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This invention relates to impulse generators 
and particularly to relatively high frequency gen 
erators of this character, 
According to conventional practice, impulse 

generators frequently comprise one or more elec 
tronic devices having trigger operating chara C 
teristics. By this term is meant the facility of 
the device to initiate and terminate substantially 
instantaneously the flow of current therethrough. 
In one well known device of this character One 
or more gaseous discharge devices are employed. 
These devices are fired, or the discharges therein 
are initiated, under the control of a Series of 
triggering impulses derived from Some form of 
tinning s. It is characteristic of this 
type of tube that, so long as a predetermined 
anode-to-cathode potential is maintained, the 
discharge initiating grid loses its control of the 
discharge once it has been initiated. 
Numerous expedients have been utilized to ex 

tinguish the discharge in the tube. One of these 
has been the employment of a delay network 
connected to the anode of the discharge device. 
Concurrently with the initiation of the discharge 
an impulsive voltage is impressed upon the delay 
network for propagation therethrough at a rate 
determined by the network parameters. A de 
layed voltage is derived from a predetermined 
point on the network for impression upon the 
anode of the discharge device in a polarity to 
reduce the anode-to-cathode voltage thereof 
below the value required to sustain the discharge. 
The repetition rate of the impulses is determined 
by the frequency at Which the triggering impulses 
are impressed upon the grid of the discharge 
device. The time durations or widths of the 
generated impulses are determined by the delay 
network parameters. 
AS is well understood in the art, however, de 

vices of this character are not capable of oper 
atting Satisfactorily for the generation of in 
pulses at repetition rates greater than a definite 
maximum value. As the repetition rate of the 
generated impulses is increased it is necessary 
to decrease the value of the load impedance con 
nected to the anode of the discharge tube in order 
to obtain impulses of appreciable useful ampli 
tude. Thus, the time constant of the discharging 
circuit for the delay network is so reduced that 
the delayed voltage derived from the network 
does not always remain sufficiently negative for 
a long enough time to effect the complete de 
ionization of the tube. This situation exists 
regardless of the widths of the impulses. Addi 
tionally, when it is attempted to generate rela 
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2 
tively wide impulses at relatively high frequen 
cies by means of prior art generators of this chair 
acter, it is found that such apparatus is incapable 
of operating satisfactorily for the reason that 
there is not sufficient time between successive 
impulses to enable the tube to deionize com 
pletely. 
An object of the present invention, therefore, 

is to provide a novel impulse generator of an 
improved form which is capable of producing im 
pulses at relatively high rates of repetition. 
Another object of the invention is to provide 

an impulse generator in which the time durations 
of the generated impulses are determined by a 
novel arrangement which includes a delay net 

voltages suitable-for-effecting invariably the im 
pulse terminations at predetermined times. 

In accordance with the present invention there 
is provided a pair of gaseous discharge tubes 
arranged with the anodes thereof connected in 
parallel. The output circuit of one of the tubes 
includes a relatively high impedance device in 
which there is developed the generated impulses. 
The other of the tubes includes in its output cir 
cuit a relatively low impedance device. A tining 
means by which the frequency of the impulses 
to be generated is determined is employed to 
initiate a discharge in the tube having the rela 
tively high impedance device connected in its 
output circuit. The timing means also is ar 
ranged to initiate a discharge in the tube having 
the low impedance device connected in its output 
circuit at a predetermined time following the 
initiation of the discharge in the first tube. The 
discharge in the second tube is employed to de 
velop a voltage for impression upon the first tube 
in a manner to depress the discharge-Sustaining 
voltage in the first tube sufficiently to effect de 
ionization thereof. 
More specifically, in accordance with the illus 

trative embodiment of the invention disclosed 
herein, the timing means is connected to the 
input circuit of the tube having the relatively 
high impedance output circuit and also to one 
terminal of a non-reflecting delay netWork. The 
other terminal of the delay network is connected 
to the input circuit of the tube having the rela 
tively low impedance output circuit so as to 
initiate a discharge therein after the lapse of a 
time interval determined by the parameters of 
the delay netWork, 
In addition, the output terminals of the delay 

network may be connected to the input circuit 
of an electron discharge device having the output 
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circuit thereof aSSociated with the anodes of the 
two discharge tubes. Concurrently with the 
initiation of the discharge in the tube having the 
low impedance output circuit, the conduction of 
space current in the electron discharge device 
is initiated. The effect of the Operation of the 
electron discharge device is to produce an addi 
tional voltage for the depression of the discharge 
Sustaining voltage in the discharge tube having 
the relatively high impedance Output circuit. 

