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Patented Oct. 25, 1949 2,485,886 

UNITED STATES PATENT OFFICE 
2,485,886 

TRPLE GATE 

Charles W. Johnstone, Garden City, and Leonard 
P. Mautner, Bronx, N. Y., assignors, by direct 
and mesne assignments, to the United States of 
America as represented by the Secretary of the 
Navy 

Application February 21, 1946, Serial No. 649,417 
(C. 250-2) 3 Claims. 

This invention relates to a transmission system 
in which a plurality, greater than two, of different 
kinds of transmission means are caused to emit 
their individually distinctive signals in time shar 
ing fashion, 

It is an object of this invention to produce a 
time shared transmission system in which at least 
three transmission means are caused to send out 
their individually distinctive signals in time shar 
ing fashion, the operation being controlled by a 
novel gating switch having a number of Output 
terminals equal to the number of transmission 
means to be controlled. On each terminal ap 
pears, in rotative time sequence, a gating signal 
which permits operation of the associated trans 
mitting means for a predetermined time interval, 
following which the gating signal is transferred 
to an adjacent terminal. Transferring of the 
signal is repeated in rotative succession. 

It is another object of this invention to produce 
a time shared transmission system in which at 
least three transmission means are caused to 
operate intermittently in rotative succession, by 
the operation of an electronic gating switch hav 
ing a number of switching means corresponding 
to the number of transmission means. Each 
Switching means comprises a stable electronic 
multivibrator operable, upon reception of a proper 
triggering signal, between two discrete conditions. 

It is a further object of this invention to pro 
duce a gating switch comprised of at least three 
Switching means, each operable between two dis 
Crete conditions, and so arranged that upon oper 
ation of one of the switching means, an adjacent 
Switching means automatically operates to its 
other discrete position, the operations being ini 
tiated by a switch triggering signal applied indis 
criminately to each of the switching means. 
In accordance with these objects and with 

other objects which will become apparent in the 
Specification, the time shared transmission sys 
tem and gating switch of this invention will be 
described with reference to the accompanying 
drawings in which, 

Fig. 1 shows in block diagram form a first em 
bodiment of the transmission system of this 
invention; 

Fig. 2 shows a more detailed and complicated 
embodiment, also in block diagram form; 

Fig. 3 shows schematically an electronic gating 
switch forming part of this invention and consti 
tuting one of the elements of the time shared 
transmission system of this invention; and 
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Fig. 4 shows a complete circuit diagram of the 

gating switch shown schematically in Fig. 3. 
Referring to Fig. 1, there is shown a block dia 

grain of a time shared transmission system com 
prising, in this embodiment, three transmission 
means (), and f2, each effective, when prop 
erly gated, to produce a distinctive and charac 
teristic signal, shown by the numerals I, II and 
III. It is desired that the distinctive signal pro 
ducers share transmission time in rotative suc 
cession, so that during an extended interval of 
time each of the three signals may be sent over 
a single transmission channel. 
In Order to permit time sharing among three 

or more individually distinctive transmission 
means, a novel gating switch f3 has been devised 
having a number of output terminals equal to 
the number of transmission means to be con 
trolled, in this case three, as shown at 4, 5, and 
6. In the operation of gating switch 3, a num 
ber of periodically repeated Switch triggering 
signals 20, derived from a trigger circuit 2, are 
applied at the single input terminal 22 of the 
gating switch 3, and at terminals 4, 5, and 6 
appear gating signals I, II, and III, respectively. 
The gating signals, it will be noted, share time; 
So that with termination of gating signal I, ini 
tiated by one of the signals 20, gate II appears 
on terminal 5; and with its termination, also 
initiated by a signal 20, gate III appears on ter 
minal 6. With the termination of gate III, gate 
Ireappears and the cycle is reinitiated in rotative 
Succession. 
Gating switch 3 consists essentially of three 

