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My invention relates to a signal responsive 
Control system and Specifically to an electrical 
relaying System or keying apparatus the Oper 
tion of which is effected in response to control 

signals of a predetermined character. This ap 
plication is a division of my copending applica 
tion Serial No. 419,223, filed November 14, 1941, 
and assigned to the same assignee as the present, 
application. 

It is an object of my invention to provide an 
improved keying system in which a keying oper 
ation initiated in response to a control Wave of 
predetermined character is terminated at the end 
of a definite time interval and the System re 
stored to its initial condition. 

It is another object of my invention to provide 
improved means for restoring a signal controlled 
keying System to its initial condition Substan 
tially instantaneously at the end of a keying 
operation so that the system is immediately con 
ditioned to respond to a SubSeculent control 
Signal. 

It is another object of my invention to pro 
vide improved pulse generating circuits incorpo 
rating means for developing a Single, accurately 
timed pulse in response to a control pulse and 
also incorporating means for restoring the cir 
cits Substantially instantaneously to their in 
itial condition at the end of the pulse. 
The features of my invention which are be 

lieved to be novel are set forth with particu 
larity in the appended claims. My invention it 
Self, however, together with further objects and 
advantages thereof, may best be understood by 
reference to the following description taken in 
connection with the accompanying drawing in 
which Fig. 1 is a circuit diagram of one form 
of signal responsive device embodying my inven 
tion, and Fig. 2 is a circuit diagram of another 
form of signal responsive device embodying my 
invention. 

Referring now to the drawing, Fig. 1 shows 
One form of signal responsive device adapted to . 
perform a relaying or keying operation of pre 
determined time duration, the operation being 
initiated in response to a unidirectional COntrol 
pulse supplied from suitable signal receiving ap 
paratus (not shown) and impressed across the 
input terminals of the apparatus as indicated by 
conductors O. The circuit is arranged to require 
a predetermined minimum value of control volt 
age acroSS its input to initiate the control se 
quence. Furthermore, since the circuit is respon 
sive Only to pulses of predetermined duration, 
shorter pulses even though of greater magnitude, 
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Such as those produced by noise, cannot effect 
the keying operation. The manner in which 
these results are achieved will more fully appear 
from a consideration of the following descrip 
tion relating to the circuits. 

Unidirectional control pulses impressed on the 
conductors O are supplied between the grid and 
cathode of a triode amplifier tube . Anode 
current normally flows through this amplifier 
and through a resistor 2 from a suitable power 
supply represented conventionally by a battery 
3. ASSume now that a desired control pulse is 

received which may, for example, be of generally 
rectangular form as is indicated by the Wave 
form 4. Also assume that this pulse has a cer 
tain time duration, for example, one-half second. 
This pulse is differentiated to a greater or less 
degree by a capacitor 5 and resistors f6 and 
iT producing a wave at the grid of the device 

generally of the form represented by the Wave 
8. If the received pulse exceeds a predeter 
mined minimum amplitude, the sharply peaked 
negative portion 9 of the wave 8 biases the 
device suddenly to the condition of anode 
current cutoff. The device f l remains cutoff 
during a time interval which is practically inde 
pendent of the duration of the received pulse 
4, providing the pulse f4 persists for a prede 

termined minimum time. This time interval is 
determined primarily by the constants of the ca 
pacitor 5 and resistors 6 and 7. It may, for 
example, be of the order of .15 second. 
A capacitor 20 is connected in shunt to the de 

vice i?. So long as the latter is conducting, a 
very low impedance discharge path is provided 
in shunt to the capacitor 2) and the voltage 
thereaCross is maintained at a relatively low 
Value. However, when the triode is suddenly 
rendered non-conducting by the received Con 
trol pulse the capacitor 20 immediately begins 
to charge through a circuit comprising the source 
of current 3 and the resistor 2 whereupon the 
Voltage across the capacitor rises at a rate de 
termined by the time constants of this circuit. 
A gaseous discharge device 2 of the two 

electrode type, for example, a neon tube, and a 
resistor 22 are serially connected across the de 
Vice and the capacitor 20. The device 2f re 
mains non-conducting until the voltage across 
the capacitor 2 rises to a predetermined critical 
Value at Which it suddenly becomes conductive. 
This causes a voltage pulse to be developed across 
the resistor 22 as the capacitor 20 discharges. 
The constants of the various circuit elements are 
So Selected that the time required for the capaci 
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toir 2 to charge up to the ignition voltage of the 
device 2 is somewhat less than the time inter 
val, during which the device is maintained non 
conductive. For example, this charging tige 
may be of the order of .10 second. 

