
Sept. 10, 1946. R. w. CARLson ETAL 2,407,399 
DUPEX CONTROL CIRCUIT 
Filed July 24, 1944 

7%zzis 7%azzzzors 

25 
a? high, Raz 

3% 39A 

29-3- |ss 33 

re - 

- INVENTOR. 

27%soz 67.7%ozsozA 
72Ze7-zz2 Carzsoyz 

ca 2-6. B + W. 62ézo77zes 

  

  

  



Patented Sept. 10, 1946 2,407,399 

UNITED STATES PATENT OFFICE 
2,40,399 

OUPLEX CONTROL CIRCUIT 
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Nicholson, Jr., Snyder, N.Y., assignors to 
Colonial Radio Corporation, Buffalo, N. Y. 
Application July 24, 1944, Serial No. 546,404 

(C. 179-15) 15 Claims. 

This invention relates to duplex control cir 
cuits, and more particularly to such circuits as 
may be employed to control a transmitter which 
may Operate with one of a number of different 
characteristics; that is to say, the transmitter 
may be controlled from two different keying po 
Sitions and 2 and each of the keying positions 
may control a number of different modulators, 
each having its own particular characteristic 
Which it impresses on the carrier. 

For instance, in keying position there may be, 
for example, four different modulators A, B, C, 
and D. Modulator A may, for example, cause the 
transmitter to send two pulses of predetermined 
length with a predetermined spacing between 
them. Modulator B may cause the transmitter 
to send three pulses of predetermined length and 
Spacing, modulator C. four pulses of predeter 
mined length and Spacing, and modulator D five 
pulses of predetermined length and spacing, and 
any One of these may be operated from its par 
ticular switch or key in keying position f. 

Keying position 2 may similarly control four 
modulators, such as E, F, G, and H. E may cause 
the transmitter to send two pulses of predeter 
mined length with a predetermined spacing be-, 
tween them, and these pulse and space lengths 
may be different from those of the modulators in 
keying position f. Similarly, modulators F, G, 
and H may cause the transmitter to send 3, 4, and : 
5 pulses of predetermined length and spacing 
differing from the length and spacing of the 
pulses controlled by modulators A, B, C, and D. 

It is to be understood that the action of the 
modulators is not repeated; that is to say, if 
the key controlling modulator A be closed in 
keying position , the transmitter Will send tWo 
pulses separated by a space of predetermined 
length, and no further action will occur unless 
the key is opened and closed again, at which time 
the transmitter will again send two pulses with 
a predetermined space between them. . . 
This action, as will be understood, is analogous 

to that of a magnetically operated bell which has 
no interrupter in its circuit so that when the . 
Switch is closed, the bell will strike only once and 
not ring continuously. Furthermore, the trans 
mission is completed in a few milliseconds so that 
it is possible for a modulator in keying position 
2 to follow very rapidly the action of a modulator 
in keying position f. 

It is desired to provide a control circuit which 
will permit operation of any modulator at will, 
aS may be desired, but it is also important to 
prevent blocking of the modulators or improper 
or faulty operation which might occur provided 
the control keys for the modulators in position 
and position 2 were operated simultaneously. 
Since only one modulator can be permitted to 
Operate at a time on the transmitter, it is neces 
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sary to provide arrangements for locking one out 
when the other is in. 
At the same time, to prevent one modulator be 

ing rendered inoperative, it is desirable to provide 
control circuits whereby these modulators may 
be alternately operable in turn for a period of 
time which is sufficient to permit them to send 
out the desired signal. 
For example, in the Operation of our control 

circuit, supposing that a key in keying position 
and another key in keying position 2 are closed 

simultaneously. Then, under such conditions, 
one key will operate its modulator to send out 
the signal characteristic of the operating modu 
iator, and after this action is completed, control 
is transferred to the other modulator, which 
causes the transmitter to send out a signal modul 
lated with the characteristic of the other modul 
Jator, and the entire process of operation may be 
completed in an extremely short period of time; 
for example, of the order of A00 of a second. 
Thus, while the two modulators act successively 

and never simultaneously in point of time, yet 
their operations follow each other so quickly that 
for all practical purposes they may be regarded as 
simultaneous, and this, in effect, provides for 
duplex operation of the transmitter. 
The invention herein is an improvement on the 

invention described and claimed in the co-pend 
ing application of Madison G. Nicholson, Jr., 
entitled “Duplex control circuit,' owned by the 
assignee of the present application. 

