
Sept. 3, 1946. A. A. VARELA 2,406,871 
TRIODE OSCILLATOR, CIRCUIT 

F. IS-1 

ME 

Filed Sept. 22, 1941 2 Sheets-Sheet l 

- Fic-3 

TE 

/WMEM7OW 
1rizr-1. 16are Aa 

Y Ko a 24 
a 77OAMEY 

  



Sept. 3, 1946. A. A. varELA 2,406,871 
TRIODE OSCILLATOR CIRCUIT 

Filed Sept. 22, 1941 . 2 Sheets-Sheet 2 

FIG-4 

twVEwroR . 

Arizz 1 area 
Y 

arrower ; 

  



Patented Sept. 3, 1946 2,406,871 

UNITED STATES PATENT OFFICE 
2,406,871 
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4 Claims. 

This invention relates to radio frequency pulse 
generators and more particularly to self-quench 
ing Oscillator circuits for generating radio fre 
quency pulses. 
Self-quenching oscillator circuits that have 

been proposed heretofore for generating radio 
frequency pulses comprise a conventional oscil 
lator circuit, including an electron discharge de 
vice having an anode, cathode and at least one 
Control - electrode interconnected in Such a man 
ner as to cause said device to oscillate. In order 
to provide the self-quenching feature and thus 
produce radio frequency pulses at the output of 
the circuit, the prior systems utilize resistance 
means, of a high value, connected in the control 
electrode path, with suitable capacitance means 
shunted across the resistance means. In opera 
tion of systems of the foregoing character, when 
the electron device commences to oscillate, recti 
fied control electrode current is generated which 
flows to and gradually charges the capacitance 
means thus producing a gradually rising self-bias 
On the control electrode which in turn causes the 
angle during which the anode draws current to 
gradually decrease until the point of extinction 
is reached. The term anode current anglemen 
tioned above and referred to hereinafter in the 
specification and the clains has reference to the 
period that the plate of the oscillator tube draws 
current with respect to each cycle of excitation 
voltage applied to the control grid of the tube. 
The foregoing operation produces radio fre 

quency pulses having asymmetrically shaped en 
velopes, due to the inherent operating character 
istics of the capacitance means. The magnitude 
of the pulse envelope is not. Substantially. Constant 
throughout any portion thereof, and the radio 
frequency Voltage magnitude, with respect to an 
increase in the period of the pulse, gradually be 
comes less and less as the point of extinction is 
reached. From all practical viewpoints, radio 
frequency pulses having pulse envelopes of sub 
stantially rectangular Symmetrical shape, where 
in the magnitude of each pulse envelope remains 
substantially constant throughout a greater por 
tion thereof, and wherein the magnitude of the 
envelopes sharply decreases, from maximum to 
the extinction point, through a small period of 
the pulse, has been found desirable for numerous 
reasons. As stated above, in operation of the 
prior systems, the control electrode voltage con 
tinually varies throughout the period of the pulse, 
such voltage variations not only produces a Sym 
metrical pulse envelopes but also produces a 
shift in the carrier, frequency. Such frequency 
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modulation is very objectionable since it requires 
a corresponding decrease in receiver selectivity 
with resulting loss in signal to noise ratio. The 
desired substantially rectangular symmetrical 
pulse envelopes tend to maintain the carrier fre 
quency substantially constant throughout the 
period of the pulses, and also tends to compen 
sate for other frequency variations in the carrier 
wave which occur as the operating time of the 
circuit increases. 

It is therefore an object of the present inven 
tion to provide a novel self-quenching Oscillator 
circuit for generating radio frequency pulses 
wherein the pulse envelopes are of the aforemen 
tioned desired shape. 
Another object is to provide a self-quenching 

oscillator circuit for generating radio frequency 
pulses wherein the direct current voltage applied 
to the oscillator tube or tubes is substantially 
constant throughout the principal portion of the 
pulse. - 
Another object is to provide a Self-quenching 

radio frequency pulse generator wherein the car 
'rier frequency is maintained substantially con 
stant throughout generation of the pulse. 
Another object is to provide a self-quenching 

oscillator circuit for generating radio frequency 
pulses having pulse envelopes With substantially 
constant magnitude throughout a greater por 
tion thereof, and wherein the magnitude of the 
envelopes sharply decreases from maximum to an 
extinction point, through a small period of the 
pulse. 
Another object is to provide a self-quenching 

Oscillator circuit including novel means for gen 
erating radio frequency pulses having substan 
tially rectangular pulse envelopes. 