For a better understanding of the invention, 
together with other and further objects thereof, 
reference is had to the following description, 
taken in connection with the accompanying draw 
ing, and its Scope Will be pointed out in the ap 
pended claims. 

In the accompanying drawing, the single figure 
is a circuit diagram, partly Schematic, of an im 
pulse generator embodying the present invention. 

Having reference now particularly to the draw 
ing, there is shown a discharge tube , to the 
Cathode of which is connected a resistor 2 having 
a relatively high value. To the terminals of this 
resistor connections are made to a pair of output 
circuit terminals 3. The anode of the tube is 
connected through load resistors 4 and 5 to the 
positive terminal of a Source of direct current 
Such as a battery 6, of which the negative termi 
nal is connected to ground. 
The discharge initiating grid of the tube f is 

connected through a current limiting resistor 7 
and a coupling condenser 8 to the output termi 
nals of a trigger pulse generator 9. This genera 
tor serves as the timing means for determining 
the frequency of the generated impulses and may 
be of any conventional type, such as, for exam 
ple, a multivibrator. The input circuit of the 
tube is negatively biased by means of a con 
nection to the grid circuit which includes a grid 
leak resistor connected to a suitable point on 
a potentiometer 2. The terminals of the po 
tentiometer are connected to a source of biasing 
potential such as a battery 3. The battery is 
poled in a manner to effect a negative biasing of 
the tube grid with respect to its associated 
Cathode. 
A second gaseous discharge tube 4 is provided 

and includes the connection to the cathode of a 
resistor 5 having a relatively low Value. The 
anode of the tube 4 is connected to the anode : 
of the tube , thereby to provide a parallel con 
nection of the output circuits of the two gaseous 
discharge tubes. Preferably, although not abso 
lutely essential to the successful operation of the 
device, the tubes and 4 should be of a type 
having a shield grid between the anode and the 
control grid and which is operated at cathode 
potential. 
The discharge initiating grid of the tube f4 

is connected through a current limiting resistor 
6 and a coupling condenser 7 to the output ter 
minals of a non-reflecting type of delay network 
8. The input circuit of the tube f4 also is neg 

atively biased by a connection of a grid leak re 
sistor 9 to a suitable point on a potentiometer 
2. The potentiometer is connected across the 
terminals of a source of negative biasing poten 
tial such as a battery 22. 
The input terminals of the delay network 8 

are connected to the terminals of the trigger 
pulse generator 9. Also, there is connected 
across the output terminals of the network an 
energy absorption resistor 23. The function of 
this resistor is to completely absorb the energy 
transmitted through the network so that no re 
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ring resistor 23. 

4. 
flection occurs. The network itself may be of 
any well known form such as a two-wire trans 
mission line having a Suitable length to produce 
the desired delay in the propagation of a voltage 
impressed upon the input terminals thereof. 
Also, the network may comprise a number of 
lumped circuit elements such as condensers and 
inductors, arranged in any one of a number of 
well known configurations. 
The output terminals of the delay network 8 

also are coupled to the input circuit of an elec 
tron discharge device 24. This device may be 
any well known high vacuum tube in which the 
space current at all times is under the control 
of the grid of the tube. This device is provided 
with a self-biasing arrangement of a resistor 25 
connected to the cathode of the device. The Self 
biasing resistor 25 is shunted by the usual by 
pass condenser 26. The anode of the device 24 
is connected to the junction point of resistors 4 
and 5. 
A condenser 27 is connected between the anodes 

of the tubes f and 4 and ground. Thus, it is in 
a position to be subjected to anode voltage 
changes and to influence the anode-to-cathode 
potentials of these tubes in a manner to be de 
Scribed. 

