and the Voice currents. 
Another feature of this invention is the use 

of a different control tone for transmission from . 
the receiving end to the transmitting end of a 
transmission channel in response to an unstand 
ard sequential operation at the receiving end 
under control of switching control tone and 
voice currents for controlling an automatic voice 
current delay adjusting means at the trans 
mitting end of the Said channel. 
Another feature is an alarm means connected 

to the final or maximum delay step of the com 
mutating device. Such an alarm means may be 
in the form of a simple alarm to call an attendant 
or it may be of more elaborate nature such as a 
means to automatically notify the technical at 
tendants at both terminals that some trouble of 
a serious nature needs immediate attention. The 
means for notifying the distant technical Opera 
tor may be of the nature disclosed in the co 
pending application of Hall and Melhose, Serial 
No. 354,990, filed August 31, 1940, or it may be 
of the general nature herein disclosed, that is a 
special tone may be used with appropriate re 
ceiving apparatus at the far end. 
This invention is an improvement in the Sys 

tem disclosed in Patent 2,207,720, granted to Cole 
et al., July 16, 1940. 

These and other features Will be more fully 
explained in the following description and by 
means of the appended drawings. 
The dra Wings consist of four sheets of circuit 

With FigS. 1, 2 and 3 placed together 
a circuit diagram of one terminal of an inter 
polated telegraph and telephone System is shown. 

Fig. 1 shows the transmitting telegraph cir 
cuits; 

Fig. 2, partly schematic and partly circuit 
diagram, shows the telephone and controlling 
circuits; 
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Fig. 3 shows the receiving telegraph circuits; 

and 
Fig. 4 is a detailed circuit arrangement of the 

voice delay means indicated by the rectangle 25 
in IFig. 2 and fitted into the general diagram of 
Fig. 2 at the broken lines X-X, Y-Y and Z-Z. 
One terminal of a System is shown, but it will 

be understood that at Some distant point a similar 
terminal is located so that speech coming in over 
channel 2 will be transmitted from the radio 
tranSnitter 22 and its antenna, 203 to be re 
ceived at the said distant point over the antenna 
24 and the radio receiver 25 for transmission 
into the Speech path at that point correspond 
ing to the channel 20. 
While speech is being transmitted from chan 

nel 20 over the antenna 203 the telegraph trans 
nitting apparatus of Fig. 1 is inactive and the 
telegraph receiving apparatus of Fig. 3 at the 
distant point is similarly inactive. By the same 
token, the telegraph transmitting apparatus of 
Fig. 1 at the distant point and the telegraph re 
ceiving apparatus of Fig. 3 at the near end as 
ShOWIn Will be in Operation. 
In general, Speech. Over channel 20 enters 

the hybrid coil 296 provided with the usual bal 
ancing network 20, passes over path 208, through 
the network 259, to the voice operated gain ad 
justing device (termed vogad for short). 2. 
From the Wogad 2 speech currents enter the hy 
brid coil where they split, part going on to the 
nain speech channel and part entering the 
Syllable amplifier-detector 23 for control pur 
poses. The output of the amplifier-detector 23 
feeds into the transmitting relay chain 24 which 
performs a variety of Switching functions, as will 
be more clearly set forth hereinafter. At pres 
ent it is Sufficient to say that the transmitting 
chain 24 clears the way for the Speech. Current 
to the antenna. 23. and that the distant receiv 
ing terminal similarly conditions the receiving 
circuits thereat for the proper reception of the 
Speech currents. The main portion of the speech 
currents then passes from the hybrid coil 22 
into the delay circuit 25 through a repeater 26 
and the first transmitting suppressor 27. 
Thereafter the speech path is through privacy 
circuit 28, the Second transmitting suppressor 
29 and another part of the privacy circuit 220 
to the hybrid coil 22. Speech currents then pass 
to the hybrid coil 222, thence to the transmitting 
repeater 223 and finally to the radio antenna, 203. 
At the distant receiving end the speech cur 

rents transmitted from the radio receiver pass 
through the receiving repeater 224 and into the 
hybrid coil 225. At this point the control tone 
Which accompanies Speech is diverted through 
the control tone filter 226 and amplifier 246, to 
the receiving detector 22, which operates the 
receiving relay chain. 228. This receiving relay 
chain responds to the control tone transmitted 
from the distant end through the operation of 
the transmitting chain thereat and, like the 
transmitting chain, performs a variety of Switch 
ing functions which will be more fully described 
hereinafter. For the present it is sufficient to 
say that the receiving chain clears the way for 
the speech currents to reach the hybrid coil 206 
and channel 29. The speech currents leaving 
the hybrid coil 225 enter the next hybrid coil 
29 and thence pass through a part of the pri 

vacy circuit 23, the first receiving suppressor 
23, another part of the privacy circuit 232 to 
the second receiving suppressor 233. From this 
point the Speech currents pass through the var 
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iable SuppreSSor 234, a low-pass filter 235, a 
Volunie controller 236, a repeater 23, a network 
238 and thence to the hybrid coil 206 from which 
they pass over the channel such as 20 at the 
Said distant terminal. 
The functions of these various pieces of appa 