Still another object of the present invention 
is to provide a self-quenching oscillator circuit 
including an electron discharge device having an 
anode, cathode and at least one control electrode 
and novel means connected between the cathode 
and the control electrode for producing and Con 
trolling a self-bias on the control electrode 
whereby the angle during which the anode draws 
current remains substantially constant through 
out a predetermined period of time and there 
after decreases to a point of extinction through 
out a short period the pulse. 

Still another object is to provide a self-quench 
ing oscillator circuit for generating radio fre 
quency pulses having a filter network included 
in the circuit for producing substantially rectan 
gular symmetrical pulse envelopes. 
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Still another object of the invention is to pro 
vide an oscillator circuit including at least One 
electron discharge device having an anode, cath 
Ode and at least one control electrode, with a 
filter network connected between the Cathode and 
the control electrode for producing and control 
ling a bias on the control electrode in Such a 
manner that radio frequency pulses having sub 
stantially rectangular symmetrical pulse enve 
lopes are formed. 
Other objects and features of the invention will 

appear more fully from the following detailed de 
Scription when considered together with the ac 
companying drawings which disclose two embod 
iments of the invention. It is to be expressly 
understood, however, that the drawings are de 
signed for purposes of illustration only and not 
as a definition of the limits of the invention, ref 
erence being had to the appended claims for the 
latter purpose. 

In the drawings, wherein similar reference 
characters denote similar parts throughout the 
Several views: 

Fig. 1 is a diagrammatic showing of a pulse 
envelope formed upon operation of the prior sys 
tems mentioned heretofore; 

Fig. 2 is a schematic showing of a self-quench 
ing oscillator circuit, embodying the principles of 
the present invention, for generating radio fre 
quency pulses having substantially rectangular 
symmetrical pulse envelopes; 

Fig. 3 is a diagrammatic view of a pulse en 
velope formed upon operation of the system dis 
closed in Fig. 2, and 

Fig. 4 is a Schematic showing of another em 
bodiment of the present invention. 
As shown in Fig. 1 of the drawings, and as 

mentioned heretofore, the prior self-quenching 
Oscillator circuits for generating radio frequency 
pulses produce pulses having asymmetrical pulse 
envelopes in which the magnitude of the pulse 
is not substantially constant throughout any por 
tion of the pulse. Due to the inherent charac 
teristics of the capacitance means employed in 
the prior Systems, the magnitude of the pulse . 
envelopes gradually decreases, and the rate of 
such decrease becomes greater as the time of the 
pulse increases. 
As stated heretofore, it is an object of the pres 

ent invention to provide an oscillator circuit for 
generating radio frequency pulses having novel 
means whereby substantially rectangular sym 
metrical pulse envelopes are produced. With 
reference more particularly to Fig. 2, an oscil 
lator circuit including the aforementioned means 
is shown therein having a pair of electron dis 
charge devices O and f, such as thermionic 
tubes of the triode type, each of which respec 
tively includes a cathode 2 and f3, an anode 4 
and 5 and a control electrode 6 and 7. The 
Cathodes are joined together at point 8 and are 
connected to ground potential at f 9, while the 
anodes are connected together at point 20 and 
are maintained at a positive potential with re 
Spect to the cathodes. A source of high poten 
tial is Supplied to points 2 and 22, the former 
point being connected to the anodes, while the 
latter is connected to ground potential. The 
control electrodes 6 and 7 are connected to 
gether at point 23, and the control electrode 
cathode circuit includes suitable resistance means 
24, a filter network 25, the purpose of which will 
appear more fully hereinafter, and transformer 
26, serially connected between points 23 and 8. 
A Source of alternating voltage 27 is applied to 
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4. 
transformer 26 for purpose of synchronization as 
will also become more apparent hereinafter. 
The oscillator circuit disclosed herein is a Con 
ventional high frequency, push-pull, linear os 
cillator wherein the lump inductance and capac 
ity in the plate leads and in the cathode or con 
trol electrode leads are replaced by resonant elec 
trical lines. This type of oscillator circuit is ca 
pable of producing ultra-high frequency Oscil 
lations with high stability and efficiency. How 
ever, it is to be expressly understood that any 
type of Oscillator circuit may be employed herein. 
As mentioned heretofore, the present inven 