Referring now to the operation of the impulse 
generator disclosed in the drawing, assume that 
the discharge tubes and f4 and the electron 
discharge device 24 are non-conducting. In this 
condition there is no voltage developed across 
the output resistor 2 for impression upon the out 
put circuit terminals 3. A positive impulse from 
the generator 9 is applied to the discharge initi 
-ating grid-eif-the-tube? and is of sufficient mag 
nitude to overcome the biasing of the tube. A 
discharge, therefore, is initiated substantially in 
stantaneously to produce a current flow through 
the resistor 2, thereby to develop a voltage which 
is applied to the output terminals 3. By reason 
of the substantially instantaneous nature of the 
discharge initiation, the wave front of the voltage 
developed in the resistor 2 is sufficiently steep to 
be regarded as vertical with respect to a horizon 
tall time base. 
The discharge in the tube also effects the 

flow of current through the load resistOrS 4 and 
5. The voltage drop thus produced in these re 
sistors is effective to reduce the anode-to-cath 
ode voltage of the tube to a relatively low value 
which is not appreciably greater than the voltage 
required to sustain the discharge in the tube. 
The positive impulse derived from the genera 

tor 9 for the initiation of the discharge in the tube 
f also is impressed upon the delay network 8. 
This impulsive voltage appears, after the lapse 
of the predetermined time required for its propa 
gation through the network, across the terminat 

This predetermined time is sub 
stantially equal to the desired time duration of 
one of the impulses to be generated. This volt 
age also is of a positive polarity and is of suff 
cient magnitude to overcome the biasing of the 
gaseous discharge tube 4 whereby to initiate a 
discharge therein. Additional current is drawn 
from the battery 6 through the load resistors 4 
and 5 as a result of the discharge in the tube 4. 
This additional current effects a greater voltage 
drop across the resistorS 4 and 5 whereby to die 
press the anode voltage of the tube . As a re 
sult of this voltage depression, the anode-to-cath 
ode voltage of the tube , by means of which the 
discharge in this tube is Sustained, is reduced, 
thereby tending to extinguish the discharge. 
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Also, by reason of the connection of the relatively 
low value resistor 5 to the cathode of the tube 
4, the anode voltage of this tube is accordingly 

less, positive. Consequently, a still further de 
pression of the anode-to-cathode voltage of the 
tube is effected. In many cases the anode-to 
cathode voltage of the tube under these condi 
tions will be of insufficient magnitude to sustain 
the dischargetherein and conduction in the tube 
Will cease. 

However, in cases where the apparatus is to 
be used for the generation of impulses having ex 
tremely short time durations and at extremely 
high repetition rates, it may be desirable to en 
ploy additional facilities to effect the extinguish 
ing of the discharge in the tube . One such ar 
rangement includes an electron discharge device 
such as the triode 24. The delayed impulsive 
voltage derived from the generator 9 and de 
veloped across the terminating resistor 23 is im 
pressed upon the control grid of the triode 24 
concurrently with the impression thereof upon 
the discharge tube 4. The magnitude of this 
positive impulsive voltage is sufficient to overcome 
the self-bias of the triode 24 and to initiate the 
conduction of Space current therein. This cur 
rent is supplied by the battery 6 and flows through 
resistor 5. A still further voltage drop thus is 
produced across the load resistor 5 to reduce the 
voltage at the junction point of this resistor With 
the load resistor 4. The effect of this voltage re 
duction is applied, through the resistor 4, to the 
anodes of the tubes and 14. In all cases the 
anode-to-cathode voltage of the tube will be de 
pressed sufficiently to extinguish the discharge 
therein. --Ordinarily, this votage reduction also 
will be sufficient to depress the anode-to-cathode 
voltage of the tube f4 sufficiently to extinguish 
the dischargetherein. 

In any case the discharges in these tubes, and 
particularly in tube f4, are extinguished by the 
action of the condenser 27. The connection of 
this condenser to the anode circuits of the dis 
charge tubes is a Well known one, particulary in 
cases where such tubes are used for the genera 
tion of impulses having nominally small time 
durations and low repetition rates. The voltages 
impressed upon the condenser 27 are the same as 
those impressed upon the anodes of the discharge 
tubes, 
denser in response to changes of the impressed 
Voltage resulting from the operation of the ap 
paratus functions automatically to depress the 
anode-to-Cathode voltages of the tubes sufficient 
ly to extinguish the discharges therein. However, 
since the transition of the condenser charge from 
One voltage value to another occurs in an expo 
nential manner with respect to time, such a device 
cannot be relied upon solely to effect the termina 
tion of the discharge in the tube . Obviously, 
Very slight changes in the conditions of the vari 
ous circuits, such as voltage variations of the bat 
tery 6, for example, will effect corresponding 
changes in the times at which the condenser 2 
produces an extinguishing voltage for the tube , 
following the initiation of a discharge therein. 
The performance of the condenser 27 as a dis 
charge extinguishing means also is determined by 
the time constant of the charging and discharg 
ing circuits for the condenser. It is impractical 
to attempt the design of such a circuit having the 
rigid requirements as to the time constant thereof, 
for example, Where it is desired to produce in 
pulses of extremely short time durations. 

