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The present invention relates to electrical 
pulse generating systems and more particularly 
to improved pulse generating systems which pro 
duce substantially rectangular pulses of elec 
trical energy. 
This invention contemplates the formation or 

generation of pulses by the utilization of a trans 
mission line type pulse-forming network in con 
junction. With electronic space discharge de 
vices and power Supply and discharge timing de 
vices. Pulse forming networks, or artificial 
transmission lines, as they are Sometimes des 
ignated, have energy-storage and transmission 
delay characteristics which adapt them to the 
formation of accurate rectangular pulses. In 
the generation of pulses having high energy 
levels it is particularly desirable that the pulse 
forming network be discharged through a load 
by means of gas-filled electronic space discharge 
devices such as thyratron tubes since such tubes 
are capable of passing high currents with little 
power loSS. An additional characteristic of the 
thyratron tube which renders it satisfactory for 
high level applications is the necessity of using 
but very little controlling energy to initiate the 
transition of the tube from a non-conducting 
state to the highly conducting state which is re 
quired by the pulse-forming Operation. 

Prior art methods of pulse formation have 
utilized pulse-forming networks in association 
with electronic space discharge devices and pow 
er supply and discharge Synchronizing devices 
but such prior art methods have been restricted 
to those applications which require a relatively 
constant time width pulse output. This has been 
necessitated by reason of an operating chair 
acteristic of gas-filled electronic space discharge 
devices, such as thyratron tubes, and to the in 
flexibility of the transmission delay time char 
acteristic of pulse-forming networks. The op 
erating characteristic of a gas-filled electronic 
space discharge device which has this restrictive 
effect is the faculty that once such devices have 
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been triggered from a non-conducting state to 
a conducting State, conduction will normally be 
maintained until the anode-cathode potential 
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decreases to a very low value or is reversed in 
polarity, regardless of the character or duration 
of the triggering or discharge initiating wave 
form. In the formation of pulses the thyratron 
tube or equivalent device is connected in series 
With a load device and With the pulse-forming 
network during the time interval of pulse gen 
eration. The time interval between the initi 
ation of conduction through the thyratron tube 
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and the cessation of conduction therein is Ordi 
narily equivalent to the time required for the 
charging or discharging of the pulse-forming 
network. In conventional applications this time 
interval is determined by the transmission delay 
time of the pulse-forming network in use, and 
represents the time required for the Woltage and 
current Wave, initiated at the instant the Space 
discharge device is rendered Conductive, to traV 
erse the pulsesforning netWork, be reflected by 
the effective open-circuit discontinuity at the 
end opposite to the load device, and to return 
to the Starting point, thereby terminating the 
period of Conduction of the Space discharge de 
Vice, provided that the proper impedance relan 
tionship has been maintained between the load 
device and the pulse-forming netWork. Since 
the transmission delay time of pulse-forming 
netWorks is not readily Susceptible to Variation, 
particularly if a constant network impedance is 
to be maintained, the time width of the output 
pulse is essentially fixed. In the past, efforts to 
obtain variations in output pulse time Width in 
pulse generating Systems have been confined gen 
erally to mechanical SWitching between various 
Sections of the pulse-forning network, or to 
short-circuiting of the load device a predetera 
mined time after conduction has begun in the 
space discharge device. These expedients to 
effect variations are not particularly Satisfac 
tory. Mechanical SWitching devices ordinarily 
produce only discrete changes in output pulse 
width, are apt to be cumberSome, and are not 
adapted to the very rapid and continuous 
changes in pulse Width demanded by pulse width 
nodulation Communication Systems, this defect 
being due primarily to the mechanical inertia of 
the SWitch elements. The use of short-circuit 
ing devices acroSS the output load is likewise un 
reliable for Such devices render the System sus 
ceptible to malfunctioning because of the pro 
duction of transient disturbances during the 
short-circuiting operation. 

It is therefore an object of the present in 
vention to provide an improved form of pulse 
generating System for producing substantially 
rectangular pulses of electrical energy and 
Wherein variations in pulse time width is effec 
tively and readily obtained. 
Another object of the invention resides in the, 

provision of an improved pulse-forming system 
Which affords continuous electronic control of 
Output pulse time Width between zero time width 
up to the maximum time width available from a 
given pulse-forming network (which latter time 
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width is ordinarily twice the transmission delay 
time of the network). 
Another object of the invention lies in provid 

ing an improved pulse-generating system en 
ploying two load devices, connected to the op 
posite ends of the pulse-forming network, and 
wherein the total pulse time width character 
istic of a given pulse-forming network can be 
divided in any desired ratio between the two load 
devices during the pulse-forming operation. 
A further object of the invention is the provi 

sion of an improved pulse-forming system having 
continuous electronic control of the output pulse 
time width and adapted for use in applications 
which require variations in load impedance, and 
which system permits desired variations with 
out the appearance of objectionable reflected 
waveforms in the load output. 
Other objects and features of the invention 

will be readily apparent to those skilled in the 
art from the following specification and ap 
pended drawings illustrating certain preferred 
embodiments of the invention in which: 

Figure 1 is a schematic circuit diagram of a 
pulse-generating system embodying the princi 
ples of the invention; in this embodiment the 
invention utilizes a single output load and a resis 
tive dummy load; 

Figure 2 is a series of graphs which illustrate 
various time relationships involved in the pulse 
generating System of Figure 1: 

Figure 3 illustrates another embodiment of the 
invention; 

Figure 4 illustrates pulse waveforms; 
Figure 5 illustrates another embodiment of the 

invention; 
Figure 6 illustrates still a ther embodiment 

of the invention; 
Figure 7 is an illustration of a timing or Syn 

chronizing waveform source utilized by the in 
vention. 

Having reference now more particularly to the 
drawings, Figure 1 is illustrative of one embodi 
ment of the invention. The pulse-generating 
system shown in Figure 1 comprises a usual 
pulse-forming network, indicated generally at 
0, the discharge from which approximates a 

rectangular waveform and which is composed of 
a plurality of series inductances and shunt 
capacitors 2. One side of each of the capaci 
tors 2 is connected to a common lead 3, with 
the opposite sides thereof being connected one 
to the other, by the inductances . The num 
ber of inductances if and capacitors f2 utilized 
is dependent upon the degree of rectangularity. 
desired in the output pulse. In general, the 
greater the number of Such components em 
ployed, the more nearly rectangular will be the 
Output pulse waveform for a given pulse time 
width. The pulse-forming network 0 is the 
equivalent of a Section of transmission line hav 
ing a characteristic impedance v1/c, wherein 1 
is the effective inductance of One of the Series 
inductances and c is the capacitance of one 
of the shunt capacitors 2, and which line has 
a one-way transmission delay time of VLC, 
where represents the total effective inductance 
and C the total effective capacitance of the trans 
mission line O. 
The pulse-forming network O is charged from 

a positive direct-current Source, which may be 
a battery, with the energy being provided at a 
terminal 4 and passing therefrom through a 
series charging inductance 5 and a series diode 
6. During the period that this energy is stored 
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the pulse-forming network O. 