ratus are briefly as follows. The hybrid coil 206 
receives Voice Currents from the channel 20 and 
transmits them. Out over the channel 28. The 
hybrid coil, 266 also receives voice currents from 
channel 239 and transmits them out over chan 
nel 2. Actually the voice currents split equally 
to paths. 28 and 239 but are prevented from 
passing over 239 beyond the repeater 237 by the 
unidirectional characteristics of this repeater. 
The function of the balancing network 207 is 
Well knoWin. In this connection it should also be 
noted that each of the hybrid coils 22, 22, 222, 
225 and 229 is provided with appropriate bal 
ancing networks. The networks 209 and 238 
are provided to perform certain functions neces 
Sary in commercial telephone circuits to compen 
Sate for the diferences in transmission When the 
channel 20 is connected to different types of 
telephone circuits. They play. no, particular part 
in the present invention as their adjusting cir 
cuits are not shown, but they are included in the 
Schematic part of this diagram in order to render 
the diagran aS complete as possible. The vogad 
2-f is a means for adjusting the gain applied to 
the voice currents incoming thereto. So as to 
provide a uniform level of output. The hybrid 
coil 22 allows a small part of the voice cur 
rents to be taken off to the syllabic amplifier 
detector 23 without causing distortion in the 
voice currents flowing from the hybrid coil 22 
to the rest of the circuit. The; delay circuit 25 
is an arrangement by which voice currents are 
delayed to allow time for the transmitting chain 
24 to properly perform its functions before the 
Voice currents are finally delivered to the an 
tenna, 23. Since these delay circuits entail 
certain loSS in transmission, amplifying means 
are aSSociated therewith in the form of a repeater 
25 which is... shown as a one-way amplifying 
repeater. The first transmitting suppressor 27 
and the Second transmitting suppressor 29, both 
act to block speech currents therethrough when 
the relayS. of the transmitting chain are in their 
normal positions. When, however, the trans 
mitting chain is operated, the transmitting sup 
pressor 27 and the transmitting suppressor 29 
give a clear path for the transmission of voice 
Currents. It is necessary to use a blocking path 
for each terminal of the privacy system circuit 
28, this being a controlling agency for the other 
part of the privacy system 220. These two units 
28 and 220 are included to render the speech 
between the antenna. 203 and the distant an 
tenna. 204 unintelligible, but do not form any 
essential part of the present invention, being 
again included for the purpose of rendering the 
Schematic layout as complete as possible. The 
function of the hybrid coil 22 is to transmit to 
the hybrid coil 222 either speech coming from the 
privacy System unit 220 or telegraph signals com 
ing from Fig. 1 above. The function of the 
hybrid coil 222 is to pass on to the transmitting 
repeater 223 both the output of the hybrid coil 
22 and the control tone originating from oscil 
lat?r 24). This oscillator is a source of alter 
nating current of a frequency just outside of the 
Voice range so that it may be effectually filtered 
Out at the receiving end without disturbing the 
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voice currents entering the receiving circuit 
thereat. 
Current from the Oscillator 240 enters the Con 

trol tone enabler 24, which is under the control 
of the transmitting relay chain 24 as Will appear 
hereinafter. When the voice takes command of 
the transmitting chain 24 and certain relays in 
the telegraph transmitting apparatus of Fig. 1 
are properly operated the control tone enabler 
24t will allow alternating current from the source 
240 to enter the control tone compressor 242 
and from this point the control tone will be 
passed to the hybrid coil 222. The effect, there 
fore, is that when the voice takes command of 
the transmitting chain 24 control tone at full 
volume will be delivered to the hybrid coil 222. 
A short time thereafter as measured by the delay 
circuit 25 and controlled by a connection in 
the voice path between the first transmitting 
suppressor 2 and the first unit of the privacy 
System 28, the control tone compressor will op 
erate to modify the volume of the control tone 
being delivered to the hybrid coil 222. 
The transmitting repeater 223 is a Well-known 

type of one-way amplifier. The radio transmit 
ter 202 and its associated antenna, need no Special 
description. Likewise, the radio receiver 205 and 
its associated antenna. 204 need no special de 
scription. The repeater 224 is, like the repeaters 
26 and 223, a one-way amplifying device. The 
hybrid coil 225 receives the output of the radio 
receiver 205 and allows part of this output to 
flow to the control tone filter 226 and amplifier 
246 which delivers to the receiving detector 22 
only the control tone. 
The hybrid coil 225 also delivers to the next 

hybrid coil 229 the speech current, the accom 
panying control tone being filtered out later. 
Hybrid coil 229 acts during the transmission of 
speech currents to deliver the speech currents 
which are transmitted from the radio receiver 
205 to the privacy System unitS 230 and the vari 
ous circuit units thereafter. During intervals of 
telegraph transmission the hybrid coil 229 de 
livers the output of the radio receiver 205 to the 
telegraph receiving apparatus of Fig. 3. 
The privacy system units 23 and 232, like 