It will thus be apparent that unless a pulse is 
received on the conductors which lastS more 
than a minimum time interval, i. e., about .10 
second in the illustrative example, the gaseous 
discharge device 2 will not be rendered conduc 
tive and no voltage will be developed across the 
resistor 22. Therefore, a time delay is effectively 
introduced between the occurrence of a pulse at 
the terminals 9 and the occurrence of a pulse 
across the resistor 22. The result is that unde 
sired transient impulses lasting less than this pre 
determined minimum tine interval are effectively 
prevented from causing a false operation of the 
keying or relaying control apparatus 25 now to 
be described. 
The apparatus 25 comprises a pair of electron 

discharge devices 28 and 2 represented as triode 
amplifiers. The anode 28 of the device 26 is con 
nected to the positive terminal of the potential 
source 3 through a resistor 29. The anode 39 
of the device 2 is connected directly to the posi 
tive terminal of the source 3 by a conductor 3 . 
Also connected across the source 3 is a Voltage 
divider comprising resistors 32 and 33. The 
cathodes 34 and 35 of the devices 26 and 22, re 
spectively, are connected to the junction of the 
resistors 32 and 33 through a suitable current 
responsive load device illustrated as the operat 
ing coil 38 of a relay. The control grid 37 of the 
device 26 is also connected to the junction of the 
resistors 32 and 33. 
The anode 28 of the device 23 is coupled to the 

control grid 38 of the device 2 through a capaci 
tor 39. The control grid 38 is also connected to 
the grounded negative terminal of the source 3 
through a fixed resistor 4 and a variable re 
Sistor 4 in series. The latter two resistors are 
shunted by a unilaterally conducting device 
represented as a diode 42 having its cathode 43 
connected to the grid 38 and its anode 45 con 
nected to the grounded negative terminal of the 
power supply Source. 
The operation and adjustment of the appara 

tus 25 will now be described. When no control 
pulse is being received the triode 2S is normally 5 
conductive and draws a small anode current, for 
example, a few hundred (nicroamperes through 
the resistor 29 and the operating coil 36 of the 
relay. This current is limited to a low value by 
the resistor 29. Since the resistor 29 is of high 
resistance as compared to the resistance of the 
relay coil 36, the anode 28 is maintained at a rela 
tively low potential with respect to ground. The 
triode 2 is normally biased well beyond anode 
current cutoff by a relatively large potential drop, 
for example, of the order of 25 to 35 volts, de 
veloped across the voltage dividing resistor 33. 
Therefore, the only current flowing through the 
relay coil 35 is the relatively small anode current 
drawn by the triode 26. The relay is so selected 
that its minimum operating current is well above 
this value so that it remains in its deemergized 
position under these conditions. 
ASSume now that a control wave is received 

and that a pulse is developed across the resistor 
22 as previously described. The upper end of the 
resistor 22 now suddenly becomes positive and a 
positive impulse is impressed upon the cathodes 
34 and 35 through a coupling capacitor & S. Since 
the grid 37 is now more negative with respect to 
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4. 
the cathode 33 the anode current through the 
triode 26 suddenly decreases causing the voltage 
at the anode 23 suddenly to increase. This 
transient increase in anode Voltage is transmitted 
through the capacitor 39 to the grid 38. The 
circuit constants are so adjusted that the effective 
negative bias on the grid 33 is thereby momen. 
tarily reduced below the value required to main 
tain the device 2 biased to cutoff. Anode cur 
rent now begins to flow through the triode 2. 
This in turn drives the cathode 34 still more posi 
tive and the device 26 is rendered completely non 
conductive, assuming that the amplitude of the 
impulse is not alone sufficient to drive device 23 
to cutoff. All these transient changes take place 
very rapidly and cumulatively. The net result is 
that the applied inpulse aliilost instantaneously 
causes the triode 23 to be cut off and simultane 
ously causes the triode 27 to draw a heavy cur 
rent through the relay coil 36. 
The relay now closes a circuit through its con 

tacts is and 48. This circuit, is not shown since 
these details are not material to the practice of 
my present invention. It will be appreciated that 
the closing of the relay can be utilized to effect 
any desired control operation, for example, it may 
be utilized to key a radio transmitter or to pro 
duce a Visible or audible indication that, a con 
trol signal has been received. 