4. 
by the pulse-forming network the network is 
largely capacitive in effect, with the combination 
of the charging inductance is and the aggregate 
of shunt capacitors 2 functioning as a series 
resonant circuit which charges the capacitors to 
a voltage considerably higher than the supply 
voltage, a value of 1.7 times the Supply voltage 
having been found to be readily obtainable. This 
capacitor charging takes place in a half-cycle 
of the series resonant frequency because the uni 
directional current flow, characteristic of the 
series diode 6 prevents the continuation of the 
charging oscillation, leaving the capacitors 2 
charged to the highest attained positive voltage. 
The charge on the network capacitors 2 repre 
sents a store of electrical energy which may be 
released to provide short rectangular pulses of 
high peak power level. The value of the charg 
ing inductance S is required to be such that 
the charging half-cycle is completed between 
successive discharges of the line at the highest 
discharge repetition rate to be employed. Dur 
ing the brief pulse-generating operation, the 
relatively high inductance of this element 5 
effectively isolates the power source from the 
pulse-forming network O. 
Connected to the pulse-forming network fo 

is a pulse transformer having a primary 8, 
One side of which is connected, in series, to a 
high potential terminal 9 of the network and 
the other side to the anode 20 of a thyratron 
tube 2, the Cathode 2a of which tube is conn 
nected to ground. The secondary 22 of trans 
former 7 is connected to a suitable load, which 
in the present instance, for illustrative purposes 
only, is a magnetron Oscillator 23. The high 
potential terminal 24 at the opposite end of 
pulse-forming network O is connected through 
a dummy resistance load 25 to the anode 29 of 
a thyratron tube 26, the cathode 26a of which 
tube is connected to ground. In this illustrative 
application both the magnetron load and the 
dummy load are made to have effective imped 
ance equal to the characteristic impedance of 

The thyratron 
tubes 2 and 26 are characteristically normally 
non-conducting, and will remain so until trig 
gered into a conducting state, independently of 
One another, by the application of positive pulses 
applied to their respective control grids. 
The pairs of triggerting pulses t1 and t2 required 

to effect conduction of these tubes independently 
of one another are produced by a control circuit 
or timing system indicated generally at 28. The 
control circuit 28 comprises a pair of thyratron 
tubes 3 and 32, both of which are held in a 
normally non-conducting state by the impress 
ing of negative voltages upon their control grids 
33 and 34, with the negative voltages being pro 
vided by a resistive network 35, which is con 
nected between ground and a negative voltage 
supply terminal 36. Connected between the 
anodes 37 and 38 of the tubes 3 and 32, respec 
tively, and ground are capacitors 39 and 40 upon 
which positive charges are stored, which charges 
are impressed through resistors 4 and 42 from 
a positive voltage source (not shown), which con 
nects to terminal 43. A pair of resistors 44 and 
45 connect the cathodes 46 and 47 of tubes 3 
and 32, respectively, to ground, and a pair of 
lead lines 48 and 49 connect the same cathodes 
46 and 47 to the control grids 5 and 52 of main 
thyratron tubes 26 and 2. 

Raising the potential in a manner to be de 
scribed, on the grids of control circuit thyratron 
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tubes 3 and 32 momentarily to a level which 
will establish conduction in these tubes will cause 
condensers 39 and 40 to discharge rapidly 
through their respective associated tubes, and 
through the series cathode resistors 44 and 45. 
During this discharge, positive exponentially 
decaying pulse waveforms are produced at the 
cathode resistol's 44 and 45, which are of an 
amplitude and duration sufficient to trigger the 
main thyratron tubes 26 and 2 into a conduct 
ing state. After discharge of the capacitors 39 
and 40 current will cease to flow through the 
trigger-generating thyratron tubes 3 and 32 
Owing to the lack of a Sufficient potential across 
the capacitors 39 and 40 to maintain a discharge, 
and these latter tubes revert to their normally 
non-conducting character. The capacitors 39 
and 40 are slowly charged again through resistors 
4 and 42 by the positive electrical energy pro 
vided at terminal 43 and then discharged during 
the Succeeding pulse-forming operation in the 
manner described. 
. Triggering of the thyratron tubes 3 and 32 
to permit discharge of capacitors 39 and 40 is 
effected by the superimposing of a positive 
going timing or Synchronizing waveform, having 
a Sawtooth voltage-time characteristic, upon 
the negative bias voltages existing at the con 
trol grids 33 and 34 of these tubes 3 and 32. 
The timing waveform is supplied from a usual 
Source Z. Which connects at terminal 53, and 
passes simultaneously through blocking capaci 
tors 54 and 55 and their associated isolating re 
Sistors 56 and 57 to the control grids 33 and 34 
of thyratron tubes 3 and 32. The instant of 
conduction of each thyratron tube 3 and 32, 
and thus the instant of generation of each trig 
ger pulse t1 and t2, is determined by the steep 
neSS of the timing waveform and by the amount 
of negative bias voltage applied to control grids 
33 and 34 by the resistive network 35. The ele 
ments comprising the source Z for the sawtooth 
timing waveform are shown in Figure 7. It 
is understood that the source Z herein described 
is but one form of sawtooth wave generating 
circuit that may be utilized with the present 
invention. The exact construction of this cir 
cuit forms no part of the invention. As shown 
in Figure 7 this circuit comprises a blocking 
Oscillator 200 composed of a transformer 20 
having a central winding 202, to one end of 
which power is provided for the transformer 
from a positive direct current source B1. The 
other end of Winding 202 is connected to the 
anode 203 of a triode vacuum tube 204, the 
cathode 205 of which tube is connected to ground. 
A second winding 206 of the transformer 20 has 
one end connected to ground and the opposite 
end connected through a capacitor 206a, to the 
control grid 207 of the tube 204; a resistance 
208 is also connected to this control grid 20 
and to ground. A sine wave generator 209 pro 
vides a source of modulating current and is 
connected to the control grid 20. Any device 
or source providing a modulating waveform may 
be employed. The blocking Oscillator 200 is 
connected to a cathode follower amplifier 2, 
the connection thereto being made by joining 
one end of a third winding 20 of transformer 
20 to the control grid 22 of a triode vacuum 
tube 23 included in amplifier 2. The oppo 
Site end of winding 20 is connected to a direct 
current voltage Source B2 which provides the 
negative bias voltage for the control grid 22 
of tube 23. The anode 24 of tube 23 is con 
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nected to the positive direct current source B1. 
The cathode 25 of tube 23 is connected to 
ground through a resistance 26. A capacitor 
27 connects to cathode 25 and to ground. 
A lead 28 interconnects the cathode 25 and 
the terminal 53 at which the timing waveform 
for control circuit 28 is introduced. 
The time phasing of the trigger pulses can 

be controlled by variation of the relative bias 
voltages applied to the thyratron tubes 3 and 
32. In the present embodiment, for sake of 
illustration a fixed bias voltage has been pro 
vided at the control grid 84 of thyratron tube 
32 and a variable bias voltage has been provided 
at the control grid 33 of thyratron tube 3. Re 
sistor 58 interconnects resistive network 35 and 
isolating resistor 57 associated with control grid 
34 of thyratron tube 32 whereby a fixed bias 
voltage is applied to this control grid. To effect 
variation of the bias voltage at control grid G3 
there is provided a potentiometer 62 intercon 
nected between the negative voltage supply ter 
minal 36 and ground, with the potentiometer 62 
having a variable arm 62a. Resistor 6 inter 
connects variable arm 62a and isolating resistor 
56 associated with control grid 33 of thyratron 
tube 3 whereby a variable bias voltage is applied 
to this control grid. Adjustment of the variable 
arm 62a to desired positions results in a fixed 
pulse width output at the magnetron oscillator 
23 for each Setting of the variable arm. 
As shown, the variable arm 62a of potention 

eter 62 is connected through a blocking capaci 
tor 63 to a terminal 64, at which terminal a 
modulating waveform may be applied. As here 
shown a usual sine wave generator 60 provides 
the modulating Waveform; any usual modulating 
wave source may be utilized. Through this 
means the bias voltage at the control grid 33 
of thyratron tube 3 may be varied, with the 
pulse width output at the magnetron oscillator 
23, in this case, varying in accordance with the 
variations in the modulating waveforms that 
may be Supplied. Thus two methods of varying 
the pulse width output of the embodiment of 
Figure 1 are provided, one by movement of the 
adjustable arm 62a of the potentiometer 62, 
and the other by supplying a varying modulating 
Waveform to the arm 62d. 