It is an object of this invention to provide an 
improved duplex control circuit which will pre 
vent one modulator from controlling the trans 
mitter while the other is in control. 

It is a further object of this invention to pro 
vide such a circuit in which the operation of the 
second modulator, although temporarily pre 
vented from occurring while the first modulator 
is in control of the transmitter, Will, nevertheless, 
occur within an extremely short interval of time 
after the control key is operated. - 

It is still a further object of our invention to 
provide an improved control circuit for applying 
two modulators to a transmitter alternately for 
very short periods of time whereby in effect du 
plex operation is provided. 

It is still a further object of our invention to 
provide such a control circuit in which more than 
two modulators may be employed, the first being 
any one of a group of modulators which may be 
selectively employed and the second being any one 
of another group of modulators which may be 
Selectively employed. 

Still other objects and advantages of our in 
vention will be apparent from the Specification. 
The features of novelty which we believe to be 

characteristic of our invention are set forth with 
particularity in the appended claims. Our inven 



2,407,399 
3. 

tion itself, however, both as to its fundamental 
principles and as to its particular embodiments, 
will best be understood by reference to the speci 
fication and accompanying drawing, in which 

the Single figure is a circuit, diagram of an im 
proved duplex control System in accordance With 
our invention. 

Referring now more particularly to the draw 
ing, 3 indicates the transmitter, which may be 
controlled by any one of the modulators A, B, C, 
or D in keying position , and by any one of the 
modulators E, F, G, and H in keying position: 2. 
The construction and operation of the modula 
tors is not shown or described in detail since these 
form per se no part of this invention. 

Modulators A, B, or C may be selected and put 
into operation by means of Switches 3, 39, and 4 
respectively in keying position and any One of 
modulators E, F, and G may be selected and put 
into operation by switches 38, $8, and 42 in keying 
position 2 respectively. Modulator D in keying 
position and modulator H in keying position 2 
are not provided with a selecting SWitch since 
these send clearing signals at the completion of 
operation of any other modulator of the same 
keying position and are caused to operate by the 
circuits herein employed, as Will be described. 

Prevention of operation of a modulator of posi 
tion simultaneously with the modulator of posi 
tion 2 is prevented by a pair of tubes which may 
be of the thyratron type and 3, tube f having 
cathode fic, control grid i fg, screen grid Sg, 
and anode if a. Similarly tube 2 may have cath 
Ode 2c, control grid .2g, screen grid 2sg, and 
anode 2d. . . 

In the embodiment of the invention herein 
showin, the cathodes of these tubes are connected 
to ground through resistances 3 and 4, and the 
plate circuit of tube is connected to one end of 
the actuating winding of relays. 29, 3, 33, and 35 
in keying position . The other end of the wind 
ing of relay 29 is connected to front contact 37f 
of SWitch 3, Winding of relay 3 to front contact 
39f of switch 39, and the other terminal of the 
winding of relay 33 to front contact 4f of switch 
A . The other terminal of relay winding 35 is 
connected to back contact 4b of Switch 4, the 
blade of switch 4 connected to back contact 39 b 
of switch 39, and the blade of switch 39 connected 
to back contact. 3b of SWitch 37 and through re 
sistance 43 to the source of supply -- B. 