the privacy system units 229 and 28, are used 
to insure secrecy in the transmission of intelli 
gence by translating for delivery to channel 20 
the otherwise unintelligible transmission from 
the antenna, 23 to the antenna, 24. The first 
receiving suppressor 23 and the second receiv 
ing Suppressor 233, both under control of the 
receiving chain 228, operate to block the speech. 
paths during those intervals when the control 
tone is absent from the transmission being re 
ceived by the receiver 25. When the control 
tone is present as an indication that speech is 
present the receiving chain is operated and the 
receiving suppressors 23 and 233 give a clear 
path for speech currents toward the hybrid coil 

and the channel 20. The variable sup 
pressor 234 is a device used to cause the transi 
tion from speech to Silence and from silence to 
Speech to be SOW So that clicks and extraneous 
operations of the circuit Will not disturb the 
listener. The low-pass filter 235 effectually 
blocks any control tone which accompanies 
Speech to this point and allows only the speech 
to go into the volume controller 236. . 
At this point it should be noted that between 

the low-pass filter 235 and the volume controller 
836 there is a connection to the receiving de 
tector 227 through a speech band filter 244 and 
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amplifier 245. Thus, when the voice takes com 
mand at the distant transmitting end, control 
tone from the oscillator 240 is transmitted by 
the radio transmitter at full volume and this Will 
enter the control tone filter 226, the amplifier 
246 and the receiving detector 227 to insure the 
proper operation of the receiving master relay 
within the receiving chain 228. By the time that 
the voice arrives the receiving chain will have 
conditioned the receiving circuit, particularly by 
operating the first and second receiving Sup 
pressors 23 and 233 and the variable sup 
pressor 234 so that as the control tone is reduced 
in volume through the action of the control tone 
compressor 242 voice current from the connec 
tion between the low-pass filter 235 and the vol 
ume controller 236 will reach the receiving de 
tector 27 to augment the operation of this de 
vice and insure the proper and continuous op 
eration of the receiving chain even during periods 
when fading or other disturbances in the mut 
able link cause the receiving control tone to drop 
to a value where control tone alone would be 
insufficient to operate the receiving chain. 
That part of the circuit between and including 

radio transmitter 202 and radio receiver 205 is 
spoken of as a mutable link Since it comprises a 
signaling channel capable of or liable to change 
from internal or external cause which may give 
rise to interfering energy or, more specifically, 
subject to noise, fading or change of attenua 
tion. It is to be understood, however, that the 
present showing is by way of example and that 
the term "mutable link' does not necessarily 
mean that an operating radio link is invariably 
involved, but that the term is broader in its 
meaning and includes any channel liable to 
change from internal or external cause. 
The volume controller 236 is a device, generally 

under the Supervision of a technical operator, for 
controlling the volume as indicated by a moni 
toring device, not shown, connected between this 
unit and the receiving repeater 23. The receiv 
ing repeater 239 is, like the other repeaters 26, 
223 and 224, a one-way amplifying device. 
The Syllabic amplifier-detector 23 is a device 

which will be unoperated by the maximum noise 
which may be expected on the transmitting cir 
cuit but will be operated quickly by speech sig 
inals of both high and low amplitudes. It is 
connected to the hybrid coil 22 and delivers its 
Output to the transmitting chain 24. If the 
receiving chain 228 is in its normal unoperated 
position then the amplifier-detector 23 will be 
enabled. If at this time voice currents come 
in over channel 20 their effect will be to operate 
the amplifier-detector 23 and thereupon to op 
erate the transmitting chain 24. The transmit 
ting chain controls the transmitting suppressor 
27, the privacy System unit 28 and the second 
transmitting suppressor 2 9 as indicated by the 
lines extending from the transmitting relay chain 
and ending in an arrow-head at these described 
units. Likewise, the transmitting chain controls 
the control tone enabler 24?, this control ex 
tending through the armature and back contact 
of relay fo4 in the transmitting telegraph cir 
cuits shown in Fig. 1. The transmitting relay 
chain 24 also controls the transmitting tele. 
graph apparatus through a control extending to 
the back contact and armature of relay ?oa, the 
resistance of and the windings of relays 2 
and 03 to battery. The circuits are such that 
when the voice takes command this latter cir 
cuit will be connected in the transmitting relay 



4. 
chain to ground and hence relays 02 and 03 
will be operated to disable the transmitting tele 
graph apparatus. 

In like manner the receiving relay chain ex 
ercises its control over the receiving suppressor 
23, the receiving Suppressor 233 and the variable 
Suppressor 234. A line extending to the syllabic 
amplifier-detector 23 indicates that the receiv 
ing relay chain operates to disable the amplifier 
detector 23. A similar line extended to the 
vogad 2 indicates control of the vogad by the 
receiving relay chain. Lastly, another Eine ex 
tended from the receiving relay chain 228 to the 
telegrad 360 in Fig. 3 indicates control exercised 
Over the telegrad. 
From the speech path and the control tone 

path entering the receiving detector there are 
taken off two leads going to a control tone de 
tector 29 and a speech current detector 250 
which operate relays 25 and 252, respectively. 
These relays control a circuit from a source of 
adjusting tone 253 to the hybrid coil 222. This 
adjusting tone, like the control tone, lies just 
outside the voice frequency channel and is dif 
ferent from the control tone coming from the 
Oscillator 240. It should be noted that by the 
use of appropriate filtering means an adjusting 
tone may be used which lies within the voice 
frequency channel since with narrow band filters 
the impairment of speech through the employ 
ment of Such means is not important. If the re 
lay 252 is operated and relay 25 is unoperated, 
then adjusting tone from the source 253 will be 
connected to the hybrid coil, 222 and, therefore, 
transmitted to the distant end. 
This condition may arise when fading Cr other 