Switching means connected, respectively, to ter 
minals 4, 5 and 6, and operating between two 
discrete conditions, one of said conditions pro 
ducing the gating signal necessary to permit sig 
nal production by the associated transmission 
means 9, , or 2. As will be explained more 
fully hereinafter, each of the switching means 
comprising the gating switch i3 is interconnected 
to an adjacent switching means; so that when 
the first mentioned switching means terminates 
its gating signal, the next adjacent switching 
means starts its gating signal, and soon in rota 
tive succession. As mentioned hereinbefore, the 
particular moment when one gate terminates 
and the adjacent gate begins is determined by 
the switching impetuses or switch triggering sig 
nals 20. 
The time shared transmission system described 

broadly above and illustrated in Fig. 1 is particu 
larly adaptable to an identification system asso 
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ciated with a radar, or ranging and direction 
finding system. In identification Systems aSSO 
ciated with radar search systems, it may be de 
sirable to interrogate all craft with three or more 
different types of interrogation. In order to 
maintain continuity of control of interrogation 
and reply, it is necessary that the different types 
of interrogations be sent forth substantially 
simultaneously. However, if a plurality of dif 
ferent transmission channels is unavailable, or 
infeasible, a time sharing system is necessary in 

10 

which the first interrogating transmission, with 
its particular coding, is sent out for a first inter 
val, followed successively by the second and third 
interrogating transmissions, the process being 
repeated in rotative succession. The gating sig 
nails must be of short duration, in: order that 
substantially continual interrogation may be 
maintained at all times. 
A system for attaining this object is shown in 

Fig. 2, wherein 23 designates a modulator-trans 
mitter, which emits signals on a single carrier 
frequency, the characteristic of the envelope of 
transmission being determined by the nature of 
the modulating code I, II, or III, applied to modul 
lator-transmitter 23. Modulating code gener 
ators. 24, 25, and 26 are capable of generating 
modulating pulses for transmitter 23, each code 
being individually distinct from the others, as 
shown at 30, 3, and 32. In order to accomplish 
the hereinbefore described time sharing, it is 
necessary that each of the code generators 24, 25, 
and 26 Send forth modulating pulses only dur 
ing its preassigned portion of the cycle. To this 
end, the gating Switch 3, described above in con 
nection with Fig. 1 is employed to apply at each 
of its terminals 4, 5, and 6, a gating signal 
permitting time sharing operation of the three 
code generators 24, 25, and 26. The switch trig 
gering signals 20 are obtained in this case, from 
a counting down circuit 33, which selects every 
Nth trigger in a series of input radar triggers 
34, and derives therefrom the switch triggering 
signals 20. 
The operation of the System of Fig. 2 is as 

follows. Periodically repeated radar triggers 34, 
Synchronized with the search radar pulses, are 
counted down in circuit 33. Every Nth radar 
trigger (illustrated in this case as: every fourth 
trigger) emerges as a Switch triggering Signal 
20. Signals 20 are applied simultaneously to each 
of the SWitching means comprising gating switch 
3 and produce in rotative Succession the output 

gates I, II, and III on terminals 4, 5, and 6, 
respectively. These gates permit operation of the 
code generators 24, 25, and 26, so that the modul 
lating codes 30, 3, and 32 are emitted during 
the respective "on' periods of code generators 
24, 25, and 26. The three codes 30, 3, and 32 
modulate the modulator-transmitter 23 and 
emerge as the envelopes of the pulsed transmis 
Sions shown at 35; they may be applied to an 
antenna, 30 or to any suitable transmission 
channel. 
Gating switch 3 is shown more particularly 

in the schematic diagram of Fig. 3, wherein three: 
pairs of tubes, 40d.-40b, 4a-4b, and 42a-42b. 
are illustrated schematically in a ring form of 
diagram. Each of the pairs of tubes 40d.-40b, 
4 fa-4b, and 42a-42b is connected as a stable, 
multivibrator; shown symbolically by the crossed 

40d.-40b, dotted lines 43. Multivibrators 
4-la-4 lb, and 42a-42b operate in the conven 
tional manner of a stable multivibrator, or flip 
flop circuit. That is, one of the tubes of the 
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4 
pair is conducting, thereby holding the other tube 
non-conducting. A triggering signal applied to 
the multivibrator initiates a change in the con 
dition of the multivibrator either by turning on 
the non-conducting tube or by turning off the 
conducting tube. The action started by the 
trigger is rapidly intensified by operation of the 
cross connection between the tubes; and the tube 
which was previously non-conducting goes into 
conduction, holding the other tube in a non-con 
ductive condition. The multivibrator is then 
quiescent until another triggering Signal is ap 
plied. 