Continuing now with the description of the ad 
justment and operation of the apparatus 25, the 
triode 26 is maintained biased to cutoff so long 
as the anode current through the triode 2 and 
relay 36 exceeds a certain value determined by 
the net potential of the grid 38. This potential 
decreases at a predetermined rate as the capaci 
tor 39 charges through the resistors 49 and 4. 
As the capacitor 39 charges, the grid 38 becomes 
less pCsitive thereby reducing the current in de 
vice 2 and rendering the cathode of device 26 
less positive. At the end of a predetermined time 
interval, the length of which may be adjusted 
by varying the value of the resistor 4E, the posi 
tive potential on the cathode of device 26 be 
comes sufficiently reduced to permit the device 28 
to begin to draw a small anode current through 
the resistance 29. The consequent decrease in 
the potential of the anode 28 is transferred 
through the capacitor 39 to the grid 38 causing 
a further decrease in anode current in the triode 
2. This action is also cumulative since the de 
crease in anode Current through the device 3 
further accelerates the increase in anode current 
through the device 26. This continues until the 
capacitor 39 is discharged and the devices 2 and 
2 are restored to their initial conditions. 
The rate at which the capacitor 39 discharges 

is caused to be very much faster than its charg 
ing rate by rea,Son of the fact that the diode 32 
conductS in the direction of discharge current 
and provides a very low impulse path in Shunt 
to the charging resistors 49 and 4. The circuit, 
is, therefore, Substantially instantaneously re 
Stored to its initial condition and is ready to 
respond to a SubSequent control pulse. 
Summarizing, it will now be apparent that 

the signal responsive device shown in Fig. 1 re 
sponds only to the control wave which exceeds 
a predetermined amplitude and which proceeds 
for a predetermined minimum time interval. 
Furthermore, when a control impulse is supplied 
to the apparatus 25 in response to said control 
Wave the relay always goes through the following 
Seqllence of operations: (1) it is energized sub 
Stantially instantaneously upon occurrence of 
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the control impulse; (2) it is maintained opera 
tive for a predetermined time interval; and (3) 
it is deenergized substantially instantaneously at 
the end of this interval. All of these factors 
contribute toward securing a high degree of 
stability and reliability of operation. 

Fig. 2 represents a slightly different form of 
the signal responsive apparatus shown in Fig. 1. 
It is believed that the operation of this apparatus 
will be readily understood in the light of the 
foregoing description of Fig. 1. Therefore, it is 
thought sufficient to call attention to the par 
ticulars wherein the two forms of apparatus 
differ. 
been applied to corresponding elements in the 
two figures wherever possible. 
In the modification of Fig. 2 the coupling 

capacitor 46 is omitted and the lower end of the 
resistor 22 is returned to the grid of the device 

rather than to ground. This arrangement 
provides additional protection against false Op 
eration. In this modification, the capacitor 2) 
discharges through the gaseous discharge device 
2 and through the relay coil 36. The resultant 
impulse developed across the relay coil 36 is in 
pressed upon the grid of the triode through 
the resistor 22 in such polarity as to drive the 
grid positive. This positive impulse opposes the 
negative control pulse 9 and the triode is 
caused to return quickly to its initial conductive 
state. Consequently, even though the pulse 9 
should persist for too long a time interval, the 
capacitor 20 is prevented fron recharging to a 
value which might otherwise cause a second false 
tripping of the relay circuit 25. 

In the apparatus of Fig. 2 the discharge de 
vices 26 and 27 are conveniently replaced by a 
single duplex triode 50 having a common cathode 
5 for the two sections. This obviously nakes 
no difference in the operation of the apparatus. 
The voltage dividing resistors 32 and 33 are also 
omitted in this modification and negative biaS 
for. the grid 38 is provided by a suitable Source 
of direct current indicated conventionally by a 
battery 52. 

In Fig. 2 the diode 42 of Fig. 1 is replaced by 
a triode 53 having a cathode 54 connected to 
the upper end of resistor 40, a control grid 55 
connected to the junction between resistor 4 
and the source 52 and an anode 56 connected to 
the grounded negative terminal of the power 
supply source f3. This triode likewise provides 
a low impedance discharge path for discharging 
the capacitor 39. It will be observed that the 
grid circuit of the device 53 is responsive to the 
voltages across the resistors 40 and 4 and that 
the source 52 also serves as a source of anode 
current for the triode 53. The triode 53 has 
some advantages over the diode 42; it is more 
sensitive to the voltages on the resistors 4 and 
4 and provides a discharge circuit for the capaci 
tor 39 around the source 52. If the diode 42 
were substituted for the triode 53 in Fig. 2 it is 
apparent that the discharge current would also 
have to flow through the impedance of the Source 
52; however, since the source impedance would 
generally be low it may be desirable in some 
cases to make this Substitution. 