switches 37, 39, and 4 are preferably spring 
biased to back contact position, and they are of 
the type in which there is no wipe-over; that is 
to say, when they are moved from back contact 
to front contact position, there is an intermediate 
position in which the switch is open, relay 29 
controls its contacts 23c, relay 3 its contacts 3c, 
relay 33 its contacts 33c, and relay 35 its contacts 
35a, these contacts being normally biased to open 
position and closed by the flow of current through 
their respective windingS. 
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Contacts 29c close the circuit controlling modu 
lator A, contacts 3ic modulator B, contacts 33c 
modulator C, and contacts 35c modulator P, in 
such a manner that when any one of these relays 
operates, its respective modulator is put in con 
trol of the transmitter and causes the transmis 
sion of the signal characteristic of Such modula 
tor. Keying position 2 is entirely similar to key 
ing position . 
Anode 2a of tube 2 is connected to one end of 

the actuating windings of relays 39, 32, 34, and 36, 
the other end of which may be connected to front 
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4. 
of relay 32 to front contact 40f of Switch 6, the 
other end of the Winding of relay 35 to front con 
tact, 6.2f of switch 3, and the other end of the 
winding of relay 36 to back contact 2b of Switch. 
42. 

Like switches 3, 39, and Ai, switches 38, A3, 
and A2 may be biased to back contact position, 
3rd are arranged so that there is an interval of 
time when the circuit is open as the Switch is 
noved from back contact to front contact. The 
blade of switch 32 is connected to the back con 
tact of switch Ce, the blade of switch 43 to the 
back contact of switch 33, and the blade of switch 
38 through resistance A to the -- B SOurce. 
Contacts 36c of relay 36 close the circuit to 

modulator E, contacts 32c to modulator F, con 
tacts 34c to modulator G, and contacts 36c to 
modulator H. i he -- B source is connected 
through resistance 5 to the cathode of tube 
and through resistance 6 to the Cathode of tube 
2. 
For controlling tubes and 2, We provide a, 

multivibrator comprising tubes 2 and 22, the 
former having cathode 2 c, control electrode 2g, 
and anode 2a, and the latter cathode 22c, control 
electrode 22g, and anode 22a. 
The cathodes of tubes 2 and 22 are connected 

together and to ground, the grids through resis 
tences 23 and 24 respectively to the -- B supply, 
and resistance 23 is shunted by conden Ser 25 to 
resistance 2 in series, and resistance 24 shunted 
by condenser 26 and resistance 28 in series. 
The intermediate point of resistance 2 and 

condenser 25 is connected through a differentiat 
ing network comprising condenser 9 and re 
sistance to grid g of tube , and the inter 
mediate point of condenser 28 and resistance 28 
similarly connected through a differentiating 
network comprising condenser 28 and resistance 
8 to grid 2g of tube 2. Anode 2a of tube 2 

is connected to the intermediate point between 
condenser 26 and resistance 23 and anode 22a. 
of tube 22 to the intermediate point between con 
denser 25 and resistance 2. 
The constants of this multivibrator circuit are 

preferably so chosen that the circuit delivers a, 
square wave having a frequency of the order of 
25 cycles per second. Consequently, there will be 
applied to grid. A ?t of tube through the dif 
ferentiating network condenser 3 and resistance 

25 positive pulses per second and to grid 2g 
of tube 2 through differentiating network con 
denser 2) and resistance 825 positive pulses per 
second, and these Will be delivered alternately. 
first to tube then to tube 2, so that these 
grids electrically may be regarded as the opposite 
ends of a see-saw, never going positive at the 
same time. 
Of course, negative pulses are also applied to 

said grids once per cycle, but since these negative 
pulses play no part in the operation of the circuit, 
they need not be considered. 
The operation will now be described with ref 

erence to keying position , and it will be under 
stood that the description as applied to keying 
position applies equally to keying position 2. 
Under normal conditions; that is, when no signal 
is being transmitted, the relays and switches are 
in the position shown. Tube is ionized and 
will remain ionized, the negative pulse Which is 
periodically impressed upon this tube by the nil 
tivibrator being insufficient to deionize. 

Plate current flows only through the Winding 
of relay 35, and contacts 35c are closed. The 

contact 38f of switch 38, the other end of winding 75 contacts of the other relays, 29, 8, and 33, are 
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open, and the plate circuit of tube f l is com 
pleted through back contact 4b, blade of SWitch 
4 ?, back contact 39b, blade of switch 39, back 
contact 37b, and blade of switch 3i. 