Each of the switching means, or multivibrators, 
shown consists of an a tube and a b tube. It 
Will be noted that the output from each of the 
b tubes, 40b, 4 b and 42b is applied to the input 
of the b tube next adjacent in rotative succes 
sion. Specifically, the anode of tube 4 b is con 
nected to the grid of tube 40b by capacitor 44; 
the anode of tube 40b is connected to the grid 
of tube 42b by capacitor 45; and the anode of 
tube 42b is connected to the grid of tube 4b by 
capacitor 46, thus, completing the cycle of con 
nections. It will be understood that any suitable 
form of circuit means may be employed to con 
nect the output of a given b tube to the input of 
the next succeeding b tube. From the anodes 
of the respective b tubes, 40b, 4b, and 42b, the 
gating switch output is taken, at terminals 5, 
4, and 6, respectively. The input to the gating. 

switch is in the form of a negative trigger signal. 
26, applied at terminal 22 connected to the grid. 
of each of the a tubes, 40a, 4 fa, and 42a, through 
capacitors 50, 5, and 52, respectively. 

It will be seen that the gating switch above 
described consists of three switching means, each 
in the form of a stable multivibrator operating. 
between two discrete conditions. Each multi 
vibrator is comprised of an a tube and a b tube, 
With circuit means connecting the output of each 
b tube to the input of an adjacent succeeding b 
tube, and with an input circuit which applies 
negative trigger signals indiscriminately to the 
input of each of the a tubes. 
The Operation of the gating switch of Fig. 3 

Will now be described. With the application of 
anode Voltages and grid biases to the circuit, one 
of the tubes of each pair will tend to assume 
conduction, producing a voltage holding the 
other tube in a non-conductive state. Although 
each of the six tubes is of the same type, assume 
that manufacturing discrepancies in the circuit 
cause tube 42b to start conduction a moment 
before the other tubes start conduction. Con 
duction in 42b will cause its anode to assume the 
lower voltage of its two discrete conditions, and 
Will place a negative going signal on the grid of 
4b through capacitor 46. This will block con 
duction in 41b. Tube 4 lb going off will cause its 
anode to assume its positive condition, trans 
ferring a positive going voltage through capacitor 
44 to the grid of 40b. This will drive 40b into 
conduction and will place a negative going sig 
nal on its anode, which will be translated through 
capacitor 45 to the grid of 42b. Since it has been 
assumed that 42b initiated the cycle of conduc 
tion, it will continue to conduct in spite of the 
negative signal. The above initial operation will 
thus place the six tubes in one of the two condi 
tions, 'off' or "on,' as shown in the explanatory 
circles surrounding the circuit diagram of Fig. 3, 
Thus, Step I finds 4f b off, with 40b and 42b on 
and the a tubes in a condition opposite to that 
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of their associated b tubes. It is possible that 
the initial condition might be otherwise, in which 
case the circuit would not be prepared to com 
mence its normal cyclic operation. This con 
tingency will be provided for by the inclusion of 
a self starter tube, to be described in connection 
with the complete circuit shown in Fig. 4. 
With the tubes in the conditions shown in ring 

I, a negative switching impetus or switch trigger 
ing signal 20 is applied through terminal 22 to 
the grid of each of the a tubes, 40a, 4a, and 42a. 
Inasmuch as both 42a and 4.0a are off, the only 
tube which will be affected by the negative trig 
ger is 4 fa, which will begin to stop its conduc 
tion. The conventional multivibrator action, 
represented by the cross connecting circuits 43, 
will intensify the blocking of 4a, so that 4b will 
come on while 4 a will go completely off. Turn 
ing on, i. e., starting conduction, of 4 b will place 
a negative going signal on the input of 40b, 
through the circuit means (in the form of ca 
pacitor 44) connecting the output of 4f b with the 
input of 40b. Tube 40b, which in step I was on, 
will be turned off, and multivibrator action will 
turn 4.0a on. Turning off of 40b will place a 
positive going voltage on its anode, but this will 
not affect 42b inasmuch as it is already in a con 
ducting, or on, condition. It will thus be seen 
that the high voltage condition existing at the 
anode of an of tube has been transferred from 
4b in step I, as denoted by arrow 54, to the 
anode of 40b in step II, as denoted by arrow 55. 
In the meantime, the multivibrator 42a-42b has 
been unaffected by the change from step I to 
step II. 
The succeeding negative trigger 20 will act in 

a similar manner on the a tube which is on, in 
this case 40a; and the high voltage condition 
represented by an off b tube will be transferred 
from 40b to 42b, while multivibrator 4 fa-4b 
will be unaffected. In this manner, the off con 
dition for the b tube is transferred in rotative 
succession around the ring by each negative 
trigger 20 applied to the grid, or input circuit, of 
each a tube. 