manifestations of the mutable link become pro 
nounced enough to allow the control tone relay 
25 to release while speech is present. It has 
been found in practice that the release of relay 
25 during the talking period reliably reports 
the fact that insufficient delay is present at the 
transmitting end. Therefore, if during normal 
operation when relay 252 is operated relay 25 
releases, the adjusting tone 253 will be trans 
mitted to the distant end. 
At the distant end this adjusting tone will be 

transmitted from the hybrid coil 229 to the ad 
iusting tone filter 254 and thence through the 
adjusting tone detector 255 to operate a relay 
aSSOciated with the variable delay 25 to cause 
an automatic adjustment of this delay to be 
made. 
The variable delay control may be readily un 

derstood by the use of Fig. 4. In this case the 
speech path is from the hybrid coil 22 into the 
variable delay 25 at the broken line X-X. 
Here the speech path enters a filter 40 and 
thence through the armature and contacts of 
relays 40, 402, 493, and other relays of a similar 
nature, to relay 44, inclusive. The speech path 
then passes out of this figure and into the re 
peater 26. Each relay 40, for instance, con 
trols a voice delay network such as 405, 4 (6, 40T 
and 408. Each of these delay networks in series 
provides an increasing amount of delay. This 
the network 4.05 may provide a delay of 4 milli 
seconds, the delay network 46 may provide a 
delay of 8 milliseconds, and lastly, the delay net 
work 48 may provide a delay of 40 milliseconds. 
With a sufficient number of relays such as 4C 
to 404, inclusive, and a number of networks such 
as 405 to 498, inclusive, the delay in the voice 
currents may be changed from a minimum 
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2,285,451 
amount of 4 milliseconds to a maximum of 40 
milliseconds, in steps of 4 milliseconds. 
AS an alternative arrangement each delay cir 

cuit Such as 405 to 408 may be of the same value, 
4 milliseconds. Then an extra contact on relay 
402 may be provided to cause the operation of 
relay 40 so that as the brush 44 advances not 
only the relay to which it points but also all 
other relays beyond which it has passed will be 
operated So that the Several delays will be added 
in Series. Thus when relay 404 becomes operated 
all other relays will be operated and all the de 
lay circuits will be included. 
Other circuit arrangements may be provided 

and any Suitable arrangement may be employed 
whereby as the brush 4f 4 advances in a clock 
Wise direction more and more delay is intro 
duced in the speech circuit. 
The relays 40 li to 404, inclusive, normally con 

nect an H-type network to the circuit in place 
of the delay networks such as 405. Thus the H 
type network consisting of resistances 409 to 43, 
inclusive, substitutes for the delay network 405. 
When relay 40 is operated the network is dis 
Connected from the Speech channel and the de 
lay 405 is introduced in its place. 
The relays 40 to 404, inclusive, are operated 

by a Switch arm 44 operated by a motor 45. 
When adjusting tone is transmitted from the 
distant end as an indication that the voice delay 
in this circuit is insufficient, then relay 46 
Will be operated. When relay 46 moves its 
armature it extends ground through the winding 
of a thermal or similar suitable slow operating 
relay 4 to a coil of the motor 45 which will 
cause the motor to move in a forward direction, 
that is, the brush 44 will be moved in a clock 
Wise direction. When this happens a larger 
aimount of delay will be automatically intro 
duced into the voice transmitting path. The 
current flowing through the winding of the 
thermal relay 47 will cause a circuit to be es 
tablished, through the action of this relay, to the 
backward Winding of motor 45 to move the 
brush 44 in a counter-clockwise direction to 
reduce the delay introduced into the speech cir 
cuit. Since the relay 47 is slow in operating, 
if relay 46 operates sufficiently long then the 
brush 44 will be moved forward. The tendency 
then will be for the delay to require reduction, 
as it is desirable to keep the delay at as low a 
point as possible. If the reduction in delay 
caused by the slow releasing characteristic of 
the relay 47 becomes too large, then the relay 
46 Will again be operated to cause another for 
Ward movement of the motor 45. The action 
of this motor, therefore, is somewhat in the 
nature of a hunting operation, though if no clip 
ping of Speech as detected by this system occurs 
at the distant end the motor 45 Will remain 
unoperated for correspondingly long periods of 
time. 
As shown, the brush 44 operates relay 404 