It will readily be apparent to those skilled in 
the art that other modifications may be made 
without departing from the principles of my in 
vention. Therefore, while I have shown particu 
lar embodiments of my invention it will be under 
stood that I do not wish to be limited thereto, 
and I contemplate by the appended claims to 
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6 
cover all modifications which fall within the true 
spirit and Scope of my invention. 
What I claim as new and desire to Secure by 

Letters Patent of the United States is: 
1. A pulse generating System comprising, in 

combination, a normally conductive electron dis 
charge device having an anode circuit serially 
including a first and Second impedance and a grid 
circuit including said second impedance, a second 
electron discharge device having anode and grid 
circuits both including said Second impedance, 
additional means normally biasing said second 
device to a non-conductive condition, means for 
causing the anode potential of said first device 
to increase momentarily, means responsive to 
said potential increase for rendering said Second 
device conductive and Said first device non-con 
ductive for a predetermined time interval, said 
last-mentioned means comprising a capacitor 
charged from said anode potential through a 
resistor included in the grid circuit of Said Second 
device, said second device being maintained con 
ductive so long as the capacitor charging current 
exceeds a predetermined value, and means for 
restoring said devices rapidly to their initial con 
ditions at the end of said interval and for dis 
charging said capacitor, said last means Com 
prising a unilaterally conducting device of low 
impedance in shunt to said resistor. 

2. A keying system for generating a single key 
ing pulse of accurately predetermined time dura 
tion in response to a short control impulse com 
prising, in combination, normally inoperative 
pulse generating means, means for rendering said 
pulse generating means operative substantially 
instantaneously in response to a control impulse, 
means comprising a capacitance and a charging 
circuit including a resistance for maintaining Said 
pulse generating means operative for a prede 
termined time interval, said interval being de 
pendent upon the rate at which said capacitance 
charges through said resistance, and means for 
restoring said pulse generating means to its ini 
tial condition substantially instantaneously at the 
end of said interval, said last means comprising 
a unilaterally conducting device shunting said 
resistance, said device having very low imped 
ance as compared to said resistance in the direc 
tion of discharge current flowing in said circuit. 

3. In a System for generating a single keying 
pulse of accurately predetermined time duration 
in response to a control impulse of one polarity, 
first and second thermionic amplifying devices 
each having respective anode, cathode and con 
trol grid electrodes, means connecting said cath 
odes to a reference point through a common im 
pedance, means connecting said first anode to 
Said point through an anode impedance and an 
anode current Source, means connecting said sec 
Ond anode to Said point through an anode cur 
rent Source, means connecting said first anode to 
Said Second grid through a capacitor, means con 
necting Said second grid to said point through a 
resistor, means biasing said grids to maintain said 
first device normally conductive and said second 
device normally non-conductive, whereby a pre 
determined minimum value of current normally 
flows in Said common impedance, means for im 
pressing said control impulse on said first device 
in a Sense to drive said first grid negative whereby 
Said Second device is rendered conducting and 
Said first device non-conducting and increased 
current flows through said common impedance, 
and a thermionic device having an anode to cath 
Ode path connected in shunt to said resistor, said 
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path being poled to have low impedance for cur 
rent flowing from said point to said capacitor. 

4. In a System for generating a single keying 
pulse of accurately predetermined time duration 
in response to a control impulse of One polarity, 
first and Second thernionic amplifying devices 
each having respective anode and cathode and 
control grid electrodes, means connecting said 
cathodes to a reference point through a common 
impedance, means connecting Said first anode to 
Said point through an anode impedance and an 
anode current source, means connecting said Sec 
ond anode to said point through an anode cur 
rent source, means connecting said first anode 
to said second grid through a capacitor, means 
connecting Said Second grid to said point through 
a resistor, means biasing said first grid to main 
tain Said first device normally conductive, means 
including a direct current source having its posi 
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tive terminal connected to said point for biasing 
said second grid to maintain Said Second device 
normally non-conductive whereby a predeter 
mined minimum value of current normally flows 
in said common impedance, means for impressing 
said control pulse on said first device in a Sense 
to drive said first grid negative whereby said sec 
ond device is rendered conducting and said first 
device non-conducting and increased current 
flows through said common impedance, a third 
thermionic device having an anode and a Cath 
ode and a control electrode, and means connect 
ing said third device acroSS Said resistor and said 
direct current Source in series and with said re 
sistor connected between the Cathode and grid 
thereof whereby said third device provides a low 
impedance path for current flow from said point 
to said capacitor. 

WILLIAM W. MOE. 