It will be readily apparent that any number 
of pairs of tubes connected in multivibrator 
fashion may be utilized in such a ring circuit as 
shown in Fig. 3. Furthermore, if desired, trig 
gers 20 may be positive instead of negative, in 
which case the non-conducting a tube will be 
the one affected. 
Summarizing, it will be seen that the circuit 

of Fig. 3 comprises a plurality of switching 
means, to each of which is applied indiscrimi 
nately a switch triggering signal, but only one 
of which is in a condition at any one time to re 
spond to the signal. Response of the condi 
tioned switching means, causing it to operate to 
the second of its discrete conditions, causes op 
eration of the next succeeding switching means 
in cyclic succession; but operation of the last 
mentioned switching means is not transmitted 
further to the succeeding switching means in the 
ring. The last mentioned Switching means then 
becomes conditioned to be responsive to the next 
succeeding Switch triggering signal, and So on 
around the ring as long as Switch triggering 
signals are received. 
From the above described operation of the 

circuit of Fig. 3, it is apparent how the gating 
signals appear on the terminals 4, 5, and 6 of 
Figs. 1, 2, and 3. These gating signals, repre 
sented by the positive blocks I, II, and III, cor 
respond with the off condition of the several b 
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6 
tubes, which condition is shifted in rotative suc 
cession around the ring. 
The circuit shown schematically in Fig. 3 is 

shown in detail in Fig. 4 and includes, in addi 
tion, a pair of trigger tubes, one being the nor 
mal trigger tube, and the other being the Self 
starting trigger tube, mentioned hereinbefore, 
which is needed if the initial conditions, when 
the circuit is first energized, are not such as to 
make an a tube receptive to the negative trig 
gers 20. 

Referring to Fig. 4, the circuit has been shown 
with the three multivibrators 40a-40b, 4 fa 
4 lb, and 42a-42b, designated with the same 
reference numerals as in Fig. 3. The stable 
multivibrator cross connection 43 has been 
shown in the form of D. C. coupling resistors 60 
in parallel with capacitors 6. The anodes of 
each of the tubes are taken to ground through 
conventional load resistors 62, while the cath 
odes have been connected to a source of -105 
volts. The grids are returned to -210 volts 
through resistors 63. The grids of each of the a 
tubes are triggered through a normal trigger 
tube 64 having plate load resistor 65. Normal, 
steady-state operation of the circuit of Fig. 4 
is as described for the circuit of Fig. 3, with posi 
tive input triggers being applied to tube 64, in 
which they are amplified and inverted to form 
the negative triggers 20 applied to the grids of 
the a tubes. 

It is possible that the initial application of po 
tential might be followed by the multivibrators 
assuming such a condition that each of the a 
tubes is non-conducting, or off. In this event, 
the negative trigger's 20 would not affect any of 
the a grids; and the circuit would remain quies 
cent. 
To obviate this difficulty, a self-starting trig 

ger tube T0 is provided, to which positive input 
triggers are applied in parallel with tube 64. 
When the gating switch is operating normally, 
the average potential on conductor 7 f, which is 
connected to the respective anodes of the a tubes 
through the three resistors 72, is sufficiently low 
to bias tube 70 below cut off. Since conductor 
7 is connected to grid 73 of tube TO, this tube 
Will, during normal operation of the gating 
Switch, be completely inoperative by virtue of the 
below-cut-off bias on its grid. If the undesir 
able condition is encountered in which all d. 
tubes are non-conducting, the average D. C. po 
tential on conductor 7 will be raised sufficiently 
to bring the bias on the grid of tube T0 into the 
Operating region. Hence, the positive input 
triggers applied at terminal 75 will be translated 
and amplified through tube T0, and will appear 
on the anode of tube 79 as negative switch trig 
gering signals. These signals will be translated 
through capacitor 76 and the first R. C. circuit 
60-6 to the grid of tube 40b. Since it has been 
assumed that 40d, was non-conducting and 40b 
conducting, this negative signal will cause 40b 
to cut off, turning on 40a. Conduction in 40d. 
Will lower the average potential on conductor 7 
and grid 73 to the point where tube T0 is inopera 
tive. Inasmuch as 4.0a is conducting, and there 
fore receptive to negative triggers, the circuit is 
now in a normal condition, ready to receive trig 
gering signals 20 from tube 64. Self-starting 
tube T0 drops out of the picture, and the circuit 
continues normal switching operation with the 
reception of each positive input trigger on ter 
minal 75. 
The gating Switch illustrated in Figs. 3 and 4, 
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and described immediately above, is suitable...for 
any application where it is desired to have a gating. 
Signal appear in rotative succession on'. One of a 
plurality of output terminals, in response to trig 
gering signals applied to the input of the gating, 
Switch. . . 
While this invention should not be limited to 