on its last step to introduce the maximum delay, 
If the brush 44 is driven to this point and 
maintained there for an appreciable time it may 
indicate trouble of a serious nature which will 
require the immediate attention of an attendant. 
Therefore a slow operating relay 420 is con 
nected in parallel with relay 4G4, the slow oper 
ating characteristics of which may be adjusted 
to any desired value by means well known in the 
art. When relay 42) operates it closes a circuit 
for alarm 42. 
In addition a conductor 422 may be used in 
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parallel with the alarm 42 or may be used in 
stead of the alarm 42 and may operate a relay 
which will automatically send an alarm signal 
to the distant terminal. This may be done by 
means similar to the circuit controlled by relays 
25 and 252 with proper receiving means Such 
as the filter 254, the detector 255 and the relay 
46 at the distant end. The conductor 422 may 
also lead to relay means which Will operate in 
a similar manner to relay 38 to cause a special 
character code to be transmitted to the distant 
end and particularly as described in the Copend 
ing application of Hall and Melhose, Serial No. 
354,990, filed August 3, 1940. 
The transmitting telegraph apparatus con 

sists, generally, of a pair of tape transmitters 
05 and 06. Each of these transmitters has a 

series of five contacts operating between a Spac 
ing battery lead 97 and a marking battery lead 
| 8 and affecting, in turn, the segments to 
2, inclusive, of the multiplex distributor. This 

latter piece of apparatus consists, in general, 
of a motor and synchronizing equipment it 
operating a shaft 09. This shaft has upon it a 
number of brushes 2i, 22, 23 and 24. The 
brush 2 as it passes successively over the Seg 
ments if to 20, inclusive, connects these seg 
ments to the ring 25 which is connected through 
either the armature and back contact of relay 
26 or the arnature and back contact of relay 
2, thence through the back contact and arma 

ture of relay C3 and the winding of the tele 
graph transmitting line relay 28 to a point on 
a potentiometer consisting of the resistances 29 
and 30 whereby the relay 28 will respond to 
either marking Or Spacing potential and thus 
operate its arnature accordingly. When relay 
f28 is operated by a Spacing signal it closes a 
circuit through its armature and contact to ren 
der the telegraph tone enabler 13 ineffective 
to transmit telegraph tone from the Source 32 
to the hybrid coil 22. When the relay 28 is 
operated by a marking signal it opens this cir 
cuit which affects the telegraph tone enabler 
3 in such a way that alternating current from 

the Source 32 freely passes to the hybrid coil 
22 and thence out over the radio transmit 
ter 202. 

It should be noted that When the transmitting 
chain 2i is operated and, consequently, relay 
03 is operated, that a connection is extended 

from spacing battery lead ?o through the front 
contact and armature of relay 03 to the Wind 
ing of relay 28 to hold this relay spacing and, 
therefore, continuously to block the transmis 
sion of telegraph tone from the source 32 to the 
hybrid coil 22. 
The function of brush 22 is as follows: If 

the transmitting chain operates at any time 
before brush 22 comes in contact with segment 
33 or segment 34, then relays 02 and 3 

Will be properly operated and further transmis 
sion of telegraph signals interrupted and the 
stepping of the tape magnet prevented. If, 
however, the operation of the transmitting chain 
24 occurs while brush 22 is on either of these 
segments 33 or 34, a connection will be ex 
tended from battery, ring 35 over brush 22 to 
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takes command of the circuit at or during the 
transmission of the last pulse of a telegraph code, 
this last pulse may be allowed to be transmitted 
without interruption. 
The function of brush 23 is as follows: The 

segments and rings of this multiplex distributor 
are developed for the sake of clarity and the 
brush 23, now moving down Wardly, has reached 
the point where transmission of the signals from 
the tape transmitter 106 has been completed. 
Brush 23 now establishes a connection from 
ground, ring 36, brush 23, segment 37, back 
Contact and Outer right-hand armature of relay 
38, winding of stepping magnet 39, right-hand 
contact and armature of relay 40 to battery. If 
relay 40 is on its right-hand contact, as it should 
be While this apparatus is operating normally, and 
there is a Sufficient supply of tape for use by 
the transmitter 6, then the magnet 39 will 
operate and advance the tape to the next punched 
character. As brush 23 advances it next comes 
into contact with segment f4 where a con 
nection is established from ground, ring 35, 
brush 23, segment 14, the contacts of the taut 
tape switch 42, which will be closed as long as 
there is sufficient tape in this transmitter, to the 
left-hand winding of relay 38. This connec 
tion also extends in parallel through the normal 
contacts and the inner right-hand armature of 
relay í 38 through the right-hand winding of this 
relay, and these windings being opposed no op 
eration of the relay 38 will occur. If, however, 
upon the operation of magnet 39 the taut tape 
SWitch A2 had operated, then only the right 
hand Winding of relay 38 Would have been ener 
gized and this relay Would then have operated and 
locked through its inner right-hand armature to 
ground. This condition would have persisted 
until the taut tape SWitch A2 closed its contacts 
again and brush 23 made contact with segment 
4 whereupon the relay 38 would have been 
automatically released. 