However, the conventional functioning of the 

The charging and discharging of the con 
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6 
condenser 2 for the extinguishing of a discharge 
in the tube 4 is entirely satisfactory. The lim 
pulse generating apparatus will perform as de 
sired even though the discharge in the tube 4 
not always is extinguished at the same time foll 
lowing the initiation thereof. The only require 
ment is that the discharge in this tube be ex 
tinguished before the impression of the Succeed 
ing trigger pulse upon the discharge tube . - -, 
While it will be understood that the circuit 

Specification of the impulse generator disclosed 
herein may vary according to the particular serv 
ice requirements, the following specifications for 
a generator capable of producing, impulses hav 
ing time durations of as little as 0.25 microsec 
onds at repetition rates up to a maximum of 3600 
impulses per second are included, by way of ex 
ample only. 

Tubes and 4------------------------ 2050 
Resistor 2--------------------- ohms.-- 300 
Resistor -----------------------do---- 5,000 
Resistor 5----------------------- do... 10,000 
Battery 6----------------------- voltS.-- 300 
Resistors 1 and f6-------------- ohms-- 100,000 
Condensers 8 and T----- microfarads- 0.1 
Resistors and 9.------------- ohms. 270,000 
Potentiometers 2 and 2-----megohm-- . 1 
Batteries 3 and 22--------------volts.-- 45 
Resistor 5 --------------------ohms-- 18 
Resistor 23 ---------------------do---- 1,000 
Tube 2 ------------------------------ 6V6GT 
Resistor 25 --------------------ohms.- 500 
Condenser 26 ------------ microfarads-- 10 
Condenser 27 ------------------- do---- 0.01 
While there has been described what, at pres 

ent, is considered the preferred embodiment of 
the invention, it will be obvious to those skilled 
in the art that various changes and modifications 
may be made therein without departing from the 
invention, and therefore, it is aimed in the ap 
pended claims to cover all Such changes and 
modifications as fall within the true spirit and 
Scope of the invention. 
What is claimed is: 
1. An impulse generator comprising, a first 

gaseous discharge tube having an input circuit 
and a relatively high impedance output circuit 
for the development therein of said generated 
impulses, a second gaseous discharge tube hav 
ing an input circuit and a relatively low imped 
ance output circuit, means for connecting the out 
put circuits of said tubes in parallel, a circuit in 
cluding a load impedance device and a source of 
direct current connected in the output circuits 
of said tubes, a source of timing impulses cou 
pled to the input circuit of said first tube to ini 
tiate a discharge therein, a delay network hav 
ing a propagation time substantially equal to the 
time durations of the impulses to be generated 
and coupled between said impulse Source and the 
input circuit of said second tube to initiate a 
discharge therein whereby to effect current cOn 
duction in the output circuit of said second tube, 
means including the current conducting output 
circuit of Said second tube. to depress the dis 
charge-sustaining voltage of said first tube Sufi 
ciently to extinguish the discharge therein, and 
means controlled by Said timing impulses to ex 
tinguish the discharge in Said second tube. 

2. An impulse generator comprising, a first 
gaseous discharge tube, a relatively high imped 
ance device connected in Series with said first tube 
for the development therein of said generated 
impulses, a second gaseous discharge tube, a 



2,428,149 
7 

relatively low impedance device connected in 
series with said second tube, a circuit including 
a load impedance device and a Source of direct 
current connected in parallel with said two Series 
connections, a source of timing impulses coupled 
to said first tube to initiate a discharge therein, 
a delay network having a propagation time Sub 
stantially equal to the time durations of the in 
pulses to be generated and coupled between said 
impulse source and said second tube to initiate a 
discharge therein, means including the Series 
eonnection of said second tube and Said low in 
pedance device to depress the discharge-Sustain 
ing voltage of said first tube sufficiently to extin 
guish the discharge therein, and means Coul 
pied to said delay network to extinguish the dis 
charge in said second tube. 