any Specific circuit constants, the following are 
given", as illustrative of Values of circuit come 
ponents which may be utilized in the circuit of 
Fig. 4. 

Tubes. 40a-40b, 4 fa 
4 lb, 42a-42b-------- 6SN7 

Capacitors 44, 45, 46 and - - 
6 ------- - - - - - - - - - - 150 micro-microfarads 

Capacitors 50, 5 and , - 
52 ----------------- 50 micro-microfarads 

Resistors 60------------ 560,000 ohms 
Resistors 62.----------- 47,000 ohms 
Resistors 63 and T2.----- 1 megohm 
Capacitor. 76----------- .001 microfarad 
Although we have shown and described certain 

Specific: embodiments of the invention, We are 
fully aware of the many modifications possible 
thereof. This invention is not to be restricted 
except insofar as is necessitated by prior art and 
the spirit of the appended claims. 
We clain: 
1. An electronic switching circuit comprising a 

plurality of pairs of tubes, each pair comprising 
a first tube and a second tube having separate in 
puts and outputs interconnected as a trigger cir 
cuit having two alternative stable states, circuit 
means connecting the output of the first tube of 
each of said pairs to the input of the first tube of 
another of said pairs, trigger signal input means 
connected to the input of the second tube of each 
of Said pairs, and a normally inoperative trigger 
ing tubehaving an input connected to the output 
of the second tube of each of Said pairs and an 
output connected to the input of the first tube of 
one of said pairs, said triggering tube being op 
erative in response to a predetermined condition 
in said second tubes, to apply a switch triggering 
signial to the input of the first tube of Said one of 
said pairs. 

2. An electronic switching circuit comprising a 
plurality of pairs of tubes having at least cathode, 
anode, and control grid electrodes, each pair com 
prising a first tube and a Second tube intercon 
nected as a trigger circuit having two alternative 
stable states, first circuit means connecting the 
anode of the first tube of each of said pairs to the 
control grid of the first tube of another of said 
pairs; trigger Signal mean S, Second circuit means 
connecting said trigger Signal means to the con 
trol grid of the second tube of each of said pairs, 
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8 
a self-starting means including a trigger tubehava 
ing at least a cathode, an anode, and a control 
grid, separate impedance means respectively con 
necting the anode of each of Said second tubes to 
the control grid of said trigger tube, and third cir 
cuit means connecting the anode of said trigger 
tube to the control grid of a first tube of one of 
said pairs of tubes, said self-starting means op 
erative responsive to a predetermined state in 
each of said second tubes to change the state of 
Said one pair of tubes. 

3. An electronic SWitching circuit comprising a 
plurality of pairs of tubes having at least cathode, 
anode, and control grid electrodes, each pair come 
prising a first tube and a second tube intercon 
nected as a trigger circuit having two alternative. 
stable States, first circuit means connecting the 
anode of the first tube of each of said pairs to the 
control grid of the first tube of another of said 
pairs, trigger Signal means, second circuit means, 
connecting Said trigger signal means to the control: 
grid of the Second tube of each of said pairs, a 
Self-starting means including a trigger tubehav 
ing at least a cathode, an anode, and a control 
grid, Separate impedance means respectively coli. 
necting the anode of each of said second tubes 
to the control, grid of said trigger tube, fixed 
biasing means connected to the cathode of said 
trigger tube operative to render, said trigger. tube 
non-conducting when any of said second tubes. 
is conducting and conducting when all of said 
second tubes are non-conducting, and means con 
necting the anode of said trigger tube to the con 
trol grid of a first tube of one of said pairs. 

CHARLES W: JOHNSTONE, 
LEONARD P. MAUTNER. 
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