tion provides an Oscillator circuit having novel 
means for producing and controlling a self-bias 
On the control electrodes in such a manner as 
to generate radio frequency pulses having sub 
stantially rectangular Symmetrical envelopes. 
AS Shown in Fig. 2, such means includes the filter 
network 25 which takes the form of a low-pass 
filter network having a plurality of capacitance 
means 28 and a plurality of inductance means 29 
connected together in series-parallel to form a 
filter network having a plurality of sections. For 
the purpose of the present invention the filter 
netWork need not be symmetrical and any num 
ber of Sections may be included therein, depend 
ing upon the shape of the pulse envelope desired, 
as will appear more fully hereinafter. 

It has been found that when an electromotive 
force is applied to One end of a filter network of 
the above character that a voltage wave is propa 
gated down the filter toward the other end there 
of from where the wave is reflected and returned 
to the end of the filter where the force was ap 
plied. While this action is taking place, a uni 
form current flows into the filter network, the 
value of which depends upon the surge imped 
ance of the filter network and upon the internal 
impedance of the electromotive force. Since the 
Surge impedance of the network is constant the 
voltage across the input of the filter is constant 
during the time the voltage wave is propagated 
from One end of the filter to the other, or during 
the charging period of the filter, and the voltage 
across the input of the filter abruptly doubles in 
value at the instant the network is charged or 
When the reflected Voltage wave arrives at the 
input end of the filter. The time delay, or the 
time required to completely charge the filter, for 
a constant K filter disclosed, is approximately 
equal to tr/3VLC per section, and that the total 
time between the application of an electromotive 
force and return of the reflected voltage Wave is 
approximately equal to 4 NarvLC, where N is the 
number of sections, and L, and C are the induc 
tance and capacitance values, respectively, per 
Section. 
In view of the foregoing, it is to be expressly. 

understood that the bias on the control electrodes 
and hence the electrical angle through which the 
anodes draw current will be dependent on the 
internal impedance of the cathode electrode cir 
cuit, considered as a self-biasing generator, and 
the Surge impedance of the filter network. The 
surge impedance of the filter network is approxi 
mately equal to -- 

V: C 
and it is preferred to properly select values of 
capacitance means 28 and inductance means 29 
SO that the ratio formed will produce the desired 
anode current angle and to use the filter network 
alone for Self-bias impedance. However, in some 
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instances it may be desirable to use a resistor 24, 
of a small value, in series between the control 
electrode and the filter to further provide self 
bias. 
When a filter network of the foregoing type is 

inserted in an oscillator circuit betWeen the COn 
trol electrode and the cathode, as shown in Fig. 
2, the filter begins to charge when Oscillations 
commence and holds the control electrode bias 
at a constant value during a time interVal equal 
to 4 NarvTC, as discussed heretofore, and at the 
end of such interval the sudden increase in Wolt 
age across the filter produces a bias on the Conr 
trol electrodes of such value to block the tubes 
and to thus prevent the anodes from drawing 
current. Since the Voltages are all constant 
during the operating period the carrier fre 