If now SWitch 4 be moved from back to front 
contact, the plate circuit of tube? is open during 
the interval when the blade of switch 4i moves 
off back contact 4b until it reaches front Con 
tact 4ff. By opening the plate circuit, tube 3 is 
caused to deionize, this interrupting plate cur 
rent through relay 35 and allowing relay con 
tacts 35c to open. 
When the blade of switch 41 reaches front 

contact, the plate circuit of tube is completed 
through the Winding of relay 33. The operating 
voltages on tube are so chosen that the tube 
will not ionize until a positive pulse is impressed 
upon grid g from the multivibrator. There 
fore, tube will remain in deionized condition 
until a positive pulse reaches grid fg. When 
this occurs, tube ionizes and plate current be 
gins to flow through winding of relay 33, there 
by energizing the relay and causing closure of 
contacts 33c, and the closure of these contacts 
causes operation of modulator C, causing the 
transmitter to send the characteristic signal pro 
duced by modulator C. 
Once the signal has been sent, no further ac 

tion will occur so long as Switch 4 is held on 
front contact 4ff. When this Switch is released, : 
it is carried back to back contact, and in passing 
off front contact 4f opens the plate circuit of 
tuba , which causes deionization of the tube. 
This interrupts the plate current flowing through 
the actuating winding of relay 33 and contacts & 
33c open. As soon as switch 4 closes on back 
contact, the plate circuit of the tube is again 
completed, but the tube does not reionize until 
the next positive pulse from the multivibrator is 
impressed upon its grid. 
When this occurs, the tube fires and the plate 

current flowing through the winding of relay 35 
closes contacts 35c, and mollulator D is estab 
lished as the controlling mollulator, causing the 
transmitter to Send the clearing signal. 
completes the cycle of operation, and the appara 
tus is now ready for another closure of switches 
37, 39, or 4 to front contact. 

It will be understood that operation of the 
modulator in keying position 2 is the same as that 
already described except that they are controlled 
by tube 2 instead of tube and that, as 
already stated, no modulator of keying position 
can operate while any modulator of keying posi 
tion 2 is operating, and vice versa. 

Suppose, now, that switch 4 in keying position 
and Switch 42 in keying position 2 happen to be 

closed simultaneously. It cannot be predicted 
which tube, for 2, will ionize first, this being 
dependent upon which first receives the positive 
pulse from the multivibrator. If it happens that 
tube 2 receives the positive pulse before tube , 
then tube 2 will first ionize and modulator G will 
be put in control, sending out its characteristic 
group of pulses. 

If SWitch 4 is still closed after the signal is 
sent by modulator G, then the contacts of relay 
33 will be closed, modulator C of position will 
be placed in control, and its characteristic signal 
will be sent. Upon release of keys 4 and 42 
modulators D and H will be successively estab 
lished in control and both clearing signals sent, 
depending on which of tubes and 2 first re 
ceives a positive pulse. 

Thus, it will be seen that if a switch in keying 
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position and a switch in keying position 2 are 
simultaneously closed for about 1/25 Second or 
longer, four signals will be sent; first, the Oper 
ating signal from either keying position or 2, 
depending upon which of tubes and 2 is first 
ionized; second, the operating signal from the 
other keying position; third, the clearing signal 
from the one keying position; and finally, the 
clearing signal from the other keying position; 
and the entire sequence of operation will be com 
pleted in not more than a tenth of a second 
longer than the time during which the keys were 
held down. 
While we have shown and described certain 

preferred embodiments of our invention, it will be 
understood that modifications and changes may 
be made Without departing from the spirit and 
Scope thereof, as will be clear to those skilled in 
the art. 