Pulse formation in the embodiment of Fig 
ure 1 occurs when the pulse-forming network 
0 discharges, with the pulse-forming network 
to discharging when the main thyratron tubes 
2, and 26 controlling it are triggered into a 
conductive state by pulses provided by the tubes 
3 and 32. 
Triggering of thyrotron tube 26 into conduc 

tion connects dummy resistance load 25 into 
the pulse-forming network 0 and a voltage and 
current wave is formed which transverses net 
work 0, traveling toward thyratron tube 2 
connected to the opposite end thereof. Upon 
arrival of this wave at tube 2 the conductive 
state of the latter is terminated, because of a 
reduction to zero of the anode-cathode poten 
tial, to terminate the output pulse appearing 
at the magnetron oscillator 23. Similarly, ar 
rival of the voltage and current wave initiated 
by the conduction of thyratron tube 2 terminates 
conduction of thyratron tube 26, leaving the 
pulse forming network completely discharged. ' 
The pulse-forming network will again be 

charged from current supplied by the direct 
current source at terminal 4 and passing there 
from through the charging inductance 5 and 
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the series diode , and will be discharged once 
more when a pair of trigger impulses are pro 
vided to activate the thyratron tubes 2 and 2 
to initiate another pulse generating Operation. 
A circuit 28 for effecting phased pairs of trig 

gering pulses from single sawtooth-form timing 
pulses has been described. The circuit 28, as has 
been stated, is understood to be illustrative of 
but one form of timing circuit adapted to be 
manually adjusted to provide any desired fixed 
Output pulse width from zero up to the maximum 
time width which the network O is capable of 
producing, or which may be made to produce 
any desired variation in the width of successive 
output pulses within these limits, as in accord 
ance with the characteristics of a modulating 
waveform. . 

Practical application of the invention has been 
had and a construction in accordance with Fig 
lure 1 has been assembled and tested. A ten sec 
tion pulse-forming network O was devised hav 
ing a one-way transmission delay time of 1 
microsecond and a characteristic impedance of 
50 ohms, which network was charged from a 
positive 4000 volt direct-current source, through 
a charging inductance fs, having a value of 2.75 
henrys, and a type 3B24 series diode 6. A 50 
ohn resistance, substantially non-inductive, was 
utilized as the dummy load 25. A pulse trans 
former 7 having a 4.5 to 1 turns ratio was em 
ployed with connection being made to a type 
725A magnetron oscillator 23. The main space 
discharge tubes 2 and 26 were hydrogen thyra 
trons of the 4C35 type, and the trigger generat 
ing tubes 3 and 32 were miniature thyratrons 
of the 2D2 type. With this combination of ele 
ments, continuously controllable division of the 
network pulse output between the magnetron 
Oscillator 23 load and the dummy load 25 was 
obtained. The precision of triggering obtained 
was such that the variation or jitter in output 
pulse width and time position was negligible, 
estimated at being less than 0.02 microsecond. 

Figure 2 depicts curves which are illustrative 
of the time values involved in the operation of 
the embodiment of Figure 1; the time relation 
ships between the timing waveform which ini 
tiates trigger formation at thyratron tubes 3 
and 32, the trigger pulses ta and t1, the pulses 
generated at the magnetron oscillator 23 output 
load and at the dummy load 25 for a particular 
Setting of the control grid 33 bias level at thyra 
tron tube 3, are represented, respectively, by 
curves A, B, C, D and E. The setting of the bias 
level of control grid 33 of tube 3 f is for purpose 
of illustration made more negative than the level 
at the control grid 34 of tube 32, so that trigger 
formation at the latter tube occurs before trigger 
formation at tube 3. The output pulse time 
width at the magnetron oscillator 23 is equal to 
To- (t2-t1), where To represents the one-way 
transmission delay time of the pulse-forming 
network and t2 and t1 are the time instants of 
effecting conduction of thyratron tubes 2 and 
26 respectively. The interval (ta-ti) can be 
varied between the limits of plus To and minus To 
to produce full variation in the pulse width ap 
pearing at the magnetron load 23, from zero 
width to twice To, which is the maximum width 
obtainable. 

It is noted that the relative voltage amplitudes 
illustrated in Figure 2 have been exaggerated 
for a more ready understanding of the inven 
tion. In practice, the output waveforms appear 
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8 
dummy resistance load 2U may have imany times 
the amplitude of the timing waveform and trig 
ger pulses, and the actual magnetron oscillator 
terminal voltage drop is greater than the dummy 
load voltage drop, owing to the effect of trans 
former . All Waveforms shown are idealized, 
inasmuch as perfectly sharp leading and trailing 
edges are not obtainable in practice. 
The circuit illustrated in Figure 1 is satisfac 

tory for use particularly in those applications 
in which the pulse power dissipated by the 
dummy load 25 is of no consequence. During 
each pulse-forming discharge of the network fo 
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the energy stored in the network capacitors 2 
is almost completely dissipated, this being a con 
sequence of providing a magnetron load 23 and 
a dummy load 25 which have effective imped 
ances equal to the characteristic impedance of 
the network O. During discharge the voltage 
of each traveling wave has an amplitude approxi 
mately one-half that of the network storage po 
tential and the traversing of the network by 
these waves almost completely exhaust the stored 
energy. In Some applications this is an advan 
tage in that the recharging cycle produces the 
same network storage energy after each dis 
charge regardless of the manner of division of 
pulse width output. There are, however, appli 
cations in which it is expedient to reduce the 
impedance of the dummy load to a condition 
approaching short-circuit, in order to reduce the 
dissipated power. Figure 3, which will be de 
scribed in detail hereinafter, is illustrative of a 
circuit embodying this variation. 
The present invention contemplates the use 

of either a pair of useful load devices, or of one 
useful load device and a dummy load device, as 
has just been described in connection with Fig 
ure 1, with one device connected at each end of 
a pulse-forming network, and with the connec 
tion between the load devices and the energy 
storing network being controlled by electronic 
Space discharge devices, such as thyratron tubes. 
As is well known, thyratron tubes are normally 
non-conducting and are triggered into a con 
ducting state by the application thereto of rela 
tively low energy triggering pulses. The trig 
gering pulses required for use in the present in 
vention are provided in spaced pairs. The par 
ticular mechanism and devices for producing the 
triggering pulses form no part of this invention; 
any usual means for so doing may be employed, 
and it is understood that the method herein 
before described is to be taken as merely illus 
trative. The period between pairs of triggering 
pulses represents the period between pulse gen 
eration by the pulse-forming system. The time 
phasing relationship which exists between the 
individual triggering pulses which constitute a 
pair determines the manner of division of the 
total time width characteristic of the pulse 
forming network between the two load devices. 
In the instance where a single useful load device 
and a dummy load are utilized, the time phasing 
of the trigger pulses determines the time width 
of the output pulse appearing at the single use 
ful load. The dummy load here may be of either 
a dissipative or non-dissipative character, or it 
may be a device for returning energy to the pri 
mary Supply source, or further, under some cir 
cumstances, it may be a short circuit. However, 
in each case the principle of pulse time width 
Variation is the same. For in the present in 
vention as a dummy load device is connected 

ing at the magnetron oscillator 23 and the 75 to its appropriate end of the pulse-forming net 
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work, through the triggering of its associated 
space discharge device into conduction, a voltage 
and current wave is formed which traverses the 
pulse-forming network traveling toward the op 
posite load device and space discharge device. 
The arrival of this wave at the opposite end of 
the pulse-forming network terminates the con 
ductive state of the electronic space discharge 
device there present by its either reducing the 
anode-cathode potential of this space discharge 
device to a value too low to sustain conduction 
or by reversing the polarity of the anode-cathode 
potential, and thereby terminates the Output 
pulse appearing at the load. 