During the time that relay 38 is operated each 
of the Segments 6 to 20, inclusive, would have 
been connected through the front contacts and 
left-hand arnatures of relay 38 to marking bat 
tery, so that a signal consisting of five marking 
pulses Would have been repeatedly sent each time 
the brush 25 passed over the segments 6 to 
2, inclusive. 
When brush 23 advances to segment 43 a con 

nection is momentarily established from ground, 
ring 36, brush 23, segment 43, the lower wind 
ing of relay 40 to battery. This tends to drive 
relay 40 to its right-hand contact where it Will 
remain unless Some other circuit is closed to 
change this condition. 
As brush 23 advances further it first causes the 

Operation of stepping magnet 44 in a similar 
manner to the Operation of stepping magnet 39 
and attempts to operate the relay 45 and finally 
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segment 33 and thence through the windings of 
relays 1 04 and 100, the back contact and arma 
ture of relay 92 to ground. This causes the 
circuit for the operation of relays 02 and 03 
to be opened to prevent the disabling of the 
telegraph apparatus for this very short interval. 
This arrangement is provided so that if the voice 
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closes a circuit to drive relay 46 to its right-hand 
arnature. 
The function of brush 24 is as follows: If dur 

ing the time that brush 24 is on segment 47 
relay 2 becomes operated, then a circuit will be 
established from ground, the armature and front 
Contact of relay 02, ring 48, brush 24, seg 
ment 47, the upper winding of relay 46 to bat 
tery. Relay 46 will thereupon be driven to its 
left-hand contact where it will remain until brush 
123 drivesit back to its left-hand contact. Dur 
ing the time that relay 46 is on its left-hand 
contact it will cause the operation of relay 26 
in an obvious circuit and thereby open the trans 
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mitting circuit which operates the telegraph 
transmitting relay f28. When brush 24 reaches 
the lower segment 49 it will cause the relay 40 
to move to its left-hand contact whereupon the 
relay f2 will be operated and complete the open 
ing of the circuit for relay 28. It will be noted 
that each of these relays 46 and 40 will be 
periodically returned to its right-hand contact at 
the ending of the period of activity of the other 
circuit, but if the telegraph transmitting ap 
paratus is now rendered ineffective the relay will 
return to its left-hand contact immediately there 
after and before any signals can be effectively 
transmitted. 

It should be noted before leaving the descrip 
tion of the transmitting telegraph apparatus that 
if both the taut tape switches open the left-hand 
windings of relays 38 and 45, respectively, that 
the contacts and the left-hand armatures of relay 
f45 are connected to spacing battery so that first 
a series of five marking impulses and later a series 
of five spacing impulses will be transmitted. This 
provides for a periodic transition between a spac 
ing and a marking impulse for the purpose of cor 
recting the distributor speed at the distant end. 
When the receiving chain is in its normal posi 

tion then the telegrad 300 will be enabled. This 
will render the telegrad effective to operate the 
receiving telegraph apparatus. At this time 
telegraph signals being received by the radio re 
ceiver are passed into hybrid coil 229 and thence 
into the band-pass filter 30 from which they are 
delivered to the telegrad 300. This results in the 
operation of relays 302, 303 and 304 to their 
marking contacts for each marking impulse de 
livered to the telegrad 300. Relay 302 is known 
as the receiving telegraph line relay and for each 
marking impulse it establishes a ground connec 
tion to the ring 305. Relay 34 is known as the 
corrector relay. Upon each spacing impulse this 
relay will cause its condenser 306 to be energized 
and upon each marking impulse this relay Will de 
liver the condenser discharge into ring 30. Re 
lay 303 is known as the auxiliary relay and op 
erates on each marking impulse to drive -either 
relay 308 or relay 309 to its left-hand contact, re 
Spectively. 
The receiving telegraph apparatus Consists, 

generally, of two printers 30 and 3 and a multi 
plex distributor comprising a motor and certain 
Synchronous equipment 32 operating a shaft 33 
carrying brushes 34, 35, 36 and 37. 
As brush 34 moves downWardly it connects 

the ring 305 through segments 38, 39, 320, 32 
and 322 to the selecting magnets of printer 3 
and thereafter through segments 323, 324, 325, 
326 and 327 to the selecting magnets of printer 
30. Thus for each marking impulse one of the 
selecting magnets of printer 3 or printer 30 is 
operated. 

Brush 36 in moving down Wardly makes con 
tact with Segments 328 and then 329 while brush 
34 is traversing the connections to the select 
ing magnets of printer 3. The segments 328 
and 329 are associated with printer 3 O. The 
connection to segment 328 establishes a circuit 
from ground, ring 330, brush 36, segment 328, 
armature and contact of relay 308 to the print 
ing magnet 33. Thus the selection set up on 
printer 30 is rendered effective by the printing 
magnet 33 after the brush 34 has completely 
traversed the segments 323 to 327 and is now 
engaged in passing over the segments 38 to 322. 
As the brush 3 6 advances it makes a connec 
tion from ground to segment 329, which ieads 
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to the lower right-hand set of contacts of key 
332, for purposes which will be hereinafter de 
Scribed. 
As brush 36 next traverses segment 333 the 

printing magnet 334 will be operated. 
Brush 37 makes contact from the ring 335 

to the segment 336 during the time that the 
brush 34 is traversing the segments associated 
with the printer 3 ?. This circuit from ring 335 
extends a battery connection to the two wind 
ings of the relay 309 through the rectifiers 337 
and 338. If this telegraph receiving apparatus 
is now properly in operative condition there will 
be an open connection to the upper winding of 
this relay at the armature and contact of relay 
339. Any marking impulse coming in at this 
time Will be rendered effective by the auxiliary 
relay 303 to keep relay 309 on its left-hand con 
tact and thus render the printing magnet effec 
tive. If, on the other hand, the receiving chain 
228 is operated by voice currents then relay 339 
will be released and ground on the armature 
of relay 339 will cause relay 399 to be driven to 
its other position where the circuit for printing 
magnet 334 is opened. Similar action of relay 
308 Will take place when the brush 37 traverses 
the segment 34. 