In this application we have particularly point 
ed out and distinctly claimed the part, improve 
ment, or combination. Which we claim as our in 
vention or discovery, and We have explained the 
principles thereof and the best node in which 
We have contemplated applying those principles 
SO as to distinguish our invention from other in 
ventions. 
We claim: 
1. The combination with a transmitter, of a 

plurality of banks of modulators, each bank com 
prising a plurality of modulators, each arranged 
to impreSS its characteristic modulation on the 
transmitter, a switch for controlling each modu 
lator respectively, and means for causing Se 
quential Operation of the modulators when two 
SWitches controlling mollulators in different 
banks are closed simultaneously. 

2. The combination with a transmitter, of a plurality of banks of modulators, each bank 
comprising. a plurality of modulators, each ar. 
ranged to impress its characteristic modulation 
on the transmitter, a switch for controlling each 
modulator respectively, means for causing Se 
quential operation of a modulator in each bank 
When their control switches are closed simulta 
neously, Said last mentioned means including a 
pair of gas discharge tubes, and means for pre 
Wenting simultaneous ionization of said tubes. 

3. The combination with a transmitter, of a 
plurality of banks of modulators, each bank 
comprising a plurality of modulators, each ar 
ranged to impress its characteristic modulation 
on the transmitter, a switch for controlling each 
modulator respectively, means for causing se 
quential operation of a modulator in each of 
said banks when their controlling switches are 
closed simultaneously, said last mentioned means 
including a pair of gas discharge tubes, means 
for preventing simultaneous ionization of Said 
tubes, and a relay for each modulator respec 
tively operated by the space current of said gase 
ous discharge tubes. 

4. The combination with a transmitter, of a 
plurality of banks of modulators, each bank com 
prising a plurality of modulators, each arranged 
to impress its characteristic modulation on the 
transmitter, a switch for controlling each of said 
modulators respectively, means for causing se 
quential operation of one modulator in each bank 
When their control switches are closed simul 
taneously, said last mentioned means including a 
pair of gas discharge tubes each having a control 
electrode, a substantially Square wave generator, 
means for impressing alternately upon said con 



2,407,399 
7 

trol electrodes positive pulses derived from the 
Output of Said Square Wave generator. 

5. The colinbination with a transmitte', of a 
plurality of banks of nodulators, each bank Corn 
prising a plurality of nodulators, each arranged 
to in press its characteristic modulation on the 
transmitter, a switch for controlling each modu 
lator respectively, means for causing sequential 
operation of one modulator in each bank When 
their control switches are closed simultaneously, 
said last mentioned means including a pair of 
gas discharge tubes each having a control elec 
rode, a generator of Substantially square Waves, 
aid a pair of differentiating net Works connected 
to said electrocies respectively aid to points of 
80 degrees phase opposition in Said square wave 

generator. 
6. the combination with a transmitter, of a 

plurality of banks of accillators, each barak Com 
prising a plurality of nodulators, each ai'i'?raged 
to in press its characteristic Jiaodulation oil the 
transmitter, switches for controlling said (lodil 
lators respectively, means for causing sequential 
operation of one modulator in each baiak When 
their controlling switches are closed simultane 
ously, said last mentioned means including a pair 
of gas discharge tubes each having a pair of con 
trol electrodes, a generator of substantial square 
waves, means for applying alternately Ositive 
pillses from said square wave generator to one of 
said control electrodes in each tube, the other of 
said control electrodes being norrlally biased With 
respect to the cathode of its respective tube so 
as to prevent ionization thereof, Said SWitches 
being arranged to aiter the bias on Said last men 
tioned coitirol ejectroae in the respective till 38S to 
a valve such that tie tube willionize when a posi 
tive pulse applied to the other control electrode of 
Said tube. 

7. in a signaling system, in cornisination, a 
transmitter, a plurality of modulators, each in 
pressing a predetermined characteristic upon the 
transimitted signal, and a switch for Selectively 
operating each of said modulators, said switches 
having front and back contact positions, and 
being interconnected in a manner such that When 
all of said Switches are on back contact position 
a control circuit is established. 

8. In a signaling system, in coimbination, a 
transmitter, a plurality of working signal raodiu 
lators and a clearing signal modulator and a 
switch for controlling each of said Working modul 
lators, said switches having front and back con 
tact positions and being so connected that when 
all of said switches are on back contact position 
the control circuit is closed for operating Said 
clearing modulator. 