If two useful load devices are contemplated in 
asSociation with a pulse-forming network, with 
these load devices having an impedance equal to 
the characteristic impedance of the network, a 
complete charge or discharge of the pulse-form 
ing network will take place in a period varying 
from an amount equal to the one-way transmis 
sion delay time of the network to an amount 
twice such network delay time, dependent upon 
the manner of division of the total pulse out 
put width between the two load devices. The 
time width of the pulse appearing at the output 
loads may be indicated by the expressions 
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10 
of pulse-forming system, are capable, normally, 
of conduction in only one direction. The out 
put pulse time width at the single useful load is 
therefore to be indicated by the expression 
To-- (ta-t1), with ta and t1 representing respec 
tively the time of triggering of the dummy load 
and the output load device. 
The above discussed electrical charge of Op 

posite polarity appearing at the output load space 
discharge device terminates conduction therein, 
as has been stated, but tends to persist after the 
pulse-forming operation has been accomplished. 
This charge represents a storage of energy in 
the pulse-forming network. This energy may be 
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To-- (ta-t1) for one load, and To- (ta-tu) at the 
other, where To represents the one-way transmis 
sion delay time of the pulse-forming network, t1 
represents the time of triggering of the space 
discharge device which connects a load device at 
one end of the pulse-forming network, and t2 
is the time of triggering of the space discharge 
device which connects a dummy load or a load 
device at the opposite end of the network. The 
time interval (ta-ti) is controlled by the gener 
ating System which provides the pair of trigger 
ing impulses for operation of the two space dis 
charge devices connected to the ends of the pulse 
forming network. Wariation of the time interval 
(t2-t1) between the limits of plus and minus To 
represents the complete variation of pulse output 
division between the two loads. With a condi 
tion of tz=t1 both trigger pulses are applied 
simultaneously, and the output pulse at each load 
Will have a time width. To. 
Where but a single useful load device is to be 

utilized, having an impedance which may be 
varied over a wide range, it is expedient to use 
a dummy load having an impedance either equal 
to or lower than the characteristic impedance of 
the pulse-forming network in order that the out 
put load waveform will be free of the undesir 
able reflected waveforms which ordinarily follow 
the principal pulse waveform in applications 
where the effective output load impedance is 
higher than the impedance of the pulse-forming 
network. The use of a dummy load of the chair 
acter above specified provides for the formation 
of a voltage and current wave of such magnitude 
that the cessation of conduction of the space dis 
charge device associated with the output load 
device is assured despite wide variations in im 
pedance. 
A dummy load having an impedance lower than 

the network impedance provides a current and 
voltage wave which on arrival at the opposite 
end will cause a reversal of polarity of the voltage 
appearing across the output load space discharge 7 
device located there. This will effectively termi 
nate conduction in such space discharge device, 
since inherently electronic space discharge de 
vices such as thyratron tubes, which are ordi 
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removed through the use of a clipping diode, or it 
can be effectively reversed in polarity through 
the use of a diode and series inductance to pro 
vide a part of the energy required for the forma 
tion of the succeeding pulse or pulses, as will be 
hereinafter more fully described and explained. 
The various embodiments of the present inven 

tion will all make use of traveling voltage and 
current waves which originate from opposite ends 
of a Section of electrical transmission line or 
equivalent pulse-forming network. These travel 
ing waves are initiated by rendering conductive 
the pair of normally non-conducting electronic 
space discharge devices provided at each end of 
the pulse-forming network. It is here again 
noted that the time relationship between the be 
ginning of conduction of each of these space dis 
charge devices determines the time width of the 
output pulses which will be produced at the two 
independent load devices. The arrival of a 
traveling wave originating at one end at the op 
posite end of a pulse-forming network results in 
a cessation of conduction of the space discharge 
device connected to the load at such opposite end 
and a consequent cessation of the pulse output 
appearing at such load, provided that the proper 
impedance relationships have been maintained. 
The pairs of triggering pulses which render the 

space discharge devices conductive can be gen 
erated by any of the usual methods well known 
to the art, and the relative time phase relation 
ship between the trigger pulses which constitute 
a pair can be rapidly and continuously varied, 
producing a correspondingly rapid and continu 
ous change in the time width of Successive pulses 
produced at the load device or devices. Pulse 
formation in accordance with this invention can 
be accomplished through either charging or dis 
charging of a pulse-forming network, or by al 
ternate charging and discharging of the network, 
as will be hereinafter described. Any One of a 
variety of load devices may be expeditiously em 
ployed in the present invention, for example: re 
sistance loads, magnetron oscillators, laboratory 
pulse generators and other similar apparatus 
useful in applications wherein there is desired to 
employ accurate, rapidly repeated signals of short 
duration. The arrangement of components can 
be varied to accord with the requirements of par 
ticular operational situations without departing 
from the spirit and scope of this invention. Elec 
tronic space discharge devices of the gas filled 
thyratron type, being efficient and easily con 
trolled, are particularly well suited to this method 
of pulse formation, as has been discussed; how 
ever, other types of space discharge devices can 
be used, such as high-vacuum discharge devices 
or spark discharge devices. The electrical power 
source utilized to charge the pulse-forming net 
work for the production of pulses may be either 

narily utilized and are best suited for this type 75 alternating or direct current. 
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The embodiment of Figure 3 is an illustration 
of a circuit wherein the impedance of the dummy 
load is reduced to a condition approaching short 
circuit in order to reduce dissipated power. This 
embodiment comprises a pulse-forming network, 
indicated generally at 70, which provides a dis 
charge of approximately rectangular waveform, 
and which is composed of a plurality of shunt 
capacitors T, each of which has one side con 
nected to a common lead 72, and the opposite O 
sides connected one to the other by inductances 
73. As with the pulse-network O, the number 
Of condensers if and inductanees 3 utilized by 
pulse-network 70 is dependent on the degree of 
rectangularity desired in the output pulse. Net 
work 70 is provided with electrical energy atter 
minal 74, from an alternating current high volt 
age source, not shown, with the charge passing 
from terminal 4 through a charging inductance 

5. The storage of a charge on pulse-forming 
network TO is accomplished in fundamentally the 
same manner as in the case of the pulse-forming 
network of the embodiment of Figure 1. How. 
ever, a restriction on the operation of network 
O arises due to the omission of a series charging 
diode similar to diode 6 of Figure 1. This re 
striction is placed upon the repetition rate and 
time phase position of the pulse-forming action, 
for this action must occur in network TO during 
a positive portion of the line potential storage 
waveform, which follows the alternations in volt 
age of the alternating current power source 
which charges network TO. However in many 
applications, such as in some radar systems, this 
restriction is not a serious one, as the output pulse 
repetition rate may profitably be synchronous 
with the power supply frequency. 
The point of connection of the charging in 

ductance 75 to the pulse-forming network TO is 
not critical for the charging efficiency will be 
substantially the same whatever the point of 
connection, and during the pulse-forming opera 
tions the relatively high inductance of device 75 
effectively isolates the power source from net 
work). 
A pair of thyratron tubes 76 and TT are con 

nected to opposite ends of the pulse-forming net 
work 70, with the connection being made to the 
anodes 78 and 79 of these tubes. Variable load 
resistances 8 and 82 are provided, one associated 
with each tube 76 and TT, which variable load 
resistances are connected between cathodes 83 
and 84 of tubes 76 and 77, respectively, and 
ground. A pair of pulse transformers 85 and 86 
are connected, respectivelv, to control grid 87 of 
tube 76 and control grid 88 of tube 77, and pro 
vide negative bias voltages on such grids whereby 
the thyratron tubes 76 and TT are held in nor 
mally non-conducting state. Pairs of trigger 
pulses t1 and to are generated by external timing 
circuits, not shown to avoid repetition, but which 
may be of the type utilized by the embodiment 
of Figure 1 and indicated generally at 28, and 
which is associated with the source Z which pro 
vides a sawtooth wave. Any other similar cir 
cuit may of course be utilized. These trigger pulses 
t1 and t2 are applied to the control grids 87 and 
38 of tubes 76 and 77 through terminals 9 and 
92 of the pulse transformers 85 and 86. Again as 
in the case of the embodiment of Figure 1 the 
time phasing of the trigger pulse pairs determines 
the time division of the pulse forming network 
output, which in the present embodiment is to 
be divided between the load resistances 8 and 
2. Terminals 93 and 94 are provided, respec 
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12 
tively, at load resistances 8 and 82 at which the 
output of network TO will appear to be carried 
to the point of utilization. 
To illustrate a useful characteristic of the 