It Will also be noted that when the relay 339 
is operated, as when the receiving chain 228 is 
in its normal position, thus denoting the fact 
that the receiving telegraph apparatus is effec 
tive, that relay 340 will be operated. Relay 340 
plays a particular role with relation to the key 
332. 

If the distant transmitter corresponding to 
transmitter OS operates its taut tape Switch. So 
as to send out a series of five marking impulses, 
then the receipt of these five marking inpulses 
by the printer 30 results in a thumping of the 
teletypewriter apparatus without the production 
of any printing. If this becomes annoying to 
the operator then the key 332 may be moved to 
its right-hand position. Thereupon a circuit 
will be established from battery, the upper right 
hand contacts of key 332, the winding of relay 
342, the lower right-hand contacts of key 332 to 
the segment 329 and when brush 36 makes con 
tact with segment 329 a connection is extended 
to ground on ring 330. This causes relay 342 to 
operate and this relay locks up to battery on its 
inner right-hand armature. Relay 342 is Suff 
ciently slow in releasing so that it will remain 
locked up in a manner now to be described, 
Upon the first operation of relay 342 a circuit 
for the operation of relay 343 is closed at the 
front contact and outer right-hand arnature of 
relay 342. This relay now disconnects the seg 
ments 323 to 327, inclusive, from the selecting 
magnets of the printer 30 and extends them to 
conductor 344 which, with the left-hand con 
tacts of key 332 in their normal position, extends 
the ground connection each time the brush 34 
connects with a segment 323 to 327, inclusive, 
to the winding of relay 342 to maintain this re 
lay operated. 

If at the distant end the taut tape switch 
should return to normal then ground impulses 
Will not be supplied to the winding of relay 342 
at sufficient intervals to keep this relay oper 
lated and it will therefore release and by releas 
ing cause relay 343 to return to normal, So that 
the printer 3 f 0 again beconnes effective. If dur 
ing the time that relay 342 is locked up the 
receiving telegraph apparatus is rendered in 
effective by the operation of the receiving chain 
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228, then relay 340 returns to normal and this 
maintains relay 342 locked up until the telegraph 
apparatus is again rendered effective through 
the operation of the receiving chain 228. 
The relay 342 may be unlocked at any time by 

moving the key 332 to its left-hand position. 
AS brush 35 moves it alternately makes con 

tact with segments connected to either conduc 
tor 345 or 346. These conductors are connected 
to different windings of the auxilliary corrector 
relay 347 and therefore the discharge of the con 
denser 306 will tend to operate the relay 347 in 
One direction if the motor 32 is running fast 
or Operate the relay 347 in the other direction 
if the motor 32 is running slow. The correct 
ing means is well known and will not be further 
described except to note that a device 348, which 
will indicate fast or slow operation, is inserted 
at this point to indicate that correction may be 
properly made. 
What is claimed is: 
1. In a communication System, a transmission 

channel normally conditioned against the trans 
mission of Woice currents, voice current respon 
Sive Switching means for changing Said normal 
condition, voice current delay circuits for re 
tarding the transmission of voice currents for 
allowing said switching means to operate prior 
to the arrival of voice currents at the distant 
end of Said channel and automatic means for 
adjusting Said voice current delay circuits. 

2. In a telephone System subject to clipping of 
Speech due to tardy voice controlled Switching, 
an adjustable voice current delay circuit ar 
rangement and automatic means for adjusting 
Said arrangement. 

3. In a telephone system subject to clipping 
of speech due to tardy voice controlled Switch 
ing, an adjustable voice current delay circuit 
arrangement, and automatic means responsive 
to clipping of speech for adjusting said arrange 
ment. 

4. In a telephone System. Subject to clipping of 
speech due to tardy voice controlled switching, 
an adjustable voice current delay circuit ar 
rangement, means for automatically and contin 
uously adjusting said arrangement to a minimum 
delay value and means responsive to clipping for 
interrupting said automatic and continuouS Op 
eration and adjusting said arrangement to a 
higher delay value. 

5. In a telephone system subject to clipping of 
speech due to tardy voice controlled Switching, a 
transmission channell, an adjustable Woice Clir 
rent delay circuit arrangement located at the 
transmitting end of said channel and means Con 
trolled from the distant receiving end of Said 
channel for automatically adjusting Said ar 
rangement. 

6. In a telephone system subject to clipping of 
speech due to tardy voice controlled Switching 
a transmission channel, an adjustable voice cur 
rent delay circuit arrangement located at the 
transmitting end of said channel, means for all 
tomatically and continuously adjusting said ar 
rangement to a minimum voice delay value and 
means controlled from the distant receiving end 
of said channel for interrupting said automatic 
operation and adjusting said arrangement to a 
higher voice delay Value. 