9. In a signaling system, in combination, a 
transmitter, a plurality of working signal modul 
lato's, and a clearing signal modulator, a thyra 
tron, a relay for each modulator having one ter 
minal of its energizing winding connected in the 
anode circuit of said thyratron, and a Switch for 
each of said Working signal modulators for Com 
pleting tiae circuit through the respective ener 
gizing winding, said switches having front and 
back contacts and being so interconnected that 
when the said switches are on back contact posi 
tion the circuit through the energizing Winding 
of the clearing signal modulator relay is com 
pleted. 

10. In a signaling Systern, in combination, a 
transmitter, a plurality of Working signal modul 
lators, and a clearing signal modulator, each 
impressing a predetermined characteristic upon 
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the transmitted signal, means for Selectively 
causing operation of any one of said Working 
signal modulators, and means for energizing the 
clearing signal modulator at the coin-pletion of the 
Working nodulator signal. 

11. In a signaling systein, in combination, a 
transmitter, a plurality of Working signal modul 
lators, and a clearing signal nodulator, means 
for selectively energizing any one of Said Working 
signal modulators, said means operating to inter 
rupt the control circuit of Said cearing signal 
inodulator Whenever the control circuit of any 
Working nodulator is established. 

12. In a signaling Systern, in connbination, a 
transmitter, a plurality of Working signal modu 
lators, and a clearing Signal nodulator, and 
Ineans for selectively operating any one of said 
working signal Iinodulators, said means operating, 
When actuated, to interrupt the control circuit of 
said clearing siginal nodulato; and establishing 
the control circuit of Said clearing signal modul 
lator when returned to initial position. 
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23. The CCi agination. With a transritter, of a 
piurality of banks of nodulators, each bank com 
prising a plurality of working signal modulators 
and a clearing Signal iro dilato; each arranged 
to impress its characteristic nodulation on the 
transmitter, a switch for controlling each Working 
Signal inodulator respectively, Ineans for causing 
Séguential Operation of ore Wojiking signal modul 
lator of each ca:k When two working modulator 
signal switches in different Ranks are closed 
simultaneously, the switches in each bank being 
so interconnected that the closure of a working 
signal modulator control SWitch in either bank 
intel'rupts the control. Circuit to the clearing 
nodulator of said bailk. 

14. The combination with a transmitter, of a 
plurality of bainks of nodulatoi's, each bank Con 
prising a plurality of Working signal modulators 
and a clearing signal modulator, each arranged 
to impress its clai'acteristic. Iaodilation on the 
transmitter, a Switch for controlling each work 
ing signal Yaodulato: respectively, neans for 
causing sequential operation of a WCrking signal 
incculator in each bank when their control 
SWitches are closed sinnultaneously, said last men 
tioned means including a pair of gas discharge 
tubes, and means for preventing simultaneous 
ionization of Said tubes, the switches of each bank 
being interconnected so that when all of the 
Switches of either bank are in bank contact posi 
tion the control circuit to the clearing nodulator 
of said bank is established. 

15. The combination with a trainSraitter, of a 
plurality of banks of modulators, each bank com 
prising a plurality of Working Signal modulator's 
and a clearing signal modulator, each arranged 
to impress its characteristic modulation on the 
transmitter, a switch for controlling each work 
ing signal Inodulator respectively, means for 
causing sequential operation of a modulator in 
each of said banks when their respective con 
trolling circuits are closed simultaneously, said 
last mentioned means including a pair of gas 
discharge tubes, means for preventing simultane 
ous ionization of said tubes, and a relay for each 
modulator respectively, operated by tins Space cur 
rent of said gaseous discharge tubes, the Switches 
of each bank being interconnected in a manner 
to establish the control circuit to the clearing 
Signal modulator of said bank when all of the 
switches in Said bank are on back contact. 

ROBERT W. CARLSON. 
MADISON G. NICHOLSON, JR. 