pulse-forming System of Figure 3, it will be as 
Sumed that the load resistance 82 has an im 
pedance 'Several times the magnitude of the 
characteristic impedance v1/c of the pulse form 
ing network O. In the conventional method of 
forming pulses, a pulse output characteristic simi 
lar to curve F shown in Figure 4 would be ob 
tained at output terminal 94. This condition 
could be obtained in the system of Figure 3 by 
deliberately omitting trigger pulses t1, so that 
tube 76 and its associated load resistance 8 
would be effectively isolated from the network 
70. An output waveform of this character is un 
desirable in applications which require rectangu 
lar pulse output; therefore, in the conventional 
pulse-forming Systems, the load impedance must 
be restricted to magnitudes equal to or lower 
than the magnitude of the characteristic imped 
ance of the pulse-forming network. In the sys 
tem of Figure 3, to obtain a rectangular pulse at 
output terminal 94 the load impedance is not 
Subject to this restriction, because of the utiliza 
tion of the load resistance 8? and its associated 
tube 76. Load resistance 8 is set to an im 
pedance value equal to or less than the char 
acteristic impedance of the network To and by 
triggering the two thyratron tubes 76 and 77 by 
means of paired trigger pulses the rectangular 
characteristic of the pulse output at output ter 
minal 94 can be maintained despite a wide range 
of impedance mismatch, and the load output 82 
may have either a higher or lower impedance 
than the characteristic impedance of the net 
Work O. The traveling voltage and current wave 
provided when load resistance 78 is utilized in 
the System, which wave traverses the pulse-form 
ing network to act upon the thyratron tube TT at 
the opposite end, is the effective factor in secur 

A. 
pulse waveform of the type that will appear at 
output terminal 94 in the present embodiment 
of the invention is illustrated by curve G of Fig 
ure 4. It is here noted that the pulse waveform 
is free of undesirable reflections, and that the 
pulse width is variable between zero and 2To. 
A negative charge may be left on the capaci 

tors of pulse-forming network TO in the opera 
tion thereof. This negative charge will ordinarily 
be reversed during the succeeding network charg 
ing cycle, after the thyratron tubes 76 and TT 
have recovered to their normal non-conducting 
state wherein they are again adapted to be used 
to provide energy for succeeding pulse forma 
tions. In particular applications, the load re 
sistance 8 may be replaced by a direct connec 
tion to ground, in which case the thyratron tube 
T6 is used only for the control of the output pulse 
width and for the provision of a greater im 
pedance flexibility at output terminal 94. 
The load impedance flexibility obtainable by 

the use of the present invention is particularly 
useful in such applications as pulse modulation 
of magnetrons, where the magnetron impedance 
ordinarily rises as the applied pulse voltage is 
lowered below the optimum value; or in use with 
laboratory pulse generators, where a wide range 
of output impedance values is desirable. 

Figure 5 illustrates another embodiment of the 
invention wherein variable-width pulse forma 
tion is accomplished during both the charge and 
the discharge of a pulse-forming network. 
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As shown this embodiment comprises a pulse 
forming network too, similar in operation and 
construction to pulse-forming networks O and 
70 hereinbefore described. Network OO is com 
posed of a plurality of interconnected shunt ca 
pacitors to and series inductances 02. A pair 
of pulse-transformers 03 and 04 is connected 
to the network 00 at opposite ends thereof 
through windings fos and 06 of such trans 
formers. Connections to load devices, not shown 
and which may be magnetron oscillators, re 
sistances, other radio apparatus or the like, are 
made through winding OT of pulse-transformer 
03 and through winding 08 of pulse-transformer 
04. It is preferred that the values of the load 

impedances and the pulse transformer ratios be 
so chosen that each load device presents an im 
pedance in series with the pulse-forming net 
work foo equal to the characteristic impedance 
of the network during charging and discharging 
operations. A thyratron tube is connected 
to one end of the winding 05 of transformer 03 
and a second thyratron tube 2 is connected to 
the opposite side thereof, the connections being 
made through the cathode 3 of tube f and 
anode 4 of tube 2. Two thyratron tubes 5 
and f 16 are similarly connected to opposite ends 
of winding 06 of transformer 04, through cath 
ode 7 of tube 5 and anode 8 of tube 6. 
The windings 05 and 07 of pulse-transformer 
O3 and windings 06 and 08 of pulse-trans 

former 04 are so arranged that current flow into 
the pulse-forming network OO during the charg 
ing operation and current flow out of the net 
work during the discharging operation produces 
pulses of the same polarity at the load devices 
to be associated with this system, Thyratron 
tubes and f 5 are effective in producing pulse 
formations, during the charging of the pulse 
forming network OO and the oppositely disposed 
thyratron tubes if 2 and f 6 are effective in pro 
ducing pulse formation during the discharging of 
the network 00. 
Power for effecting operation of this pulse 

generating system is provided by a high voltage 
direct current source with a positive polarity con 
nection being made at terminal 2. A capaci 
tor 22 is connected between terminal 2 and 
ground, which capacitor acts to reduce the effec 
tive impedance of the power supply during the 
network charging operation. 

Pairs of trigger pulses t1 and ta for Operating 
thyratron tubes and 5 are supplied atter 
minals f 23 and 24 from a trigger generating cir 
cuit, or source, not shown and which again may 
be of the type utilized by the embodiment of Fig 
ure 1; which pulses pass through isolating pulse 
transformers 25 and 26 associated with these 
tubes and if 5. The pulse transformer 25 
associated with tube has a winding 27 con 
nected to ground and a winding 28 connected 
between the control grid 3 of the tube and the 
winding O5 of pulse transformer 03. The pulse 
transformer 26 associated with tube f 5 has one 
winding 32 which is connected to ground and a 
second winding 33 interconnecting the control 
grid 34 of tube if 5 and winding f Os of pulse 
transformer 04. 
A similar arrangement for effecting operation 

of the thyratron tubes if 2 and f6 is provided. 
The pairs of trigger pulses t1 and t2 for effecting 
operation of these tubes 2 and 6 are supplied 
by a trigger generating circuit, not shown, which 
is connected to terminals 35 and 36. An iso 
lating pulse transformer 37 is connected be 
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4. 
a second isolating pulse transformer 8 is pro 
vided between terminal f38 and thyratron tube 

B. The pulse transformer f37 has a first wind 
- ing 4f connected between terminal 35 and 
ground and a second winding 42 connected be 
tween the control grid 43 of tube t 2 and 
ground. The pulse transformer 38 is provided 
with a winding 44 connected between terminal 
36 and ground, and a winding 45 connected 

between the control grid 46 of tube 6 and 
ground. 
The rate at which the external generating cir 

cuits, which is understood to be of the type 
utilized by the embodiment of Figure 1, employed 
by the present embodiment provides the pairs 
of trigger pulses for operating the various thyra 
tron tubes of the present embodiment determines 
the repetition rate at which charge and discharge 
of the pulse-forming network foo occurs. The 
phasing of the trigger pulses which constitute a 
pair determines the manner of division of the 
pulse output of network OO to the load devices 
connected to pulse-transformer 03 and pulse 
transformer f4. It is understood that the phas 
ing may be accomplished in any well-known man 
ner, the method described in connection with the 
embodiment of Figure 1, it is contemplated, may 
here be employed. 
The circuit of Figure 5 operates in the same 

fashion during both the charging and discharging 
stages to produce variable width pulses. In each 
instance the space discharge devices provided at 
each end of the network foo are triggered into 
conduction to effect a flow of current and to in 
itiate current and voltage waves which travel 
from one end toward the opposite end of the net 
work and upon arrival there effect a cessation in 
conduction of the space discharge device there 
located and consequently cause cessation of the 
pulse output in the load connected thereto. A 
high pulse repetition rate is obtainable with this 
embodiment of the invention since charging and 
discharging of the network is accomplished very 
rapidly. 
As has been stated the thyratron tubes and 