7. In a communication system, a transmission 
channel normally conditioned against voice Cur 
rent transmission, voice current responsive 
means at the transmitting end of said channel 
for changing said normal condition thereat and 

10 

15 

20 

25 

30 

40 

45 

50 

55 

60 

65 

70 

75 

7 
for applying to said channel a source of con 
trol tone, means at the receiving end of said 
channel responsive to control tone for changing 
said normal condition thereat, an adjustable 
Voice current delay circuit arrangement at the 
transmitting end of said channel for delaying 
the transmission of voice currents over said chan 
nel for a period sufficient to alloW the completion 
of Switching operations at the receiving end of 
said channel under control of Said control tone, 
motor driven means at the transmitting end of 
said channel for automatically and continuously 
adjusting said arrangement to a minimum voice 
current delay value, a detecting circuit at the 
receiving end of said channel responsive to tardy 
SWitching under control of Said control tone for 
transmitting to the said transmitting end of said 
channel a different control tone and means at 
said transmitting end of said channel responsive 
to said different control tone for interrupting 
said automatic and continubus adjusting oper 
ation and adjusting said voice current delay cir 
cuit arrangement to a higher voice current delay 
yalue. 

8. In a communication system, a transmission 
channel normally conditioned against voice cur 
rent transmission, voice current responsive means 
at the transmitting end of said channel for 
SWitching said channel thereat into condition for 
the transmission of voice currents and for ap 
plying to said channel a Source of control tone, 
means at the receiving end of said channel re 
sponsive to control tone for SWitching said chan 
nel thereati into condition for the transmission 
of voice currents, an adjustable voice current de 
lay circuit arrangement at the transmitting end 
of said channel for delaying the transmission of 
voice currents cver said channel for a period 
sufficient to allow said Switching operation at the 
receiving end of said channel to reach comple 
tion, motor driven means at the transmitting 
end of said channel for automatically and con 
tinuously adjusting said arrangement to a mini 
mum voice current delay value, a detecting cir 
cuit at the receiving end of said channel re 
sponsive to tardy switching under control of said 
control current and to severe attenuation of said 
control current after said switching operation 
thereat has reached completion for transmitting 
to the said transmitting end of said channel cur 
rent from a different source of control tone, and 
means at said transmitting end of Said trans 
mission channel responsive to said different con 
trol tone for interrupting said automatic and 
continuous adjusting operation and adjusting 
said voice current delay circuit arrangement to 
a higher voice current delay value. 

9. In a telephone System. Subject to clipping 
of speech due to tardy voice controlled Switch 
ing, an adjustable voice current delay circuit 
arrangement, automatic means for adjusting 
said arrangement, slow acting means responsive 
to a prolonged extreme adjustment of said ar 
rangement and an alarm circuit operated by 
said slow acting mean S. 

10. In a communication System, a transmis 
sion channel normally conditioned against the 
transmission of voice currents, voice current re 
sponsive Switching means for changing Said nor 
mal condition, voice current delay circuits for 
retarding the transmission of voice currents for 
allowing said switching means to Operate prior 
to the arrival of voice currents at the distant 
end of said channel, and means operable in ac 
cordance with a condition of the transmission 
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channel for adjusting Sald voice current delay 
circuit.S. - 

11. In a communication system, a transnis 
sion channel normally conditioned against the 
transmission of voice currents, voice current re 
Sponsive. Switching means for changing said nor 
mal condition, voice current delay circuits for 
retarding the transmission of voice currents for 
allowing said Switching means to operate prior 
to the arrival of voice currents at the distant 
end of said channel, and delay modifying means 
operable under the control of insufficiently early 
operation of the SWitching means. 

12. In a telephone system. Subject to clipping 
of speech due to delay of voice controlled switch 
ing, an adjustable voice current delay circuit 
arrangement, and automatic means operable 
under the control of apparatus conditioned con 
jointly by voice Waves and SWitching apparatus 
for adjusting the voice current delay circuit ar 
rangement With respect to its delaying char 
acteristics. 

13. In a System for transmitting Signal Waves 
accompanied by convoy waves, an adjustable 
signal Wave delay circuit arrangement at the 
transmitting end, automatic means operable 
under conjoint control of the convoy Waves 
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and signal waves for adjusting the delay char 
acteristics of said arrangement. 

14. In a telephone system subject to clipping 
of speech due to tardy voice control switching, 
an adjustable voice current delay circuit ar 
rangement at the transmitting terminal of said 
System, and automatic means including means 
controlled by a condition incidental to clipping 
of speech at the receiving end of said systern for 
adjusting said arrangement. 

15. The method óf operating a signal trans 
mission System which comprises transmitting 
signal wave energy and control wave energy in 
a variable time relationship, receiving control 
energy originating at a remote point at the 
transmission point, and automatically control 
ling the relationship by the control energy. 

16. The method of receiving a signal wave ac 
companied by a control wave in a variable re 
lationship which comprises conjointly utilizing 
the signal wave energy and the control wave 
energy to control the transmission in a medium 
extending in the direction of the arriving signal 
wave energy of regulating energy which is a 
function of the relationship existing at a given 
time, 

- ALFRED E. MELEOSE. 