O 

quency and the output power are also constant. 
The foregoing operation produces pulse envelopes 
of substantially rectangular symmetrical shape, 
as shown in Fig. 3 of the dra WingS. 
The pulse repetition rate is determined by the 

time required for the filter to discharge through 
suitable bleeder resistors 30 and 3 ?, respectively 
connected in parallel to capacitance means 28 at 
opposite ends of the filter. Since the discharge 
of the filter network is Ordinarily relatively slow 
the discharge will be exponential in character 
with a period of discharge approximately equal 
to 

1. 
RNC 

where R is the parallel value of resistance 30 and 
3. The repetition rate may be synchronized 
with an external Source by introduction of an 
electromotive force in series with the filter net 
work, such as transformer 26 excited With an ap 
propriate external alternating current source 27, 
as shown in Fig. 2. 
As shown in Fig. 4, the pulse repetition rate 

may be controlled by a synchronizing Voltage in 
troduced in parallel with the filter network by 
utilizing proper blocking impedances. In this em 
bodiment, a two tube triode oscillator circuit is 
disclosed, which is similar to the oscillator circuit 
shown and described heretofore, including filter 
network 25 having the upper terminal thereof 
connected to the control electrodes, with resist 
ance 24 included in Such connection if desired, 
and the lower terminal of the filter being con 
nected to ground potential at 32. A source of 
synchronizing voltage 2 is connected in series 
with the filter with suitable blocking impedances 
which includes capacitance 33, inductance 34 and 
resistance 35. Capacitance 33 serves to prevent 
discharge of the filter through the Synchronizing 
system, while resistance 35 tends to dampen any 
oscillations of the circuit. The inductance. 39 
serves as a high impedance to the current surge 
and isolates the synchronizing system from the 
filter network during the period of the pulse. 
Inductance 39 is to be of Such value to have a 
natural period ten times or more than the period 
of the pulse. If preferred, the synchronizing sys 
tem may be connected on the other side of the 
filter. 
In operation of the novel systems described 

heretofore, when electron discharge devices fo 
and commence Oscillating, rectified control 
electrode current is generated and flows to filter 
network 25. While filter network is charging, 
the control electrodes are maintained at a con 
stant bias determined by the surge impedance 
vL/C of the filter network and by the value of 
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6 
resistor 26 if employed, for a predetermined peri 
od of time approximately equal to % NarviC. 
The anode current angle is established by the 
bias maintained on the control electrode, and 
since the bias is maintained constant the anode 
angle remains constant for the period 4 NarvTC, 
and the Oscillations generated during Such period 
are symmetrical in form and of equal amplitude. 
When the period 4 NarvTC lapses, the voltage 
across the filter abruptly increases to a value Sub 
stantially twice the constant Value to increase 
the bias on the control electrodes a correspond 
ing degree, thus blocking the tubes and prevent 
ing the anodes from drawing current. Since the 
tubes are abruptly blocked, the anode current 
angle necessarily abruptly diminishes to an ex 
tinction point. The anodes will not again draw 
Current until the filter discharges through re 
sistances 30 and 3, the time for such discharge 
depending upon the Value of the resistances, or 
may also be controlled by an external Synchro 
nizing source. 
The foregoing operation produces radio fre 

quency pulse envelopes of a substantially rec 
tangular symmetrical shape, as shown in Fig. 3. 
Since a voltage appears across the filter and re 
mains Substantially constant throughout a pre 
determined time interval following the initial ap 
plication of rectified control electrode current 
thereto, the pulse envelopes have substantially 
uniform magnitude throughout a greater portion 
thereof. Moreover, since the voltage rises rapidly 
across the filter after a lapse of the predetermined 
interval of time, thus rapidly causing an in 
crease of the bias on the control electrodes, the 
angle through which the anode draws current 
likewise rapidly decreases to an extinction point, 
thus causing the magnitude of the pulse enve 
lopes to sharply decrease from maximum to zero 
through a short period of the pulse. 
The present invention thus provides an oscil 