is produce pulse formations during charging 
of network OO and the thyratron tubes 2 
and 6 are operative during discharge of net 
work O. 
Assuming that zero potential exists on pulse 

forming network 00, triggering of tubes and 
5 into conduction by a pair of trigger pulses 

results in the initiation of pulse output at both 
of the load devices at pulse-transformers 3 and 
04. Traveling voltage and current waves are 

formed in network OO having voltage ampli 
tudes approximately equal to one-half the Sup 
ply voltage amplitude. The arrival of the re 
spective traveling waves at the opposite ends of 
network OO halts conduction of the tubes 
and 5 and terminates the pulse output ap 
pearing at each load device and leaves the net 
work OO charged to approximately the full Sup 
ply voltage. The next operation involves the dis 
charge of network 00 when thyratron tubes 2 
and ft 6 are triggered into conduction by a pair 
of trigger pulses supplied at terminals 35 and 
f36 and through isolating pulse transformers 37 
and 38. Again the pulse output at each load 
device associated with pulse-transformers O3 
and O4 is initiated at the moment of conduction 
of the associated thyratron tube and is termi 
nated by the arrival of the voltage and current 
traveling wave initiated at the moment of Con 

tween terminal 35 and thyratron tube i 12 and 75 duction of the thyratron tube connected at the 
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opposite end of the network. As during the 
charging operation, the phasing of the trigger 
pulses which constitute a pair determines the 
manner of division of pulse-forming network out 
put between the two load devices. The time 
width of the pulse output appearing at the load 
device at pulse-transformer 03 is given by the 
expression To-- (ta-tu) and the time width of the 
pulse output at the load device at pulse-trans 
former O4 is given by the expression To- (ta-ti), 
with To representing the one-way transmission 
delay time of the pulse-forming network OO and 
it and ta representing the time of triggering into 
conduction of thyratron tubes and 5, or 
alternatively, tubes 2 and 6. 

Figure 6 illustrates an embodiment of the in 
vention which provides for the formation of 
pulses during the rapid charging of a pulse 
forming network from a source of electrical en 
ergy, with the charge formed on the network 
capacitance being either dissipated or reversed 
in polarity during the time period between pulse 
formation. 
As in the other embodiments a pulse-forming 

network equivalent to a section of electrical 
transmission line is employed, herein indicated 
generally at 50. This network 50 is also com 
prised of a plurality of shunt capacitors 5, 
joined by a common lead line 52, at one of their 
sides, and interconnected at their other sides 
by a plurality of series inductances 53. High 
voltage from a direct current source is provided 
for the pulse-forming network 50 at a termi 
nal 54. A capacitor 55 is connected between 
the high voltage terminal 54 and ground, and 
is provided to effectively decrease the impedance 
of the high voltage source during the pulse-gen 
erating operation, which will ordinarily require a 
very high momentary current flow from the cur 
rent source, most of this momentary current 
being supplied from the charge accumulated on 
capacitor 5. 
A series diode 56 and Series inductance 5. 

are connected between the terminal 58 of net 
work 50 and the high voltage terminal 54. 
A pair of output pulse transformers 6 and 62 

is connected to the network 50, one at each end 
thereof. Also connected to the opposite ends of 
the network 50, by the transformers 6 and 62, 
are thyratron tubes 63 and 64. Pulse trans 
former 6 is provided with a winding 65 which 
is connected to ground and a winding 66 which 
interconnects anode 6 of tube 63 and the net 
work 50; and pulse transformer f62 has a wind 
ing 68 which connects to ground and a second 
winding 69 which connects anode if of tube 
64 to network 50. 
The load devices to be employed with this en 

bodiment of the invention are connected thereto 
by the windings 65 of pulse-transformer 6 and 
68 of pulse-transformer 62. 
The thyratron tubes 63 and 64 utilized are 

of the usual normally non-conducting type, and 
have their cathodes 2 and 3 connected to 
ground. The tubes 63 and 64 are rendered 
conductive by the application of positive trigger 
ing waveforms t1 and ta provided at their respec 
tive control grids and 5. The connection 
of tubes 63 and 64 to a source of triggering 
waveforms, not shown, is made at the terminals 
74 and 75. The triggering waveform source, it 

is understood, may be of any usual construc 
tion, and one which may be utilized, it is con 
templated, is the type employed by the embodi 
ment of Figure 1. 
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The present embodiment of the invention will 

operate as follows, assuming first an absence of 
charge on the capacitors fit of pulse-forming 
network 50: on triggering of the thyratron tubes 
63 and 64 into conduction there results a flow 

of current through pulse transformers 6 and 
62 and there will be initiated a pulse Output at 

the load devices associated with the pulse trans 
formers 6 and 62. Traveling voltage and cur 
rent waves are initiated by the flow of current 
at the two ends of the network 50, which waves 
traverse the network in a time equal to the trans 
mission delay time of the pulse-forming net 
work. Conduction of each thyratron tube 63 
and 64 and pulse output at the load devices con 
trolled by these tubes is terminated by the ar 
rival of the traveling wave from the opposite end 
of the network 50, thus with the cessation of 
conduction of both thyratrons the pulse-gener 
atting operation is completed. The pulse-form 
ing network 50 is left in a charged condition 
immediately following the pulse-generating oper 
ation. The magnitude and polarity of this 
charge is such as to prevent conduction in either 
thyratron. This charge is reversed in polarity 
before the next pulse-generating operation; re 
versal is accomplished through the use of the 
Series diode 56 and the Series inductance 5. 
connected to the network 50. The combina 
tion of the inductance 5 and the aggregate of 
the line capacitors 5 results in a half-cycle of 
oscillatory discharge through the series diode 156, 
which permits current flow in one direction only. 
This action effectively reverses the polarity of the 
charge on the network capacitors 5. The net 
effect is to provide an increased supply voltage 
for the formation of the succeeding pulses. The 
value of the series inductance f is so chosen 
that the reversal half-cycle takes place within 
the time period between the generation of suc 
cessive pulses. A restriction upon the minimum 
time of reversal is in Oosed by the deionization 
time of the thvratron tubes. The relatively high 
reactance of the series inductance 57 effectively 
isolates it from the pulse-forming network dur 
ing the brief interval of pulse-generation. The 
duration of the conduction interval nf each 
thryatron tube. and the conseculent time dura 
tion of the rectangular ouse outout in the as 
Sociated load devices, is determined bv. the trans 
mission delay time of the pulse-forming network 
5 and upon the relative time phasing of the 

triggering into conduction of the thyratron tubes. 
It is understood that, as in the other embodi 
ments of the invention, the time phase of the 
triggering pulses can be adjusted either manu 
aw or in accordance with a modulating wave 
form to provide for continuously variable divi 
sion of the pulse width characteristic of the 
pulse-forming network between the two load de 
wires employed. 
An advantage common to the various embodi 

ments of the invention. which is realized when 
both of the load devices have ecual impedance, is 
the fact that for a given pulse repetition rate, the 
load offered by the pulse-forming network to the 
primary power supply is constant, regardless of 
the manner in which the pulse output is divided. 
This permits pulse-width adjustment or modul 
lation without an attendant change in pulse 
amplitude, since the voltage regulation of the 
power supply does not become a factor in deter 
mining output pulse amplitude unless the repeti 
tion rate is changed. 
while certain preferred embodiments of the 
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invention have been specifically disclosed, it is 
understood that the invention is not limited 
thereto as many variations will be readily appare 
ent to those skilled in the art and the invention 
is to be given its broadest possible interpretation 
within the terms of the following claims. 

I claim: 
1. In a pulse generating circuit, a pulse-form 

ing network wherein electrical energy is adapted 
to be stored, said network having a connection 
to a source of electric current supply load devices 
connected to said network and at each end there 
of, means for intermittently electrically inter 
connecting said load devices with said network 
comprising a normally non-conducting electronic 
space discharge device operatively associated with . 
each of said load devices and having a series con 
nection therewith and a connection to ground 
and means operatively connected to Said elec 
tronic space discharge devices for rendering Said 
space discharge devices conductive to thereby 
initiate pulse generation. 