3. An impulse generator comprising, a first 
gaseous discharge tube having an anode, a cath 
ode and a discharge initiating grid, a relatively 
high impedance device connected to the cathode 
of said first tube for the development therein Of 
said generated impulses and to form a first Series 
circuit with said first tube, a second gaseous dis 
charge tube having an anode, a cathode and a 
discharge initiating grid, a relatively low in 
pedance device connected to the cathode of Said 
second tube to form a second series circuit With 
said second tube, a circuit including a load in 
pedance device and a Source of direct Current 
connected in parallel with said two series Cir 
cuits, a source of timing impulses coupled to the 
grid of said first tube to initiate a discharge 
therein, a delay network having input and Out 
put terminals and having a propagation time 
substantially equal to the time durations of the 
impulses to be generated, means for coupling said 
impulse source to the input it 
network, mea ing the output termi 
inals of -'said network to the grid of said second 

to initiate a discharge therein, means in 
cluding said second Series circuit to depress the 
discharge-Sustaining voltage of said first tuba 
Sufficiently to extinguish the discharge therein, 
and means coupled between the output circuit of 
said delay network and the anode of said second 
tube to extinguish the discharge in said second 
tube. 

4. An impulse generator comprising, a first 
gaseous discharge tube, a second gaseous dis 
charge tube having an output, circuit, an elec 
tron discharge device having an output circuit, 
means to initiate a discharge in said first tube, 
meanS Operative: a predetermined time after the 
initiation of the discharge in said first tube to 
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8 
cuits, a relatively high impedance device connect 
ed in the output circuit of a first. One of Said tubes, 
a relatively low impedance device connected in 
the output circuit of the second one of Said tubes, 
an electron discharge device having an input cir 
cuit and an output circuit coupled to the output 
circuits of said discharge tubes, a delay network 
having a propagation time substantially equal to 
the time durations of the impulses to be generat 
ed, a source of timing impulses coupled to the in 
put circuit of said first discharge tube to initiate a 
discharge therein, means for coupling Said delay 
network between said impulse source and the 
input circuits of said second discharge tube to 

5 initiate a discharge therein and also of Said 
electron discharge device to effect current con 
duction therein, the discharge in said second tube 
serving to depress the discharge-sustaining volt 
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initiate a discharge in said second tube where 
by to effect current conduction in the output cir 
cuit of Said second tube, said operative means 
also serving contemporaneously to initiate cur 
rent conduction in Said electron discharge de 
vice and its output circuit, means including the 
current conducting output circuit of Said second 
discharge tube to depress the discharge-sustain 
ing voltage of said first discharge tube sufficiently 
to extinguish the discharge therein, and means 
including the current conducting output circuit 
of said electron discharge device to depress the 
discharge-Sustaining voltage of said second dis 
charge tube sufficiently to extinguish the dis 
charge therein. 

5. An impulse generator comprising, a pair of 
gaseous discharge tubes having unaSSociated in 
put circuits and parallelly connected output cir 
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age in said first tube sufficiently to effect deioniza 
tion thereof and the current conduction in Said 
electron discharge device serving to depress the 
discharge-sustaining voltage in said Second dis 
charge tube sufficiently to effect deionization 
thereof. 

6. An impulse generator comprising, a pair of 
gaseous discharge tubes having unassociated in 
put circuits and parallelly connected output cir 
cuits, a relatively high impedance device con 
nected in the output circuit of a first one of Said 
tubes, a relatively low impedance device Con 
nected in the output circuit of the second one of 
said tubes, a source of direct current and two 
serially connected impedance devices coupled to 
the output circuits of said discharge tubes, an 
electron discharge device having an input cirgilla 
and an output circuit connected to a point be 
tween said serially connected impedance devices, 
a delay network having input and output ter 
minals and having a propagation time Substan 
tially equal to the time durations of the impulses 
to be generated, a source of timing impulses 
coupled to the input circuit of said first discharge 
tube to initiate a discharge therein and also to 
the input terminals of said delay network, and 
means for coupling the output terminals of Said 
delay network to the input circuit of said Sec 
ond discharge tube to initiate a discharge there 
in and also to the input circuit of said election 
discharge device to effect current conduction 
therein, the discharge in Said second tube Serv 
ing to depress the discharge-sustaining voltage 
in said first tube sufficiently to effect deionization 
thereof and the current conduction in said elec 
tron discharge device serving to depress the dis 
charge-sustaining voltage in said Second dis 
charge tube sufficiently to effect deionization 
thereof. 
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