lator circuit having novel means for providing 
and controlling a bias on the control electrodes 
included therein in such a manner to vary the 
angle through which the anodes draw current 
whereby radio frequency pulses having substan 
tially rectangular symmetrical pulse envelopes 
are generated. The means disclosed is of such 
character that during the time the radio fre 
quency pulses are generated the carrier frequen 
Cy remains Substantially constant, and that the 
means may be utilized in any self-quenching os 
cillator circuit, and may be readily tuned to oper 
ate on any desired frequency. 
Although only two embodiments of the inven 

tion have been disclosed and described in detail 
heretofore, it is to be expressly understood that 
Various changes and Substitutions may be made 
therein without departing from the spirit of the 
in Vention as Well understood by those skilled in 
the art. Reference therefore will be had to the 
appended claims as a definition of the limits of 
the invention. 
The invention described herein may be manu 

factured and/or used by or for the Government 
of the United States of America, for governmental 
purposes without the payment of any royalties 
thereon ortherefor. 
What is claimed is: 
1. In an oscillator circuit for generating radio 

frequency pulses, an electron discharge device 
having a cathode, anode and at least one control 
electrode, means interconnecting said Cathode, 
anode and control electrode in such a manner as 
to cause said device to oscillate whereby recti 
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fied control electrode current is generated, and 
a filter network composed of inductance and ca 
pacitance connected between said control elec 
trode and said cathode for determining and 
maintaining, by the action of said rectified con 
trol electrode current thereon, the angle of the 
plate current flow substantially constant 
throughout a period of time following the initial 
flow of rectified control electrode current thereto 
and thereafter for causing the angle of the plate 
current to rapidly decrease to an extinction point. 

2. In a radio frequency pulse generator, an 
electron discharge device having a cathode, an 
anode and a control electrode interconnected in 
such a manner so that said device generates radio 
frequency oscillations, and means controlling 
generation of said Oscillations in such a manner 
that radio frequency pulses having substantially 
rectangular pulse envelopes are periodically pro 
duced, the last-named means including imped 
ance means for establishing a predetermined bias 
on said control electrode at the instant said de 
vice commences to generate Said OScillations, said 
impedance means comprising inductance and ca 
pacitance means presenting constant impedance 
to the flow of rectified electrode current there 
through and thus maintaining said bias at said 
predetermined value for a period of time equal 
to the charging time of Said Capacitance means 
and thereupon abruptly varying said impedance 
and said bias to abruptly render said device non 
oscillating, and resistance means aSSociated with 
said impedance means for controlling the dis 
charge of Said capacitance means whereby said 
device is maintained in a non-oscillating state 
for a second predetermined period of time. 

3. In a radio frequency pulse generator, an 
electron discharge device having a cathode, an 
anode and a control electrode interconnected in 
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such a manner so that said device produces radio 
frequency oscillations, and a filter network elec 
trically connected to said device for controlling 
generation of said oscillations in Such a manner 
that radio frequency pulses having substantially 
rectangular symmetrical pulse envelopes are pe 
riodically produced, said filter network having a 
predetermined impedance value for establishing 
a predetermined bias on said control electrode at 
the instant said device initiates generation of said 
Oscillations, and comprising inductance and ca 
pacitance means interconnected in Such a man 
ner as to maintain Said impedance value and 
said bias constant for a period of time equal to 
the charging time of said capacitance means and 
thereafter for abruptly varying said impedance 
value and said bias to abruptly terminate genera 
tion of said oscillations, and a Source of syn 
chronizing voltage connected in parallel with said 
filter for controlling the discharge of said ca 
pacitance means, 

4. In a radio frequency pulse generator, an 
electron discharge device having an anode, a 
cathode and a control electrode interconnected 
in Such a manner that said device generates ra 
dio frequency oscillations, and means controlling 
the operation of said device in a manner to cause 
it to produce a series of pulses having substan 
tially rectangular symmetrical envelopes, said 
means comprising a transmission line connected 
in bias controlling relation to said control elec 
trode, Said transmission line being terminated 
to produce reflection of a voltage impressed upon 
it, in such phase as to increase the bias on said 
control electrode to render said device non-con 
ducting, the delay time of said line being longer 
than the period of said OScillations. 

ARTHUR, A, WARELA, 