2. In a pulse generating circuit, a pulse-form 
ing network wherein electrical energy is adapted 
to be stored, said network having a connection 
to a source of electric current Supply load de 
vices, each having an impedance equal to the 
characteristic impedance of the network, coin 
nected to said network and at each end thereof, 
a normally non-conducting electronic space dis 
charge device operatively associated with each of 
said load devices and having a series connection 
there with and a connection to ground, and means 
operatively connected to said electronic space dis 
charge devices rendering said Space discharge 
device conductive, and independently of one an 
other, to thereby initiate pulse generation. 

3. In a pulse generating circuit, a pulse-form 
ing network wherein electrical energy is adapted 
to be stored, said network having a connection 
to a source of electric current supply load de 
vices connected to said network and at each end 
thereof, a normally non-conducting electronic 
space discharge device operatively associated 
with each of said load devices and having a 
series connection therewith and a connection to 
ground, and means operatively connected to said 
electronic space discharge devices for rendering 
said space discharge devices conductive, and in 
dependently of one another, to thereby initiate 
pulse generation, said means for rendering said 
space discharge devices conductive comprising 
means operative to effect division of the maxi 
mum pulse time width characteristic of the pulse 
forming network in a predetermined ratio be 
tween said load devices. 

4. En a pulse generating circuit, a pulse-form 
ing network wherein electrical energy is adapted 
to be stored, said network having a connection 
to a source of electric current Supply load de 
vices connected to said network and at each end 
thereof, a normally non-conducting electronic 
space discharge device operatively associated 
with each of Said load devices and having a 
series connection therewith and a connection to 
ground, and means operatively connected to said 
electronic space discharge devices for rendering 
said space discharge devices conductive, and in 
dependently of one another, to thereby initiate 
pulse generation, said means for rendering said 
space discharge devices conductive comprising 
means to establish the length of the time inter 
val between successive pulse-generating opera 
tions. 

5. In a pulse generating circuit, a pulse-form 
ing network wherein electrical energy is adapted 
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to be stored, said network having a connection 
to a source of electric current supply load da 
vices connected to said network and at each end 
thereof, a normally non-conducting electronic 
space discharge device operatively associated 
with each of said load devices and having a 
series connection therewith and a connection to 
ground, and means operatively connected to said 
electronic space discharge devices for rendering 
Said space discharge devices conductive, and in 
dependently of one another, to thereby initiate 
pulse generation, said means for rendering said 
Space discharge devices conductive comprising 
means operative to effect division of the maxi 
mum pulse time width characteristic of the pulse 
forming network in a predetermined ratio be 
tween said load devices, and means to establish 
the length of the time interval between succes 
Sive pulse-generating operations. 

6. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, said transmission 
line Section having a connection to a source of 
electric current Supply, load devices connected to 
Said transmission line and at each end thereof, 
a normally non-conducting electronic space dis 
charge device aSSociated with each of said load 
devices and having a series connection there 
with and a connection to ground, means opera 
tively connected to Said electronic space discharge 
devices for rendering Said space discharge de 
vices conductive to discharge rapidly the energy 
stored in said transmission line section and there 
by initiate pulse generation and means for iso 
lating said transmission line section from its 
Source of electrical energy during the pulse gen 
eration period. 

7. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, said transmission 
line Section having a connection to a source of 
electric current Supply, load devices, each having 
an impedance equal to the characteristic imped 
ance of the transmission line section, connected, 
in Series, to said transmission line and at each 
end thereof, a normally non-conducting elec 
tronic space discharge device associated with 
each of Said load devices and having a series 
connection therewith and a connection to ground, 
means operatively connected to said electronic 
Space discharge devices for rendering said space 
discharge devices conductive, and independently 
of one another, to discharge rapidly the energy 
stored in said transmission line section and 
thereby initiate pulse generation and means for 
isolating Said transmission line section from its 
Source of electrical energy during the pulse gen 
eration period. 

8. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, Said transmission 
line Section having a connection to a Source oil 
electric current Supply, load devices connected to 
Said transmission line and at each end thereof, a 
normally non-conducting electronic space dis 
charge device aSSociated with each of Said load 
devices and having a Series connection there 
with and a connection to ground, means oper 
atively connected to Said electronic space dis 
charge devices for rendering Said Space discharge 
devices conductive, and independently of one an 
other, to discharge rapidly the energy stored in 
Said transmission line Section and thereby ini 
tiate pulse generation and means for isolating 
said transmission line section from its source of 
electrical energy during the pulse generation peri 
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od, said means for rendering said space discharge 
devices conductive comprising means operative to 
effect division of the maximum pulse time width 
characteristic of the transmission line section in 
a predetermined ratio between said load devices. 

9. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
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energy is adapted to be stored, said transmission 
line section having a connection to a source of 
electric current supply, load devices connected to 
said transmission line and at each end thereof, a 

0. 

normally non-conducting electronic space dis-, 
charge device associated with each of said load 
devices and having a series connection therewith 
and a connection to ground, means operatively 
connected to said electronic space discharge de 
vices for rendering said space discharge devices 
conductive, and independently of one another, to 
discharge rapidly the energy stored in said trans 
mission line section and thereby initiate pulse 
generation and means for isolating said trans 
mission line section from its source of electri 

5 

20 

cal energy during the pulse generation period, 
said means for rendering said space discharge de 
vices conductive comprising means to establish 
the length of the time interval between Succes 
sive pulse-generating operations. 

10. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, said transmission 
line section having a connection to a Source of 
electric current supply, load devices, each having 
an impedance equal to the characteristic in 
pedance of the transmission line section, con 
rected, in series, to said transmission line and 
at each end thereof, a normally non-conducting 
electronic space discharge device associated with 
each of said load devices and having a series con 
nection therewith and a connection to ground, 
means operatively connected to said electronic 
space discharge devices for rendering said space 
discharge devices conductive, and independently 
one of another, to discharge rapidly the energy 
stored in said transmission line section and 
thereby initiate pulse generation and means for 
isolating said transmission line section from its 
source of electrical energy during the pulse gen 
eration period, said means for rendering said 
space discharge devices conductive comprising 
means operative to effect. division of the maxi 
imum pulse time width characteristic of the 
transmission line section in a predetermined ratio 
between said load devices, and comprising means 
to establish the length of the time interval be 
tween successive pulse generating operations, the 
amplitude of the output pulse appearing at the 
load devices and the electrical energy drain of 
the transmission line section remaining sub 
stantially constant for all divisions of the out 
put pulse time width. - 

11. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, said transmission 
line Section having a connection to a Source of 
electric current supply, load devices, each hav 
ing an impedance equal to the characteristic im 
pedance of the transmission line section, Cor 
nected in series to said transmission line and at 
each end thereof, a normally non-conducting 
electronic space discharge device associated with 
each of said load devices and having a series 
connection therewith and a connection to ground, 
means operatively connected to said electronic 
space discharge devices for rendering said Space 
discharge devices conductive, and independently 
of one another, to discharge rapidly the energy 
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stored in said transmission line section and 
thereby initiate pulse generation and means for 
isolating said transmission line section from its 
source of electrical energy during the pulse gen 
eration period, said means for rendering said 
electronic space discharge devices conductive in 
cluding means operable to vary the time rela 
tionship between the instants of conduction of 
said electronic space discharge devices to vary 
the amount of energy that will be provided at 
each load as the transmission line section is dis 
charged in response to the activation of said elec 
tronic space discharge devices. W 

12. In a pulse generating circuit, an electrical 
transmission line Section, wherein electrical 
energy is adapted to be stored, Said transmission 
line section having a connection to a Source of 
electric current supply, a load device provided 
at each end of said transmission line section and 
(connected in Series thereto, each of Said load de 
vices having an impedance equal to the charac 
teristic impedance of the transmission line Sec 
tion, a normally non-conducting electronic space 
discharge device aSSociated with each of said load 
devices and having a series Connection therewith 
and a connection to ground, means operatively 
connected to said electronic space discharge de 
vices to provide pairs of triggering electrical 
pulses for rendering said space discharge de 
vices conductive, and independently of one an 
other, to discharge rapidly the energy stored in 
Said transmission line Section and thereby ini 
tiate pulse generation and means for isolating Said 
transmission line section from its source of elec 
trical energy during the pulse generation period, 
said means for rendering said electronic space 
discharge devices conductive comprising a plu 
rality of a normally non-conducting electronic 
space discharge device, one connected to each 
of said first mentioned discharge devices and 
adapted when they become conductive to trig 
ger said first mentioned discharge devices into 
conduction, and means to provide bias voltage 
upon the control grids of said second mentioned 
discharge devices, said bias providing means in 
cluding means to vary the bias provided upon at 
least one of said control grids of said Second men 
tioned discharge devices. 

13. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, Said transmission 
line section having a connection to a Source of 
electric current supply, a load device provided at 
each end of said transmission line section and 
connected in Series thereto, each of said load de 
vices having an impedance equal to the charac 
teristic impedance of the transmission line Sec 
tion, a normally non-conducting electronic space 
discharge device associated with each of Said 
load devices and having a Series connection 
therewith and a connection to 'ground, means 
operatively connected to Said electronic space 
discharge devices to provide pairs of triggering 
electrical pulses for rendering said space dis 
Charge devices conductive, and independently of 
one another, to discharge rapidly the energy 
stored in Said transmission line Section and there 
by initiate pulse generation and means for iso 
lating said transmission line section from its 
source of electrical energy during the pulse gen 
eration period, said means for rendering Said 
electronic space discharge devices conductive 
comprising a plurality of a normally non-con 
ducting electronic space discharge device, one 
connected to each of said first mentioned dis 
charge devices and adapted when they become 
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conductive to trigger said first mentioned dis 
charge devices into conduction, and means to 
provide bias voltage upon the control grids of said 
second mentioned discharge devices, said biaS 
providing means including means to vary the bias 
provided upon the control grid of one of said Sec 
ond mentioned discharge devices and to provide 
a fixed bias voltage to the control grid of the 
other of said discharge devices, and means COn 
nected to said control grids to initiate periodi 
cally the flow of current therethrough. 

14. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, said transmission 
line section having a connection to a Source of 
electric current supply, a pair of load devices Con 
nected in series to said transmission line, one at 
each end thereof, one of said load devices hav 
ing an impedance equal to the characteristic in 
pedance of the transmission line section, and the 
other of said load devices being subject to a vari 
ation of impedance with relation to the char 
acteristic impedance of said transmission line 
section, a normally non-conducting electronic 
space discharge device associated with each of 
said load devices and having a series connection 
therewith and a connection to ground, means 
operatively connected to said electronic Space dis 
charge devices for rendering said space discharge 
devices conductive, and independently of One an 
other, to thereby initiate pulse generation and 
means for isolating said transmission line section 
from its source of electrical energy during the 
pulse generation period. 

15. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, said transmission 
line section having a connection to a Source of 
electric current supply, a pair of load devices 
connected in series to said transmission line, one 
at each end thereof, one of said load devices hay 
ing an impedance lower than the characteristic 
impedance of the transmission line section, and 
the other of said load devices being subject to a 
variation of impedance with relation to the char 
acteristic impedance of said transmission line 
section, a normally non-conducting electronic 
space discharge device associated with each of 
said load devices and having a Series Connec 
tion therewith, and a connection to ground, 
means operatively connected to said electronic 
space discharge devices for independently ren 
dering said space discharge devices conductive, 
and independently of one another, to discharge 
rapidly the energy stored in said transmission 
line section and thereby initiate pulse generation 
and means for isolating said transmission line 
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transmission line section and thereby effect pulse generation. 

17. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, said transmission 
line section having a connection to a source of 
electric current Supply, load devices connected 
to Said transmission line and at each end thereof 
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and means for intermittently electrically inter 
connecting said load devices with said transmis 
ision line section comprising, two normally non 
conducting electronic space discharge devices 
associated with each of said load devices and 
having a series connection therewith and a con 
nection to ground, and means operatively con 
nected to Said electronic space discharge devices 
for rendering said space discharge devices con 
ductive and in pairs, which pairs comprise une 
space discharge device at each end of said trans 
mission line, alternately to store rapidly and to 
discharge rapidly the said energy stored in said 
transmission line section and thereby effect pulse 
generation, said means for rendering said elec 
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section from its source of electrical energy during 
the pulse generation period. 

16. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, said transmission 
line section having a connection to a Source of 
electric current supply, load devices connected 
to said transmission line and at each end thereof 
and means for intermittently electrically inter 
connecting said load devices with said transmis 
sion line section comprising, two normally non 
conducting electronic space discharge devices as 
sociated with each of Said load devices and hav 
ing a series connection there with and a connec 
tion to ground, and means operatively connected 
to said electronic space discharge devices for 
rendering, in pairs, said space discharge devices. 
conductive alternately to store rapidly and to 
discharge rapidly the said energy stored in said 
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tronic space discharge devices conductive com 
prising means operative on, said pairs of space 
discharge devices to render each member of a 
pair conductive independently of one another 
during a pulse generating operation. 

18. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, said transmission 
line Section having a connection to a source of 
electric current supply, load devices connected 
to said transmission line and at each end thereof 
and means for intermittently electrically inter 
connecting Said load devices with said transmis 
Sion line section comprising, two normally non 
conducting electronic Space discharge devices as 
sociated with each of said load devices and hav 
ing a series connection therewith and a connec 
tion to ground, means operatively connected to 
said electronic space discharge devices for render 
ing said space discharge devices conductive and in 
pairs comprised of one space discharge device at 
each end of Said transmission line, one pair of 
which Operates to rapidly charge the transmission 
line with electrical energy and the other pair 
operates to rapidly discharge said stored energy, 
with pulse formation occurring during both the 
charging and the discharging of said transmis 
Sion line. 

19. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, said transmission 
line Section having a connection to a source of 
electric current supply, load devices, connected 
to said transmission line and at each end thereof 
and means for intermittently electrically inter 
connecting said load devices with said transmis 
sion line section comprising, two normally non 
conducting electronic space discharge devices as 
Sociated with each of said load devices and hav 
ing a series connection therewith and a connec 
tion to ground, means operatively connected to 
said electronic space discharge devices for ren 
dering said space discharge devices conductive 
and in pairs comprised of One Space discharge de 
vice at each end of said transmission line, one 
pair of which operates to rapidly charge the 
transmission line with electrical energy while si 
multaneously forming pulses at said load devices, 
and the other pair operates to discharge said 
stored energy to form pulses. 

20. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, said transmission 
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line section having a connection to a source of 
electric current supply, load devices connected 
to said transmission line and at each end thereof 
and means for intermittently electrically inter 
connecting said load devices with said transmis 
sion line section comprising, a normally non 
conducting electronic space discharge device as 
sociated with each of said load devices and hav 
ing a series connection therewith and a connect 
tion to ground, and means operatively connected 
to said electronic space discharge devices for in 
dependently rendering said space discharge de 
vices conductive to rapidly store energy in said 
transmission line section while simultaneously 
forming pulses at said load devices. " . . 

21. In a pulse generating circuit, an electrical 
transmission line section, wherein electrical 
energy is adapted to be stored, said transmission 
line section having a connection to a source of 
electric current supply, load devices connected 
to said transmission line and at each end thereof, 
a normally non-conducting electronic space dis 
charge device associated with each of said load 
devices and having a series connection therewith 
and a connection to ground, means operatively as 2,470,550 
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- connected to said electronic space discharge de 
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vices for independently rendering said space dis 
charge devices conductive to rapidly store en 
ergy in said transmission line section while si 
multaneously forming pulses at said load devices, 
and means for reversing said stored energy to 
provide part of the energy required for succeed 
ing pulses. - 
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